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Abstract

Haskell is a purely-functional programming language. It provides a modern type system,
type-safe and type inference makes it possible to write a program reliable[1]. Haskell has
referential transparency that allows the programmer and the compiler to reason about
program behavior.

In this study, we implement the parallel database using Haskell. It is use non-destructive
tree structure. Non-destructive tree structure is not the destruction of data. Editing of
data is done creating by new tree. Haskell compatible with non-destructive tree, because
Haskell is destructive updates does not exist

We measures the performance for reading and writing of parallel database. We achieve
to bring out the performance of the multi-core processor. Further, in order to indicate
the availability of practical applications, we have developed a Web bulletin board service.
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0 1.1: DEOSODOODO
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@DDDDDDDDDDD(DD) 010 DOoooogn

gobobooogd.

DEOSO0O0000O00OOO0ODO(0DDO)0D0000D0D00O0DOODOOOOOOOO
0000 D-ADD(DEOS Agreement Description Database) 0 O 0O [3]. D-ADD 0000
gbbobooobobbuooobbuooobboooboobb,obnbbooobbaod
gugdddoddoooooooooooooooob0. U UUUog
gbboodgbboodbbuoodg,boobbbooobbooobbooobboaod
gbod.bgbgoboobobg,WebOoooooooooboboooo.oooa,
DEOSO Web OODOOOOOOODOOODDOO.

O000000D00OD0OD0OD Haskell O, D000D0OOOOOCOO,000000
oooogooogo,sQubooooooooooooboooboooooboobD. oo,
Haskel OO OOOOOO0ODOODOO WebOOODOOOOOOOOODOO.

O0D00000,Haskel OOODOO0ODOOOO0 WebODOOOOODOOODOODOOO
ooob0O.00,0b00b0000oboo0bo0oooobbooboboooOooDOogn. Web
gbog uodgbboobuobooobbodboobobodboobbooboo,bod
gobbobooogbbbooooboboooboboobod.

goboobobobdbdbooooooobooog,oooogoboaobaobdab. oo
gbboodb,ggbobboobboooobbbooobbooobbooobbood
DO00D00DO [4]5)6):

gboboogobobooobbooobbooobbooobbooob,oooobood
U 12000000000,100000000000000,10370 0000000
goboboog,0bobuogogbobuoooobboooobooobg.

Od,WebOOOOUOOOOODOO,000 JwvaOOOOOOODOOODOOOOOO
gboboooooboboobob,bo0bo 1870, gbooob 230000000
gog.
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[1 20 Haskell] []

OHaskel OO0 O0O0OO0OODOOOOOOODOODO.

21 ODOO0ODLOOObOOObOOO

gobo,dgoobbobuoooobbbbuoooobbbooo.ooobbbod
gobobog,0bbbogoobbbuooooboooon.

gobbobboooogob,bbbouoooobobobb,b0oooogobobobood
O0oobobob.0b00,Haskell OO O0OO0O0ODOOODOODODOODODOODOOO 21
O0000000. Haskell O, 0000000000 0ODOOOOODOODOO,000000
goboboogoobood.

fib :: Int —> Int

fib0=0

fibl=1

fib n = fib (n—2) + fib (n—1)

gbooug 21: 00000000

fib:: Int->Int 0, 000000000, ODOD0O0O, Int 000000 Int OO0
gobbobuogoob.obbbooobbbbuooobbboooobob,oon
Haskel OO OOO0ODODOOOOODOOOO.000O00D00 2000 fibOOOODOO.
Ooob 1000 3000 fibO0OOODOOO. ODO0ODOOODOODOOODOOODOOD
gog,bgbo0ob10b0o0boobdngobgoon.

gobobobooodgooo,ggooooboobboboooooo. gogg,oad
gobbboooobbbooooobbbooodob.obbbooaa,bbooad
OO000D0O0b0ob0O0o0o0oobDobDO,Haskel DD OOOOOODOODODOO.

gbboogbboodobbo,obbuoobbboobbboobobboobbod
gb.bgbodbuogbbuogb,ogbooobodgnggbbogbboooboon.
gobbbboog,guobbbbuooooobbbbooooob,bbboooad
gobbobuoooobboboooobboboo. goooboboooobobo,od
gboobgobgobg. gbgoobgoobooboobooboo,ooboobo
gobbobooooobboooobobobooooboobooooboobg.

gboooboobbgoob,boobbooboooboobob. oobobooo, b
O0o00o0b0o0oooobooobo0bbo0bbOU0bbO0D0O. Haskell O, 0000
gbgobooboobboboboboobooboobooboooboooo.
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Sooooooooo0oo (oo) 020 HaskellOO

00000000 Haskel DOODOODOOD0OODOO. Haskell OO, 00000000
gbobogboboo.200nt00000, 0000000 maxd000nogonOn0
g22000000000.

max :: Int —> Int —> Int

goopoogd 2.2: maxd

gbbuogobood->gdbbudgbo.bbooobboobboogbbada,bd
gobboboogoob,gggobbboooobbboooobboog 2.30.

’!max :: Int —> (Int —> Int)

gopbobood 23 max00O0o0oogn

gogggooooboobbbbbboboobooboobbbbobooooooooaadg
g.gobbbuogga,bbbuooobbbuoooobbbbuooobobbbooa
gobobooogbbbuoooon 2.40.

X = max 3

x4—-——mar 34000000 400000

gbodgbd 24: 0000000

2.2 [

Haskel OO, 00000, 00000000000. DOobOO,0000000b0O0O
gogobbbbboboodoooooooobb. bbobb,bbbbodudag,oooa40ad
goboboooobood.

gobbbuoooobbbododo. goobbbooo,bbbbuoooobbbod
ggobobooobood. g, gugoooooboboobo,bbbobbboodgooood
gbboodgbboodbb,obboodobbbooobboodobboodobbood
goooo.

Haskel OO0 O0O0O0OD0O00OO0O0OOOOOD0O0DO0ODOOO. Haskell OO, 00000
gbbuogbbuogbobuooobooobboob.buoobboobbooobood
O000000000 Haskel DOOD0OOO0O0OOO0O0ODO0OODOO. Haskell O, 00000
g,0bouoggobbbooggbobuoooobbobuoooobboooooobobog.

O0b0000b0o00bD,HaskelDOOOOOODOOODOOOO,000000000.
gb,buoogobbbuogobbbouoooobbooooon.

O00000,00000000000000000000. 1,23]0000000. O
gobobooogb2s5000b0bobooaon.

jdaaua=u|a:m

O0OOO00Od 25 HaskelOODOOODO
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Sooooooooo0oo (oo) 020 HaskellOO

data 0000000000000 00000D0O00O00COCOO00. (000000
nooo.

00000 a00000000,0000000000000000000.0000
0000000000000. 0000, mt0000,Fleat00O0000000000
000000000000,00000000000000.000000000000
00000000000000000, Haskel 0000000

=0000,0000000000.|0,000000000000.0000000
0000 a: (0000000000000, [|00000000.00000000
0,00000000000000000.00000000000000000000
oooooooo.

a:[@0000000000000.0000000a0:0000,0000000
ooooooo.

000000000000000,000000000000,0000000. [1,2,3]
000000000000,0000000000000000000,0000 1:2:
3:(]000000000.

0000 :0000000000000000000000,000010000,00
000000000000000000.000000000000000000 Haskell
00000000000000. 000,It 0000 [340,00000 'y 0000
00000000000000000000000 2.60.

<interactive>:3:7:
Couldn’t match type ‘Int’ with ‘Char’
Expected type: [Char]
Actual type: [Int]

000000 26: HaskellOOOOOODOODOO

gobooboobuooboobooboob.oob,o "1divvor o, ogbooono
gob,obbooogbbobuoooobbbuooobobboaod.

goo

Haskell DOOODODOO. DOOOO, 00000000000 DO0ODODOODODO
gbbuogbboobooobboobbuooobooobboo.bboobobood
gboooo,000b00b0b0b0b00bo0b0ob0n Haskel DD ODODOODOO
goooo.

O000,00000000D0000000 getChildenOOOODOOOODODOO
goooboogoboobog 270,

’[ getChildren node path = elems (children (getNode node path))

OO000D00 2.7 getChildren O O

OO00000D0b00b000,Haskell DOODOODOODO GHGIOOODODODOOOO
. 0bbbooggobob,sypedDDODUOOOooOOOooooLDOO 2.80.

O0000 Haskell DOOO0ODOOODOOODOOO 5



Sooooooooo0oo (oo) 020 HaskellOO

xJungle> :type getChildren
getChildren :: Node —> [Int] —> [Node]

ggoobd 28000000

O00000,00000000 Node-> [Int]->[Node]OOOODO. OOOOOOODO
gobbobooodaobo.

OO0D000 getChildeen0 DO ODOO0OO0O0OO0OODOOODOODOOODOODOODOODOO
gboobogobobobn290.

getNode :: Node —> Path —> Node
elems :: Map k a —> |[a]
children :: Node —> Map Int Node

OO00oOoDogd 2.9: getChildeenOOOOQOOOODO

000, getChildren0 OO O OO, node U path O getNode OO ODOOOOO, getN-
ode 00000 Node OO Path 0D O0OOO0O0O0OO. 00000000, elemsO [a]
O00.00a0,elems00000 MapO 2000000000000, childrenO 000
000 Map Int Node 00, [Node] DO OOOODOOO.

Haskell OO, 0000000000O0O00O0O0O0,0000000000O0. OO0,
oooooobooooooooooooooooooOoObObobO,00000ooooooo
ooooooooooooon.

23 OO0

Haskell 00, 0000000000000CO. [JOo0000O0O0O0O0O0IO0OOOO
O00000. 0o00O0O0O0O0O0O0O0OOOOO,I/JOo000000oooO,oooon
gogoo.

gbooo,0buo0ob 10000, booboooboooboooboboooobo.
gbogobuogbboobodgbbog,bogbboobboobbooboobbon.
gog,dbobdoboboboboboboboboboooooooboboboobo.

gboobogbg,gobuogbobuaobgbobodg.bobogbobooboogd
gbgoboboobgo.booboobuobboboobuoobg,bobid return
000 >>=(bind) J00O0OOD0OOOOOOO 2.100.

return :: Monad m => a —> m a
(>>=) :Monadm=>ma—->(a—>mb)—>mb

goooog 210 00ggoobooon

return DO 0000000000000 00O0000O0DOO0O0 2.10.

bind O, 0000000000000, 000000000000 0O0DO0DOOOOOO
gbobogobgdg,ggboobobobobogboobboobba220. 000040,
gobboboooobbbooo,bboooobbbooooboboobg.

O0000 Haskell OOOO0OD0OO0ODOOOODOOO 6



Sooooooooo0oo (oo) 020 HaskellOO

m

) => &)

return :: Monad m => a -> m a

0 21: 0000000 return OO

£
C) > G0~ ||| = |0
(>>=) :: Monadm=>ma->(@->mb) ->mb

0220000000 >>= (bind) 00O

gbo200d0g00bbuogoooba,gbbooobboooboobuoogbood
O. Haskel DODOODOO0O0OOD0O0OOOOOODOODOOOOODOOO,0000 bind O
OOoobOooooboo,ob00o0ob vindODOODODOODOOOODODOODOD
uo.

Maybe [0 00O

gbobogboobuoobbooboobobuoobboobo,bbobobboobbon.
Maybe OO OOOOOODO0ODOOODOODOODODOODOOOO 2110.

’!data Maybe a = Nothing | Just a

ooooog 2.11: Maybe O OO

000000000 Nothing, OODDDOODODODOOO JustaODODDOOOOO
oo.

Maybe D000 OOODOOOOO, Data.Map O lookup 0 OO OO . Data.Map O Key
O Value OOOODODOODOOOOOO0ODOOD. ODODO KeyOOOO, Data.Map OO
gboobobobooboo,00b00bd Maybe ValueOOODO. D0OODOOOOOOOO
Oo000,JustaldO0 Value Just OO0 OOO0OO0O. OOOODOOOO, Nothing O
o0o.

Maybe OODOOO0OO0OOODO, 0000000000000 OOODOOOOOOOO
O.Maybe OODDODOD0O0OO0OOOOOOOOODO 2.120.

instance Monad Maybe where
return x = Just x
Nothing >>= f = Nothing

O0O000 Haskell DOOO0ODOOODOOODOOO 7



Sooooooooo0oo (oo) 020 HaskellOO

’ Just x >>=f=1x

o0oooogd 212 MaybeO OO OO

instance Monad Maybe where U0 OO0, Maybe DO D O0OD0OO0OOO0OOOODOO
O000000000000. 0000000000000 return 0 >>= (bind) OO0
oooo0d.

Maybe OO OO return O, 00 Just 000 . 00000000 OODOOODOOOOO
00.

>>= (bind) 0, 0000000000000, 00000000000000ODODOO
O00DOO00O0000D0O00O,0000000bO0DO00DOO0ODOO0ODOO0ODOOoOO0OD.
Maybe 0000000, 00000 NothingOO,DO0ODO NothingOOO. OD0DO0O
JustOOO, Just 0O 0O0O0O0O0O0O0O0O0, 000000000000 ooboooon
ooooooooo.

000000000 0DO00O00DO0bOO00DO00oO0obOOO0.OD0obbOoDbog
000000000000 2.130.

up 4 = Nothing
upn = Just (n + 1)

down 0 = Nothing
down n = Just (n — 1)

O0OoO0o0od 213:wpOUOO downUO O

00 wpO down 00O0D. wpOOO,0000040000000,000000
000,down 000,0000000000000,0000000000000.

300000 down, down, up, up 00000000, 000000000000000
02140000000000000.

updown :: Maybe Int
updown = case down 3 of
Nothing —> Nothing
Just placel —> case down placel of
Nothing —> Nothing
Just place2 —> case up place2 of
Nothing —> Nothing
Just place3 —> up place3

Oo0o0odog 2.14: Maybe OOODOUODOO upd down O OO

case 00, cased of UODODOODOODO,00D0000DOOO0ODOO0ODODODOODO.
case UUUODO —>000000000000000000000O00. OO, case DO
ood,—->0000000000000000DO0000. Haskell DOODOOODOO
gobboboooobbooooboboboood.

go,bbdgooboboogoobobooooobobboooobobooboao. g
ggobbobooodg,gobbbobbod oogbobbbbbouoog 21500000
gooo.

’return 3 >>= down >>= down >>= up >>= up

O0000 Haskell DOOO0OD0OOODOOODOOO 8



Sooooooooo0oo (oo) 020 HaskellOO

O0o00oogd 2.15: MaybeOOODOOOO upO down O O O

Maybe U0 DO OO0OOOOO0, 0000000000000 0ODOOODOOOOOOOO
goooo.

rooon

HaskelOODOOODOOOOODOOODOO,lIO000D000O0O0.10000O000O
ooooooog,oo0obogb. indDOO0O,0000000000000000O
gbbodb. budb, mamydoogoooooboooobooogoooobood
gboooboobobog 2.160.

main :: IO ()
main = putStrLn "Hello, World!"

OO0o0Ogog 2.16: Hello World O O O

Haskel OO OOO0DOOOOODOOOODO,IO0D0O00O0DOOOO0ODOOOOODOO
go.

000, Jungle OO getRootNode DO 0 IOOOODOOOODO. ODOOOOODOOOO
g,0ogbboobboobooobuoobbuoobobo. obo,o0booobog
gbooo,dgdbgobgobgobooboobgo. gbooboobooboobo
gbogooo,0ooboa.

O0000 Haskell DOOO0ODOOODOOODOOO 9



Sooooooooo0oo (oo) 020 HaskellOO

24 0Q0O0OO

HaskelDOODODOOOODOOODOOOOODOOO.ODOOODOOOOOO, -threaded
OO0o00o0ooOOooo,RTSO -NOODOOODOOODOODODO.-NOODDODODODOOD
oooo,oSboobobooooooboboooobog.

$ ghc —O2 par.hs —threaded
$ ./par +RTS —N2

gbooobodg 2170000000

O00oO00oOO00ooOo0oOo,000odoooooooooooooooooog.

Control.Parallel.Strategies D OO0 OO O0OO,Eval OO O O0OOO0OODOODOODODOO
O0. Eval DOOD0DO0ODOOODODOOODOOODOOO. EvalOOOOODDOOODOO
O00o00oOooboOoooono 2.180.

import Control.Parallel.Strategies
main = print (runEval test)

num :: Integer
num = 1000000

test :: Eval (Integer, Integer)

test = rpar (sum’ 0 num) >>= (\a —>
rpar (sum’ num (numx*2)) >>= (\b —>
return (a,b)))

sum’ :: Integer —> Integer —> Integer

sum’ begin end = if begin < end
then begin + (sum’ (begin + 1) end)
else begin

O0ooobg 218 EvalDOOO0OO0OO

O0,Eval 0000D00O0O0OO, Control.Parallel.Strategies 00O OO, Eval DO OO
O000o0o0oDOoboooo.

Haskel DO DO OO00O0Omain 0000000000000 O0O0OOODOODOODOOO
O0. 000, print (runEval test) 0000000 .

data Eval a
instance Monad Eval

runEval :: Eval a —> a
rpar :: a —> Eval a

OO000o0ogd 219: EvalDODO

gbbodgbbuoobbdod,rpar 0. rpar 00 o0ggooodbbodgbod
gbobooobobuoobod. EvalO0O0ODOO0OO0O0ODbOOO,rpar 0,a0 O0OOOO
O,00rmmEval 000000 aO00O00O00O0. rpar JOOOO0OO0OOODOODO
O, runEval 0O 0O0O0O0O0OODOOOOO.

O0O000 Haskell OOOO0OD0OOODOOOOOO 10



Sooooooooo0oo (oo) 020 HaskellOO

rpar DO ODOO0OO test D00 rpar DOOO bindODODODOOOOO, 000000
O000000b0bO0bOD. Haskel DOOO0O0OOO0ODO doODOOOODOOOODO
gbogboooobogoo,gbbodbbogbooobo2200bb0dbood
O0b0.do0OOD00ODOOOObndOOOOOOODOODOOOO.

test :: Eval (Integer, Integer)

test = do
a <— rpar (sum’ 0 num)
b <— rpar (sum’ num (nums=2))
return (a,b)

gbooood 2.20: dod O

sum’ 0 200000000, 000000000000 0D0OODO0oOO0obObOOoDbDOn
O0.0000000000D00D0OOO.f0,000b0obob00ob0Oobobooono, o
gobbooogbbbuoooobboooobo.

test 00000000, Eval (Integer, Integer) O, 000 runEval 000000000
O, (Integer, Integer) D0 0. OOO0OOO print OO OO OO.

Haskell DO OOOODOODODO, DO000O0OODOOO0OO0O0oOooobobD. bobooo,
mainJ print DO 0000000000000 00O0O000000O0O 2.210.

’[ main = return (runEval test)

gobooog 221 00gdoobog

gobboodg,bboogobboooobbb.dd,testD0O0O0 2000001
gboogboobooboob,1bbobbooboobooboobooboobd
2220 . fst 0, (a,b) 000000 a000OOOOOODO.

’[ main = print (fst (runEval test))

gogboog 222 00000o0oDog

Haskell DO OOOO0ODO0OOOO,00000000D0000O0000O. rpar 000
goboobbodb,rpar 0000 OO0O0DLOO0OOLDOOODDODOODLDODOODLOOO
O.rpar J000O0 Eval OOODO runEval OO0 O00OO0O0O0OO0O0OO0O0OO print000
gob,dgoobobbooooooboooobn.

Ud,rpar DO UOOUOO, 00000000 0O0O0OOOOOO0OO, D0 200000
gobobboooo.bbb,ogobbo22300000bobooooonono.

test2 :: Eval (Integer, Integer)

test2 = do
a <— rpar (sum’ 0 num)
b <— rpar (sum’ num (if a < num then a else (num=2)))
return (a,b)

goboodg 223: 00000000000

O0O000 Haskell DOOO0ODOOODOOODOOO 11
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Dooooooooon

3.1 UO000oOoobooubouoboooboouobogn

oo,cpUO0OO00O0ODOOOOOOOO.ODOODOODOOODOODOODOO
00000,0000000000000000DODO. 00000000 [7fjobooOo,o
o008 % 000,00 00D000000UDNO0DODOOOSS000ODO0O0OOO.

ceuooOooOOoOOO0O,b00o0oboOooO0oOoooboOoOooDbDbooOobooo,bobo cpuOO
gbobogdgbbuogobbuoobbooooboobo,obboobobooobob. oo,
gbgobgobobboboo,oobuooboobuooboobobboobo.

gobob,goobbobuoggobbbbuoooobbobogooobooo. od
gboboooboobobg,obboobooobuoobboob. booboobb,d
oooooooooooooo. ooboo,bob cekObOOoOoOooDooOooDonbogoo
gog,boboobooboobgon.
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3.2 UO0Oooon

gobobuogg,bbobuoggobbbbuoooobboboooobo.obbbod
gobobbooogb,bggobobooooobob,o0oboboooobn.

gg,gggbobbbobbbbtodgooodg,oooobobbobobboboooag. g
gobbbooooboboooobboboooobbbuoooob.

03100,000 60000 ADQOOODOOOOOODOOO.

fREEEI D AHEE TREE R DAKEIE

G UL ABEZFR L

/—R6%ZAE LTEM

(2) (3) =

031 00b000gooon

gobobobboooooo,bbobboogooooboobobo,gogoobobood
gobobo.bbuoogbbbboooobb,booobbbbuoooobbboood
gobobogdgbbooboodgos2tn. bboggooobuogooobuoooboboooog,
gobbbuoooobboboooob. bbbbuooobbboooobobb,o0n
gobbboooobobobodg.gobobuoooobbbooooooboaa.

RERTDAEE RER DAEIE

HUWAEBEZ R

032 000000000000000000
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3.3 Ut

ggoboboobo,bbbbodgooooobobb. bbboobbo,bbogad
gobbobooooboboo. ggooboobooo,bbbuoooobbbooon
gboo,bogogbbodgbuogbboob.ogboobobodoboobboon,d
goboboooobbbuoooooobod 3.30.

EQ/—RZI—rEULTRTD
FERLS TV EATEDS

U 33 00bugaoboogag

0000000000000 0DO0o0DO0o000bD, Haskel DO IOODOODOO
OO00000ooboO0obD.00b0,Haskel DOODOOOODODOODOODOOOOODO
oosSTMOOOOOO. STMOOOOODOO,00bb00oooooooboooooo
Oo.STMOOOOOoOooooobooooobooboo,0goooobbooooboooo
gogoo.

STMO,STMOOODODODODODOODOooOOooooooobo. STMObDoooo
O00000000000000 atomically 0000000000000 OO0O0OO
OO0O0DOD0. Datomically OO0 ODOOODOOOODOO IO0DOODOOOOODOODO.
gboboobooboboobooboboob,boobobooboboobobg
gbbogoboodob.boobboobboobbuooboboobbuoobbood
gogobo,goboboobobbodddoo. ooooobobobobodoooo,000on
gobooogogo.

e 00O ODOUUOOOOOOOOODLDOLDDLDDODDODDODOOO,bDODLDODOOOOUO0dn
goboboooooboo.

e UUOODOOO,bDO0O0DL0DOOODOOODLDO,DDLDO0ODLOO0ODOODLOOO0
go.
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STMOOOOOoOooooboooooooobobooooooob,boobogooo.
gbbuodgbuogoboodobboobbuoobobbooobb.oobbuoobbood
ggooboo,bboobbobdd. dgggooobbobobbobodog,ouooood
gobbboodobobbooodgbobbooad.

oo0ooooo,0bobobobobobobobobobobo STMOoOooooo
0@g.000,0000000000STMUOO00O0O0OOO0OOOOODOOOOOOOO,
gobboooobbobuoooooobo.
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Dooooooooon

gooobo,0o0dbo0bg JungleOOOOoOooonooO.

4.1 000000000 Jungle

O000000oO0boonbogn Jungle D, Haskell OO OOOOODOODOOOODOOO.
gobbooggbbobuoooobboboood.
Jungle OO0 O0O00O0OO0O0O0OOO0ODOO0ODOOOO.

1. 00000000 Jungle DODOOO
22 Jungle OO0 O0OO0O0ODOOOOOOODOODOO
. bbb, gogoboboooobb,ooobooboobod

4. 0000,00000000,0000000D00O0000

Jungle OO OOO0O

gboboooboboobO JungleDOODOODOODOOD41000. 00,0000
gboobgoobo41000.

O0000boooobDOod Jungle, O0DOO0ODOOODOO Tree OO O. Node OO
gbobogdgbbuogo.bboobobooobboodg,boobbooobboon.
O000,Noded 100000 (Map Int Node) OODOODODODOO0OOOOO. O0O0OODOO
OO00ooooD Jungle0OOOODOODO,0000000000O.

g 00

Jungle goboboooobood.

Tree ggbbobuogoobboooooobogo.
Node | OD0DOODOOOOO,0D00000000000.

O 4.1: Jungle DODOOODOO
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uad goggg
Jungle Jungle (T'Var (Map String Tree))

Tree Tree (TVar Node) String

Node || Node (Map Int Node) (Map String ByteString)

042 0000000000

4.1.1 Jungle

Jungle OO O0OOO0O0OO0OOO0OO. ODbO0bOobDOboOobDO,TreedOOooooQ
gbooobooooboboo4.ano.

’!data Jungle = Jungle { getJungleMap :: (TVar (Map String Tree)) }

O00ooogd 4.1: JungleDOOOOODOO

Jungle 0000000, Jungle (TVar (Map String Tree)) O O O . getJungleMap :: O
O000,Haskel OOOOOOOOOO.

0000000, 0000b0000ooooooon. getJungleMap DO OO, 000
0004200000.000, JungleDOO0O0O0O, TVar (Map String Tree) 00 00O
oon.

goodoooooooooooon, s dgoogooouooobooooooodd
ogogooon.

”getJungleMap :: Jungle —> TVar (Map String Tree)

O0O0o0oogd 4.2: getJungleMap

Jungle 00O 0OO0O0ODOO, Haskell 0 DataMap DOODODO0ODO. ODOO, Map OO
O.MapO,00000D000D000ODODOODOODOOO. OO0DOOOODO,O00DO0
OO0 O(logn)0000D00O0O00O0OODOO. DataMapOOOOOOOOODOOOOO
ooooooooo.

data Map k a = Map [(k,a)]

lookup’ :: Eq k => k —> Map k a —> Maybe a
lookup’ k (Map []) = Nothing
lookup’ k (Map ((k’,a):xs)) = if k ==k’

then Just a

else lookup k xs

insert :: k —> a —> Map ka —> Map k a
insert k a (Map x) = Map ((k,a):x)

test = Map [("key","value"),("fizz","buzz")]

O00oog 4.3: getJungleMap
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Map O, 0000000000000 0O0DOODOODOOOD. ODOOOO0ODOODOOOO
O, lookup’ 00 00. Maybe OO0 O0OD0O0D0,00000000 Nothing, 000000
OJust 0O00DO0O0O. =>00000,EqkD,000000000DO. 00O kO K
0000000000000 0,k0Db00DO0DO0DOO0ODOODOOD0O EqODOODOD
ooooooooo.

O0D0000D0000,MapDOOODOODOD insert0000. Haskel OO, 0000
0000000000 bOOo0ooOooOo,000b000b0o0D MapOoOQd.

00000000 Haskel 0000000000 ODOOOOOOOOOO (STM)OO
000000000, 00000000000000O00DO0ODO. ODOO,0000000
OO00o0O00ooO0oooOOobooOobooobOooooO. STMO,00DbDO00DOO0O0DOOD
oooooooooo. STMOOODOOoDoobobobobooooobob,oobooo
O0OoboOoooobobooobD. JungleJODODOOOO MapOQOQOQOOoogd TVar
0000, Transactional variables O OO, STM O OOOOOO0ODOOODOODOO.

Jungle OO 000

Jungle 0, 00 0000000000000, MapOOOOOODOOOOO 4.10. Tree
gboogboobboo,boobbobibd Treed0booboobDbOO0ODOODOO
goooo.

Jungle

Map

tree_name_1 tree_name_2

0O 41: 00000000 Jungle

O00000,000 MapO OO OO0 String 00ODOO. String O Haskell 00O 0O
O000,Char 0000 [Char) 000000,

Jungle 0000000, createJungle 00000000 O0O0O0 4.40. empty 00O 0O Map
OO00oOoooDoooo.

’createJungle :: IO Jungle
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createJungle = atomically $ do
map <— newTVar empty
‘ return (Jungle map)

000000 4.4: createJungle

createJungle 0, OO0 STMOODODOOOOO newTVar O0O0O0O0OO. newTVar OO
OSTMOODOO STMOODOODO. 000 atomicallyDOODOODO,do00OOOO
O0o00ooooooooooo. STMOOOOoOooOooooooood45000.

newTVar :: a —> STM (TVar a)
readTVar :: TVar a —> STM a
writeTVar :: TVar a —> a —> STM ()

atomically :: STM a —> IO a

OO00oOoog 4.5 STMOOO

atomically 00000 $00000000000O. $0000000D0O0ODODODOODOO
00,000000.0000000000.8$000000000000004.6000
gobooobogoga.

createJungle :: IO Jungle

createJungle = atomically (do
map <— newTVar empty
return (Jungle map))

gbobobog 46 00000000DOO0O0O0O0

createJungle 0, IO0 000000000 main DO OOOOOODOODO.

4.1.2 Tree

Jungle 0000000000, 00000 Tree 0000000000000, Tree
000000,0000000000000000000000470. 0000000
Jungle 0000000, Jungle 00000000000000000000000, Tree
oooooooooo.

0000000000000000000000000000.0000000000
000000000,00000 Haskel 0 00000000000000000000
(STM) 00DOO0OO0O00000.

data Tree = Tree
{ rootNode :: (TVar Node)
, treeName :: String }

oboobood 47 Treed0DO00D0OO0OO

000000000 ooboonDg, createTree 00O OO0OOOODOO 4.80. createTree
O, createJungle 0 0000 Jungle DO OOOO String 00000,

icreateTree :: Jungle —> String —> IO ()
| createTree (Jungle tmap) tree_name = atomically $ do
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map <— readTVar tmap
tree <— emptyTree tree_name
writeTVar tmap (insert tree_name tree map)

emptyTree :: String —> STM Tree
emptyTree tree_name = do
node <— newT'Var emptyNode
return (Tree node tree_name)

emptyNode :: Node
emptyNode = Node (empty) (empty)

OOO0O0O00 4.8: createTree

createJungle 0 STM O ODOOO0O0O0O IOO00O0O. Jungle OO O, 000000000
000000 Map OreadTVarOOGOGOO. OOODODDOOOOOOOOO STMOOO
0000 TreedOODO, Jungle 0 Map O insert OO . OO0 0000 writeTVar O 0O
OSTMOODOOO. writeTVar OO0 O0O00O0O0O00O,00000 2000000 STM
opooooaa.

000 createJungle O createTree 0 000000000000 4900000000,

main = do
jungle <— createJungle
createTree jungle "name of new tree_here"

Doobod 49 00000000000

goboobog

O0000oo0oob0ooobO Jungle0O,0000000000000000000
gobbobudg.gogobobo,ogbbobboooobbbbuoooobobobooon
4.200 .

Jungle

Tree

treeName : test_tree
rootNode : B

test_tree

U42:. 000000

O00000bO0boboobuoobOon. getRootNode I, OO ODOODOODODOOO
go.ooobooboboobuoobuooboobbo.oob,04200b0000,B
gobbobooooboboad.
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getRootNode DO OO OO ODOO4.100. OO, readTVar O Jungle 0 00 O map OO
O00. Haskell 0 where OO OO0, 0000000 0O0OO0O0OOOOODOOODOO
O.000,rootnode 000 map DD DO OO0OOOOOOODOO. root_.node map U0,
Jungle 000 Map UO0OQOOO0OODOOODODOO0ODOOOODODOODODDOOOO
O. 000000000, ro0tNode OO TreeODDOOODOODODOOOODOOODOO
0000000, (TVar Node)DOODOO. OO0, (TVar Node) D000, readTVar O
00000Oooboooooboooboooo.

getRootNode :: Jungle —> String —> IO Node
getRootNode (Jungle tmap) tree_name = atomically $ do
map <— readTVar tmap
readTVar (root_node map)
where
root_node map = case lookup tree_name map of
Just x —> rootNode x

googod 410: 000boobooobon

OO00000D00D00000 NodeODOUODOODO NodeOOO. DOODODOOO Node
goggoooboobbobbbobobbb,ooobobobbbbobbobbbbbod. up-
dateRootNode U, OO D OODOOODOO0O, 0000OO00ODOO0ODO0OD 30000.
updateRootNode DO OO O, getRootNode D 0D D 000D ODOOOOOOOOODOO
gobooog.

updateRootNode 000000 0OO4.110. getRootNodeD OO O 0O, Treed (TVar
Node) DODOO,000 writeTVar 0000 O0O0O00O0O0O.

updateRootNode :: Jungle —> String —> Node —> 10 ()
updateRootNode (Jungle tmap) tree_name node =
atomically $ do
map <— readTVar tmap
writeTVar (root_node map) node
where
root_node map = case lookup tree_name map of
Just x —> rootNode x

goboood 411 00gooobog

updateRootNodeWithO, 0000000000 O0OOOOODOO, 000000000
O000.000000000000,0000000000ooooooooooo. (Node
—>Node) DO ODOOODO. OO updateRootNodeWithO O OO OO 00O, getRootNode
00000000 updateRootNode 00D D00 D0ODO0OOOOODOODOODOOOOODOO
0 00. updateRootNode O OO 0O 0O OO O4.120 . updateRootNodeWith O O, OO
0000000000 0000 readTVarO O writeTVaro OO d STMOOODOOODO
O00. atomically D000 doODODOODODOSTMOODDOODDOO,0000000
O00000DbO0oOooooooon.

i updateRootNodeWith :: (Node —> Node) —> Jungle —> String —> 10 ()
| updateRootNodeWith f (Jungle tmap) tree_name =
atomically $ do
map <— readTVar tmap
\ n <— readTVar (root_node map)
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writeTVar (root_node map) (f n)
where
root_node map = case lookup tree_name map of
Just x —> rootNode x

goooog 412 000dooobo

00000000 Jungle 0O00O00O0OO0DODOOOODODOOOOO, createJungle, cre-
ateTree, getRootNode, updateRootNode, updateRootNodeWith D OO OO0 . O0O0OO
0000 Jungle OO, 000000000O0OODOOOOOOOOOODOOOOOO0O
0000000, booobOooooboooboooobooooboooooooo
0o000odoodoOooodooobodooo,doo0oboooooooooooog
opooooooo.

4.1.3 Node

Node OODODOOOOOODODOOOOOOO. DOOOOOODDOO. ODODDOO
childeen 000000000 DOODOOOOOOODO 4.30.

"name" =>"toma"
l|agel| => |l24|l
"lab" => "kono-lab"

O 4.3: NodeOOOOO

children 00 O O attributes 0 Data.Map DO 0O0O0OO0O0O000OOOOOOO0O 4.130.

data Node = Node
{ children :: (Map Int Node)
, attributes :: (Map String ByteString) }

000000 413: NodeOODOOODOOO
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gooo

000000, NodeODOO. ODOOODODOOOODODOOO NodeOOOODODO Node
O000.0000000000000D000, getRootNode OO ODOODOOO Node O
00do0odoooodoooodooooo,ooo0b. obooooboooooa,
000 updateRootNode O O 0O, 000 O0000OMOOO updateRootNodeWith [0 [0 O [J
Oo0ooodoooooooooog.

00000000 D0OO000000O0, NodePath DOOOOO0O 4.40. NodePath O, OO
0000000000 0,000000000000000000000O00£0O. Haskell O
00d0o0dDoo0odoooooooooog.

NodePath [1,2,3]

RENR

O 4.4: NodePath

gboogbobogbuodboo. bbogbuooboobobooboobbon 4140
guo.

addNewChildAt :: Node —> Path —> Node

deleteChildAt :: Node —> Path —> Position —> Node

putAttribute :: Node —> Path —> String —> ByteString —> Node
deleteAttribute :: Node —> Path —> String —> Node

gbogobd 414 000000000

addNewChildAt 000000000 DOOO0ODOO. O0D00O0DO0O0DOO0O Node [0,
O000D00D0000000D0 NodePathDODOOOOODO. ODODOD,0D0000O
goboboobooooboooboog.

deleteChildAt OOUO0O0O00OO0OO0O. OD0DOO0OD0OO0OOOOO NodeUO, ODOO

UobobobbO0o0oooouoobobbbOd NodePath, DOOUOOUOOODODODOOO
Position DO O OOODOO.

O0000 Haskell DOOO0ODOOODOOODOOO 23



@DDDDDDDDDDD(DD) 040 HaskellODO gobooboogboog

putAttribute O0O0O0O00O0O0O00O0O0.O00000O000ODOOO NodeO,00000
0000000000000 NodePathOOOODOOOO.OOOOODOOODO,OO
O String, 0O ByteString 0 0O O .

deleteAttribute OOOODOODOOO0OOO. O0DOODODOODODO NodeO, OO
O0D000D0000000000 NodePath, 0D OODOODOOODOODO Stringd OO
goooo.

O00O0O000,000000D0000000. addNewChildAtOOOOOOOOOOO
gooo4.150.

addNewChildAt :: Node —> Path —> Node
addNewChildAt parent [] = addChildAt parent emptyNode
addNewChildAt parent (x:xs) = addChild parent x $ addNewChildAt x_node xs
where
map = children parent
x_node = case lookup x map of
Just x —> x

addChild :: Node —> Position —> Node —> Node
addChild node pos child = Node new_child attr
where
map = children node
new_child = insert pos child map
attr = attributes node

addChildAt :: Node —> Node —> Node
addChildAt node child = Node new_child attr
where
map = children node
pos = (size map) + 1
new_child = insert pos child map
attr = attributes node

gogooog 415 00gdooobog

O000000000D000000DO0. DoDdDOoo$ooo,0D0oOooooo
O0000,addChildd0OO0DOO. addChildO, 000000000 Positiond O OOO0O
O0.000000000000000O00DO. addChildOOOOODDOO, 000000
gdodooooodoao.

addNewChildAt, deleteChildAt, putAttribute, deleteAttribute D 000, 000000
00000, 0d0boo00obboo00bobooooobobooo. PathOOOooooGOd
U, 000 oooooouoooooon. goobooouoooooao
addNewChildAt, OO D D0O0D0O0O0O0OO0OO0O0O0O0O0O0OOO deleteChildAt, OO OO DO
00000000000 putAttribute, 0000000000000 OOO deleteAttribute
ooo.

gooo

000000000 0b0o0b0obDbD NedeODOOO. OOODOODOODODOODOO
4.16000.
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getNode :: Node —> Path —> Node
getNode node [] = node
getNode node (x:xs) = getNode child xs
where
map = children node
child = case M.lookup x map of
Just x —> x
getAttributes :: Node —> Path —> String —> Maybe ByteString
getAttributes node path key = lookup key map
where
target = getNode node path
map = attributes target

getChildren :: Node —> Path —> [Node]
getChildren node path = elems map
where
target = getNode node path
map = children target

assocsChildren :: Node —> Path —> [(Int, Node)]
assocsChildren node path = assocs map
where
target = getNode node path
map = children target

assocs :: Node —> Path —> [(String, ByteString)]
assocs node path = assocs map
where
target = getNode node path
map = attributes target

numOfChild :: Node —> Path —> Int
numOfChild node path = size map
where
target = getNode node path
map = children target

currentChild :: Node —> Path —> Maybe Node
currentChild node path = lookup pos map
where
target = getNode node path
map = children target
pos = size map

goooog 4.16:. 0000

000000000000 OgetNodeDOODOODOOODOO PathOOOOOOOO
O00000D. 0000000 whereOODODODODOODOOOtarget0oonoonog
O00. target DO 0ODO0O0O0 MapOOOUO MapOUODOOOOOlookupdOOOOOO
O 0. elems, assocs, size 1 0 0 DataMapO OO OOOOJungle 0000000 OO0O
oDooooono.

goooboooooboooboobooobo.

getAttributes OO0 PathOOUODOOODOO KeyOOOOOOODOO.
getChildren 000 Node OOOUOODOODO NodeOODOODOOODOO. OO NodeO

gobbbooobbbo,obbboooobbbodan.
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assocsChildren OO0 Node OOODOODODOO Position 0000000, 00000
O000000. 00 NodeOODOODOODODODODO, OO PositionO0OO0OO0ODO
OO0oO0oooDOoooooon.

assocsAttribute OO0 NodeOODOOOOODODO,000000000,000000
OO000D0. 00 NedeOOODODOOOOOOODO,0Db0b00O0ODOODODODO.

numOfChild OO0 Node OODODOODOODOODOOOO.

currentChild 000 Node OODOODOODOODOODOO.
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st ool

O0000,0000000000000 JungleDOOOOOOO0OOO0OOOODOODOOO
OO0obOoooobOo. ob, 000 WebOOOoboooobobooooDboo
Web 0O0O0O0OO0OO0O0ODO,000000000000O00O00O00. ODOOODODO
Web DOODOODOOOODOOOO,Javad0OOD0ODOO.

5.1 O0OOO

gobogoboooboboobbuooobooobboobboooboo.oboba
g, gggobbbobbobduoooooo,ogobbbbbb. bouodgooood
gobs1000.

O0b000, Intel0000D0OO0O0ODOOOOOODOODOOODOO.ODOOOODOOOO
gd,1ggoboboboooodd 200000b0oboboboodouoooooooan,
gbbodgbbodobbuodobboobbuoobbuoo 200bbodobboob,od
20%00000000000000000000000O0O.

| oo | 0o
CPU Intel(R) Xeon(R) CPU X5650@2.67GHz * 2
goooo 12
googo 24
Memory 126GB
OS Fedora 19

051 000000000000000DO0

Haskell 000 Java OO QOOOO

Haskell 00 OO0 OO OO The Glasgow Haskell CompilerD GHCO O OO OO . GHC
O,Haskel 0000000000000 0OO0OOODOQ. 000000O0O00ODOOOOO
0000D000000ooooD, 0000000 bobobbo0dd HaskelDOOOGOOO
O00. GHCOOOOO 7re300,000000I10000000000O0O00O0000
0,0000000000 780000 [10].
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Sooooooooo0oo (oo)

gsgd 0Oogn

IEEN ooooo
Haskell Glasgow Haskell Compiler, Version 7.8 RC1
Java | Java(TM) SE Runtime Environment (build 1.7.0_.51-b13)
052 00000000000 HaskellO JavaOO OO OO

Haskell OO0 Java OO DOOOODOO 5.2000.
goboboooobobbuoooobobboooa.
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5.2 UUOUOOOOOOO

OO0000o0o0oooooboO Jungle0OOO,0000000000000000O0
gobobob,ggbboboooooboboood.

gobo

gboobooobono,Jungled000ooobobooobobooobOoboboobogo. o
gobbobuogg,bbobuooobbbuoooobbbbooobboboooon. d
gogoobbob s, dddggug ouoooobobbboodg. gooooog
g, ggbogbboobuodgb roooudboogbbogb.ogoboobbg,bod
ggoobboobbobobdodoooooooobooobobo. bbbbboooooooaa,
gobbbuoogoobbboooobbbooaoobn.

gooo

OO00oooooboobOooon0 JungleO0OOOODODOOOOObB3000O.

cepUODOOOODODOOODO,00DODOOODOOODODOOODO. ODODOO
goooogooobboboo,200b000 1970,1200000 7v1v0O0oOO
gobogo. B3obobobooobboobooboooboobooobb,legbod
gobbbuoooobbobog.gogg,bbouoobbbbuoooobbboood
goooog.

Haskel UOOODOOODO OSO affinityD OO0 ODOOOOOOOSOOOOO CPUD
OO0o0o0ooooooob. oSobobobocpiobUobUbUbDO,0b00b0-qadn
goobooooooooogoboog.oStoboobooboooooo,20000Db 1.80
U,1200000 1037r00guboooggboon,120bbogbboogooooooogd
gob.bbobuogodbob,oooobbboooobbbbuooobobbboood
goboboogg.

oob,2400000000000,00b000D00DOODO.OO0DOOCPUO
gbobogdab,ggobbugobbuooobbuoobobooobbooobbood
goooo.

gbobogoboogoosibbdu. gbbuogubogoboodg,edbodobbd
gbboboogoobbug.gobbuooobbooob,12b00b0bobooobobbaod
goboob. bbobbodogobbbuooobb sbbooogobobboooog
guo.

OooooooobOob,e00000ObOObD0ObDODbDODbDODbDODbD,6D00CPUO 2
oooooooobobobo.oooooce0bO0ObOobOobObOObOObOODOD
gobobo,ggbobobooogbobuoooobbbooooooobg.

OO00O00o0oooobognD Jungle 1200000 1037r000000ooooOO
gobo.boggoobo,gobbbugoobbboooooooo.

O0O000 Haskell DOOO0ODOO0ODOOOOOOO 29



@DDDDDDDDDDD(DD) gsgd 0Oogn

CpUO (O0OODO |ODDOODOODO
1 60.95 s 61.00 s
2 30.83 s 33.95 s
4 15.49 s 16.10 s
8 10.31 s 8.79 s
12 8.49 s 5.88 s
16 5.82 s 5.81s
20 6.54 s 5.48 s
24 8.21 s 125.09 s

Us3: 0b0ouoaaooon

25
read ——

T
read with affinity ---x-<="|
linear --:»+-

20

speedup

L L L L
5 10 15 20
number of cpus

Usl:000000gooon
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@DDDDDDDDDDD(DD) gsgd 0Oogn

5.3 UUUoooood

OO0000o0o0oooooboO Jungle0OOO,0000000000000000O0
gobobob,ggbboboooooboboood.

gobo

gboooobobog, Jungle OO ooobOoooobOooobDO. DbOoOoo e,
OooobooOo100o0booogboonb0 Jungled0ooonoonO 1,000 000
g, gobgobo.bbobbobooboobooboobooboobooobo.
O0b0o0boooobooboooooooboOooD. HaskelOOOODOOODO, 000000
gobbboogooboboooobooboooobn.

gobo

gbhooboboboboonD JungleDOODOOODOODOOODO 4000,

ceUODOO0OOODOOOOD,00DOOOODODLOODODODOODO. DODbOoo
gobobooooboboboooo,2bbbdg 1.7v90,1200000 31800000
ooooogo.oSOboooooboboobo,20000bD 1e10,1200000 3.82
goboboooobb,4000bbboooooboooobboooobboood
. og,0bg0boooboobbooboob 24000000000 b00Oo0DbO
goo.

OobooOo,00bb00bboob0Jungled0bO00DOOO0bOOOOOObODOOODOO
goo.

CpUO | O0O0OO0 |O00OOOODOO
1 49.70 s 49.61 s
2 27.77 s 30.76 s
4 18.06 s 18.05 s
8 16.66 s 12.50 s
12 15.62 s 12.96 s
16 14.91 s 13.11 s
20 15.31 s 13.84 s
24 18.11 s 71.66 s

Us4 000000000

gbobooooobgobos2000. JungleDODOOODOOOODOODOOODOODOOO
gobobo,bggoobbbuooooobbbboooooobbboboooo, o
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@DDDDDDDDDDD(DD) gsgd 0Oogn

25

write —+— |
write with affinity ---x--=-"
linear ---:-*--

20 + g

speedup

number of cpus

Us52 0000000000

gbbuogbuogbbooogb.bogbbuoobbuoobbogbboobbuogb 3.96

goboboooobo.
OooobobooooooDo JungleDOOOoOoOo,0b000obooboboboonog.
googooooooo,oobbbbbbbioddoooououoooobobbbbbbon

guo.
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@DDDDDDDDDDD(DD) gsgd 0Oogn

54 Web UUOOOOODODDODODOOOOO

OO00DODO0 Jungle0OOOO Web DODOOODOODODOODOOODO. Web
O0000000000,0000000 weighttp [11]0000000000O0OO.

54.1 Web OOUOUODOOOOODO

000000000 Jungle O Haskell 0 HTTP OO0 Warp[12] D000 Web OO
O0o0oobDoooo. WapUOOUOO WebOOOOOODOOOoOOOoooooooDO
O. Warp O, 0000000000 0O0O0ODODODODOOO0OOO0ODODODOOOOOOO
gogddo,guooooobobobboooooag.

Warp OO D000 0O0O0O0ODO, 000000000 WarpOOODO, Jungle 0000
000 Jungle 00DOO0OO0OO0O0ODOO0ODOO. O0DOOO0DDOOO0ODDOOODOODOOOOO
0, 00000,0000000000. Jungle0DDODOO,00000000000000
S I I 1 O O O 6 05
godd.

ooo [ 0o
showBoard gooooog
createBoard good

showBoardMessage | 00O 0000O0O0OOOO0O
createBoardMessage goooooo
editMessage ooooooooon

O55: WebODOOOOOODOOODOODODOO

Warp U0O O HITTPOOODUODOO, 00000000000 DOODOOOObOODbDOn
gobobo.bbooooobboooobobobooooobobboooobob,oo0on
0000 7hello,world” OO0 O OODODOOOO0ODOOOOODOOOOODOODOO.OODO
O00o0oboOoboobooboob,0b00obob weighttp 300000O00O0OOO,
Warp DO 0OO0OOO0 80000O00OOODO. weighttpOODOO, 00000000 100
O0,000000000000000 1,0000000000000 3, HTTP Keep-Alives
ooooboo.obo,0oogoobobogo e300 IO0O0OO0OOODODODOO,OO
0000000000000 0GHC763 000000000000 00O00DO0ODOOO
gobooogg.obbosednn.

lgobbuogobbooobbboooobbooobbooobbbo.ooboboa
googoobogo. boobboobboobboobbooob,s0bbog4400
goooog.

gboggbbuogbbuogob,gobbuooobboobobos3t. opboodbod
O000,000 60,000req/s 00000000000 O0OO0ODO.
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@DDDDDDDDDDD(DD) gsgd 0Oogn

CpUDO |OD0ODOOOO0OO |ODODOODOOOOOOO GHC 7.6.3
1 44,008 req/s 44,504 req/s | 31,602 req/s
2 57,396 req/s 95,760 req/s | 69,265 req/s
4 60,593 req/s 179,791 req/s | 133,897 req/s
6 57,159 req/s 241,240 req/s | 83,131 req/s
8 59,697 req/s 264,231 req/s | 31,694 req/s

O 5.6: Warp DOQODOODO

GHC763 0,5 000000000000O00ODO0ODOO,0b00b0obOoO,s8uon
gbogobuodgbbooboobuodboobboobuoobuobbuooboobobon
goo.

300000

oniine —
offling ---x---
GHC 7.6.3 ---%---

250000
200000

150000 -

req/s

100000 [ T

50000 L~ I

number of cpus

053 Warp ODODOODOO

WebOOOOOOOOOOOODOO, 0000000000 0DO0ODOODOODO
I I I A 907 I Y I
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@DDDDDDDDDDD(DD) gsgd 0Oogn

Core HTTP Request

Warp

—— e — e ——————— = — ———
I
o
=
(0]

Us4 0000

5.4.2 HUOOUOOODOOO
godd

0000000000000 0000DO0,000000. weighttpOOOO,0000
ooood 1woo0,000000b000000ooo 1,000,000000000 3, HTTP
Keep-Alives 0 OO QOO O.

gooo

gooopoobooboboboboboooosrygbobssbob.0obooooogn
goob,bbuogggobbobbouooobobouog,goobbooboooag
oooooHTMLOOOOOOOOO0OOoboooooooooo.

gobbobuogogbobobooooobob.bbooa,bbbuoooobobobod
gobobobodgg,8gubbb elsbuuodobbobug. gogaob,booad
gboggbbogobbogo,suogoboo 393 gbouuoboooab.bood
O,00000000 JungleOODOODODOOOOODOODOODOOOOOODO Jungle
gobbooooooboobod.

O0000 Haskell DOOO0OD0OOODOOODOOO 35



Sooooooooo0oo (oo)

gsgd 0Oogn

cpuUO oo oo
1 22,624 req/s | 28,552 req/s
2 43,083 req/s | 53,765 req/s
4 92,548 req/s | 98,691 req/s
6 119,310 req/s | 99,009 req/s
8 139,965 req/s | 112,212 req/s

gs7oouoodoobuoogoobobuoooobon

140000

120000 -

100000 -

req/s

80000

60000

40000

20000 Il Il Il Il Il Il
1 2 3 4 5 6 7 8
number of cpus

gss: buougdobobuoooobbbuoaoboo
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@DDDDDDDDDDD(DD) gsgd 0Oogn

5. JavalUUUOUOOUOOOODOOOOOOOoOoOO

O0000D0OD0O0O00000, Haskell OO JavaOOOOODO. WebODOODOOQOO
O0000obO0o0obobO,0bddb. Haskel DOODOOOODDO0OOO Warp OO QO
gbod,JavallO Jetty UDOODO. Jetty UDOODOOO 6126 0000.

Haskell OO Java OO Web OO OOOOOODODOODOOOOODOOODOO.OOOO
gogpobbobboooooo,bobbobbodooolgooo,obbbouooon
weightttp U OO OGOOO. 10000000,10000000 100000000000
OO,0bo00obodboo0oobooboboboonoobOobO. Haskell O Java OO
gobooossdnn.

aoad H Haskell ‘ Java ‘

gogg | 16.31s|53.13 s
gogg | 2017s | 764 s

O 5.8: Haskell O Java O O O

Haskell OO, Java OO OO OOOOOOO 3250,00000 3780000000
O00O. Haskell O ODOOO WebDOUOQOQOGOOoOOoOOOoO.

Haskell OO0 OO

Haskell 0 Jungle OO OODOO0OD0OOOODO 1I80,0000002840000. Java
0000 Jungle OODDO,339000,Haskell 000D 1/12000000000000.

gobooobobdoboooboon, HeskelDOOOODOOODDODOOODDOOOO
gbbogdgbboodgbbog,bboodobbboobbooobbooobbood
gobooboogogd.

OU0b00b00bo0o0bDO, Haskel D Java OO OO OOOOODOOODOOODOOO
goooo.
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el UOLOOUOUOUOOOMO

6.1 OO0

O0000,00000 HaskelDOODOOOODOODOODOOOOOOODOODO.

Haskell O, 0000000 O0O0OOODODOOOOOOODODOOOODOOD. OO
U000, HaskellOOODOOOOODOOODOODOOODOODOOODOODOOODOOO,O0O0
gobbobuoooobboboooobob.bbo,goobbbbuooooboboboood
gobbobooodobbbooodobbog.

gbooooboobob 1i200b0booboo,1oo0bgoobooboobog, 10770
gobbbuoooobboo,ogobbbboooobbbbooobbboooan. d
O, WebOOOOOOOOOOO,0D00 JawvaOOOOOOOOODOOOODOODOODO
gboogbooboooboo,bobbo 320,00000 3.7y800000000
uo.

6.2 O0OOOO

gooobooboboobooonD JungleDOODOOOOODOOODOO.

gbgoboobooboobbo

gobboogobbbogoobooo,12b0buogdo 38e2bbu00gogboood
gb.boobbodgbuoobbob,oobubooobooboooooboobbod
gbo,0b0b0odboooboboboboboboobDoooobuobOob. Haskell O
O,0000000000000000DO0000D0. 000000000000 IORe,
gboobooooboo Mvaedonoono.

gobobooooobobogao

go,bbobboogogob,bobbodoooobboobboooooobobood
. gobbbduoogbb,uggoobbbboooobbbbuoooobbboood
. ggoobbobbbbodoooooooo,gobbbbbboddgoooo,god
gobbobuoooobbobogd.
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@DDDDDDDDDDD(DD) ged DOODLDOODOO

gooobog

OOooobobooooooDOo JungleO, 0000000000 ODOODODOOODOO.
ggoobooobooboo,bdgogooobooobobobood. oo, o00ad
gobbbooogbbbuoooobbobooobbbod.
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@DDDDDDDDDDD(DD) ged DOODLDOODOO

OO0A O000000

gbbogobbuogbbuooobbooobb,oobbooobbooobbod
. gogbbobooodob,bgggobobbuooobobobboooobbbooog
gb.bobbooodgbbboooobbobuoooobbboooobbbooa.

O0000O00o0O0bOo0ooOooobobo oSOoboboboobo.obbo TeceOOoDOO
gbob,odbbugdgbbooioeobbuogdbbuooobbuooobboooon, oo
OO0000O0bO0obOooogoooSObobOobobooooooooDo.

OO000, HTTP Keep-Alives OO O0O0O. OO0 TCPOOOODODOODOOOO
O,0S000000000000. 0b0obD0oOO0ooOO0oO0U0oOoOoobOUobUobOobOoo
oo,oSODO0booooooooooooo.

OOobOoOobooobooSOoboOoooOoboooOobboooboOoboOobDOoboboOoDboo
gogobbobbuoooooob. buoooog,gbbbbouogoooobb. oo
000000000, 1,024files 0000000000 OOO0ODOO. ODODODODO
gobboboooobbboool1bouoooobbogao.

’! $ ulimit —aH

gbobobud . ggobbbuoooobbodgo

gbobobooogbob,ggbbobo2bobogogbobog.

’[ $ sudo sh —c ulimit —HSn 200000

gboobod 22000000 000obbodgo

gugodoooobobobboo, b0 ooouooon.
/ete/security /limits.conf 0 0 00000 300000000.

* soft nofile 200000
x hard nofile 200000

oobobodg 3: 0000000000

000000000 ListenOODO0O0DDO0ODO. listen DO00O0O, 000000000
guoooobbobbbuooooo. bbb ooooooobbb,booooaa
Jo0o0o0oobooobooo0o,bo0obobooobobogU . listen D000, 00000
goooooboobbbbobooooooouoooo.

Jete/sysctl.eonf 0000000 400000000.
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@DDDDDDDDDDD(DD) ged DOODLDOODOO

fs.file—max = 5000000
net.core.netdev_max_backlog = 400000
net.core.optmem_max = 10000000
net.core.rmem_default = 10000000
net.core.rmem_max = 10000000
net.core.somaxconn = 100000
net.core.wmem-_default = 10000000
net.core.wmem_max = 10000000
net.ipv4.conf.all.rp_filter = 1
net.ipv4.conf.default.rp_filter = 1
net.ipv4.ip_local_port_range = 1024 65535
net.ipv4.tcp_congestion_control = bic
net.ipv4.tcp_ecn = 0
net.ipv4.tcp_max_syn_backlog = 12000
net.ipv4.tcp_max_tw_buckets = 2000000
net.ipv4.tcp_mem = 30000000 30000000 30000000
net.ipv4.tcp_rmem = 30000000 30000000 30000000
net.ipvd.tcp_sack = 1

net.ipv4.tcp_syncookies = 0
net.ipv4.tcp_timestamps = 1

net.ipv4.tcp-wmem = 30000000 30000000 30000000
net.ipvd.tcp_tw_reuse = 1

net.ipv4.tep_tw_recycle = 1

Dboobo0d 40000000000

gobobobooodg,bbuggobobbooooobbosbooobboboon.

’! $ sudo sysctl —p /etc/sysctl.conf

gogoobog s ougdan

gobooobooob, booboobboobboooboboboobbooobao.
TCp/IPOOO0O0OCOOCOCOOOOOOO,00D0O00DOODDOOODOOOOOCOO
goboboboooooboo.

gb,ggobbogobbogobbuoobobboobbbuoonobbooobobog
goo0d. booo0booboobobdd, Ruby O Python DOOOO0OOOOODOO
gbboooobbboob,ugggbbuooobbooobboobobboobobood
goboobooogo.

weighttp

g0boooooooobobooboonog, weighttpO OO O. weighttpd WebO O OO
00000000, 00000 ceUODODOOOOOODOD [11]. O0O,lvev 00000
g, gbbobbooggobobboooooo,bbbbodoooouoboboboooog
O. 000000000000, Apache BenchO httpref 0000 O0O0O0O0ODOO, 00
goboboooobbbuooooooo.

weighttp 0000000, 00000060000 0OO0ODOODO.

’[$ weighttp —n 1000000 —c 1000 —t 10 —k "http://bldsvi2.cr.ie.u-ryukyu.ac.jp:3000"

000000 6: weighttp O OO

O0000 Haskell DOOO0OD0OOODOOODOOO 41



@DDDDDDDDDDD(DD) ged DOODLDOODOO

gbobobooobobo vURLbobooooo,gbobooobobobobooon.

en. . HITTPOOOOODOO
ec..UggnonoboooobbOOn
ot .. UOUOOODODOOOOODODOD

e k... HTTP Keep-Alives 000 OO0

O0000 Haskell DOOO0OD0OOODOOODOOO
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@DDDDDDDDDDD(DD) ged DOODLDOODOO

0B WarpUUOUOUOoOoooooooooooon

Warp 0, 000000 HTTPOOOOOO [12]. Haskel DO OO OOOOOOOO
O00O000. Haskel OO ODOOOD0OO0DOOOOO Yesod DOOOOOOOOOOO
goboo,gobbobuoogoobobod.

Warp OODO0O0O0O0OO0OOD0ODOOOOODOOOOO0ODbOODbDObODO.

application counter request = function counter
where
function = routes $ pathInfo request

routes path = findRoute path routeSetting

findRoute path [] = notFound
findRoute path ((p,f):xs)

| path ==p =1

| otherwise = findRoute path xs

routeSetting = [(["hello"], hello),
(["hello","world"], world)]

notFound _ = return $
responsel.BS status404 [("Content-type", "text/html")] § "404"

hello - = return $
responseLBS status200 [("Content-type", "text/html")] $ "hello"

world counter = do
count <— lift $ incCount counter
return $ responseLBS status200 [("Content-type", "text/html")| $
fromString $ show count

incCount counter = atomicModifyIORef counter (\¢c —> (c+1, ¢))
main = do

counter <— newlIORef 0
run 3000 $ application counter

DoOOooo0 7= WarpQOOODOOooooooooboooDOo

gboooob 7O, URLOO0O0O0O0O0ODOO0O0ODbOO0bOO0DbOo0oDbOoo0on
O00. /hello/world D0 D0OO0O0O0O0OD0ODODO,0000000000 counter OO0
guo.

main HTTPOOOOODODOOOOO,WarpO run 0000000, runO00O,000
O Port OO, application OO0 OO OO0O0O00000D0O0O0D0O0O0O0OOOOOOOO0O
O0200000000000.

0o0ooooo,00ddooboo0ooooooooo. 00, 000 Haskell OO
O00D0D00000D000000,main ODO0O0O00O0O TIORef OO counter O OO OO0O
oooo.

IORef OO DODODODODO,Haskel OO DO DOOOODODO0ODOOOOOOO. OOOOGOO
O0000000O0,HaskellO IOODDOOOO0ODODODOOOODODODOOO0O. IORef
000000oooooooooo,0o00oobo0oboooooooo. lIoooooon
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@DDDDDDDDDDD(DD) ged DOODLDOODOO

gbobodbogobtuobdd man DOO0O0OOO0OO00OO0OOOOODOOOOOOO0
goboog.

application 0 O routes , findRoute application DO O OO, routes OO OO OO
0000000, URLOODDO0O0O0O0O0O0ODODOO. application DO OO O0OO0OOOO0O
000000o0booobooboooboo. ooboobOgn pathlnfo OO0, URL OO
hostname/port 0, 00 0000000000000, 00000 routes 000000
00000, routeSetting 000 DOODO0O0OOO0ODO URLOOOODOOO. routeSetting
O, URLOD0O0O0O0O0O0OO0O0O0O00O0DOO0O00ODObOo0oon.

notFound 00O hello 00000000000, 00000000000.00000
O00000 responseLBS OO DO 0O0OOD0OODOODOODOODOOOOOOOOOOODO
guo.

world OO0 incCount world O, OOO0OO0OOOOOO counter 00O OOODOOO
O000.I0Ref 000 DOO0OO0ODODOOOOOODODOO0O, incCount OO atomicMod-
ifyIORef 0O O DOODODODODOODOOODOOOONO. atomicModifyIORef O, 00O 0O OO
00000000000ooOoOooooo. Ood, responseLlBSOOOOOOODOOOO,
Resource TO OO ODOOOOOODODOOODODOOOOODODODODOODOOOOOODOO.
lift 000000,incCount000000000O0O0OOO.

00000oooooobooo,WarpOoOooooOoooooooooooao.
O00000,0000000000000 Jungled WarpOOOGOGOOO,000000
ooooooooooooo.
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HREN

gobbobboood,uobbbboooda,obbbbooooobbbboooad
goboboooobo.
O000,JST/CRESTOOO00OOOO0OODOOODOO0OOOOOOOOOOOOOOO
OO0 0O0000o0oooooooobD-AbDbO00dO0OoOOOOooOOoOoOOoD.oboooo
O0O0ooo0oO0oD,0b000 Symphony OO OOOOOODOOO.
gb,gbbdodgbbogbooo,ggboooboobbuoobbooboog,bd
gbgobooboobooboobgobon.
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