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Abstract: As the increase of large-scale and complex Web services, not only a development of Web appli-
cations but also an implementation of Web server extensions is required in many cases. The Web server
extensions were mainly implemented in C language because of fast and memory-efficient behavior, and
extension methods using scripting language also are provided with consideration of maintainability and pro-
ductivity. However, if the existing methods primarily intended to enhance not the implementation of Web
applications but the implementation of internal processing of the Web server, the problem remains in terms
of fast, memory-efficiency and safety. Therefore, we propose a fast and memory-efficient Web server exten-
sion mechanism using scripting language. We design the architecture that a server process create the region
to save the state of the interpreter at the server process startup, and multiple scripts share the region in
order to process fast when the script is called as internal processing from a Web server process. The server
process free any global variables, the exception flag and the byte-code which cause the increase of memory
usage mainly, in order to reduce the memory usage and extend safely by preventing interference between
each scripts because of sharing the region. We implement the mechanism that can extend the internal pro-
cessing of Apache easily by Ruby scripts using Apache and embeddable scripting language mruby. It’s called
“mod_mruby”.
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Fig. 1 The architecture of Apache modules.
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Fig. 2 The architecture between mod_mruby and Apache.
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Apache || Apache i
Core API

| Hook a Lua script |

L

| Allocate Virtual Machine State (Lua_state) |
v
| Load Libraries |

v

| Read a Lua script |

v

| Parse |

l

| Generate byte code l

v

| Run on Virtual Machine |

v

| Close Virtual Machine State |

3 modlua D7 —F77F v
Fig. 3 The architecutre of mod_lua.
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LA %789 . modmruby % Apache [ZHLAAT T & |2
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PIBE, @k, BXO, BAE)EA2 ) T FEOTH
DOELE A5 mod_mruby DT —F 7 7 F ¥ OFEM R 5D,
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| Hook a mruby script |

Shared Virtual Machine
state (mrb_state) and
Libs

| Read a mruby script |

| Parse |

|

| Generate bytecode into irep table |

| Run on Virtual Machine |

{

| Free the bytecode, global table and exception flag |

4 mod_.mruby 7 —*% 77 F v
Fig. 4 The architecture of mod_mruby.
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Shoge=1

Apache::global remove :Shoge

5 70— VRO
Fig. 5 Example code to free global variables.

LoadModule mruby module modules/mod_mruby.so

mrubyTranslateNameMiddle /path/to/sample.rb

6 mod_mruby ® Apache %%
Fig. 6 Example Apache configuration for mod_mruby.

r = Apache::Request.new

r.filename = "/var/www/html/redirect.html"

Apache: :return Apache: :0K

7 mruby A7) 7
Fig. 7 Example code of mruby.
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TaF—T7NVNEENLD I DIGEET, S5k sra—nN
WEBORIE T — T VN OEED D T L % BT 5 D&
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Ruby A7V 7 s& 7 v 73 572D Apache DFEHT
H5b. T, T2 ADH o7 URL EHFEDT 714V
AHEOTT, VAKRYAIZZED T 7 A IVONE % K3 UL
% Ruby THELHITH 5.

Apache & 5fCEM % Web =NV 7 by 27 TH 5D
nginx [12] 126, #&FE T 57 —F7 7 F v % ngxmruby &
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VI YT OECEEHRT DS L%, Web H—3Df
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ARETER LTS 71T I Y7 FiE Ruby 2flioT
Web 7 7)) r—3a v RFEHELLY, I FVY 2T R
L720) LCWAHEAMEIZE 5T, Web = "OFFENLE %
FEILG L DLEEZ TS,

5. INT#—7 > XEHM

mod_mruby ZAEHIZW 2 9 2 » & 5§ 5 729012,
Apache O W ERALFL % 523 L 72 Ruby A 7 V) 7 b+ %,
mod_mruby % /- L THEAT L7255 OMERE % i L 72,

5.1 $—N\TOtXAEOEIMEICEET 554\

mod_mruby 13, F#EEE L 72012, IREEBB IR
FHRAELADESL L, XFYPFWEMLE VWX )N, Fa—
RORERINTH LI LT —FT 7 Fvhboiz. %
DT —FF 7 F XL DB AE)BINEORIR L MRS 57
®, Apache & mod_mruby Z#lAAAL, 6, X7 O
AT £l FLT, NA M= FEBRL WY
Gl BT ABEIIBNT, TRENEFY 7 T A ML
HYETO, F—N"70t 20D AT ) BEhNE & 800
L, TOFHEEZHEL L. R 8IZAE)HIMD ST 7
Y. M8 XY, NS ha— FOMRE LkwEd,
1) 7 T A ML Z 12 Apache DNFT Ruby A2 Y 7k
WHEITEN, ZDNA + 3 — FAVRREERBRAFHITRAF
ENTLEV, =70t 2D AE ) PSHFEEL
TWBZEDGns. TNxliz0l12, N4 Fa—FD
AIEMRHTHZET, y=N"TELADXAEY HHL T
WHEWZ ERGDE. TRIZEY, N4 Fa— FOA%E R
WMT BT —=F77F%T, T AE)BENELERTE
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8 /A ba— FRERIZEZAEY EINE

Fig. 8 Memory increment when freeing bytecode.
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TWAZ EWgrolz. Fiz, 8 & 1) Apache %—/\7
Tt 20X fffl&E 5,000kB T& 47%%, mod_mruby %
HLAALHIO Apache DY —/N7 0t 2D 2 E ) FIHEH
#7 4,400kB T Y, mod_mruby MlAAAICET S X E
M E134#) 600kB TH 5. BfED Web H—DIEHH A £
V%GB HALTH D T L2 E[ET 5 & 600kB 133EH 12
Ll nz b,

5.2 S=RMICET 25

RIZ, BEAFORRBEILRET L L Sa O 1T o 72, 1K
REERIREEBAER SN, T4 VENBE T LIS
WMHL DB % g KL T 5720, FATTHA7) T MNIT T
AT IDREDELH)BRURLIZTZEALTY, §XTOH
7 7+ 212k LT hello world D FEH &R $ &L 9 a3 X
PRI A SR L Lz FHfiIC BV TE, RO LER
ERERD L HIZCFREIZL > TFHEE L7 Apache TV 22—
)V mod_hello &, mod_perl {24 % Perl A2 1) 7~ TOFk
REVLIESESE, mod ruby 124 % Ruby A2 1) 7" b TOHE2E,
mod_lua l2& % Lua A7V 7 N TOESEL LT 7.
K1, 7947 e =TT roliEEZRLTWY
h, 2IAT UMb, =N LT, ab
Iy FIZXY, FREEGE 100, BHEGE 10 T 8T
A=FTY 7T APREFEL, =" P51 IR
HTEZ VAR AR &G MEHN L Z O E 2 Bl L
7o, FEREGBO/NT XA =71k, ¥ —3D Apache % OS
DF 2=V THPRMA Y 7125V EIIT, Tk
BRICE D@2 BbN T 2 =% wiE L7z,

+ 213 1 DRI T E 72 L AR v AL (responses /sec)
DIEREHNBEFT6MICLDRL TV D,
ZFHl 05 R, mod_mruby %% mod_lua £ V) b PEEEASIEH
WCEWZ EDahol. ThIE, IREERBMEFEE T,
mod lua (FA 7 ) 7 FEFTTLIZER L TWLDITH L,
mod mruby (IO A7) TR THELTWAEIDIEL

INT F =¥

F1 7A N

Table 1 Hardware configuration of test environments.

7747 b
CPU Intel Core2Duo E8400 3.00GHz
Memory 4GB
NIC Realtek RTL8111/8168B 1Gbps
(O CentOS 5.6

HF—

CPU Intel Xeon X5355 2.66GHz
Memory 8GB
NIC Broadcom BCM5708 1Gbps
oS CentOS 5.6
Middleware Apache/2.2.3
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R 2 T3 =7 VAR & FTEORY

Table 2 Performance comparison and characteristics of each

method.
ELia Reponses/sec
mod_hello 9861.17
mod_perl Perl 3346.38
mod_ruby CRuby 4769.04
mod_lua Lua 5209.11
mod_mruby mruby 9021.54

265, 72, Ruby A7 U 7 I Apache O PNERALER
9L, mod_mruby /4L THEITLTH, 1EKTHETH
% mod_hello 7% 9,861.17 response/sec T 5 DIZxf L T,
mod_mruby 13 9,021.54response/sec T&H V), mod_lua D
5,209.11 response/sec & i LT, FEEIZEFIZEEL T
WBZ Dotz F72, BEAFD mod_perl X mod_ruby
1¥ mod_mruby & FEARS AT IZIRREZB RS DR AF 58 & 0 HIML L
TW2'5, modmruby & 1) b HREASH TV 2w, Th
1, mod_ruby TN Twb CRuby 1 ~ % 7V # 3k
ICERBE TSR & < (3 MByte @/ 4 F 1) 44 X),
mruby 4 % 7V % ($(H Kbyte) LIELTEL D T
ARAY y FRfTEETH Y, WIEHILNA Fa—F
DERE (LI v fVEes2) O FTARAY Y KO
MEDIAMDPIHICKEL 2 DH72DTHE. CEHRTH
M7z Web = NOEED—#E X7 ) 7 b ALk TIUE
T 572012, CRuby D& 9 ZEETHEOKE WL &~
57N # AR DIL, V7T ARNIEZAZ )T D
IURNANPREE D e 2 EZ D EFEFIZTANDE
WV, F07:%, modruby ILIRIEERRAFHEZ LA LT
VDA, T YIS VILERASR MLk oy 7 L &R, KIEC
PREDME T3 5. & 512, mod_ruby 25 mod_lua & 1) 1%
BEHE TV WHLH L, CRuby BIED A » % 7)) ¥ O
B o 723, IREERRAFFEIROMENR - RiLL D b,
I YN NVEEOMBES KR MV A Y 7 & B 720THABH., —
77, modlua DA » % 7V ¥ OB, mod_mruby &
AEPRLRNE D LR, A 25T OBBHFESE
DKMIZ BV TTIREERRAFHIE 2 IET L0 E) »
PHEEICKE B E 52 5. 20729, mod_mruby 7%
mod lua & ) bEHICEIET 5. S 512, PHERICE
W, mod_mruby OFEEE —IFIYIZ) 7 T A N T EIIKGE
ERRAEBOMEEIT) LIS L TRBOEREZ T 72
Wiy, 9 2,000response/sec FEEEDE L i e r o722 &
5 b IKEBRRRAF IS OMER & RO I — 3~y FA5K
EWZEDRGhA. Tz, SRIOERIZE W TLIKEER
PRAEIRE LG T A0 KR ERKR MV Ay 7 &5
TBY, FPHERIIBNTY, FMICFA 77V 0= T
HZEIZEAERIZIZE A CHABTE mo72. L,
5475 OHEFO— NI, 4% mruby ICHAKATH
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CTAT )DL To 223412, Hflca—FLT
BLZET, 2u—F$5 L) bMHRESIEIEEENS
eI NG,

UEXY, XFix T2 0A0OEELRMIIZBNT
¥, mod_mruby OY%—/NT T LANDA ¥ 5 T ) ¥ HA
ARBDEFEDT =% T 7 F¥I2EoT, £ 25 7)FD
MPRERE, B 7 VR ) ZTIEEAER MY
Ay I EBRVWERMEINS. T, =T OLAD
AEVHENMEDRICT H2LES R\, A7) 7 b O
RHED LR T S2EE LGS, Y= NREOHD 1
ODDOWIRPLIIR D ) B EERLND.

6. F&&b

ST, Web ¥ — Y 2 DKL - #HLE EE L C,
Web H — NOREREILIRE IR T 572012, A7) T 5ik
THBEILRDTTRETH ) D', EilidDE X E) THEIfE
$ % Web ¥ — O H LR L IEHHE mod_mruby % $2 %
L7, 7, BdEr @ LGe1cAELSD, A2 T
MTr7a—NVERSTH LA MEZ REICFR L2,
mod_mruby 12X 5T, Ruby A7V 7} L2 Apache DN
ERALEE A FRaR 45 & & T, AR AR T E L. F Ok
F, Web #— Y AT 2B D % i & A Web 7 71 7 —
va &% Ruby THZET HIEE T, A5I2 Web H— N
HERZIETE A5 L9125 EEZ TS, $72, nginx
% mruby 12 X o THHREILIE T & % ngx mruby OFFFEIC &
Y, Apache % nginx ® Web =/ 3V 7 b7 £ 7 DV %
Ruby 227 1) 7 N CHIL L 7 5% S A REIR ST REIC 22 5

AStEOME L LT, ngx_mruby 7217 T7% <, {3197 Web
=R F vy v at =NV T b7 2T % mod_mruby &
TEA7ZFURABTHRIEEILETEZ24 5 —T 24 A
REETETDH L. TORE, HED Web =3V 7 |
v =7 B2, mruby |2 X AEEREILIRA ¥ — T 24 ARH
ARG LT, Web =NV 7 7 2 TRIOEKDENE
mruby TR L, Web ¥ — NXOFREILIE % Ruby T 323
IHE—T&AEEZTVD.

#E  modmruby 2 FEET DIIH/2), Hah I AV
FEWz72nieEob LW EUAK, MR, SR
AR 5.
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