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Abstrad. We give a high level descript.iou of りurGeuerﾌc Game Server 
(GGS) 川ld its aeeompanying dient soft;ware. The system is based on a 
fiexible communﾌcation a.rehit.ec:ture and provides a rich s針。ffeatures 
unseen in traditional game servers - sueh as a wide va.riety of boa.rd 
games and gωne setups and fair g叩:lemodes for both standa.rd 加dranｭ
dom starting positions. Moreover, the task of adding new game services 
叩d GUL., is eased by reusable server and dient softwa.re components. 
I(eywords: Internet Ganle Server, Client Software, G(]l. 

1 Introduction 

1n this paper we present NECl's Generﾌ<: Game Server (GGS) and its underlyｭ
ing eomml1ni<:ation architect.me. GGS's game features are unique: in addition to 
u日ual game server functionalities like c:hat alld rating systems, for eac:h game it 
support.s all commOll g札口le doek modes, a wide variet.y of game setups, and fair 
game modes for st.andard and random st.art.ing posit.ions. Fu町rt出;l沿he貯rmo町re鳥， all p町t旬s 
ofGGS are li除Î<仰

a似正〉川c:e倒s日 tωot“he 日oαu汀r口町【C叩:氾ecωode伐， whie凶eh s叩pe開ed由自 up t.h児e developme臼n叫t.of new services. Curｭ
rently, GGS 0征ers自 Aniazons [6則]， Ch削e【北er日， Chess, Hex, Go, Othello, and Phut.ball 
[7) serviees. Additional servi<:es for tmn-b硝ed games a吋 graphical user interｭ
fa正:esfor them can be implemented in a matter of homs due to reusable software 
component.s for communi【訓;i時 moves，日avingjrest.ori略 adjourned games, ra叫tin
updat.e日， displaying boards on G UIs et.c. 

GGSis 孔 loosely 【:ouplednet.work of services alld dient.s built. around a <:ent.ral
server. 111 t.he eollt.ext of game servers its lIlain advantages compared to t.he 
t.radi t.ional “one server, one game" approach are 

-A cent.ral eonllection pOillt. for everybody whieh allows people with t.l間 sallle

int.erests (e.g. machille learni刊 in games) t.o exdmnge ide揃 even t.hough 
t.hey lllight. t.ry t.heir ide制 on very different gallles. 
-Messaging, news, t.ouruament. direct.or and ot.her serviees t.hat. each game 
server implement日 in one way or t.he ot.her can be ext.ract.ed int.o a separat.e 
servkes whkh serve all game services, thus simplifying dient software even 
further. 
-The central server does llOt. sped(y any service-diellt or dient-dient prot.oｭ
col. R川her it. just. provides a eommunicat.ion medimn, leaving each servﾌ<:e 
to implement and enfon:e it.s own diellt protocols ・ However，、日ervi【ce日日hou叫lldi 
Cω001胤a川t.eon de日ig山
1削ne叫 dir問B恕eet.ω;冶OIけ).
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ln what follows , we provide a hOttOIll Up view of GGS: first the underlying com田

1 1l1Ull仁川iOl I an:lIitectun~ is descrihed. Thell we 巴ive 孔n overview of the game 
servi【対抗1礼tures a1l(1 the av礼ilal沿い dient softwaI・e. An 01ltlook 011 futme illlprOVe匂

llW11ts rq刊rdin民 scalability and additional services cow:llldes the papel'. 

2 GGS '8 Communication Architecture 

GGS is 孔 loosely collpled network of nmltiplexors , servic制?孔11d dients which are 

孔11 connected to a cel市川 serve1' (Fig. 1) that 礼山eI山jse11ds and 問l可s text mesｭ
sages llsing the TCP protoco1. The central 日erver serves the following purposes: 

it provides 孔 cent1'λ1 connection point for 礼11 dients and services. 

it pe1'foI1I1s 孔uthentic孔tion of dients and services. 
-it allows dients and ト;ervices to cOlllnnniÏ cλte wi th eadl other 

Multiplexors were intl目。dm:ed to 民et arou11d operati11g system limit孔tion日， which 

restrict. tlw mllnher of sinHlltmwously opell file des【:riptOl刊 and to provide a 
1、CP -ttl11l1el ﾏI1 case the ce11tl 礼 1 server is located bθhind a 針rew孔1 1. Theoretically, 
the celltl礼1 server 札口広lIwl1ted witb one thousand lllultiplexors cOllld aCCOUllI10-

date over Ol1e lllilliol1 dients aml servi仁川日i 1ll ult川町ously. Howeve1'う at one point , 
this will lead to a C01 I11I1\U iÏ仁川i Ol I bottleneck. The upcoming rele礼se will 孔ddress

this prohlem. 
The cOlllunll1ﾎcation hetween the (澗1tral server, dients , alld seI・viceHCKIll eiｭ

ther be r川町 01・ c01np1'essed by the stal1da1'd gzip 01' bzip2 protocols. Secure con-

11ections to the central server can be establish巳d hy USi11g a SSL proxy server. 
1'0 時凶巳 the C01nlllll11icλtioll hetween dients and services , the celltral server proｭ
vides ali出 λnd variable rnechanismsλllowing each u日er to tailor its front-end 
to hisjher ta日te. 111 acldition , the ce川I 礼1 server れrpports the concepts of gro叩日

礼lId channels. The group lllech孔nism is used to grollp dients hy thei1'functiollｭ

λlity 孔nd adlllinist1'ation level (c1ient う service ， sy州dlIlin). T1Hそ c1'eation of groups 

raw , gzip , bzip2 

ノ

I ¥ 

1 、

、

Fig. 1. Cli(mt 出、rvi(川 S(~rv(~r Archit何 tl1 rp
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and a再signment of dients to them is restrkted to system 似hninis紅白叫ors. The 
dmllnel medmllism is a eollvenient way for several <:lients to. talk to each other 
siuH11talleously resembling chat room fUlH:tionality. U九JSlト

de日troひoy， joill and leave channel日， whkh call be either public or private. Fillally, 
the celltl・al server gives dient日礼ccess to user statistks, news alld help files. 
Servkes connec:t. to the celltral server like ally other dient and they behave 
like servers in every other aspe<:t, i.e. they serve dients. Except for a thin proｭ
toc:ol betweell the central server and servkes that incrementally keep servkes 
updated about diellts eonne<:tillg to or leavillg the lIet.work, the cent.ral server 
does not enfon:e any partkular prot.ocol between servicmi alld <:liellts. Ever目y

service can implement its own set of c:omlIlallds, groups, challnels, ali制es ， allcl 
variable llledmnisllls. 

3 Game Services 

Cnrrently, GGS provides servi<:eand dient. soft.ware for t.he followillg t.urn-based 
board game日 Alllazons ， Checker自， Chess, Hex, Go, Ot.hello，孔nd Phut.ball. On 
the service side, all software is writ.t.en in C++. The COllllllOll servke funet.ions 
---such as cOlllnnmkation with the eentral server, game halldlillg, storing 制lcl

retrievil1g of game transeripts, storillg of player vc\riables, al1d ratillg upclates -
are implelllellt.ecl as a librar手 Aclding a llew boarcl game service i日出自imple 出

implementing a small ahst.ra<:t C++ interfaee whieh de白lles hooks to the gallle 
sp飢え白e service parts. The salIle is true for the graphic:al user interfaee GGSA. 
Writtell ill .Java for allowing eross--platfOl・m operat.ion, it follows the same object 
orientecl philosophy: the game spe【:i白edetails are elleapsul仇t.edOll top of the b>ase
t仇fl\l切\lI川l

H飢t巳川町1河汀rVH:氾es (仁:立t乱川UI eëH凶同s叫sil品ily b>(.~ (-礼ulde【da討lOl1g .. 削山 they do 11泊ot re弐刈【quiresubst.antially different 
nlllet.ionalit.y compared t.o the serviees we already have illlplemelltecl. 

3.1 Unique Features 

When designing the gallle services, we fO<:llsed 011 el1suring a fair alld compet.itive 
playing environment and on providing a rkh variety of 巴ame lIlodes. Furtherｭ
lIIore, we st.rived for keeping t.he COlllllll1l1ication I河川oω1 alld game trallscript 
fonn川 simple alld generic. These C:Ollsiclel'叫;ÍOIlS led to t.he following servic:e fe<ト
tures, which mostly m・e 111liql1e to GGS. Eadl galIle servi<:e supports 

-the Glicko rati時 syst.em [4] which also llIodels mt川~ variability, 
-a l1niversal doek th川 cau emulate all COlIllIlOlI game docks induding the 

Fisher, Bronst.eill, and byoyomi mode, 
一札 cOllllnon format for an:hiving games, 
-different board sizes/shapes (Fig. 3) , and 
-fair game handling. 

We feel that l1sing random st.arting positiollS lm,<; advalltages over the t.raditional 
fixed posi tion apI>roach. For in日tam:e ，players do not lmve to worry about opening 
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preparation. Moreover, start.ing in a single position makes perfeet information 
game日 unfair if the game value is di仔'erent from zero. A prominent example is 
Hex, where it can be shown that the first player wins, or the second player if the 
日wap rule is used. A forthcoming paper will be devoted to this topic. 1n it we 
will describe the komi and .~ynch.ro game modes we have implemented in GGS , 
whieh ensure fair games for hoth fixed and random starting positions. 

3.2 ClieIlt Software & Resources 

The following dient software is indllded in the GGS soun:e tree: 

-A simple C++ Othello <:lient for <:onnectillg Othello programs to GGS. 
-A generie C++ dient currently support.ing Amazons, Checkers, and Othello. 
-GGSA -the GGS Applet for all game serviee日 (Fig. 2,3). Runs in every 
browser. 
-A wr叩per inte巾じe fm: conneeting standard-i/o drivel1 game programs. 

Chris Welty h制 written following Windows sof・tware for GGS: 

-LION a Windows Othello GUI for GGS (binary only) 
-ODK (Othello Development Kit) A collect.ion of C++ dasses for conllect.-
illg Othello programs to GGS. 
-TD -a global tOllrnamellt director for all game services. 

lJt.ilizing these diellts and wrappers we have <:Ol1nect.ed our strol1g Othello proｭ
gl細川 Logistello [2] alld Kitty, 0¥11" Amaz仙

Fig.2. GGSA's main window showinp; u間T 礼.n cl 日aIl1!' lists and GGS's respoIlse t,() 
"helpη 礼nd ・fin広er" 日 1111lIIanc1s. 
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fﾌ"eeware Che~~ progrmn Cn'向， [5] ぅ and GnuGo [8] to GGS. Tl四 GGS 附ftware
and 巾cnment1'川011 i~λvailahle 川[L:j]. (よ(お itself 仁川) he rea山町1 hy telnet OI 

tlle (よ UI日孔t lllultiplexor ports 4üOü 孔11(1 5000 of extemal.nj.nec.com. 

4 Outlook 

IIJ ca~e GGS re孔lly takes 0征 we realize that the central servel 孔nd servic巳日

depending on their popnlarity --would eventnally hecome COIl11IlUnication 

hottlenec:ks. The1'efo1'e ヲ we planλlllore dist1'ibnted and ~calable architecture fo1' 

the next 1'elease of GGS, in whi<:hλ 問ntral server gate performs load-balancing 
when redire【・ting connecting dients to a network of central servers. The c:oncept 

of distribnted servers lllay not be crm:ial for low-baudwidth applications snch 

as the tn1'n-hased gallle servic巳s or inst孔nt messagiu巴孔nd news tickers that we 
intent to illlplement. Howeverヲ it is essential for file sharing 孔nd for mnltiplayer 

real -timeιame services, which we plm) to support 川 well

Besides providing 孔 wide rallge of servic制 the acceptallce of 礼 service netｭ

work largely depends OJI the user interface. hl this regard the じnlTent sitllation 

is less thal1 optimal as the applet GGSA currently only snpports the English 
langnageヲ日till reqni1'e日 expert GGS kllowledge, and sn仔'ers f1'om bnggy and inｭ
complete brow日er .Java illlplementatiolls. To alleviate this sitnation we intend to 

port GGSA to the 口os日-platforlll C++ graphics toolkit Qt [10], whic:h provides 
a nnifonn , Unicode capable interface nnder Micro~oft Window~ ， the X-Window 

sy日tem ， and ~oon Mac OS--X , while allowing to nm 仁O【 l巳 natively.
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