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Experimental Implementation of
a Real-time PC Screen Distribution System for Classes and Meetings
using HTMLS Technology
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Experimental implementation of a real-time PC screen distribution system for classes and meetings is discussed. This system uses
HTMLS technology. So users of this system can use this system just using their own common Web browsers. Several tens web
clients can share the screen of a PC. This system is a kind of CDN which unifies servers at the Internet and hierarchical private
networks. An appropriate server of the CDN is selected automatically when a Web client is connected to the CDN. This system is
also equipped with administration functions for managers of this system.
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NREBET D2 ERAREICRD, RECRHEERHTH
BLTEBENDIHGEITHHISTE D, REDHAIZZ)R
I F—F2BETHEDITEEDO T —"EFHT 50,
Web 7 A 7 > b %&BEICHEY 22— NcE 0 ¥ TS
HWRELH->TWS., ZOVAT LAOEREL, Y—1%2%

I D720, Web Hifl LT —NZHIHT L5 ENTEDS.

FHENBEINCY —REINMZ IS L0359, i
KE, Web 7 A7 > b THRFR SN DB B 72 0 DF
REEAEL, Web 7 T4 T2 MBITFDF Y U — 7 FIfA
Ny RIEREDOEL LR RARET, 2 7 HEITE 5. 2
DY AT LD &% CDN for Web Screen Share, CDN4WSS
LIRS,

2. System HiE

1 |2 CDN4WSS O fl, [ 2 |2 CDN4WSS DOF| F %
RY. KTV AT AL, Web 7 T A 7 T PC O & FE
FTEY =N F AT b AT I(Web Screen Share, WSS)
& 2 SARWRICHEERE L 7= b O (Distributed Web Screen Share,
DWSS)S, £ & —F v FEWEHNT T4 X— Xy b
— I BEEINZ L DO THS, £y NU—7ICHEE
S5 DWSS [IARRICER SN TNT, ZOMRITA 7
—x v F RICEESNS.

Web Screen Share (WSS) [6]i& Client-Server %!, HTMLS5
D Web Socket Hiffizli~7=, XY arFT 27 kv THE
FERMECTHAEI AT ATHS. X3 I Web Screen Share
DB % 73, Web Screen Share 1% 1 5 Web Server &,
%> Web Client &, BIBIRMG & Z Ol 2 Y — 2%
153 % Screen Sender 2> HHERL 4L TV 5. Screen Sender
T AZ by TEB A K LRSS L, 8% O Socket &
fifi 5T Web Server 215153 5. Screen Sender 75 Hi{§ %
ZITHU - 7= Web Server 1%, D[ % 4 Web Client (Zx%f
JitL72 Queue DFcf%(ZiBANTF 2. Web Client [ HTMLS @
Web Socket % ffi > T Web Server (Zxf LT get 2~v 2 K
ZARV IR LIEITT D, Web Server 73 get =~ R&3Z (TR
bE, FNZEND Web Client {Zx)& L7 Queue DILHEHIZ
HDOERE, get 2~ REZITH -7 Socket (Zxf L Tk
L, ZOHE#% Queue 2> HHIRT 5. B4 % T -
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System (Z3UNTIE, % Web Server (2t S 4172 Web
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ZBWTIE, EADTF/ — bbb TEZ Web 7 7
AT v MR L, Web Client 28430721 M% 9 @ URL %
s & L CRték L, £ Web Client $(% Web Server ®
URL &EZH ) — NIZEET D2 L2 —EHM I & a7
I MR — FICBIT D E DA Web Server DO 5, &b
Web Client £t23/0 72y Web Server ¢ URL &72%. il
IZ Web Client 2% DWSS (ZHifi T 5 & &, £D Web Client
ITFE T, RO Node system (ZHEEHZTTV, WKIZ, RO Node
system [ZFCIE SV TW DB O URL IZ re-direct S5
Z XY, it Web Client D472y Web Server (ZHTHA
@ Web Client 2T 5.
33 BREMGERY hT—2I2F=A>F- CDN
CDN4WSS 1%, #H¥D, BRI SR v K
T — o= — OB T, Flc#ER SNz
Web 7 7 A 7 MG 72— " ZEI 0 2T 5k
ERo TS, ZOKREZHHT 5720, e x
v N =7 DETNLBEER: CDN OET V& E
L, W72 — "EY L TTLITY XAEZ DG
525,
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el
FTUTEELRT D
H IZARAX N OFRES ZRT.
WRFE connectable X1 HEDHRA FH TCPIZ L - THID K
A MIHERATRETH D Z & 2R T.
if connectable(hi, h]-), for hi,h; € H then
the host h; can connect to the host h;.
connectable. \ZLLTOH%EZ 5 2 5.
if connectable(hi, h]-) and connectable(hj, hk)
then connectable(h;, hy)
ZOHANITARTORY hT =T DOFRAMIETIEES D
DTERWD, BENRTTA X=Xy P T =7 D%
WY THELHDTHSD.
connectable %I L TR A N DEEITHKT S Connectable
& —Connectable % EHT D
if Connectable(Hi,Hj) then
Vhy € H,,Vh; € H;, connectable(hy, h,),.
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if ﬂCneonctable(Hi,Hj) , then
Vhy € H;,—~(3h, € H;, connectable(hy, h;))
BRI T 74 X=Xy FT—=ZIZBWTIE, 5 1
BORANPRIORA MR T 52 LIETAETS, €0
WIRFRERIGE N H D . THVERTIREE halfConnectable
L HalfConnectable %52 %.
ifhalfConnectable(hi,h]-) then
connectable (hi, hj) and ﬂconnectable(hj, hi)
if HalfConnectable(Hi,Hj), then
Connectable(Hi, Hj) and ﬂConnectable(H]-, HL-)
Zhizxt LibEE fullConnectable & FullConnectableld:
BRAMHTHEICERATETH DS Z L 2R
if fullConnectable(h;, h;) then
connectable (hi, hj) and Connectable(hj, hi)
if FullConnectable(Hi,Hj) then
Connectable(H;, H;) and Connectable(H;, H;)
connectable & [A] ¥ |2 Connectable, halfConnectable,
HalfConnectable, fullConnectable and FullConnectable. {Z-D
WTLITOHAIZ 52 %.
if Connectable(H;, H;) and Connectable(H;, Hy,)
then Connectable(H;, Hy,)
if half Connectable(h;, h;) and half Connectable(h;, hy,)
then halfConnectable(h;, hy)
if Half Connectable(H;, H;) and Half Connectable(Hj, Hy,)
then Half Connectable(H;, Hy,)
if fullConnectable(h;, h;) and fullConnectable(h;, hy)
then fullConnectable(h;, hy)
ifFullConnectable(Hi,Hj) and FullConnectable(H]-, Hk)
then FullConnectable(H;, Hy)
B
BBy N —7 DFET L M IZHER NOELSEH L
TOLARTHD.
BEBrR Y bV —27 M= (N,C) ZLAT CHRINS.
(i) AIRES
N = {Hy,Hy, -, Hp}
ZIZTHERBIRANODESTHY,
vie{l..n,H cH
(i) NXN OFHNLNE C OHEDES
¢ ={(H; H)|
H; # Hy, and
HalfConnectable(H;, H;), and
if H; #+ H, then —3Hy, (H;, Hy), and
VH; € N — Hy, 3Hy, Hy, -+, Hy,
(Hy, Hy), (Hy, Hp), -+,
(Hn-1,Hyn), (Hp, Hy) € C }
N IZOWTHUToO#HAZEZ 5.
Vi,j €{l...n},if i#j then H;NH; = ¢
Vh;, hy, € H; € N, fullConnectable(hy, hy,)
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Hy€N [T —LEHRAFOEETHY, KORTH
%. (HyHy) 13H, OF >y bT—203H, Oxy bT—2
IZ, NAPT IC L - THEHBEER SN TWLZ LE2RT. 7L
Y XAEMHICT D720, 22 Tld NAT OAF7E L
F%. if Hy # Hy then —3Hy, (H;, Hy), 13 M 23K E 72138
BoOARTHDLZ LaRT. K

VH; € N—H,  3Hy,Hy -, Hy ,
(Hy, Hy), (Hy, Hp), -+,
(Hn-1,Hyn), (Hp, Hy) € C
T MM Hy 2 BRETDH1HOORTHLZLLE M DIEE
DRANPRT 0=V RA MIERATRETH D Z L &R
7 RLXEFRRA B
EA A={IP addresses} IP 7 R ADELZERT. B
address \ZLLTOEHTH S,
address: H— A
B3 address \[CUL T OHIAIZ 52 5.
Vh;, h,, € H; €N,
address(h;) = address(h;)  h; = h;
hij € H;, for each (H;,H;) €C Tob 25 X HRAKA N hy 1
H; & H; OO NAPT 2K .2 5OF v hU—7IZED
NAPT (IWHAICIZ 1 ADFRA R THDN, 22 TlE2o
DFy NT—ZICHBENTZ2BDORANE LTS
B3 addressdt DIEZLLTDO L S IZED H.
addressAt(h;, H;) =
address(h;),
if h; € H;
address(h;;),
if (H;,H;) € C and h; € H;
or h; € H; and Connectable(H;, Hy,)
and (Hk,Hj) eC
P, if ~connectable(h;, h;), h; € H;

ZOBBIIH,OFRB, HDHTTAR— bRy FT—I D
RA N ZGLHE, HPDRIZZORANDOT RV AH;
DNAPT DT F L RITRB Z & ERT.

B3 host DIEZLAFD L D ITERT .

host(a, H;) =
hy,
if hy € H; and a = addressAt(hy,H;),
host(a, Hj), where (Hl-,Hj) eC
if =3h, € H;,a = addressAt(h,, H;)
¢,
if Hi=H,; and —3h, € Hy,a = addressAt(hy, Hy)

COBBITHDOARA RN BRIZEZIZT RV A g 28D
RAMZRDT 5.

3.3.2 CDN4WSS DE T L
HfiE

AN LLTFOHGEL EHKT D, WFE connected 138 5 7R

A FIRBIDARA M TCP TR SN TWD Z L &R
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connected:H X H — {true, false}

b L connected(h;, b)) 72 H1E hy & hj BEHWVICHEET —
BELWT D LN TE D, fE- T if connected(hy, hy) 72
51 connected(hj, h;) TH 5.

RFE communicable 132 BEDKRA NRBEWVIIT —# %
R TEDH L xmRT
communicable:H X H — {true, false}

If communicable(hi, hj) then

connected(hi,hj)
or
3hy, hy, -+, hy such that

connected(h;, hy), connected(hy, hy), -,
connected(hy,_y, hy,) , connected(hy, h;)
iRFE communicable 1%

if connected(hi,hj) then connected(hj, hi) THY,
if communicable(h;,h;) then communicable(h;, h;) 72D T
TR D TITAHERN AR Y 37D,

EE
CDN4WSS O E T /L (CODN) XN 2 v F T —27 M
OHIZHDIRTHD. ZOKRD /) — RiFH—"OELATH
5.
CDN CDN = (CDNS(M),D) 13U F CHi S 5.
(i) V—"OEEGEERIILOHRES
CDNS(M) = {S1,53,++,5p}

Z 2T, VS; € CDNS(M),3H;, S; S H; €N of M
ZThENo S, € CDNS(M) X root server s, € S, & .
Sgr €Sy €Hy , Sg € CDNS(M) 1 global root server Tdh 5,
Sy % global server & 5.

(i)7# v M CDNS(M) x CDNS(M) DB 4EE D

D = {(5: )
S; # Sg, and
HalfConnectable(S;, S;), and
if Sj # Sk then =38y, (S;, Sk) and
VS; € CDNS(M) — S,, 351,5,,-*, 5,
(55,51, (51,82), =+, (Sn=1,54), (Sn, Sg) €D }
LIFoME%Z CDNS 252 %.
- Vi,j €{l...p},if i#j then S;NS; = ¢
- ifS, € CDNS(M) then3H, S, € H, € N of M
- ifi #jthen =3H,
suchthat S; € Hy and S; € Hy,Hy € N of M
- Vhy,h; € Sy € CDNS(M),
communicable(h;, h;)
if (Sx, Sy) € D then S, is directly connected to S,
and 3sy, € S, such that
connected(sx,, sxy) (= communicable (er' sxy))
where s, is the root server of S,.
Sxy & Sy Sy. DD relay server L5 HDH 1 HDY—
NS, DEED FFRD relay sever DHENRH 5.
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Z ZC,CDN ®H— 3% multi homed TIEZRWEFELT
Wb, BEV—NBELCF Y NT—7 OBIOY— 305 #
BENTIGE, BENET FLAETOT FLAIZRL
W25, 57 m—NZH D — 33 NAPT DR 9
N B — " bERINTZGE, 7a— Aoy —
NUNBHI LT RL AL TTDOT KL AL, REC 1918 (RFC
4193 is used for the IPv6 network.) (L VW BB %y FU—
TT RUAROhbINATD, BigdHT FLRIZRD. fiE
ST, ZJa—VloOxy NT—=71H D —NL, =D
= NIZBHE LTI OV — SR FE LRy R T —27 DH DM,
NAPT DR Z H MO G DR 22 LB TE S, relay
server Sy, (ZiE, LN DEZ 52 5.
{ addressAt(syr, S)|(Sx,Sy) € D, Sxr € Sy}

HE
CDN [ZLLF O % FFo.
o E 1

Vs; € S; € CDNS — S, communicable(s;, sg)
FERA:
TTO
communicable(s;y, S;1),

communicable(sys, S12),

communicable(s(n_l)r, sng),
where s; € 5,51 € S1,517 € S1,512 €S2, ,Spg € Sy
HTETHD. RERD,
D DEFRIZLY
(S50, (51,520, (Sn-1.5n), (S S5) €D
THhY,
Sa-2)(1-1) S@-1r € Sg—1y 2D T CDNS(M) DEFRIZLD,
communicable(sg—2)-1y, Sa-1yr) 1L E 25,
WoT, XTD
communicable(s;, Sj1),
communicable(s;q, S15),
communicable(sys, S12),

communicable(sy,, S5),

communicable(s(n_z)(n_l), s(n_l)r),
communicable(s(n_l),,, sng),
communicable (sng, sg),
FETHL. Zhid
Vs; € S; € CDNS — S, communicable(s;, sq)
BETHDLZ EERT.
o MHH 2
Vsx € Sy € CDNS and Vs, € S, € CDNS,
communicable(sy, s, )
FER:
CDNS D E £IZ &LV,

communicable(s,s,) TH 5.

Sy, Sy €S, €ECDNS 72 &,
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Communicable DFEFLIZ LY,
If s, €S, and s, € S, and S, # S, then
communicable(sy, s;) and communicable(s,,sy)
If communicable(s,,sy) then
communicable(sg, s,)
TRDT,
communicable(sy, s;) communicable(sg,s,)ITETH Y,
Z O, communicable(sy,sy) ITETH 5.
HE 2 X CDNOHFOEED 2 B0V — NZZ DM CTHA
T — 2 b2 T&EH L aRT. E>T, CDN NOF
RTCOY =, CDNHNOH BV —"TH LT —F %
TRTOY—N"TEFTELH I EEHKT.
33.1 #EUHBY—NBYETTILTY XL

TCP J#IE DN FIRITEEICKRE S IKFTDH. 7 T4
T2 b CDN OFDHF— "D 1 DIk Ensd L x, 7
FGAT P EY—A"HOBILEIITE LMY ENLTNR.
BIEDO A% E L CAA NHOEMEZEx%. 7747 K
LY —HOMREL LT, BENR Y Y —2 MEZERTA
OrRZBITD, 7747 Vegl ) — Ry —NE&Et/
— FRIOREOR S EZMHT 52 Licd 5.

7747 v M ) e —N i, BENR Y BT
—JDORIZBNT, EOI7IFAT v b aER /) — b
bW/ — FOFIZH LY —"ThHdH LT D.

FexT—MRH72 Web 7T UHFZCDNDY FA4 T b L
LTRIA LW, W LT, RIED Web 77 7 Hix
HTMLS 23F &, HTMLS 3LV F & a[RRIC T 5.

- MU TAEFETTED.

- WebSocket ZffioTH— NLEETES.

- oY=V H A LT FTED.

LML LUTIIARFAETHD.

- broadcast X° multicast OF|H. (ZNBFIHTE N
X774 7 MEIFELCRY b=V IZFET DY
—NERJIIADITDHZENTED)

- BEESNTY— LS OR R EOE.

- HAHHEOIPT RLADOR#.

LORIROMIZ, LT E2RET .

- AT MIZa—s3r® root server LAALDH
—ANABREZZH LD Z LT TE RN,

Z OHIFRIZCDN ZFHHIC L > THNRLT W EDIZT 5.
CDN ZMET 2 ARDHE ) — FOTXTOR S — NI
DB EFFS L ET 5.
privateRootServers(s€ S)=
{addressAt(s,,, S,)|
connected(sxr,sy) wheres € 5,5, €S,
Sxr € Sy, and (Sy,sy) €D}
defaultServer(s)=one of s y=S (y) suchthatsES y

Web client TIZLL T OFREENIATIND. 2D FHii &

i3 Webclient (& NEG)] 724 —/32E1 0 2T, Web client (%
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ZOV—ERTD.

Procedure connectToAnAppropriateServer(a€A)

begin
connect to host(a, H) temporally;
privates<—privateRootServers(host(a, H)),
default— defaultServer(host(a, H)) ;
if privates# ¢ then
for each s,; € privates
if connectable(this,s,;) then
connectToAnAppropriateServer(sy;) ;
connect to default as a client;
end;
SITHEFEIOIIAT Y beBRRBERRAR Yy hU—
JHERTAD ) —RThd. EEOT v 7T ML H W]
TRIJIZAE 5 BT 72\, connectToAnAppropriateServer(h,,)
L redirect T2 HDETDH. W-T, OB EFEITL
7-#12, Tk < “connect to default as a client” 1L FEIT &
7,

BT~ LB, FHEILS v — 30D root server
Sgr DT RV AZRHS>TWDHDERELTND. sgrld 7
=Ny NT—F BIZHDLOTTXTDOI T4 7k
MO TED. 7747V MBBENRY NRU—F M %
KIRODENDPD ) = FIZEENDHRAMT, s5 75 CDN
D global root < b 2 B & |
connectToAnAppropriateServer(sgy) N D7 7 AT > T
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FERH:

74TV MCRICHER SN TV DS =10 5 T
HbHEE, FNEET node S, € CDNS % traversing node
ERESZ LT 5. ZOFfE & 1 root node 226 CDN DR
25,

7747 h IZOWT, b L h.€H,andS; <
H,H. €N (7 7A4 7 ¥ k& traversing node [EFEERITR »
YU — 7 OROELT 7 — RITH D), o
privateRootServers(s; € S;) = privates = ¢, ZRHET D &
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Heand h, € Ho \ZHERE S VD . client h, Z&Te /) — R &,
default server #&tr /) — RIZRILTH D=0, / — FIE®O
HHBEX 0 THD. 565 T, default server |XiE )7 server T
H5.

H L h.€H,S;SH,H. €N (7 747> K& traversing
node IZEEMN Ry hU—27 DADEL /) — Fich %), T
CDN O/ — KR 1 EZFO54E, privates = ¢ TH Y,
client [3€ DT XT~OEHKEZHAT BIEEILR » F T —7
DEHZTHLUTOBEBTRKT S.
Vs € privates, half Connectable(s, h;) D
—halfConnectable(h,, s)
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1t - T, client I¥default €S, € H, and h, € H,. \Z#fi 9
2.

Z O FH XD node S, % traverse L T VW T,
privateRootServers(s € S;) = {Sy1 " S} = ¢, 2> 3Is,; €
{Sy1+** Syn}, Sri € Sy € Hy, Connectable(H., H,) , 7% & 1%,
connectToAppropriateServer(s,;) DNFETIND. ZOF
Bt = I IRV, traversing node LY % client (ZITVY root
node |Z traverse L L9 &9 5.

A S L 3sy €{sp1 " Sen}, Sy € Sy € Hy,
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Spp D —REEGie, s, €S MDD s.(# sp) WTERTD
o i oToE ow .t o T,
connectToAppropriateServer(s,;) DEITINT-HE, £
DR THA R, 12 E D FNF =SB | s, # 570,55 €
s, ok 5 7 s Ik o n <
connectToAppropriateServer(s, ) ZFfTLTH h IZ&
DW= "N EONDZ Eixdew. £72, b Lads, €
{S;1°* Syn}, Spi € Sy € Hy, Connectable(H., H,) 725 S, O
TRHRITh D OERAAEETH Y, 165 TS, DBhd bR
ARER P — R ROk bh, TV —RERD. (- T,
7747 ME, £ I bR TR R bW EBREECH D
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ZOTNAY XL ERBRANCFE LT F £ 5,
6, X7 12~ 9. X5 OLEMIE global root server EHE)
%> GUI TH Y, X private network TILH |
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‘ Safari Jrq0 Rk KR EE Foov-0 MR OTVED AMT
Top Sites o s
| £ www.yama-lab.og:B600 — Distributed WebSocket Screenthare

Distributed WebSocket ScreenShare wwn. yamia - lab.oege BEOO

® 'z &

q@:wm,lah.mgcuoo
6. Global server |28t L & 5 & L7= Web client

& safari Jri WE BE EE Fo57-2 BR UTVES ALY
(ene Distributed WebSocket ScreenShare ol

Distributed Web Sereen Share, Yamanoue Laboratory, Kagoshima University, 20014, CC
Please download and launch Screen Transmitter application to share your desktop screen.

Web Server
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iz /7 — RICE#ER SN2 747 v Mo EL
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4. ETRHRE

DWSS % Web Client AN X 2 PRI T &R Ffn
51912, 1 B0 Web Server |ZH5k5 AIHEZY Web Client 2D
FIREFREL, HSI7c Web Client #8i/ — FIZELET
BHHEEESC, BIAYIC Node System % iBNNJ 2 HEEEA FF > C
W5, E72, Web Client 23 L TV DIRVLICINT, B
@ Node System [ZHift X415 Web Client 1B &4 L7 5
Z L2k Y, BED Node System DD, ZILTHEER S
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ZEMA[REL 72D, DWSS &L TV 5 Web Client ~
DEBEENSLTDHIENTEL., BHOLDD Web @
GUI #fiixCHY, Web 77 U ¥ CEHEEBRELBRIETE
%.Web @ GUI OF%ET 585 a2 7 Vv 735281280,
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SN D WAL & 72 V) OFOR L, Web 7 74 7 > b
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5. BEEMR
5.1 SOLAR-CATS

F 4 1% SOLAR-CATS[1][5]ZBHRE L T\ 5. ZHIEX
BRICHHATEDRHEXEV AT LATHY, TAZ by 7H
HEETHMELFF> TWVWA. L L7225, SOLAR —
CATS 1 X—f&H)7: Web 7 7 UV THIHT A Z R T&E A
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5.2 #E9E Edutab
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HBRBEBEXE VAT LERBE L TCNB[8]. 2OV AT AL
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5.3 AKAMAI & FCAN

Akamai[10] X4 72 P9/ CDN T %. FCAN[4] 1%
proxy server Z kit L, THIT&Z 2278 Client DN
(flash crows)3 4 L7254, Client 73 proxy server % #JH
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fEFLA A FIH LTV 5D D% LT, CDN4ADWSS |3 DNS
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LOBHLNTTARX— bRy NT—F TRIHTE .

5.4 Ustream Live Producer

Ustream Live Producer [111I£7 A 2 b » 7' ¢ FRER]
REEITO) ZELAERVATATHD. LILAENRD,
Br-BaelA5BENELET H55HEMH 5. CONADWSS
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5.5 Web RTC
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6. HHYIc

CDN4DWSS [FETFT ML LRy b U =27 TSV TR

fE&1T>CHY, NAT X IPv6 ZFfA L=y hU—2 T

FIHTE LT 270 TET AV EEEDFIEEK

BT 28NS L. £72, CDN O 150/ — RN Tl

P—NERRT 5 L&, BUEL 2 DAOFHDOH & H T

L0, BIEAPOICE XTGP, MREBEL< D, 2o/

BUZON TR, ERSOMERCRBIZFHAT L Z L1k o

TIRRT DRSS, EX 2 V7 0 O{b b LETH

5.

Sk, TRHDOURZITo TS FETHD.

BEXH

D) iz b 5 P2P i 2 I L7200y A7 2 LoD FERFHERE
HH AT A, HHRILPBE 2550, vol.46, No.2, p.392-402
(Feb. 2005).

2) EW s, THE ORME IR ARG H#EE T BHEWTT A7 by
TEWY —N [MultiVNC) D FEEHE, FRQmiaay
a5 L HEREEEE > KT Y A, Vol.2005, pp.
69-74, (Aug. 2005).

3) bEEM, ZREIAS, AEE N, MBI P2P FEIC L D1
HZ—xy ) — ROWREH I 7 A% ) 7. ALY
fif SC7E, Vol. 47, No. 4, pp. 1063--1076, (2006-4).

4) Norihiko Yoshida: Dynamic CDN against Flash Crowds, Springer
Content Delivery Ndtworks: Principles and Paradigms (Rajkumar
Buyya, Al-Mukaddim Khan Pathan, and Athena Vakari, eds),
Springer, 277-298(2008).

5) Takashi Yamanoue: A Casual Teaching Tool for Large Size Computer
Laboratories and Small Size Seminar Classes, Proceedings of the
37th annual ACM SIGUCCS conference on User services,
pp-211-216, St.Louis, Missouri, US. (11-14, Oct. 2009).

6) FZH HIRER, /NH O BIKER, TR —, Iz k 5 7 R&y s
PREREE CRIF TREZR Web N— 2 DI IA T AT A, ER
BAIERZE R TUN SR 5 64 [l K2, (2011).

7) Wz b FFEEEE S AT A, FiEF No. 5186624, (Feb.
2013).

8) gaoR Br— , KB —& , R BE, MU I, BE B
PR Y bV —7 RICHEE LICERBEE XE S AT 5D
PR FIEDIRE & £ ORI, FEBAAB -5 LGS, vol. 54,
No. 3, pp. 1050-1060 (March, 2013).

9) iz I &5, &ZH #MIKES, ANiHE WE, NE KRS, TR s
— FAY Ny FHBIE VAT ADZHD, h—F A

F7 T Y R o T AT BB, LB~y
FAT 4T, B E T AT R T L2013 H
£E, Vol. 2013, pp. 429 — 434(July 2013).

10)  Akamai, http://www.akamai.com/index.html, as is March, 2013.

11)  Ustream Producer, http://www.ustream.tv/producer, (As of May
17,2013)

12)  Web RTC, http://www.webrtc.org/, (As of May 17, 2013)



