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BB BT~ L TS 2 i O B AR IS.

LinL, 2o SR S a— Uy 7, DR a— 7 Ji 2 b B0 Bk
FHF —H T Th BARHRE TEIESNBTHEMENSHY, 23.1 TRLE rvhd
FERESIALER A b L LT, FERITHIA R S NS S RN A B 705

2) ARIVALL NN ART Va2 — )

SRC DST
4 2\ ( 2\

sending data A

[|13|12|11|10|9|}_—9 pathl )——El 5|4|3|2|1|]

received data A

sending data B

[CELTH— e HCECE|

received data B

. J . J

Fig. 7 Connection level scheduling

RISV AR Y 2= 7 T, Fig. 7 A\ ORT IR Y a— ) 7 v
IFa ks a BALTIThh, £ax7a 3Rl e R D 8B 5h— 07 D %
M. mARPEREDaxs a2 L TWDIGE, mRkekeL Th
AUTBE R AT 2B T DT EN T REL 725,

Fio, Haxria AdME T oMK R D USMNI—RANRI8(E L ADE DI
72K, wIVFRABERAEOE R ELVLELLR. 20720, BEFERE~DOFE)N /N
I, AR ar BUREUTUI IR LOME L7272 2.3.1 TRLTC Ny MFEES|
HLELLIR.

1L, aRxriarl AR 2 — ) TlE, ok ar O@E T —
~ VAR ERA LG G L E DL T, axsial BURTIE~ /L F /X A@E DR
BEZITHI LT TER.
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3) WEIAF Y =0T

ARl L NN a— VU T DIEMELT, H—axriarBikET57 —
BEATOENDTE THEED T —ZIZaEIL, 3EILTH T — A AL CAT Y 2—
7 EATO T ABREINTND.

SRC DST
( ) ( )
sending data pathl
(Movie)
visuals [ 11|10 9 51 4| 31 2| 1
audio |11|10] 9 51 4 31 2| 1
received data
(Movie)
path2
. J . J
a) Data channel based splitting
SRC DST
( ( )

~N
’0 pathl
sending data /

[
[| 61-70 | 41-50 | 31~40 |]
\ ||

& received data
ﬂ path2 )‘-—

. J . J
b) Data block based splitting
Fig. 8 Splitted connection level scheduling

[ 2130 | 1120 | 110 |

axyvarOyEIFIEEL T, BIEEME ISR IT A B LSRRy, H—0llE
Tho THEEDOT ¥ RNV E R DG EIZT v o RV 2RV 5317 5 5 (Fig.
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8 M a)=°, HTTP @ Range ~v# E&FIHL, HEOREEFNL CRRLT —57
7 Z WA EFS % )57 (Fig. 8 D b) [19)/28 BRESNTND.

2.3.3 TILFNRRBEIZKDRYNT—V)V—XEE

~ VTS ZEE T BV T — A7 i i B8 LA O R R 2l I L Tl iz &
119, L UEBERRIGNE TP )L —T A 7 D3Ry TR0V 7 DR 72 872 A S D S
HEZ Lo TIRIETZ LSNDIREE THDT-0, il TRV ZR T 322207 A
Uy b AFET D,

BIZE, Ay 78 RV —2 80 2 L EITE R T256, (02— Ml 1%
HELRR ] D& B il ) 7" k=21 EGP (Exterior Gateway Protocol) I ZERHfE~Z7 M7 L
VR LEFHLTNDI2D, —RIIZ2/ — R Ot i 1Ll — R 2 B RE
R ThDH. > T, BRI ITREREIVEREENE D2 ENBESIND.
EOLTGE, RERBEEHATHZLICL- T, EREEHEH T 256 LT
RN =TV =R R THE T H2 L7225,

ZIT, BHEA— L ORI SRRV —Z L + ALORTEREE 1 A&
HNTFRAWBILES T, QDO ATy MR ESNIZ G EE 2D, —FITBT
L1y MORREAANE 1, /N7y MEIRDY D Fil ik M LR E STy hoEI &
Ty LT HE, BB I ORI ICEE STy hDRIEI ANB IO

AL IEIANEZNZE N, (), Cs(¥), Ci(y)ET DL,

Cm(y) = vLQ (1)
Cs(v) = (1 —y)L+ADQ (2)
L7235,

C:(y) = Cr(y) + C(y)
=yLQ+ (1 -y)(L+ADQ
=L0+(1-p)AlQ (3)

El2B. — 05, RO HEE A LIS A (y=1) DG ORREERET AR, (1.0)IX
C,(1.0) = LQ (4)

THHDT, MFEDE (1 —y)ALQ N~ /LTF/SREEIT L TN HiE%a AR
Y32,

ZOMEIX, y2s TISESUEE /NS, sk & RO A~ ZE R D vk
DIEFENTZHA (y=0.5)121X0.5A1 Q THHDIZXIL, £/37 v hD 90% 13 i ik
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Wi HLUIZ5A (y=0.9) 130.1AL Q THD. ZDZ LI, ik k2 E I i 3
HZEIZED, v VTFRRBEICER T 5%y N — 7)Y — 2B OWEMNE Iz 528
DARECTHALZ L EIRT 5.

Teboh, R NRAESICIBEMERENSBE TERWIEA TR KA
M3 5ZLTEmVEEES %%Edﬁm“évw%/\xunf%of% Fe I AR L2 AR D
wf&@ﬁfﬁ“éfﬁ/\ X FTHEZR PRV B AR~ T T 4w 7 B G T HREThA.

ZOTDITIE, VT SRBEDME T 58RI B AR, BEEEOEN
%ﬁnﬁi%@ﬁ FAHRA ST T 357200 ORI B SEHl i 21T B2 038 5.

2.4 RFEMNRETATILFNRBIEDEREEHY

2.41 REFEER

R — 2L THRY T — 7 A 7 FRIHBRBFRREE OBIRA1TH5 7 (2.1.1) 1%

A B =R N T D0 — 2 AR AL TS DL ERH LD, EJET?Z\*‘/F
T —JBREE DAL I RFEF T RE ., L TEHESND AS N TO
FIRHIXFTRECTH AN, FELERGE AR —b B A2 — 3o M/ LRI
FEFIZNEETHD.

~NVF R T ERI T 5 IR Q21 2) 13EF Ry N — VB EE A~ DAL X7 NTIE
ETFAELZRVDS, S RINCHEIR D R NI — A L BT = — AL G e R BT — I D3
LD,

AR T k) =2 —T 47 R(2.1.3 O DTSR M ORER ORI DAL
720D, BEAF Ry N —ZBREZICR L TNy MB35 4L — X TOMLEE S, B L
725, Z072 2.1.1 LRFROBEH TAUZ— 3y M LICFIHITREECH 5.

JL—R ) —=Z)—F 7 FTR(2.1.3 O )T KRN KER EOHKISFELEE
T, RRRIE RIS EL L2 B0 (1) O Hifk ) — R DAMZIZBEFE Ry Ry — 2
BREASOERLULIELLIRN, ZD728, BEfF ARy N —VEREE~ D EZ IEH IS
<A CTEBFRETHD.

KGN BET D, [y "N —I AL 2T = — AL EN TE LT A Z—
XY IO A Z 1 OS2 W R N KA AZIRE LS A, 2.1.1 225
2,13 FTOEFHUIZHONWT, RBL IRV NT =T T TFT~EESNDEEDOKR
EXEFC Ui HiZ Table 1 (239, RIRT IO, H—RohT—I A FT 2 —
AU IN TEL T AU H— Ry b~O#fE 0 &2 1 D UH T2 0 iR IC B W Tl
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R LA DORIBFERE 2R T558120%, 2.1.3 @ 2 [TRTIIL—R ) —RA)L—
TAL T INH N THD.

Table 1 Characteristics of alternative path selecting method.

Impact to
Type End-node Network
2.1.1 Multi-path routing by routers © X
2.1.2 Multi-homing X ©
213 1) Strict source routing © X
2.1.3 2) Loose source routing © O

242 TILFINARNEL (Y

~IVF R A DIRPUZIB T, BEFREE~D A TN EHER R L
2%, ZZTHR—LRDERIINT AR —NE 7T b= THD TCP DFAETHS. I
X T DRI THD. N7 AR —NELL FIZLDREDOLE, TCP ORFEEHIES )T
HAFT 270, TV r—ar BICLAHFEDOEE, TCP TORMAZIEEL TWAT S
Vr—a A2k LTI L TRIS L Ty, &V Tl E T R AZ A F
2%,

Fiz, TR =R ~OEANEZFI#RET D56, FIHE~OEANAMLREE T
%. T DI AN RN OSIZT 74V CERESNDL IO ETIE, FIHEH
HREF ORI~ VT SAEEZ BN CTHEHAT22812705. MU AR —RNE L
T OB TIEF OS TITHOILTIY, FEIHL AYH FLZRIITRDIEE, OS ~D5E
L RELSRDTZ0, TV r— a8 ANDON—RLNELRS.

IOLTRMAEZBE T DL, < VT SRAWEOUEILT 7V —a g Tiiolen
%iu\ i, MIHBEDEEFNTL28KT 7V — a1t~ v F /A bE

LLIGE, I — U DRONTLED. HOREOIHMEEZL 2T 57-0121ET
7)/7“—/51./)E KA =27 EWVIRIRD DA ThHS.

243 R5Ta—)UT AR

H—REEFRALZGA, 7 —4% Yy hONEREZRBIE BRI LI A LN
0, BEORKEEHEHT 5~/ F RRBEICBOTE, BRI EOBEMERCME
DI S THITE VI DB R THS.

TCP OFFEEHI NI H R LAF A LMVEEL TRELT, 2HL7kil FCidk



K OTEREIRREZ AR T D2 LN TEARV. F72 TCP 2 W < /LT SAGEEIZ B
T, RIS AT DA REMEN DY, Mk Z E O Tl E RO %« D
TEEE DIRHEIRILZ BV /31T HZ LI EINE#ETH L.

WesT, Wy RS VDRV a— ) 7 S RO FEBUILEN—R AV BFIET 5.
LML, ATYa—Ur P OEMNEZaRxsar DL~V ETHRILTCLESTZHE, B
Raxr ar TiE~ AT RRAEEORBEEZ TN/ >TLED.

HRaxr ar ORET =22 8EaEIL, 82 OFsy T —ZI3E ITFR URR
ERATHREIAr Y a— Y0 7 HRIL, WE DAV MBI THIENTE, b A
HThD.

2.4.4 #2 A 55 Hil 1

233 ITRLIZERY, HIERKICREDHHITHEDLT, BRI ~ZIDONT
T4 EEETHIENL, Ry NI —IRARELTHTGAIT, BER )Y — R &1
9. AR TS 072 W] ML T A5 521X, T OB RN/,
Y IVF SRR DIEE ) —RD AT RERIE ThoTh, HREDORIEZ i i
ELUTER 5/ —RBFEET 5.

AR, BRI e LT 25 O A, USRIEEL TRER 32~ LF /3%
WENESTUEMRDLUZ, Ry b7 —ZFI O D S5 RETHD.

ZHLTMRIMEEZB B LIS E, vV T SABEEITH T RUTIE, S iR 3 Rl
TWARITIUE, THOEE AR L CERIE 21 TR B ST #8002 AR 7]
KThD.
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FIE FRREREFRIEET R (SMPC)

3.1 SMPC #1 £

F 2 BOEmESEL TR CTIX, #EEEKIFERXE 5K SMPC
(Simultaneous Multi-Path Communication) Z#24£ 9 5. SMPC WAHE T HREAN 72
Fv " — 7% Fig. 9 1T~

D end node O router node O relay node

sub path ’

>

main path

Fig. 9 Concept of simultaneous multi-path communication (SMPC).

SMPC {5/ —NR (SRC) m 55325 /—R (DST) ~DF —H &5 IZF 288
DL, 1RIT AR P v —T 1 7 FIEIZLDE DN R THY, TR
Z 2 (main-path) SRS E72, R LIS OO R IR A BIFE I (sub-path) &I
O, SMPC [ ZZ DM & [FIRFIZ il L C 7 — X5k 41791815 T Tho.

3.1.1 BB D AR
RBRIE CHDRIRIE~T — 2 o b bG35 HIEEL UL, A7 —F v NE
DY =) —T 4 T HERE T D IPv4 R HIEIA 7 2 a [201X° IPve #REE I Hl~>
ZHEAT 0 211 ANV —R =2 —F 4 T %R 5. Bl Bl P X
7y hOFREEATO K/ — R (RLY) 2MEAET 205, ZOHHE/ —RiIA o Z—F v Mg
DY =2 —T 4 T ZABRCTE LT LS, SMPC M H OFEREIX M BEE L7200,

3.1.2 N rykkLAY
SMPC Ti, &5/ —RBIR—fRH~df L CEE SNANE O T —4 3y R



20

%7‘0&5%%%/*#%%1/4"/&@@, TR EE DB EALEL TRIH 3 5. Z2 TN

TE(E BAARTIC T ORDOLNIETHY, FAMITEE FIT L0 DL 5.
if_, T —H Ny M OIZEENDT —Z YA RS [byte]bil{E FUEE L2,

BTN AT, =TT VIR AV IDXERRTET D, XIXT 4 BTk
DHIT kiﬁt@ﬁ7?/k1ﬁxo HIRED, /\ff/Ml/4/@$5lelﬁ 1 289 %.
ZITIUE LA T vy MEEZ I OWHE T, TCP 128157 A MEEFRIER, (43
L OO THODHE THD.

Fo, NTYRNAV BT HE Ty MR, ENENNA L NIZBIT DTy
NID KZERETD. KTy b A IS LT 0 75“’911“&5*5‘?5(“63%)@/\/7%\
EENEIC 1T OHNT 5N —1). ZORLAV ID XE37 v ID KEAED
BHIET, [lHx DT =y Nl T 5 F N TED.

I R AN # S H3T A—H4S, N, X,1%, SMPC 1@{EBaRF D 3Ty = —
A ARYEE  —REZE /— R THRA IS,

3.1.3 TACK (Train ACK)

SAG )RR NN AL DA ETE T 358, 5/ —RiE, ~Fry A ®
A RMAEE(E ) — R~ IRET 5.

ZDEE, ZAF ) —RBEE ) — R~ IRIESILD/ Vv b e TACK 737y REFES.
TACK /7y MIUE A DZAZ TR RSO A L NOE & D37y MHZAE ) —
RABRZELIENEIDZRTE Y MR EENTEY, %5 /—RIEL TACK X7y DK
RNOREEE OIRMER IR DL TED.

3.1.4 SMPC MEEL AV

SMPC [ZFT7 AR—Ng 7 ahaL L CUDP #F|HL, EALET 7V r— a1l
KLU THBEY Ty it 357 7V r—ar @Ry =7 L CTORHEZEEL T
W5, ZZ TRV AR—RNg 7 m b & U CEE il ECRR IR f 0 21 772\ UDP %
FIHF 2B HIE, SMPC B & 2337y MEE RIRAFIH LTS G HIH L, S5 H A
PN ZDHRERIH A1 TH720D ThD.

3.2 SMPC ODE 31— )L

Fig. 10 & SMPC DG/ —RIZBITHEY a— WK Z 7. SMPC 1Xi5(5
=R ETHKBEEE~D 7y Mk HZ2HHH23%{5 € = — /L (Sender-Main/Sub) &
EEEY 22— /L DEEHEZE B AHiHE = —/ L (Controller) , BILUA5 /—
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K ECEMET 2515 £ 22— /L (Receiver) OB S L, KBV 2—/WTZNE NN
ML LT=AL o RELCENMET 5.

SRC DST
(Source Node) sub-path (Destination Node)
M\ TACK ' '
( 5
ol ~
w2 DATA
- Q
Ll o \~# 5
2| Eo @) @) 2
Bl = E; — et ()
=] s = Z Z. Q
ol 2 5]
- 5 DATA
o
% -
n main-path
€Ak \_/
| l

Fig. 10 Module structure of SMPC

321 EEEDI—ILOIE

PEAZ ) —F EOB R EITEE T 2— b (Sender-M/S) 1%, B & 2N 1T
(KT I MNA L DERR, T =By sD AP a— ) S EREEENER
WL TIT> TS,

BEEEY 22— ADMTOBEDREMEZLL TR

3211 Ny LA VDERK EEEYD21—IL)

BEFEEY 2= VTHE D2 R ORI HORET —2 v 7 727 FFL T5.
EENRYTFNEITDE, EEEY 22— VI REET —ZDORENSL1IF A 455D
T —4% (NxXS Byte) ¥l HL, XEHT —F#F=—ITEHT5.

SMCP Tld, FREDEEEY 2— A PBBEIIRE TERRIFET — 2280
LCEENRT Y ERLTEY, EHLLORBEOEEEY 2— /Mo TEEIND
MWL T, Z2OT —2NELLOMRE AL CEEINDDP DRI ESILD.
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8212/\7y bDREBER7T D2 —) VYT

EEEY 22—V, e = — /L (Controller) 2>5 5 2 535 12515 13 £ W s[bps]
IZXLC, T4 3y e —E DM [sec] TEH T 5. ZZTHIWsBL O 1y
rDT —Z P AXSIHBLL DI RDBNS. 7033, AHD 8 (FWs2Y bps (bit per
sec) Z HANLEL TUWDT-8, Byte TEIILTWDSE bit HAE T H72DICHWBNDE
BTH%.

1=8S/Ws (5)

FTo, NTYRNA L DTN N B EE T LIC R A Ts, B X O &7 b
BB TE TR Ts, 0 HIEE T BRI Ts[X] B X, FEEEHEWs[X]Z KD, #£
A P[X|EEBITRLERT 5.

Ts[X] = Ts, —Ts; (6)
[X] (7)

Ws[X] = (N-1)8S
VAS

BB AT Xy RO~y ZII T REE SR & R Dy e~y 2

ARSI ) X " A XTI ETERE DRI 23 TE /2. FZ2C SMPC TiE~A

=Y A X2 LICFH R Lo AR W2 WD,

3.21.3 T—42 /N7y bDiEE

SMPC ~v%ZZ, hbAY> ID X, 737> h ID K, /37 vh ID N — 1, #2#E4
P[X], T —4#HR T ar Dpxitskl, EHT — 2T 7Bl TryNyDT —4
EROHL Ty R ET 5. Z2Thpld, HMESND/ Yy hd SMPC {3 21K
TOY—T ¥ VEFTHA.

ZZT, SMPC ~v# [ 28bit DRL-A 2 1D, 4bit D47k 1D, 4bit DHcHE b
ID, 2bit DFEEEA, 32bit DT —HHR YT arDEF 70bit 12, 2bit DT 4T E Nz T
72bit DY A X% FFD.

322 ZEETC1—ILDOEE

ZAZ ) —R EDOZEEY 22—V (Receiver) IXT — X 3o ha 5458, hL AV
ID BELONTr o ID ZICIZBET —F#E85L, (5T —&% LA @7 7V r— =
NTikD. Fiz, Ty AU DO RMAE TACK (Train ACK) 237y heL Tk
&/ — R ~EE T Db RO,

ZAEEY 2— /VOBEIEEZ LI FITRT .
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3.221 T—R 1\ vy FZEEBOIE

1) 77 bR A L DEANCBIZE LT MR DAL EE

ZAZ /RIS AL ID XD BERANCEIE LT-T — 2/ s ThHEE, hoA
Y IDXHIZHARXNN bit Oy EIE7Z 7 HeyMIFEZREL, 0 T LT 5.
77, ZORAV IDXICIT BIAND /3 SO BN ERF A Tr |\ BAE I 2 308k 5.

2) A/ Vry Mkt 2 s et
NrohNRIEET T FOKE YR BIZ123 T, D/ MEIEERES T, & L CHIFERF
HNEFFRT D, T, ZIET —HEDplIlTZZE N\ T 7 ~—FHRIFT 5.

3) 7Ty A L DI MR HALEE
ZAG LT R3S LA D&y NZo72 (K = N — D) 354, DX
W 2) CRAERLT=Try, Trpn o2 5 TR Tr2 R 35,

Tr=Tr, —Tn (8)

Z D%k, TACK /X7y, hbAY ID X, &4 PIX], Ny BT F, %
{5 PT R Tr[nsec] & Ridk L, 155 REL[FIURRIE PAE - Cik(E /— R~ KR T 5.

TACK 737y 28bit DKL ID, 2bit DREEES, 16bit D/ Vr o hEIFET T,
64bit DZZATERFRI D F 110bit 12, 2bit D ST 47 &2 T2 112bit DY A R+
.

3222 4 L¥a17—7 TACK iRE NI

MoAVID XD Vry bR BIE LW EE, B2 A2 1D X' &h 07 —4#%
TG LIGA, TORFETREZEDN A ID XIZEGENLT —2 /3y
R ECHEESNTZLO LML, FLAY ID X OHIO /7y M3 5L P
(3.22.1 ® DITZ, A ID XIZkT 5 TACK /N7y hOIREETT.

o, LAV ID XEZAEH, EIZT — 2y MGl ThBLTHORHLIE
BALT T NRERIT e I E THIR DT — 37y "B RIE LW A B [RIERIC L A2
ID X|Zxt9% TACK /37RO 75: T9

ZDOIDNIL TRESID TACK TlEHE Ny MG IREZI T, 1%, TACK D155 4L
BT ORI ME S5,

3223 FfET—3NDT—
ZEEY a— NS CETOT —H 2 ZER T L TWADE R T Z(E5%
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TARY arDpEEELTCNWD. 2L T, 7 —# 7y "3BT HEDp 3Dl i
FT2MEINR, #E L COIUE BT TV — a5 EEL TDc& DplZ BT
L, Z9TRINIIZEANAY 7 7IREFET5. ZOIDIZLTEET —Z D FHES
(re-ordering) B L~ —T%179.

3.2.3 HHED A —ILDENE
A5 /—F Lofilfl€ = —/ 1 (Controller) 1%, 5215 / — K1 HiKEE7- TACK
o NEETHE, TACK IZREHEINIZP[X], X, F, Trz ik &P OIRMER A
HEEL, 2SR DIEETY 22—/ b (Sender-M/S) 12X L CRE B EW s 2 @9 5.
oA IDXD TACK 35 L7 D, HIHEY 2— VOBEZLL FIRT.

3.23.1 ZEREHH
Fig. 11 (25453 AR HM OBEER X 2R
%U{ﬁﬂ%/n‘—ﬂ/&i TACK /"7y NDORTry NEET 7 FIZE 05 1 OEE)»
5, BEICZAE ) — R ~BIZEL Ay FOEEM A TS5, D%, M, 2G5 E
R Tr B L Oy b DT —Z A XSH D, LU FOR TG HREWr2HH T 5.
Wr = M-1)8S/Tr (5)

3.2.3.2 EREEIRAN
FIE D 22— Ui, 137y ST DRE STy MEN, BlZE STy MM, BI W
EEEY 22— VR E R L R EHEWs [ X EWrk DLt
R = Wr/Ws[X] 9)

ZRIAL, BEHEEWSS[XITx T DR OIRMER A LL PR T 432 — 1255
¥H95.

1) JEMEL TV % (CONGESTED)

M<NDOEE, BEP[X] LT/ ryhaAnMATTWD. ZHLIEREIL T CloEE
DFFERIREICHD. ZDEE, FTOIZR>TWVDE Y REFIRDIET, Eo ke
ALT=DONEFFETED.

2) ORIEHEL T A (SLIGHT)

M=N, R <1DOEEIL, 7y AR O IE(E W L0 25 B /2> T
BY (Wr < Ws[X]), BIEE RIZDURMENTEAEL THDATEEMERDS. £2T, 3
fERA(< DZE®D, R < RADGEITRORIRMEL TODEHIET 5.
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3) IRHED FTHENED 9% (MAYBE)

IRHEDSEIE LI IE 0 D EE0, REEDIRMET D CTI/RANT T 407 D73y Rl
LRI EES N - &Y, M=N, 1 <R EVIEANEAELYD. 2Dk, B
DIRMEL TOWDLIIWE TRV, TORREMEZ G E TRV, 22T, ME
Ra(> DEED, R > RaDYGHIXIRMEDO FIREMENH DM ET 5.

4) JBHEL TV 72U (NONE)
M=N, Rd <R < RaDGE, NryhhbANTEEHREWSs[X] LR E T
J—RICBRIZEL TS, LI TREMEIIIS AL TURL.

W
il

f

SRC DST
Ts b Data packet
A Ts, } TT=~o
2~~~ =<2l Tr
T Tss "~ *x 1 I
S S~~e
: 5\} TI'2
; Tr
LTSN F - '
Ts=Ts,- Ts, ’,_~ TYML

TACK packet Tr=Tr,, - Tr,
(including Tr, M)

Y Y
Sending rate: Ws=(N-1)8S/Ts
Receiving rate: Wr=(M-1)8S/Tr
Data size of a packet: S [byte]

Fig. 11 Measurement of receiving rate with packet trains.
3233 EEXREWsEH (GREEEE)

EEEV2— VT ) THELIRMER DS U T, BEEPIXICKk T D255 3
WsZWs' ~HH 3 5.
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1) CONGESTED
T TITHAEL CWAHEERIRREZ I E T 5720, Bk OEEREWS 225 W E
WrIDHL SHIZAWZ IFIERVMEE TR FEE5.

Ws' = Wr — Aw (10)
ZZCAWIX SMPC 733515 W 2 N0 3 DB DO AL & C T OR ESNT-ETHS.
2) SLIGHT
YRR OEREE A [T A= O Ws 2 WrE TR TSH5.

Ws' = Wr (1)

3) MAYBE
FEERNCWE AW S[ XD HAWTZ RS E 5.

Ws' = Ws[X] — Aw (12)

4) NONE
FOREZ2 A RN T DA RN H D720, EIEHEWS IIWs[X]DHAw
RTINS 5.

Ws' = Ws[X] + Aw (13)

SMPC (2L HHg R OB EZ £ LD T-H D7) Table 2 THDH. SMPC T, JAF]
STV % TCP Reno ZARHELT-/ 7y b ADk HIZX > CHEEE 2 R 35 53
IZXL T, ZERHEOK NIk ThiEBE AT 5. £z, SMPC TILA R W
B/ NREORGEHE TT — R EL2 s+ 2524 T, LRLommEERREEREE O T,
fDIEE ~DFEEZINZ TND.

Table 2 Transmission rate control of SMPC.

Status Condition Situation ws'
CONGESTED M <N One or more packets are lost on the path. Wr — Aw
SLIGHT M =N,R <Rd Receiving rate is decelerated obviously. Wr

MAYBE M =N,R < Ra Receiving rate is accelerated obviously. Ws — 4w

NONE M = N,Rd =R =Ra Receiving rate is almost the same as sending rate. Ws + Aw
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3.3 #E & ] 12 o il 1

233 TR L BY, FiEfRIE Thd RIS RRBNRHL5E, TR/ RY
FREZFTATHZETRYNT =7 2ROV — 2B 2 H T HZENEEL. £
ZC, SMPC TIIMREEFICEI AR EL, JOEEE O EWEREE TTE o 7 imkns
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Fig. 12 Converged bandwidth estimation.
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Fig. 13 Life cycle of packets on NetSim6
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Fig. 19 Comparison total throughputs between simulation and practical experiments

with cross traffic.
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Fig. 20 Changes in receiving rate with cross traffic on single path.

(Comparison between simulation and practical experiment)



43

$F55% SMPC B{E=EER:>Ial—i3ay

SMPC ([ZEAEE W4, HEishi ), 5 eI O A MR 35720, RNS
PHWTIML 2L — Y ar EBRAiTo7-.
513 3alb—arxxybcJ—2

SMPC @533zl —vara{1ovIal—rarry N —27% Fig. 21 |- 7.

end node O router node O relay node

sub-path

Wx1 Wx3

main-path

Fig. 21 Simulation network.

K ) —RED072]V 73 B S L C100Mbps 4 —EHO{EMEREE > TkY),
ENENDPINELTIZ BT AN THS. K15 /—F (SRC) 726345 /—FR (DST) ~7 —
HEEETDHITNE, By T EE5ERY T 6D 2R DR A RE THD. Ry 74D
DI S TP NV —T 47 L DRI R L7572 SMPC 1T HHZ FEREKEL,
Ry T HO DR Z R ELUTHIMNT 2. BIRE RiZiddik/ —R (RLY) 3FEEL,
BRI ZRH 3537y M3, IPve #REEHIEI~ 2 |2k ) —R D IPv6 7R A% 45
ELIREETIRESND. 2B, 232 —1a B 54F SMPC 737 A—H[1LA
ToLEVEL.

$=1024[byte], N=16, Aw=1[Mbps], Rd=0.95, Ra=1.05 '

iz, EREOH, RIFREE DA, LRI ERIRE O ET 50T
T4 7 EL TR LDV 7125 LT UDP @B E1T\V, ZORFDOK /AT T 47

DREHRELZNENWX1, Wx2, Wx37 5.

' RABLORaDIEILI B ANT 7 4w 7 DAFTELIRVNIRIL T/ AN 1% LU F L2 H 504 TA
V=T IR —FEOAEDE LRI, ((f8k A Z )



44

52 ZEHDEHITHTTHNZ Ty o0 E

SMPC D#FF[FE SRS, FREE OIRMEIZ L TE D IO FE 2~ T 0 st
5128, 5.1 ODF T —27 BT, Wxl, Wx2, Wx3Z2ZAbSE788102, 85/ —F)»
5515 /—K~SMPC ZHF|HL T 100MB DT —X %55 LIzBE DA/ — 7 N 5HHI
L, RS B SEHE 21T 7o WG A ST Te s B O i a1 7o 7.

521 IRWEMBEOEH

TR EDOIaANT T 4w 712k T 5 SMPC DB AR T 5720, W2 =
Wx3 = 0&L, Wxl1ZZbSE=GA D o —val iR % Fig. 22 \ORd. 797
ORI AN —T b, BRENIWX12 £ L TEY, BEVE S EREE2FHA L@
FEOAN—T"y), BBVES DRI ZFRIHLIZEE DAL —T v Thb.

Mg R EBIZWx 1D RESIZDD OO T E AL —7 v MIE< Rz TERY, H—
REERWEGAICIaANT T 4o 72k TAL—T K FLIZD L,
SMPC M EIFEEZFIH 35T, RIEFELHIEOA IO T 3R Los
BANT T 47 DIEINC L DA N —T > ME T2l CEHZ LD MR TET.

TR SR 2 L2 a) Tk, Wxl=50 [ZBWTHAIC ERIKEEIR
DA —T o RDBHEFLL TS, Wxl >50 (27325 EWx1DHINE & 12 F R A
=TI RMET T80, B DAL —F N4 52 TEEF AL —F v %
ERo TS, —JF, BREEEMEEHIEZE AL b) TlEWx1=0 O5EITEED
RN ERBEEF AL T T TRY, WxlOBENNIHE> TERBE DAL —T v )
KTFT5. 72771, 22Ch EREDO AL —7 ME FITE U TR DA L—F vk
DEINT 52 THEFHALV—T Yy MIRELRIZAL TN,

5.2.2 BB BT D EEY

BIEEE EDO7aRANT T 0o 7% T D SMPC O FE B2 T 5720, Wxl =
Wx3 = 0&L, Wx2Z2ZAbSH, 52.1 LRERD U2 —T a7 o7k R4 Fig. 23
(ZRT.

ZIThH, MAERLICW2O REZITHIDOLT AL —F Y MIELRTZN TR
D, B—REE AW SGEI/aANT T 49 71l TRAL—T Y RME FL7-D &b
RS SR O A 2R S SMPC O~ /L F /S AE(FIZ L CRIFEES Eo



100

80

60

40

Throughput of each path [Mbps]|

100

80

60

40

Throughput of each path [Mbps|

Fig. 22 Throughput of each path with cross traffic on the main-path.
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(Comparison by having priority control or not)
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Fig. 23 Throughput of each path with cross traffic on the sub-path.
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Fig. 25 Changes in receiving rate with cross traffic on the main-path.
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Table 3 Machine specification of major nodes.

Node CPU MEM 0S NIC
Intel Pentiumd FreeBSD
SRC et Fentium 512MB recBS Intel EtherExpress PRO/100B
3.2GHz 4.10-RELEASE
Intel Pentiumd4 FreeBSD
DST el Fentium 256MB recBS Intel EtherExpress PRO/100B
1.5GHz 4.10-RELEASE
Ry el Pentiumd gy FreeBSD Intel EtherExpress PRO/100B X 2
3.2GHz 4.10-RELEASE
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Fig. 29 Throughput of each path with cross traffic on the main-path.
(Assembled network)
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Fig. 30 Changes in receiving rate with cross traffic on the main-path.

(Assembled network)
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Table 4 Effect on the train size on SMPC (1)

Train size N=4 N=8 N=12 N=16
Wavg [Mbps] 35.20 94.06 93.54 93.04
o [Mbps] 4.36 2.19 0.89 0.36
At [sec] 0.169 0.405 0.536 0.906

NN 8 FURENWEMTIX, Wavglx 90Mbps &8 2 7=z~ L THY, 100Mbps D
MBS 2 SR O E I TOD A, N=4 DA 1213 35Mbps Fité LAFIF T&E T
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1.0 TH%. Table 5 (XA P AXNITKT DR, RIRREENENADORL—T
F, BEXOEREOAFAL—T Y MR L T,

Table 5 Effect on the train size on SMPC (2)

Train size N=4 N=8 N=12 N=16
main-path [Mbps] 14.50 15.89 15.12 14.56
sub-path [Mbps] 23.11 45.40 61.98 69.76
total [Mbps] 37.61 61.29 77.10 84.32

FRRIEIZIZ 90Mbps D UDP VARG 7 47 WFAET BT, AL A XN
NOLAES EREEDAN—T"~ ML 15Mbps Atk L H TR, N=4 ([Z3BWWCUEE]
TR DA —T" >’ 23Mbps ETLM ERS TR, NISRKEL2DIZ 2O T
BRI DA —T YRR R EL72D, N=16 TILEREEE DAL —T7 > N3 70Mbps £ T
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Table 6 Effect of Aw on SMPC.

Aw [Mbps] 0.5 1.0 2.0
Wavg [Mbps] 93.04 93.04 93.05
o [Mbps] 0.33 0.36 0.37
At [sec] 1.292 0.906 0313

AwDEIZBE BT, WavgldEm\ W MEEZRLTEY, 100Mbps DY EE I 2473012
FHTETCWA. 20l oW THAWN AL L T B Lo 7= 8B T T TRV, — 7,
AW NEWNNEE AT EL DA H TVD.

6.5 SMPC #{EH TCP BIE~NEZ D%

SMPC D45 HilHSCHRRE I 23, 5795 TCPIBME IR L TH- 2 D B o st
57-%, Fig. 28 DEERFY NI — 20 ARNT T 47 LT 8 TCP 1@ 013 T4 T
WKL C R O A ZFIH LT SMPC i@ 21T\, TCPIA/L—7 v D ZE b4 FD
L7

SMPC D37 2A—%Aw% 1.0 TEEL, "L AP A AN=4, 8, 12, 16 D 4 /13—
(ZEALE T35 D TCP AV —"7 v v 2 k% Fig. 31 IR, 777 Oftdhix7 —
% IMB % %59 580D TCP A/V—7 vy THY, #ihiL SMPC DX(FIZIVA/L—
T UHED D 1R RTINS 4 O ETORF 2R L TS,

%72, SMPC |Z&-5T TCP DA/L—7)ME FLIRAE T SMPC 3L TCP
DY) A58 % Table 7 1239,

WA D, SMPC @152 THOIL TN IR 90Mps D AL—F v a3
KL Tz TCP 18873, SMPC 188 DRAMAIZ L > TAL—F Y MR F STV 5.
TP UET# 0 TCP A/L—7vhE, N=4 OEATH 70Mbps, N=8 DA TH
50Mbps, N=12 DA THI 40Mbps, N=16 DA THI 30Mbps £72->THY, NOVK
X7 BIEE TCP DAL —T Y IR KRELD T DA DGR TED.
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Fig. 31 Influence of SMPC on the TCP traffic.

Table 7 Average throughputs of SMPC and TCP.

Train size N=4 N=8 N=12 N=19
SMPC [Mbps] 19.06 40.43 53.89 64.37
TCP [Mbps] 71.96 52.36 41.40 29.80

6.6 ZE EHEEER

6.6.1 SMPC BIEIZH T H/N\TA—FELDEE

SMPC TlZ, hA P AXNLCH I AL Aw LV o7z SMPC D/3TA— 2 %25
B HZETHRIERIMENET 5.

Table 6 LVAWDIENNE EIZAt DWW @< E VBB TELN, ZHIF1ED
TACK |ZEZoTHIMT DXEHENRKRERDLIZD THD. LinL, (5 HE L ERF
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—J7, 1203y N AL B R T 57 NOFIN DZELIE, SMPC D %{E MR
ICRE/2 8% 5.2 5. Table 4 TlX, N/ NS DIEE A/ NS D8 R RS T
5. ZHUE, TACK DOIEERIFEEL72) SMPC DA 1l B AMHEI TR AL,
PAEHEN LY BN 2720 THD. LinL, N=4 T HEN O FELT
WDIZHD )DL T Wavgld 35Mbps Hi# CEAFT HIZ72 > TLE-T=. F7z, Table 52»
OH BRI/ BANT T 4w I DFAET DIRIE T IV TF N REEEIT T B, NOR
PIZE S Th—=HN AN —T Y RIME F L2 SN HER TE DN, Zivb 7 nf
BOMFAET DL T ORI OSZAZHE WD LT R ThoT.

ZDININDRD I WavgReh—H L A —TF v b o Tl E HERE D FR RS L
ROBUEME T3 2R EL TS, BERE EOBRERFEICR 52y 2 D8N
Bz 6.

FRRE LDy 2T —ERIFE TRHE SN 37y MTBW T, ZAZRIBR M OV J7 1]
(B G A ERETe T NG A BB D70, B MEEREE 7Y 7
LT 58FE 0 ITIRT S [22]. LL, BLA AR NSNES 7 V08
DIpIR DT80, Xy MEBEMRO RBIE THLH/ Ny M A S G T BRI Tr D W
HE IR KREID.

—J7, SMPC TIIZAG TR I Tr DG WEWr 2 H L, 3437y A
DEFHEWsEWrED RIS — E#iPH (RdA=R=Ra) |2 FE> T DL AT W sE
IMEED, LVOENEERT 5. ZDLX, Trickt+5Y0 v ZIIWr, O TIZRDEIZ
H25ZE12720, MEHREWs N EELE, IRMER A ELGHT 57 DICFF A ]
B v A DRESJcINEED.

HL, R EOEBEOTrIZ T H ] < JcLL T ThiviX, SMPC 3% D
IRMEIR A IELSHEE TX, SMPCIIWsZHIMEEDLZENATRETHD. LML, [ >)c
(272D LIRMEL TUOVRWREE CTh>Th, ROSRALL FX° Rall EEHEHENTLEW,
FEREL TWsOEIMA TS LS.

Fio, BET AV AXDREE TChLGG, ZIEREWsEZ 5T BRI Ts I3
BIOBRIZH DT, WsIRRKEWEE JclI/hEL7e2%. —F, EFROBYNI /NS
DIEEJIEIRELRDTZD, WsINKREL 72Dl J=JckR DI DI ERINAONG F72 K
&<72%. Table 4 TIINA 12 X° 16 DHFAEIT 100Mbps SRS OB I A 1 IEF
RALENTODS, JIVEETEEETITICE, KORERNNERSNDATREERSD.

7o, FICWsTHS THI N RERFXYRNT =7 TIL, J=]cbRDNITRIFTY KEL A



63

5. OFEY, REERF YN —VBRETHEZITIHE, RIIVL RSN EER
DAREMEDN D,

6.6.2 TCP Friendliness

TCP 1L DIRHMER A BAL S22 2D OEEEER I 21T > TD [23]. BADE
THIEISFLRV Y UDP 72 ERREEFIEI A THORWIBE LA LGS, BE 74+ —~
VABMETLTLEY. ZOIIICHA LB ICEEEL 5 2 585 X TCP
Friendly Tl372\y, ERBISA.

BUE, A2 —2y @ TIThNLIEE DO RK¥IE TCP ZF|HL THY, TCP
Friendly TIF2VVBEIFA 7 — 3y MNBEREKRICEEEL 52 5201205, 2072
B, HLWIEE T NI ZEIZHT=>TiE TCP Friendly THHIENEREIND.

SMPC | TCP & [R] U< HE#EH| 1 2179 18(5 7 THDT-0, BREEHIE A1 T il
Frip UDP R 720BE AT HE 1L T HICHIRA A 3528013720, Lave,
Z DEFEEHIHEIDE 2 J71% TCP HIZRKEL A>T,

Xy haAZ N HELTHEEZ 95 TCP (25T, SMPC TlI /7y haAiz
T CRLZBEBHREDIKRTIZLY, RHICHIREDO IR EZ R+ 22L083TES. Lt
HERR DR AL N7 N A BAL TIT o0 TRY, BB IO ANZII N A A
ANIGCTEZA LT T DA LS. Fig. 31 BEXU Table 7 128V TH, R A AXND
B IS THE A 3% TCP 3B DAL — TV IME FLCWOAEE TSRS LT~

TCP Firendliness #9272 OITIINEE Le SMPC /3T A—Z D G728 R34
HLL72D.
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SMPC DR/ —REID AV N, 55 /—K, %5/ —F»Hkize 7V NIC, B
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DECRY NI =T AL T T~ F 2 BRENNS, AT —FE VT AENL TS, 20
IH1Z, SMPC TIiE= R /=KL R T =T A T TRDAY > M B LS DHIEN
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7.2 SMPC DB {E4E

SMPC CiZ, 13 HIN I 1T DUE ] E M EE R 1T ML A A T
TW5. 100)/\/7\‘/%1/4/ IZEFENDT —2 3y MIRI DRI CRESNDT20
AR /—RICEBNEICBIFE T 5. ZD7-% SMPC TlX, ~2DORKENLT —H/Vry
IANERENCEIE L Th, SRR ~ITR B2, £z, /Ty hO@AE Hrilka P
5720, EHEBRIC LD E(E A H 21T/ > T,

HHEE Y 22— 1, SRR R & \HEER O & 255 1 D ¥EIRCH E 21T 72> T
5. TD=8, BIENGSNDE, FREOBEHE XS LML COE, FKRE
@ﬂé{n%/:r/v IREET —ZEHEITBENGD. ZORR, KIE XA ZT=—
ADT —HZY R OB 3 TR R I ZE LT & &, MR 13 R KA o
12 THEETDHI2725.

TR DRHEL TAEHIFNE Y 22— X R K O 2 W E A OE T 573, 220

TWARIREE TR Skl T 5728, TACK D> T AW I IR B AR 2348 % HY
(ZHL 2D, ZORER, KiFET —HERIREOEE T 2 — LB A R <
720, 877 4o 2 XERR AR > T FEREL CRIRR BN 44372 7T ik
HIL, ERENRMEL THHEE 2RO M—2 NV 2 —T N fEFFT DN TED.
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7.3 iR/ — R ZEIREZRER D disjoint T4
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TET5 [24]. 2 DOREENILEH TV 7/ ) —RPGFIELR WA, TO0OREITY
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Vo R0/ —RisDipun. U R =R BT o0y NI — I A 2T == 2D 1 B2
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HAHIO7eHfE ) —RERINT A2 b F@ b LI F 2720,
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ft8# B RNS YV—Xa—Fk

O RNS AAK (rns.rb)

=begin
Ruby Network Simulator ver.1.0.0
coding start @ 2009/11/13
by Akiji Tanaka (akiji@gifu-u.ac.jp)
=end

require 'singleton’
require 'ipaddr'

# Ruby Network Simulator Package

module RNS

class Error < Exception; end
class IllegalDataType < Error; end
class IllegalTarget < Error; end

class ObjectAlreadyExist < Error; end

def RNS.type_check(_data, _class)
raise IllegalDataType unless _data.is_a?(_class)
_data

end

# MODULE base simulation unit

module SimUnit

UNIT_ID = []

# initialize

def initialize(_parent, _name, _type)
@name = _name
@type = _type
@uid = "#{_type}:#{_name}"

raise IllegalTarget, "UID: #{@uid} is already exist." if UNIT_ID.include?(@uid)

UNIT_ID << @uid

@child = {}

@parent = _parent.nil? ? nil : RNS.type_check(_parent, Simunit)
@next_my_count = nil

@next_action_count = nil

@event = {}

@active = false

end

attr_reader :name, :type, :uid, :parent

# add child unit to unit

def add_child(_child, _child_class)
@child[_child.uid] = RNS.type_check(_child, _child_class)
return _child

end
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# proc child unit with specific class

def each_child(_class = SimUnit)
@child.keys.sort.each do |key|
yield(@child[key]) if @child[key].is_a?(_class)
end

end

# count up triger method

def process()

count = Sim.now

call_event(count) if @event.has_key?(count)

if (@next_action_count.nil? || @next_action_count <= count) then
action() if !@next_my_count.nil? && @next_my_count <= count
@child.keys.sort.each do |uid|

@child[uid].process()

end

end

end

# count up action method

def action()
@next_my_count = nil

end

# check next action count

def next_count()
counts = [@next_my_count, @event.keys.min]
each_child do |child|
counts << child.next_count()
end
counts.delete(nil)
@next_action_count = counts.min

end

# add child unit to unit

def set_parent(_parent)
raise IllegalTarget, "UID: #{@uid} is already a child of #{@parent.uid}" unless @parent.nil?
@parent = _parent

end

# convert to string

def to_s
to_str()
end

# recursive call to all children

def to_str(_indent = @)
str =" " * _indent * 2 + to_line() + "¥n"
@child.keys.sort.each do |key|
str += @child[key].to_str(_indent+1)
end
return str



end

# add log entry

def logging(_message, _level = Sim::LOG_DEBUG)
Sim.log(self, _message) if Sim::Mgr.log_ level >= _level
end

# add event at specific time count
# * event method name = 'call_' + event name
# ex: 'test' event's method name is 'call_test'

# * _opt is array of remain parameter

def add_event(_time, _event_name, *_opt)
count = (_time * Sim::Mgr.granularity).to_i
@event[count] = [_event_name.to_s, _opt]

end

# call event with specific time count

def call_event(_count)
__send__('call_' + @event[_count][@].to_s, @event[_count][1])
@event.delete(_count)

end

# convert to one line style

def to_line()
@uid
end

# convert to one line style

def any_active?()
active = is_active?
each_child do |child|
active |= child.any_active?()
end
return active

end
def is_active?()
false

end

end

# CLASS Simulation Manager

class Sim

include SimUnit

include Singleton

Sim::LOG_ALWAYS = @
Sim::LOG_INFO = 1
Sim::LOG_DEBUG = 2
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# get simulation count just now !

def Sim.now()
Sim::Mgr.count
end

# output log entry

def Sim.log(_unit, _msg)
time = Sim::Mgr.count.to_f / Sim::Mgr.granularity
tform = "%#.#{Math.log1@(Sim: :Mgr.granularity).to_i}f"
line = [sprintf(tform, time), _unit.uid, _msg].join(" ")#.gsub(/ /, "¥t")
Sim::Mgr.log.puts line
end

# initialize

def initialize(_granularity = 1000000000)
super(nil, ‘'Mgr', 'Sim")
@granularity = _granularity.to_i
@log = STDOUT
@next_my_count = nil
@next_action_count = nil
@count = ©
@log_level = Sim::LOG_ALWAYS
@start_time = nil
end

attr_reader :granularity, :log, :count, :log_level

def set_log_ level(_level)

@log_level = _level.to_i
end

# add new node to simulator

def add_node(_name, _router = true)
add_child(Node.new(self, _name, _router), Node)

end

def each_node()
each_child(Node) do |node]|
yield node
end

end

# add new network to simulator

def add_network(_lid = nil, _bandwidth = 100)
add_child(Network.new(self, _1lid, _bandwidth), Network)
end

def each_network()
each_child(Network) do |network
yield network
end

end

def set_log_file(_filename)
ps = ©
begin



raise if File.exist?(_filename)
@log = File.open(_filename, 'w')

rescue
ps += 1
_filename += ".#{ps}"
end
end

def start()
@start_time = Time.now
logging('start Simulation', Sim::LOG_ALWAYS)
logging('set RoutingTable to Simulation', Sim::LOG_ALWAYS)
RNS::L3::RoutingTable.set_routing_table(self)
each_node do |node]|
print node.uid
puts node.13[RNS::L3::IPv6].routing_table
end if DEBUG

@count = next_count()
begin
process()
count = next_count()
@count = count
end while any_active?()
logging("finish Simulation with #{Time.now - @start_time}sec", Sim
end

Mgr = Sim.instance

end

: :LOG_ALWAYS)

# MODULE Capsuled Data Format

module BitData
def bit_size()
2]

end

end

# CLASS Basic Capsuled Data Object

class CapsuledData
include BitData

def initialize(_data, _bit_size)
@data = _data
@bit_size = _bit_size

end

attr_reader :data, :bit_size

# MODULE Capsuled Data

module DataCapsule

include BitData
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def initialize()

@data = {}

end

def add_data(_name, _data, _class = BitData)

RNS.type_check(_data, _class)
@data[_name.to_s] = _data
end

def [](_key)
@data[_key]

end

def []=(_key, _value)

@data[_key] = RNS.type_check(_value, BitData)

end

def has_key?(_key)
@data.has_key?(_key)
end

def bit_size()
s =0
@data.each_value do |datal
s += data.bit_size()
end
return s
end

end

# CLASS Node

class Node

include SimUnit

# initialize

def initialize(_parent, _name, _router
super(_parent, _name, 'ND")

@inf = {}
@12 = {}
@13 = {}
@14 = {}
@app = {}
@router = _router ? true : false

add_12(L2::Ethernet)
add_13(L3::IPv6)
add_14(L4: :UDP)

end

attr_reader :inf, :12, :13, :14, :app

false)

# add interface to node

def add_inf()
inf_num = @inf.size
inf = Interface.new(self, inf_num)
add_child(inf, Interface)
@inf[inf_num] = inf



end

def each_interface()
each_child(Interface) do |inf]|
yield inf
end

end

def add_12(_12_class)
12 = add_child(_12_class.new(self), L2)
@12[_12_class] = 12
return 12

end

def add_13(_13_class)
13 = add_child(_13_class.new(self), L3)
@13[_13_class] = 13
return 13

end

def add_14(_14_class)
14 = add_child(_14_class.new(self), L4)
@14[_14 class] = 14
return 14

end

def add_app(_app_class, _opt = {})
app = add_child(_app_class.new(self, _opt), Application)
@app[_app_class] = app
return app

end

# default interface address

def ip()
ipaddr = nil
@inf.keys.sort.each do |inf_name
inf = @inf[inf_name]
if inf.connected? then
ipaddr = inf.ipaddr
break
end
end
return ipaddr

end

def is_my_ip?(_addr)
RNS.type_check(_addr, IPAddr)
each_interface do |inf]|
return true if inf.ipaddr == _addr
end
return false

end
def router?()
@router

end

end

# CLASS Network Interface

class Interface
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include SimUnit

class InterfaceAlreadyConnected < Error; end

# initialize

def initialize(_parent, _inf_num)
super(_parent, "#{_parent.name}:eth#{sprintf('%02d',_inf_num)}", 'IF")
@inf_num = _inf_num.to_i
@mac = MacAddress.new()
@ipaddr = nil
@network = nil
@queue = []
@max_threshold = 100
@min_threshold = 75
@drop_probability = 0.5
@queue_size_hist = []
@queue_size_hist_size = 20
@12_type = L2::Ethernet

end

attr_reader :inf_num, :ipaddr, :mac, :network

def action()
if @queue.empty? then
@next_my_count = nil
else
dst_mac = @queue[0@][ 'header'].dst_mac
next_count = @network.usage(dst_mac)
logging(“"check #{@network.uid} usage #{next_count}")
if next_count.nil? then
logging(“"send #{@queue[@].pid} to #{@network.uid}")
next_count = @network.put(@queue.shift, dst_mac)
@next_my_count = next_count if @next_my_count < next_count
end
end

end

# connecting network ?

def connected?()
! @network.nil?

end

# connect netowrk to interface

def connect_network(_network)
raise InterfaceAlreadyConnected if connected?()
@network = _network
tmp = @mac.address.split(/:/).insert(3, 'ff', 'fe')
tmp[@] = (tmp[@].hex ~ 2).to_s(16)
interface_id = IPAddr.new("::#{tmp[@]}#{tmp[1]}:#{tmp[2]}#{tmp[3]}:#{tmp[4]}#{tmp[5]}:#{tmp[6]}#{tmp[7]}/128")
@ipaddr = interface_id | @network.netmask
@network.add_inf(self)
end

# disconnect network from interface

def disconnect_network()
if connected?() then



@network.remove_inf(self)
@network = nil
@ipaddr = nil
end
end

def add_output_queue(_packet)
RNS.type_check(_packet, L2::DataSet)
_drop = false
_avg_queue_size = avg_queue_size()
if node.router? && _avg_queue_size && _avg_queue_size > @min_threshold then
_drop_threshold = (_avg_queue_size > @max_threshold ? 1.0 : (_avg_queue_size - @min_threshold) * @drop_probability /
(@max_threshold - @min_threshold))
if rand() < _drop_threshold then
_drop = true
logging("drop packet #{_packet.pid}", Sim::LOG_ALWAYS)
end
end
@queue << _packet unless _drop
logging(“"queue size #{@queue.size}", Sim::LOG_DEBUG)
@queue_size_hist << @queue.size
while @queue_size_hist.size > @queue_size_hist_size do
@queue_size_hist.shift
end
if @next_my_count.nil? then
@next_my_count = Sim::Mgr.count + 1
end

end

def avg_queue_size()
return nil if @queue_size_hist.size < @queue_size_hist_size
_total = o
_count = 0@
@queue_size_hist.each_index do |_index|
_count += 1
_total += @queue_size_hist[_index]
end
return (_total.to_f / _count).ceil

end

def input(_packet)
RNS.type_check(_packet, L2::DataSet)
node.12[_packet.class::TYPE].input(_packet)
end

# parent node

def node()
@parent
end

# convert to one line style

def to_line()
[super().chomp, @mac, @ipaddr].join(' ')
end

# CLASS Mac Address(Phisical Address)

class MacAddress

include BitData
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MAC_TABLE = []

# initialize

def initialize(_vender_code = '00:00:00"')

@vender_code = _vender_code.downcase

raise IllegalDataType, "Illegal vender code #{@vender_code}" unless @vender_code =~
/~[0-9a-f][@-9a-f]:[@-9a-f][0-9a-f]:[0-9a-f][0-9a-f]$/

begin

@interface_id = "'

@interface_id << rand(16).to_s(16)
@interface_id << rand(16).to_s(16)
@interface_id << ':'
@interface_id << rand(16).to_s(16)
@interface_id << rand(16).to_s(16)
@interface_id << ':'
@interface_id << rand(16).to_s(16)
@interface_id << rand(16).to_s(16)
raise ObjectAlreadyExist if MAC_TABLE.include?(address())

rescue ObjectAlreadyExist

~

retry
end
MAC_TABLE << address()
end

# mac address by : separated string

def address()
"#{@vender_code}: #{@interface_id}"

end

# mac address by 6 octets

def oct()
address.split(/:/).map! { |hex| hex.hex}

end

# size by bit

def bit_size()
6 * 8
end

# convert to string

def to_s
address()
end

end

end

# CLASS Network

class Network

include SimUnit



NETWORK_ID = []

# initialize

def initialize(_parent, _name, _bandwidth = 100)
@bandwidth = _bandwidth.to_i
begin
@nid = rand(2**16).to_s(16)

raise ObjectAlreadyExist.new("Network #{@nid} is already exists.") if NETWORK_ID.include?(@nid)

rescue ObjectAlreadyExist
retry
end
NETWORK_ID << @nid
@netmask = IPAddr.new("2000:0:0:#{@nid}::/64")
@connected_inf = {}
@arp_table = {}
@data_line = {}
super(_parent, _name, 'NW")

end

attr_reader :1id, :netmask, :bandwidth, :arp_table, :connected_inf

# main action

def action()
@data_line.keys.each do |dst_mac]|
next if @data_line[dst_mac][@] > Sim.now
packet = @data_line[dst_mac][1]
logging("send #{packet.pid} to #{@connected_inf[dst_mac].uid}")
@connected_inf[dst_mac].input(packet)
@data_line.delete(dst_mac)
end
count = min_count()
@next_my_count = count
end

# bandwidth chane event

def call_chbw(_opt)
bandwidth = _opt.shift
set_bandwidth(bandwidth)
logging(“"change bandwidth to #{bandwidth}", Sim::LOG_ALWAYS)

end

# bandwidth change method

def set_bandwidth(_bandwidth)
raise IllegalDataType if _bandwidth.to_i == @
@bandwidth = _bandwidth.to_i

end

# get minimum count of all data lines

def min_count()
count = nil

@data_line.keys.each do |_dst_mac|

count = @data_line[_dst_mac][@] if count.nil? || count > @data_line[_dst_mac][@]

end

return count
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end

# what time can data line be used

def usage(_dst_mac)
@data_line[_dst_mac].nil? ? nil : @data_line[_dst_mac][@]
end

# add interface to network table

def add_inf(_nif)
@connected_inf[_nif.mac] = _nif
@arp_table[_nif.ipaddr] = _nif.mac
end

# remove interface from network table

def remove_inf(_nif)
@connected_inf.delete(_nif.mac)
@arp_table.delete(_nif.ipaddr)
end

# put packet on network

def put(_packet, _dst_mac)

raise unless @data_line[_dst_mac].nil?

send_count = Sim.now + calc_send_count(_packet.bit_size)
@data_line[_dst_mac] = [send_count, _packet]
@next_my_count = min_count()

ret = Sim.now + calc_send_count(_packet.bit_size + 96)
return ret

end

# time count to send data with specific size

def calc_send_count(_bit)
send_count = _bit.to_f * Sim::Mgr.granularity / (@bandwidth * 1024 * 1024)
send_count.to_i

end

# convert to one line style

def to_line()
line = super().chomp +

+ @netmask.to_s + ' '
@connected_inf.keys.sort{|a,b| a.address <=> b.address}.each do |mac|

line << + @connected_inf[mac].node.uid
end
return line

end

end

# MODULE TCP/IP Link Layer 2

module L2

include SimUnit
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CODE = {L2 => 'L2M'}

def initialize(_parent)
super(_parent, "#{_parent.name}:#{L2::CODE[self.class]}", 'L2')
end

# parent of L2 module is Node

def node()
@parent
end

# MODULE Data format for Link Layer

module DataSet

include DataCapsule

def pid()
@data[ 'data'].pid

end

def 13packet()
@data[ 'data’]
end

def l4packet()
13packet['data’]

end
def app_data()
l4packet['data’]

end

end

# CLASS Ethernet Protocol Stack

class Ethernet

include L2

L2::CODE[Ethernet] = 'ETH'

# make new Ethernet packet(frame)

def new_packet(_inf, _addr, _data)
src_mac = _inf.mac
dst_mac = _inf.network.arp_table[_addr]
Packet.new(src_mac, dst_mac, _data)

end

# input packet and push it up tu L3

def input(_packet)
13p = _packet.13packet
node.13[13p.class::TYPE].input(_packet)
end

# CLASS Ethernet Data Packet(frame)
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class Packet

include DataSet

TYPE = Ethernet

# object initialize

def initialize(_src_mac, _dst_mac, _data)
super()
add_data('header', Header.new(_src_mac, _dst_mac))
add_data('data', _data)
add_data('footer', CapsuledData.new(nil, 32))

end

attr_reader :13_packet

# CLASS Ethernet Frame Header

class Header

include BitData

# object initialize

def initialize(_src_mac, _dst_mac)
@src_mac = RNS.type_check(_src_mac, Interface::MacAddress)
@dst_mac = RNS.type_check(_dst_mac, Interface::MacAddress)
end
attr_reader :src_mac, :dst_mac
def bit_size()
176 # 22oct = 8oct(preamble) + 6oct(source) + 6oct(destination) + 2oct(type/size)
end
end

end

end

# MODULE TCP/IP Internet Layer (Network Layer)

module L3
include SimUnit
CODE = {L3 => 'L3M'}
def initialize(_parent)
super(_parent, "#{_parent.name}:#{L3::CODE[self.class]}", 'L3')
end
def node()

@parent
end
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# MODULE Data format for Internet Layer

module DataSet
include DataCapsule

def pid()
@data[ 'data'].pid

end
end
class RoutingTable

def RoutingTable.set_routing_table(_sim)
_sim.each_node do |node|
node.each_interface do |inf|
node.13[L3::IPv6].routing_table.set_routing_info(inf.network, RoutingInfo.new(inf, @, nil))
RoutingTable.follow_routing_table_network(®, inf, node, inf)
end
end

end

def RoutingTable.follow_routing_table_node(_hop, _inf, _start_node, _start_inf, _start_addr = nil)

node = _inf.parent
_hop += 1
unless node == _start_node then

node.each_interface do |inf|
next if inf == _inf
network = inf.network
routing_table = _start_node.l13[L3::IPv6].routing_table
if !routing_table.routing_info.has_key?(network) || routing_table.routing_info[network].hop > _hop then
routing_table.set_routing_info(network, RoutingInfo.new(_start_inf, _hop, _start_addr))
RoutingTable.follow_routing_table_network(_hop, inf, _start_node, _start_inf, _start_addr)
end
end
end
end

def RoutingTable.follow_routing_table_network(_hop, _inf, _start_node, _start_inf, _start_addr = nil)
network = _inf.network
network.connected_inf.values.each do |inf|
next if inf == _inf
addr = _start_addr.nil? ? inf.ipaddr : _start_addr
RoutingTable.follow_routing_table_node(_hop, inf, _start_node, _start_inf, addr)
end
end

def initialize()
@routing_info = Hash.new()

end
attr_reader :routing_info

def set_routing_info(_network, _ri)
network = RNS.type_check(_network, Network)
@routing_info[network] = _ri

end

def search_ri(_addr)
@routing_info.keys.sort{|a,b| @routing_info[a].hop <=> @routing_info[b].hop}.each do |network|
return @routing_info[network] if network.netmask.include?(_addr)
end
return nil
end
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def search_inf(_addr)
search_ri(_addr).inf

end

def to_s()
str = "[Routing Table]¥n"
@routing_info.keys.sort{|a,b| @routing_info[a].hop <=> @routing_info[b].hop}.each do |network|
str << "#{network.name}¥t#{@routing_info[network]}¥n"
end
return str

end
end
class RoutingInfo
def initialize(_inf, _hop, _addr = nil)
@inf = RNS.type_check(_inf, Interface)
@hop = _hop.to_i
@addr = _addr
end
attr_reader :hop, :inf, :addr
def to_s()
"#{@hop }¥t#{@inf.uid}¥t#{@addr}"

end

end

# CLASS IPv6 Protocol Stack

class IPv6

include L3

L3::CODE[IPV6] = 'V6'

def initialize(_parent)
super(_parent)
@routing_table = RoutingTable.new()
end

def new_packet(_src_addr, _dst_addr, _data)
if _src_addr.nil? then
_src_addr = routing_table.search_inf(_dst_addr).ipaddr
end
Packet.new(_src_addr, _dst_addr, _data)

end

def input(_packet)
13p = _packet.13packet
begin
dst_addr = 13p['header']['basic'].dst_addr
if node.is_my_ip?(dst_addr) then
13p[ 'header'][ 'routing'].class.proc_routing_header(13p) if 13p[‘'header'].has_key?('routing')
logging(“"receive #{_packet.pid} from #{13p['header']['basic'].src_addr}")
node.l4[_packet.l4packet.class::TYPE].input(_packet)
else
ri = @routing_table.search_ri(dst_addr)
next_addr = ri.addr.nil? ? dst_addr : ri.addr
ri.inf.add_output_queue(node.12[L2::Ethernet].new_packet(ri.inf, next_addr, 13p))
logging("forward #{_packet.pid} to #{ri.inf.uid}")



end

rescue Packet::Header::Routing: :RelayNodeForwarding

logging("forward #{_packet.pid} by RoutingHeader")

retry
end

end

attr_reader :routing_table

# CLASS IPv6 Packet

class Packet

include DataSet

TYPE = IPv6

def initialize(_src_addr, _dst_addr, _data)

super()

add_data('header', Header.new(_src_addr, _dst_addr))

add_data('data', _data)

end

def set_src_addr(_addr)

@data[ 'header']['basic'].set_src_addr(_addr)

end

# CLASS IPv6 Headers

class Header

include DataCapsule

def initialize(_src_addr, _dst_addr)

super()

add_data('basic', Basic.new(_src_addr, _dst_addr))

end

# CLASS IPv6 Basic Header

class Basic

include BitData

def initialize(_src_addr, _dst_addr)

@version = 6
@traffic_class = nil
@flow_label = nil
@payload_length = ©
@next_header = nil
@hop_limit = 255

@src_addr = RNS.type_check(_src_addr, IPAddr)
@dst_addr = RNS.type_check(_dst_addr, IPAddr)

end

attr_reader :src_addr, :dst_addr,

def set_dst_addr(_dst_addr)

thop_limit

@dst_addr = RNS.type_check(_dst_addr, IPAddr)

end
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def set_src_addr(_src_addr)

@src_addr = RNS.type_check(_src_addr, IPAddr)

end

def bit_size()

40 * 8

end

end

# CLASS IPv6 Routing Header

module Routing

class RelayNodeForwarding < Error; end

include DataCapsule

def initialize()

super()

add_data('common', CapsuledData.new(nil, 64))
@next_header = nil

@header_length = ©

@segment_left = 0@

@routing_type = nil

end

attr_reader :segment_left

def set_segment_left(_segment_left)

@segment_left = _segment_left.to_i

end

#
#
#

#
#
#

CLASS IPv6 Routing Header Type@ Custom
Type@ routing header with following limitations
* Loose souce routing only
* One relay node only
* Segment Left has only two value,
@(already relayed) or 1 (not relayed yet)

class Type@C

include Routing

def Type@C.set_routing_header(_v6header, _relay_addr)
RNS.type_check(_v6header, Header)
RNS.type_check(_relay_addr, IPAddr)
rthdr = TypeoC.new()
raise IllegalTarget, "IPv6 header already has routing header" unless _v6header['routing'].nil?
_vébheader[ 'routing'] = rthdr
rthdr['type_specific'] = _v6header['basic'].dst_addr
_vbheader[ 'basic'].set_dst_addr(_relay_addr)

end

def Type@C.proc_routing_header(_packet)

RNS.type_check(_packet, L3::IPv6::Packet)

rthdr = RNS.type_check(_packet['header']['routing'], self)

if rthdr.segment_left > @ then
relay_addr = _packet['header']['basic'].dst_addr
_packet[ 'header'][ 'basic'].set_dst_addr(rthdr['type_specific'])
rthdr['type_specific'] = relay_addr
rthdr.set_segment_left (@)
raise RelayNodeForwarding
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end
end

def initialize()
super()
@routing_type = 'eC’
@header_length = ©
@segment_left = 1
add_data('type_specific', '')

end
end

end

end

end

# MODULE TCP/IP Transport Layer

module L4
include SimUnit
CODE = {L4 => 'L4M'}
def initialize(_parent)

super(_parent, "#{_parent.name}:#{L4::CODE[self.class]}", 'L4"')

end

# MODULE Data format for Transport Layer

module DataSet
include DataCapsule

def pid()
@data[ 'data'].pid

end

end

# MODULE UDP

class UDP

include L4

L4::CODE[UDP] = 'UDP'

def initialize(_parent)
super(_parent)
@socket = {}

end

def new_packet(_src_port, _dst_port, _data)
Packet.new(_src_port, _dst_port, _data)

end
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def open_socket(_port, _socket)
raise "Port #{_port} already binded to Socket" if @socket.has_key?(_port)
raise "Socket #{_socket.name} already binded to Port" if @socket.has_value?(_socket)
@socket[_port.to_i] = _socket

end

def get_empty_port()
port = nil
begin
port = rand(7001) + 10000
raise if @socket.has_key?(port)
rescue
retry
end
return port
end

def input(_packet)
14p = _packet.l4packet
dst_port = 14p['header'].dst_port
socket = @socket[dst_port.to_i]
socket.input(_packet)

end

# CLASS UDP Packet

class Packet

include DataSet

TYPE = UDP

def initialize(_src_port, _dest_port, _data)
super()
add_data('header', Header.new(_src_port, _dest_port))
add_data('data', _data)
header.set_length(data.bit_size())

end

def header()
@data[ 'header']
end

def data()
@data[ 'data’]

end

# CLASS UDP Header

class Header
include BitData

def initialize(_src_port, _dst_port)

@src_port = _src_port
@dst_port = _dst_port
@length = ©

end

attr_reader :src_port, :dst_port, :length

def set_length(_length)
@length = _length.to_i
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end
def bit_size()
64
end
end

end

end

# MODULE Network Socket

module Socket

include SimUnit

def initialize(_parent, _name)

@12 = nil
@13 = nil
@14 = nil

super(_parent, _name, "SC")

end

class UDPv6Socket

include Socket

def initialize(_parent, _name, _src_port = nil, _src_addr = nil)
super(_parent, _name)
@12 = L2::Ethernet
@13 = L3::IPv6
@14 = L4::UDP
@src_addr = _src_addr.nil? ? nil : RNS.type_check(_dst_addr, IPAddr)
@src_port = set_port(_src_port)

end

def app()
@parent
end

def node()
@parent.parent

end

def open()
node.14[@14].open_socket(@src_port, self)

end

def set_relay_addr(_addr)
@relay_addr = RNS.type_check(_addr, IPAddr)
end

def bind_addr(_addr)
@src_addr = RNS.type_check(_addr, IPAddr)

end

def set_port(_port = nil)
@src_port = _port.nil? ? node.l4[@14].get_empty_port() : _port.to_i

end
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def set_relay_addr(_addr)
@relay_addr = RNS.type_check(_addr, IPAddr)
end

def make_new_packet(_data, _dst_port, _dst_addr, _relay_addr = nil)
14p = node.l14[@14].new_packet(@src_port, _dst_port, _data)
13p = node.13[@13].new_packet(@src_addr, _dst_addr, l4p)
L3::IPv6: :Packet: :Header: :Routing: :Type@C.set_routing_header(13p[ 'header'], _relay_addr) unless _relay_addr.nil?
ri = node.13[@13].routing_table.search_ri(_dst_addr)
next_addr = ri.addr.nil? ? _dst_addr : ri.addr
12p = node.12[@12].new_packet(ri.inf, next_addr, 13p)
return 12p
end

def send_reply(_data, _packet)
13p = _packet.13packet
dst_addr = 13p['header']['basic'].src_addr
relay_addr = 13p['header'].has_key?('routing') ? 13p['header']['routing']['type_specific'] : nil
dst_port = _packet.l4packet[ 'header'].src_port
packet = make_new_packet(_data, dst_port, dst_addr, relay_addr)
send_packet(packet)
end

def send(_data, _dst_port, _dst_addr, _relay_addr = nil)
packet = make_new_packet(_data, _dst_port, _dst_addr, _relay_addr)
send_packet(packet)

end

def send_packet(_packet)
RNS.type_check(_packet, L2::DataSet)
dst_addr = _packet.13packet[ 'header'][ 'basic'].dst_addr
inf = node.13[@13].routing_table.search_ri(dst_addr).inf
logging(“"send #{_packet.pid} to #{inf.uid}", Sim::LOG_INFO)
inf.add_output_queue(_packet)

end

def input(_packet)
app.input(_packet)
end

def to_line()
"#{@uid}¥t#{@src_port}¥t#{@src_addr}"
end

end

end

# MODULE TCP/IP Application Layer

module Application
include SimUnit
CODE = {Application => 'APP'}
def initialize(_parent)
super(_parent, "#{_parent.name}:#{Application::CODE[self.class]}", "AP")

end

def input(_packet)

end
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end

end

# Add size attribute to IPAddr object

class IPAddr

include RNS::BitData

# size by bit

def bit_size()
s =0
s = 32 if self.ipv4?
s = 128 if self.ipv6?
return s

end

end

# Add size attribute to String object

class String

include RNS::BitData

# size by bit

def bit_size()
size() * 8

end

end

# load Application files

Dir.glob(File.dirname(__FILE_ ) + '/Application/*.rb').each do |appfile|
require appfile
end

O SMPC 77V /r—ar(smpe.rb)

module RNS

# Namespace for Multi-Path communication
# save last transmit success/fail flag
# reimplement old SMPC-P

module SMPCP13

# CLASS Multi-Path Sender

class Sender

include Application
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Application::CODE[Sender] = 'MPS'

# object initialzie

def initialize(_parent, _opt = {})
super(_parent)
@dst_addr = RNS.type_check(_opt['mp_dst_addr'], IPAddr)
@dst_port = _opt.has_key?('mp_dst_port') ? _opt['mp_dst_port'].to_i : 8888
@socket = add_child(Socket: :UDPv6Socket.new(self, @name, 8888) ,Socket)
@socket.open()
@bw_unit = _opt.has_key?('mp_bw_unit') ? _opt['mp_bw_unit'].to_f : 1
@platform = []
@relay_addr = []
add_route(nil)
@packet_count = @
@data_size_unit = 1024
@train_id = @
@train_count = _opt.has_key?('mp_train_count') ? _opt['mp_train_count'].to_i : 16
@train_status = {}
@sent_data_size = ©
@max_size = @
@threshold_delay = 0.95
@threshold_abnormal = 1.05
@fix_desired_throughput = _opt.has_key?( 'mp_desired_throughput') ? _opt['mp_desired_throughput'].to_i : nil
@desired_throughput = @fix_desired_throughput || (1.0 / @.0)
@bw_hist = [0]
@avg_hist = [0]
@avg_bw = ©
@status_hist = [0]
@continuous_success = @
@bw_hist_size = _opt.has_key?('mp_bw_hist_size') ? _opt['mp_bw_hist_size'].to_i : 20
@stable_threshold = _opt.has_key?('mp_stable_threshold') ? _opt['mp_stable_threshold'].to_f : 3.0
@force_down_rate = {}
@force_down_rate[:success] = _opt.has_key?('mp_success_down_rate') ? _opt[ 'mp_success_down_rate'].to_i : @
@force_down_rate[:delay] = _opt.has_key?('mp_delay_down_rate') ? _opt['mp_delay_down_rate'].to_i : 1
@force_down_rate[:loss] = _opt.has_key?('mp_loss_down_rate') ? _opt['mp_loss_down_rate'].to_i : 1
@force_down_rate[:abnormal] = _opt.has_key?('mp_abnormal_down_rate') ? _opt['mp_abnormal_down_rate'].to_i : @
@path_unfair = _opt.has_key?('mp_path_unfair')
end

attr_reader :data_size_unit
attr_reader :dst_port
attr_reader :dst_addr
attr_reader :sent_data_size
attr_reader :train_count
attr_reader :bw_unit

attr_reader :socket

def conf_str()
_str =
"_DR#{@force_down_rate[:success]}-#{@force_down_rate[:delay]}-#{@force_down_rate[:loss]}-#{@force_down_rate[:abnormal]}"
_str << "_BU#{@bw_unit}_TH#{@stable_threshold}"
_str << "_HS#{@bw_hist_size} TC#{@train_count}"
_str << "_DB#{@fix_desired_throughput || '-VAL'}"
_str << "_UF" if @path_unfair
return _str
end

def is_active?()
! @next_my_count.nil?

end

def force_down(_route, _speed)



return unless _speed > @
path = nil
_speed = _speed.to_i
begin
ind = @platform.size - 1
while ind > _route do
if @platform[ind].bandwidth > @platform[ind].bw_unit * _speed then
path = @platform[ind]
break
end
ind -= 1
end
end
unless path.nil? then
_down_speed = @platform[ind].bw_unit * _speed

logging("force down bandwidth at Path:#{path.route} by #{_down_speed}Mbps", Sim::LOG_ALWAYS)

path.shift_down(path.bandwidth - _down_speed)
end

end

def avg_total_bw()
_total_bw = @
@bw_hist.each do |_bw|
_total_bw += _bw
end
return _total_bw / @bw_hist.size

end

def input(_packet)
rcv = RNS.type_check(_packet.app_data, Reply).status

sent = @train_status[rcv.train_id]

logging(“"receive #{rcv.count}/#{sent.count} patkets with #{sprintf('%.2f', rcv.throughput)}/#{sprintf('%.2f",

sent.throughput)} Mbps at TRAIN:#{rcv.train_id}/Path#{rcv.route}", Sim::LOG_ALWAYS)

# transmitting status check
_status = nil
if rcv.count == sent.count then
rate = rcv.throughput / sent.throughput
if (rate > @threshold_abnormal) then
logging("found abnormal response at Path:#{rcv.route}", Sim::LOG_ALWAYS)
_status = :abnormal
elsif(rate > @threshold_delay) then
logging("found no congestion at Path:#{rcv.route}", Sim::LOG_ALWAYS)
_status = :success
else
logging("found congestion at Path:#{rcv.route}", Sim::LOG_ALWAYS)
_status = :delay
end
else
logging("found packet loss at Path:#{rcv.route}", Sim::LOG_ALWAYS)
_status = :loss

end

# priority control

_forced_down = false

if _status == :delay || _status == :loss then
# force down lower path

unless @platform[rcv.route + 1].nil? || total_bandwidth() < @desired_throughput * ©.95 then

force_down(rcv.route, @force_down_rate[_status])
_forced_down = true
end
end

# transmission control

@platform[rcv.route].set_receive_status(_status, sent.throughput, rcv.throughput, _forced_down)
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# calc new desired throughput
_total_bw = 0.0
begin
@platform.each do |_platform|
_total_bw += _platform.get_last_bw
end
rescue
_total_bw = nil
end
if _total_bw then
logging("have total bandwidth #{_total_bw}", Sim::LOG_ALWAYS)
_old_bw = @bw_hist[@bw_hist_size - 1].to_f
@bw_hist = @bw_hist.unshift(_total_bw)[@,@bw_hist_size]
@avg_bw += (_total_bw - _old_bw) / @bw_hist_size
if @bw_hist.size >= @bw_hist_size then
@avg_hist = @avg_hist.unshift(@avg_bw)
logging(“"average #{@avg_bw}", Sim::LOG_ALWAYS)
if @avg_hist.size > @bw_hist_size then
_avg_diff = (@avg_hist.first - @avg_hist.last).abs
logging("average-diff #{_avg_diff}", Sim::LOG_ALWAYS)
if @fix_desired_throughput.nil? && _avg_diff < @stable_threshold then
@desired_throughput = @avg_bw
logging(“"change desired throughput to #{@desired_throughput}", Sim::LOG_ALWAYS)
end
@avg_hist = @avg_hist[0,@bw_hist_size]
end
end
else
logging("ignore consecutive ACK on Path:#{rcv.route}", Sim::LOG_ALWAYS)
end

# post process

@train_status.delete(rcv.train_id)

@next_my_count = @train_status.empty? ? nil : Sim.now + 60 * Sim::Mgr.granularity
end

def total_bandwidth()
bw = @
@platform.each do |platform|
bw += platform.bandwidth
end
return bw
end

def action()
@platform.each do |platform|
platform.finish_send() if platform.is_active?()
end
logging("timed out.", Sim::LOG_ALWAYS)
@next_my_count = nil

end

def send_data(_data)
logging(“"send #{_data.pid} to Path#{_data.route}", Sim::LOG_INFO)
@socket.send(_data, @dst_port, @dst_addr, @relay_addr[_data.route])
end

def set_desired_throughput(_throughput)
@desired_throughput = _throughput.to_i
end

def rest_data_size()
@max_size - sent_data_size
end
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def next_data_size()
sent_finish? ? @ : (rest_data_size > @data_size_unit) ? @data_size_unit : rest_data_size

end

def make_new_data()
size = next_data_size
return nil unless size > @
@sent_data_size += size
Data.new("PK:#{@name}:#{@packet_count += 1}", '@'*size)
end

# event for testing : send 2 packet to specific route

def call_send_data(_opt)
raise unless @max_size == 0@
size = _opt.shift.to_f
@max_size = (size * 1024 * 1024).to_i
logging("start MultiPathSending for #{size}MB", Sim::LOG_ALWAYS)
@platform.each do |platform|
platform.start()
end

end

def next_train_id()
return nil if sent_finish?
@train_id += 1

end

def set_train_status(_train_id, _route)
@train_status[_train_id] = TrainData.new(_train_id, _route)

end

def sent_finish?()
rest_data_size <= 0

end

# add route with specific relay node

def add_route(_relay_node)
relay_addr = _relay_node.nil? ? nil : _relay_node.ip
@relay_addr << relay_addr
@platform << add_platform()

end

def add_platform()
pl = add_child(Platform.new(self, @platform.size, @path_unfair), Platform)
return pl

end

# generic 1 line string style

def to_line()
@uid + "¥t" + @relay_addr.join("¥t")

end

# generic 1 line string style

class Platform

include SimUnit
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MODE_NORMAL = ©
attr_reader :treated

def initialize(_parent, _route, _unfair = false)
super(_parent, "#{_parent.name}:#{_route}", 'PF')
@shift = @
@route = _route
@current_pos = @
@queue = []
@wait_train = nil
@sending = false
@wait = 0
@wait_init =1
@train_status = nil
@bw_hist = [0]
@bw_hist_size = 20
@status_hist = [:success]
@local_bw_unit = @parent.bw_unit.to_f
@local_bw_unit /= (2 ** @route.to_f) if _unfair
@treated = false
@continuous_success = @
@last_success_bw = @

end
attr_reader :route

def bw_unit()
@local_bw_unit
end

def set_received_bandwidth(_bw)
@bw_hist = @bw_hist.unshift(_bw)[0,@bw_hist_size]
@treated = false

end

def get_last_bw()
_bw = nil
unless @treated then
_bw = @bw_hist.first
@treated = true
end
return _bw

end
def set_receive_status(_status, _sent_bw, _rcv_bw, _forced_down)

if _status == :success then
@continuous_success += 1
@last_success_bw = _rcv_bw
else
logging("continuous success #{@continuous_success} / last success bandwidth #{@last_success_bw}", Sim::LOG_ALWAYS)
@continuous_success = @
end
@status_hist = @status_hist.unshift(_status)[@,@bw_hist_size]
if _success_rate = status_rate() then
logging("transmit success rate #{_success_rate} in last #{@bw_hist_size} trains", Sim::LOG_ALWAYS)

end
set_received_bandwidth(_rcv_bw)
case _status

when :success

success_throughput(_sent_bw)



when :delay
fail_throughput(_rcv_bw) unless _forced_down
when :loss
loss_detected(_rcv_bw)
when :abnormal
abnormal_throughput(_sent_bw)
end
end

def status_rate(_target_status = :success)
if @status_hist.size == @bw_hist_size then
return @status_hist.count(_target_status).to_f / @bw_hist_size
else
return nil
end

end

def set_to_treat()
@treated = false
end

def treat()
@treated = true
end

def avg_bandwidth()
if @bw_hist.size == @bw_hist_size then
_total_bw = 0.0
@bw_hist.each do |_bw|
_total_bw += _bw

end

return _total_bw.to_f / @bw_hist_size
else

return nil
end

end

def max_received_bandwidth()
@bw_hist.max

end

def min_received_bandwidth()
@bw_hist.min

end

def bandwidth_trend()
if @bw_hist.size == @bw_hist_size then
return _trend = @bw_hist.first - avg_bandwidth()
else
return nil
end

end
def bandwidth()
@shift * @local_bw_unit

end

def interval()

(app.data_size_unit.to_f * 8 * Sim::Mgr.granularity / (bandwidth() * 1024 * 1024)).to_i

end

def app()
@parent
end

B.29
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def set_shift(_shift)
@shift = (_shift.to_i * @local_bw_unit < 8 ? (8.0 / @local_bw_unit).ceil
end

def set_bandwidth(_bw)
return unless @sending
set_shift(_bw.to_f / @local_bw_unit)

logging(“"change bandwidth to #{bandwidth()}Mbps with Shift #{@shift}", Sim

end

def shift_change(_throughput, _shift)
set_shift((_throughput.to_f + @local_bw_unit * _shift) / @local_bw_unit)

logging(“"change bandwidth to #{bandwidth()}Mbps with Shift #{@shift}", Sim

end

def shift_up(_bandwidth)
return unless @sending
if _bandwidth > bandwidth() then
set_bandwidth(_bandwidth)
else

: _shift.to_i)

: :LOG_ALWAYS)

: :LOG_ALWAYS)

logging("keep bandwidth to #{bandwidth()}Mbps with Shift #{@shift}", Sim::LOG_ALWAYS)

end
end

def shift_down(_bandwidth)
return unless @sending
if _bandwidth < bandwidth() then
set_bandwidth(_bandwidth)
else

logging("keep bandwidth to #{bandwidth()}Mbps with Shift #{@shift}", Sim::LOG_ALWAYS)

end
end

def half_down()
set_shift((@shift.to_f / 2).ceil)
end

def success_throughput(_throughput)
shift_up(_throughput + @local_bw_unit)
set_to_treat()

end

def fail_throughput(_throughput)
shift_down(_throughput)
set_to_treat()

end

def abnormal_throughput(_throughput)
shift_down(_throughput - @local_bw_unit)
set_to_treat()

end

def loss_detected(_throughput)
shift_down(_throughput - @local_bw_unit)
set_to_treat()

end

def action()
send_data()
end

# send multipath data

def send_data()



data = @queue.shift
@train_status.add_data(data)

logging("send #{data.pid} to Path#{data.route}", Sim::LOG_INFO)

app.send_data(data)

@next_my_count = @queue.empty? ? make_train() : Sim.now + interval

end

def make_train()
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logging("sent TRAIN:#{@train_status.train_id} with #{@train_status.throughput}Mbps", Sim::LOG_ALWAYS) if @train_status

train_id = app.next_train_id
return finish_send() if train_id.nil?

logging("make TRAIN:#{train_id} with #{bandwidth()}Mbps", Sim::LOG_ALWAYS)

@train_status = app.set_train_status(train_id, @route)
tmp = [1]
pos = @
while pos < app.train_count do
data = app.make_new_data()
break if data.nil?
data.set_route(@route)
data.set_train_id(train_id)

data.set_pos(pos)

tmp << data
pos += 1
end

tmp[@].set_train_first()
tmp[-1].set_train_last()
@queue += tmp

return Sim.now + interval

end

def start()
@sending = true
shift_up(@local_bw_unit)
@next_my_count = make_train()
end

def finish_send()
@shift = 0
@sending = false
return nil

end

def is_active?()
@sending

end

end

end

# CLASS Multi-Path Receiver

class Receiver

include Application
Application::CODE[Receiver] = 'MPR'

# object initialzie

def initialize(_parent, _opt = {})
super(_parent)
@relay_addr = [nil]

@rec_port = _opt.has_key?('mp_rec_port') ? _opt['mp_rec_port'].to_i :
@socket = add_child(Socket: :UDPv6Socket.new(self, @name, @rec_port) ,Socket)

8888
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@socket.open()

@received_size = [@]

@train_data = {}

@packet_count = @
end

# add route with specific relay node

def add_route(_relay_node)
@relay_addr << RNS.type_check(_relay_node, Node).ip
@received_size << ©

end

def input(_packet)

data = RNS.type_check(_packet.app_data, Data)

if (@train_data[data.route].nil?) then
@train_data[data.route] = TrainData.new(data.train_id, data.route, _packet)

elsif (data.train_id != @train_data[data.route].train_id) then
make_reply(@train_data[data.route]) if @train_data[data.route]
@train_data[data.route] = TrainData.new(data.train_id, data.route, _packet)

end

@train_data[data.route].add_data(data)

@received_size[data.route] += data.data.size

logging(“"receive #{_packet.pid} data #{data.params},rs=#{@received_size.join('/')}", Sim::LOG_INFO)

if (data.is_train_last?) then
make_reply(@train_data[data.route]) if @train_data[data.route]
@train_data[data.route] = nil

end

end

def make_reply(_train_data)
logging(“"receive TRAIN:#{_train_data.train_id} by #{sprintf('%.2f', _train_data.throughput)}Mbps/Path#{_train_data.route}
#{_train_data.packets.to_s(16)} #{_train_data.first_include?() ? 'S' : '-'}/#{_train_data.last_include?() ? 'E' : '-'}",
Sim::LOG_ALWAYS)
reply = Reply.new("PK:#{@name}:#{@packet_count += 1}", _train_data)
@socket.send_reply(reply, _train_data.packet)
end

# generic 1 line string style

def to_line()
@uid + "¥t" + @relay_addr.join("¥t")
end

end

# CLASS Train Status Data

class TrainData

def initialize(_train_id, _route, _packet = nil)
@packet = _packet
@train_id = _train_id
@route = _route
@first_count = nil
@last_count = nil
@packets = @
@count = ©
@train_size = ©
@tp_size = nil
@first_packet = false
@last_packet = false
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end
attr_reader :packet, :train_id, :route, :packets, :train_size, :count

def add_data(_data)
@first_count = Sim.now if @first_count.nil?
@last_count = Sim.now
@packets |= 2 ** _data.pos
@count += 1
@train_size += _data.data.bit_size
if @tp_size then
@tp_size += _data.data.bit_size
else
@tp_size = 0
end
@first_packet = true if _data.is_train_first?
@last_packet = true if _data.is_train_last?

end

def first_include?()
@first_packet
end

def last_include?()
@last_packet
end

def time_count()
@last_count - @first_count

end

def time()
time_count.to_f / Sim::Mgr.granularity

end
def throughput()
@tp_size.to_f / time / 1024 / 1024

end

end

# CLASS Multi-Path Communication Data Format

class Data

include BitData

# object initialzie

def initialize(_pid, _data, _route = nil, _train = nil, _pos = nil)
@pid = _pid.to_s # Packet ID (Virtual Data)
@data = _data.to_s # Send data (valiable Size)
@route = _route.to_i # Route identify number (4bit)

@type = @ # Start/End flag (4bit)

@train_id = _train.to_i # Packet Train ID (24bit)

@pos = _pos.to_i # Position in Train (8bit)
end

attr_reader :pid, :data, :route, :train_id, :pos

def set_train_first()

@type |= 1
end
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def set_train_last()
@type |= 2
end

def is_train_first?()

@type & 1 =0
end

def is_train_last?()
@type & 2 =0
end

def set_route(_route)
@route = _route.to_i

end

def set_train_id(_train_id)
@train_id = _train_id.to_i
end

def set_pos(_pos)
@pos = _pos.to_i

end

def params()
"r=#{@route}, t=#{@train_id}, p=#{@pos}, f=#{is_train_first? ? 'S'
end

‘- "Y#{is_train_last? ? 'E'

# bit size for BitData

def bit_size()
@data.bit_size + 4 + 4 + 24 + 8
end

end

class Reply
include BitData

attr_reader :pid, :status

def initialize(_pid, _train_data)
@status = RNS.type_check(_train_data, TrainData)
@pid = _pid.to_s

end

def bit_size()
32 + 4 + 28 + 32 + 32
end
end
end

end

'-'},s=#{@data.size}"
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#define DEBUG // Debug mode(?)
#define END_DEBUG // End of debugmode(?)
#define LOGDISP // Output detailed log(?)

#include <stdio.h>
#include <stdlib.h>
#include <errno.h>
#include <string.h>
#include <unistd.h>
#include <sys/types.h>
#include <sys/uio.h>
#include <sys/socket.h>
#include <sys/param.h>
#include <sys/stat.h>
#include <sys/time.h>
#include <netdb.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <fcntl.h>
#include <unistd.h>
#include <time.h>

#include <pthread.h>

// Path

#define MAIN ©
#define SUB 1
#define MAXROUTE 2

// Data size

#define BUFF 1024 // SMPC data payload [byte]

#define PACKETSIZE (4@ + 8 + (4+2+2+BUFF)) // IPv6/UDP datagram size (w/o rthdr) [byte]
#define ETHERSIZE (18 + PACKETSIZE + 8) // Ether/IPv6/UDP frame size (w/o rthdr) [byte]
#define SENDDATASIZE 104857600 // 100MB in byte

// Packet train

#define LISTMAX 200

#define TRAIN 16// Packet number of one train

#define SENDPACKETNUM ((SENDDATASIZE >> 10) / TRAIN + 1) // train number for sending SENDDATASIZE

// Bandwidth

#define MAXWIDTH 96.0 // max bandwidth of one path [Mbps]

#define MINWIDTH 8.0 // minimum bandwidth of one path [Mbps]

#define WIDTH_SHIFT 1.0 // bandwidth unit for up or down sending rate [Mbps]
#define THRESHOLD_MIN ©.95 // sending ratio threshold for delay

#define THRESHOLD_MAX 1.05 // sending ratio threshold for abnormal

//
#define RECVTIMEOUT_SEC 5 // timeout for server [sec]

// Status

#define NORMAL 10
#define SDELAY 11
#define LOSS 12
#define ABNORMAL 13
#define INVALID 14
#define SET 1
#define RESET 0



C2

#define min(a,b) ((a) < (b) ? (a):(b))
#define max(a,b) ((a) > (b) ? (a):(b))

// SMPC data packet
typedef struct {
int trid; // Train ID
unsigned short int route; // Path
unsigned short int id; // Packet ID
char msg[BUFF]; // Data payload
} Packetdata;

// TACK Packet
typedef struct {

int route; // Path

int trid; // Train ID

long tdi; // first packet receiving time
long td2; // last packet receibing time

unsigned short int id; // received packet flag
} Replypacket;

// tarin sending status to cache on client
typedef struct {
unsigned int route; // route
long tsl; // first packet sending time
long ts2; // last packet sending time
double widthcache; // sending rate
} Senddata;

//
typedef struct {
int trid; // Train ID
unsigned short int id; // received packet flag

} Recvdata;

// parameters of sending module for main path
typedef struct {

int s;

struct addrinfo *res;

Senddata *sendtimelist;

long *sleeptimecontrol;

double *width;

int *trainid;
} SM_arg;

// parameters of sending module for sub path
typedef struct {
int s;
char relay[NI_MAXHOST]; // relay node name/IP (NI_MAXHOST is defined if netdb.h)
struct addrinfo *res;
Senddata *sendtimelist;
long *sleeptimecontrol;
double *width;
int *trainid;

} SS_arg;

// parameters of receiving module
typedef struct {
int s;
struct addrinfo *res;
Senddata *sendtimelist;
char relayhost[NI_MAXHOST];
int cs;
struct addrinfo *cres;
} RS_arg;
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// parameters of control module
typedef struct {
int s;
struct addrinfo *res;
Senddata *sendtimelist;
long *sleeptimecontrol;
double *width;
} RC_arg;

typedef struct {
int average;
int difference;
} MA_RESULT;

int packet_size[MAXROUTE] = { BUFF * 1000 << 3, BUFF * 1000 << 3 };
int train_size[MAXROUTE] = {(TRAIN - 1) * ETHERSIZE << 3, (TRAIN - 1) * (ETHERSIZE + 24) << 3};

char mode;
int error;
[¥ommmmm e declare functions----------------mmmmooo o */

int server_start(char *server_port);

int client_start(char *server_address, char *server_port, char *relay_address, char modeflag);

struct addrinfo *make_socket(char *hostname, char *port, int *s, const int flag);

void *send_main(void *arg);

void *send_sub(void *arg);

void *recv_serv(void *arg);

int nego_server(char *port, char *relayhost, char *clienthost, struct addrinfo **rresl, int *rsi, struct addrinfo **sresil, int *ssl);
int nego_client(char *host, char *port, char *relayhost, struct addrinfo **sresl, int *ssl, struct addrinfo **rresl, int *rsi);
void *recv_client(void *arg);

double bandwidth_calibration(double width);

int bitcount(unsigned short int recv_flag);

int main(int argc, char **argv) {
char port[4], serv_addr[NI_MAXHOST], relay_addr[NI_MAXHOST];

fprintf(stdout, "argc is %d¥n", argc);
mode = getopt(argc, argv, "SC12");

if(argc == 3 || argc == 5) {
switch(mode) {
case 'S': { // server
fprintf(stdout, "run as server¥n");
strcpy(port, argv[optind]);

server_start(port);

} break;

case 'C': // client multi path
fprintf(stdout, "run as client¥tMultipath¥n");
break;

case '1': // client main path only
fprintf(stdout, "run as client¥tOnly MAIN route¥n");
break;

case '2': // client sub path only
fprintf(stdout, "run as client¥tOnly SUB route¥n");
break;

default: {

fprintf(stdout, "mode¥n");
fprintf(stdout, "[-S] : as a server¥n");
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int

//
int

fprintf(stdout, "[-C]

: as a client multipath

[-1] : use only main route [-2]

%s mode server_address port relayhost_address¥n", argv[0]);

exit(0);
}
}
if(mode == 'C' || mode == '1' || mode == '2") {
strcpy(serv_addr, argv[optind]);
strcpy(port, argv[optind+1]);
strcpy(relay_addr, argv[optind+2]);
client_start(serv_addr, port, relay_addr, mode);
}
}
else {
fprintf(stdout, "usage¥n");
fprintf(stdout, "as a server : %s -S port¥n", argv[0]);
fprintf(stdout, "as a client :
exit(0);
}
return 0;

server_start(char *server_port) {
int rs, cs;

struct addrinfo *rres, *cres;
Senddata sendtimelist[LISTMAX];
RS_arg *rs_arg;

pthread_t rmt;

char relayhost[NI_MAXHOST];
char clienthost[NI_MAXHOST];

// negotiate to client

if(nego_server(server_port, relayhost, clienthost, &rres, &rs, &cres, &cs) < 0) {

fprintf(stdout, "cannot negotiation¥n");
exit(1);

rs_arg = (RS_arg *)malloc(sizeof(RS_arg));
rs_arg->s = rs;

rs_arg->res = rres;

rs_arg->sendtimelist = sendtimelist;
sprintf(rs_arg->relayhost, "%s", relayhost);
rs_arg->cres = cres;

rs_arg->cs = cs;

// start receive module

error = pthread_create(&rmt, NULL, recv_serv, (void *)rs_arg);

// wait for end of each thread
pthread_join(rmt, NULL);

freeaddrinfo(rres);

freeaddrinfo(cres);

return 0;

client_start(char *server_address, char *server_port, char *relay_address, char modeflag)

int ss, rs, trainid;

struct addrinfo *rres, *sres;
char recvport[10];

SM_arg *sm_arg;

-~

: use only sub route¥n");



SS_arg *ss_arg;
RC_arg *r_arg;
pthread_t mt, st, rt;

long sleeptimecontrol[MAXROUTE];
double width[MAXROUTE];

Senddata sendtimelist[LISTMAX];

#ifdef END_DEBUG
Packetdata lastmsg;
sprintf(lastmsg.msg, "ENDTRIGGER");
#endif

// negotiate to server

if(nego_client(server_address, server_port, relay_address, &sres, &ss,
fprintf(stdout, "cannot negotiation¥n");
exit(1);

// variable initialize
width[SUB] = MINWIDTH;
width[MAIN] = MINWIDTH;
sleeptimecontrol[SUB] = 999999;
sleeptimecontrol[MAIN] = 999999;

trainid = 0;

sprintf(recvport, "%d", atoi(server_port)+1);

// control module parameters

r_arg = (RC_arg *)malloc(sizeof(RC_arg));
r_arg->s = rs;

r_arg->res = rres;

r_arg->sendtimelist = sendtimelist;
r_arg->sleeptimecontrol = sleeptimecontrol;
r_arg->width = width;

if(modeflag == 'C' || modeflag == '1') {
// when main path is active
sm_arg = (SM_arg *)malloc(sizeof(SM_arg));
sm_arg->s = ss;
sm_arg->res = sres;
sm_arg->sendtimelist = sendtimelist;
sm_arg->sleeptimecontrol = sleeptimecontrol;
sm_arg->width = width;
sm_arg->trainid = &trainid;
// start sending module for main path

pthread_create(&mt, NULL, send_main, (void *)sm_arg);

if(modeflag == 'C' || modeflag == '2') {
// when sub path is active
ss_arg = (SS_arg *)malloc(sizeof(SS_arg));
Ss_arg->s = ss;
ss_arg->res = sres;
sprintf(ss_arg->relay, "%s", relay_address);
ss_arg->sendtimelist = sendtimelist;
ss_arg->sleeptimecontrol = sleeptimecontrol;
ss_arg->width = width;
ss_arg->trainid = &trainid;
// start sending module for sub path
pthread_create(&st, NULL, send_sub, (void *)ss_arg);

&rres, &rs) < 0)

-~
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// start control module
pthread_create(&rt, NULL, recv_client, (void *)r_arg);

// wait for end of control module
pthread_join(rt, NULL);

if(modeflag == 'C' || modeflag == '1'")
// wait for end of sending module for main path
pthread_join(mt, NULL);

if(modeflag == 'C' || modeflag == '2')
// wait for end of sending module for main path
pthread_join(st, NULL);

#ifdef END_DEBUG
sendto(ss, &lastmsg, sizeof(lastmsg), @, sres->ai_addr, sres->ai_addrlen);
#endif

close(ss);
close(rs);

freeaddrinfo(rres);
freeaddrinfo(sres);

return 0;

struct addrinfo *make_socket(char *hostname, char *port, int *s, const int flag) {
struct addrinfo hints, *res, *reso;
char hbuf[NI_MAXHOST], sbuf[NI_MAXSERV];

//getaddrinfo

memset(&hints, @, sizeof(hints));
hints.ai_socktype = SOCK_DGRAM; // use UDP socket
hints.ai_family = AF_INET6; // use IPv6

if(flag == 1) { // if server socket
hints.ai_flags = AI_PASSIVE;

if (getaddrinfo(hostname, port, &hints, &res@)) {
fprintf(stdout, "error at getaddrinfo, %s, %s¥n", hostname, port);
exit(1);

[Hommmmmm e create socket -------------o-oooooooooo */
for(res = res@; res; res = res->ai_next) {

if ((error = getnameinfo(res->ai_addr, res->ai_addrlen, hbuf, sizeof(hbuf), sbuf, sizeof(sbuf), NI_NUMERICHOST
NI_NUMERICSERV)) != @) {
fprintf(stdout, “"getnameinfo : %s %s : %s¥n", hostname, port, gai_strerror(error));

continue;
fprintf(stdout, "Destination¥t%s¥tPort¥t%s¥n", hbuf, sbuf);
if ((*s = socket(res->ai_family, res->ai_socktype, res->ai_protocol)) < @) {

continue;

if (flag == 1 && bind(*s, res->ai_addr, res->ai_addrlen) < 0) {
close(*s);

continue;



return res;

fprintf(stdout, "cannot make socket for %s, %s¥n", hostname, port);
exit(1);

// sending module for main path on clinent
void *send_main(void *arg) {

int packet_id;

SM_arg *argp = (SM_arg *)arg;

int s;

struct timeval now;

struct addrinfo *res;

struct timespec sleeptime;

long *sleeptimecontrol;

int *train_ptr;

double *width;

int array_method_main;

int trainID_main;

Senddata *sendtimelist;

Packetdata sendpacket;

// parameter extract

s = argp->s;

res = argp->res;

sendtimelist = argp->sendtimelist;
sleeptimecontrol = argp->sleeptimecontrol;
width = argp->width;

train_ptr = argp->trainid;

free(argp);

// sending interval initialize

sleeptime.tv_sec = 0;

sendpacket.route = MAIN;
sprintf(sendpacket.msg, "maintestmessage");

/] =======eun- train sending loop ------------ //
while ((trainID_main = (*train_ptr)++) <= SENDPACKETNUM) {

/* train info buffer index */
array_method_main = trainID_main % LISTMAX;

/* Train initialize */

sendpacket.trid = trainID_main;
sendtimelist[array_method_main].route = MAIN;
sendtimelist[array_method_main].widthcache = width[MAIN];
sendtimelist[array_method_main].tsl = @;

sendtimelist[array_method_main].ts2 = @;

/* Packet sending loop */
for (packet_id=@; packet_id < TRAIN; packet_id++) {
sendpacket.id = 1 << packet_id;
sendto(s, &sendpacket, sizeof(sendpacket), ©, res->ai_addr,
if (packet_id == @) {
gettimeofday(&now, NULL);
sendtimelist[array_method_main].tsl = now.tv_usec;
} else if (packet_id == (TRAIN - 1)) {
gettimeofday(&now, NULL);
sendtimelist[array_method_main].ts2 = now.tv_usec;
}
sleeptime.tv_nsec = sleeptimecontrol[MAIN];
nanosleep(&sleeptime, NULL);

res->ai_addrlen);

C.7
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// sending module for sub path on client
void *send_sub(void *arg){
int packet_id;
struct timeval now;
SS_arg *argp = (SS_arg *)arg;
int s;
char relay[NI_MAXHOST];
struct addrinfo *res;
long *sleeptimecontrol;
int *train_ptr;
double *width;

int array_method_sub;

struct addrinfo hints, *rres;
struct msghdr mheader;

struct iovec message;

struct sockaddr_in6é *I1;
struct cmsghdr *cmsgptr;

void *ptr;
struct timespec sleeptime;
int trainID_sub;

Senddata *sendtimelist;

Packetdata sendpacket;

s = argp->s;
res = argp->res;

sprintf(relay, "%s", argp->relay);
sendtimelist = argp->sendtimelist;
sleeptimecontrol = argp->sleeptimecontrol;
width = argp->width;

train_ptr = argp->trainid;

free(argp);

message.iov_base = (void *)&sendpacket;

message.iov_len = sizeof(sendpacket);

memset(&mheader, 0, sizeof(mheader));
mheader.msg_name = res->ai_addr;
mheader.msg_namelen = res->ai_addrlen;
mheader.msg_iov = &message;

mheader.msg_iovlen = 1;

memset(&hints, @, sizeof(hints));
hints.ai_family = AF_INET6;

if(getaddrinfo(relay, NULL, &hints, &rres)) {
fprintf(stdout, "send_sub:%s¥n", relay);
exit(1);

ptr = malloc(inet6_rthdr_space(IPV6_RTHDR_TYPE_O@, 1));
cmsgptr = inet6_rthdr_init(ptr, IPV6_RTHDR_TYPE_®);

I1 = (struct sockaddr_in6é *)rres->ai_addr;
inet6_rthdr_add(cmsgptr, &(I1->sin6_addr), IPV6_RTHDR_LOOSE);
inet6_rthdr_lasthop(cmsgptr, IPV6_RTHDR_LOOSE);
mheader.msg_control = ptr;



mheader.msg_controllen = cmsgptr->cmsg_len;

sleeptime.tv_sec = 0;

sendpacket.route = SUB;

sprintf(sendpacket.msg, "subtestmessage");

while((trainID_sub = (*train_ptr)++) <= SENDPACKETNUM) {

/* train info buffer index */
array_method_sub = trainID_sub % LISTMAX;

/* Train initialize */

sendpacket.trid = trainID_sub;
sendtimelist[array_method_sub].route = SUB;
sendtimelist[array_method_sub].widthcache = width[SUB];
sendtimelist[array_method_sub].tsl = 0;

sendtimelist[array_method_sub].ts2 = 0;

/* Packet loop */
for (packet_id=@; packet_id < TRAIN; packet_id++) {
sendpacket.id = 1 << packet_id;
sendmsg(s, &mheader, 0);
if (packet_id == @) {
gettimeofday(&now, NULL);
sendtimelist[array_method_sub].tsl = now.tv_usec;
} else if (packet_id == (TRAIN - 1)) {
gettimeofday(&now, NULL);
sendtimelist[array_method_sub].ts2 = now.tv_usec;
}
sleeptime.tv_nsec = sleeptimecontrol[SUB];
nanosleep(&sleeptime, NULL);

// receiving module on server

void *recv_serv(void *arg) {

int ok = @;
int ng = ©;

Packetdata recvpacket;
fd_set fds;

struct timeval now, timeout;

Replypacket reply[MAXROUTE];
Recvdata 0ld[MAXROUTE];

int on = 1;
int recvMsgSize;
struct sockaddr_storage from;

socklen_t fromlen;

//for reply
char relayhost[NI_MAXHOST];
int cs;

struct addrinfo *cres;

//msghdr

struct addrinfo hints, *replyres;
struct msghdr mheader;

struct iovec message;

struct sockaddr_in6é *I1;

C.9
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struct cmsghdr *cmsgptr;
void *ptr;

//arguments

RS_arg *argp = (RS_arg *)arg;
int s;

struct addrinfo *res;
Senddata *sendtimelist;

s = argp->s;
res = argp->res;

sendtimelist = argp->sendtimelist;
sprintf(relayhost, "%s", argp->relayhost);
cs = argp->cs;

cres = argp->cres;

free(argp);

setsockopt(s, IPPROTO_IPV6, IPV6_RTHDR, &on, sizeof(on));

fromlen = sizeof(from);

message.iov_base = (void *)&reply[SUB];
message.iov_len = sizeof(Replypacket);

memset(&mheader, 0, sizeof(mheader));
mheader.msg_name = cres->ai_addr;
mheader.msg_namelen = cres->ai_addrlen;
mheader.msg_iov = &message;
mheader.msg_iovlen = 1;

//for reply

//getaddrinfo for relay node

memset(&hints, @, sizeof(hints));

hints.ai_family = AF_INET6;

error = getaddrinfo(relayhost, NULL, &hints, &replyres);

if(error) {
fprintf(stdout, "nego_client:%s¥n", relayhost);
exit(1);

//cmsg
ptr = malloc(inet6_rthdr_space(IPV6_RTHDR_TYPE_O@, 1));
cmsgptr = inet6_rthdr_init(ptr, IPV6_RTHDR_TYPE_®);

I1 = (struct sockaddr_in6é *)replyres->ai_addr;
inet6_rthdr_add(cmsgptr, &(I1->sin6_addr), IPV6_RTHDR_LOOSE);
inet6_rthdr_lasthop(cmsgptr, IPV6_RTHDR_LOOSE);
mheader.msg_control = ptr;

mheader.msg_controllen = cmsgptr->cmsg_len;

memset(&reply, @, sizeof(reply));
memset(&old, ©, sizeof(old));
old[MAIN].trid = -1;
old[SUB].trid = -1;

timeout.tv_sec = RECVTIMEOUT_SEC;

timeout.tv_usec = 0;

while(1) {
FD_ZERO(&Fds);
FD_SET(s,&fds);
recvMsgSize = select(s + 1,&fds,NULL,NULL,&timeout);
if(recvMsgSize == 0) {
reply[recvpacket.route].trid = INT_MAX;

sendto(cs, &reply[MAIN], sizeof(Replypacket), ©, cres->ai_addr,

cres->ai_addrlen);
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fprintf(stdout, "recv_serv timeout error %d:%d¥n", ok, ng);
break;

if(FD_ISSET(s,&Fds)) {

// socket is ready fo reading.

memset(&recvpacket, 0, sizeof(recvpacket));

recvMsgSize = recvfrom(s, &recvpacket, sizeof(recvpacket), @, (struct sockaddr *)&from, &fromlen);
}
if(error) {

fprintf(stdout, "receive: %s¥n", gai_strerror(error));

exit(1);

gettimeofday(&now, NULL);
if(recvpacket.trid != old[recvpacket.route].trid) { // receive new train packet

if(old[recvpacket.route].trid >= @) {
// send back TACK
reply[recvpacket.route].id = old[recvpacket.route].id;
if (reply[recvpacket.route].td2 == @) {
// when td2 was not set.(last packet is lost.)
ng++;

reply[recvpacket.route].td2 = now.tv_usec;

if(recvpacket.route == MAIN) {
sendto(cs, &reply[MAIN], sizeof(Replypacket), ©, cres->ai_addr, cres->ai_addrlen);
} else {

sendmsg(cs, &mheader, 0);

// new train data initialize
reply[recvpacket.route].trid = recvpacket.trid;
reply[recvpacket.route].route = recvpacket.route;
reply[recvpacket.route].tdl = now.tv_usec;
reply[recvpacket.route].td2 = 0;
old[recvpacket.route].trid = recvpacket.trid;
old[recvpacket.route].id = 0;

// received flag merge

old[recvpacket.route].id += recvpacket.id;

if(recvpacket.id == (1 << (TRAIN - 1))) {
// for last packet of the train
ok++;

reply[recvpacket.route].td2 = now.tv_usec;

fprintf(stdout, "Loop Out succeed¥n");

// negotiation on server

int nego_server(char *port, char *relayhost, char *clienthost, struct addrinfo **rresl, int *rsi, struct addrinfo **sresl, int *ss1){
struct sockaddr_storage from;
socklen_t 1len;

int recvMsgSize;

struct sockaddr_in6é *source;
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int

char clientport[NI_MAXSERV];

*rresl = make_socket(NULL, port, rsi, 1);

len = sizeof(struct sockaddr_storage);

//receive relayhost
recvMsgSize = recvfrom(*rsl, relayhost, NI_MAXHOST, @, (struct sockaddr *)&from, &len);
sprintf(clientport, "%d", atoi(port)+1);

source = (struct sockaddr_in6 *)&from;

inet_ntop(AF_INET6, &(source->sin6_addr), clienthost, NI_MAXHOST);

*sresl = make_socket(clienthost, clientport, ssi, 0);

sendto(*ss1, &relayhost, NI_MAXHOST, @, (*sresl)->ai_addr, (*sresl)->ai_addrlen);

return 0;

nego_client(char *host, char *port, char *relayhost, struct addrinfo **sresl, int *ssi1, struct
char recvport[NI_MAXSERV];

int recvMsgSize;

socklen_t fromlen;

struct sockaddr_storage from;

char recvbuff[BUFF];

struct addrinfo hints;
char buff[NI_MAXHOST];
struct msghdr mheader;
struct iovec message;
struct sockaddr_in6é *I1;
struct cmsghdr *cmsgptr;
void *ptr;

*sresl = make_socket(host, port, ssi, 0);

sprintf(recvport, "%d", atoi(port)+1);

*rresl = make_socket(NULL, recvport, rsil, 1);

//msghdr
message.iov_base = buff;
message.iov_len = sizeof(buff);

memset(&mheader, 0, sizeof(mheader));
mheader.msg_name = (*sresl)->ai_addr;
mheader.msg_namelen = (*sresl)->ai_addrlen;
mheader.msg_iov = &message;
mheader.msg_iovlen = 1;

//getaddrinfo for relay node

memset(&hints, @, sizeof(hints));

hints.ai_family = AF_INET6;

if(getaddrinfo(relayhost, NULL, &hints, rresil)){
fprintf(stdout, "nego_client:%s¥n", relayhost);
exit(1);

ptr = malloc(inet6_rthdr_space(IPV6_RTHDR_TYPE_O@, 1));
cmsgptr = inet6_rthdr_init(ptr, IPV6_RTHDR_TYPE_®);

I1 = (struct sockaddr_in6é *)(*rresl)->ai_addr;
inet6_rthdr_add(cmsgptr, &(I1->sin6_addr), IPV6_RTHDR_LOOSE);
inet6_rthdr_lasthop(cmsgptr, IPV6_RTHDR_LOOSE);
mheader.msg_control = ptr;

mheader.msg_controllen = cmsgptr->cmsg_len;

addrinfo **rresl, int *rsi)
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//send relay node
sprintf(buff, "%s", relayhost);

sendmsg(*ss1l, &mheader, 0);
recvMsgSize = recvfrom(*rsl, recvbuff, sizeof(recvbuff), @, (struct sockaddr *)&from, &fromlen);

return 0;

// control module on client
void *recv_client(void *arg) {
long *sleeptimecontrol; // sending interval [nsec]
double *width, maxwidth = @;
double ws, wr; // sending & receiving rate
double delay, r; // sending time & sending rate ratio
double recv_packet_rate;
long ts, td; // sending receiving time
int s, on = 1, recvMsgSize;
int route_state[MAXROUTE] = {};
int PC_flag = RESET;
int num_recv_packet;

int t, sum_offset = @, ave_offset = 0;

double calibrated_width;
double width_cache[MAXROUTE];

RC_arg *argp = (RC_arg *)arg;
Replypacket recvpacket;
Senddata *sendtimelist;

struct sockaddr_storage from;
struct timeval timeout;

struct addrinfo *res;

socklen_t fromlen;
fd_set fds;

struct timeval now;

struct tm *now_time;

s = argp->s;
res = argp->res;

sendtimelist = argp->sendtimelist;
sleeptimecontrol = argp->sleeptimecontrol;
width = argp->width;

free(argp);

timeout.tv_sec = RECVTIMEOUT_SEC;

timeout.tv_usec = 0;

setsockopt(s, IPPROTO_IPV6, IPV6_RTHDR, &on, sizeof(on));

fromlen = sizeof(from);

/*__
do {

// TACL receive

FD_ZERO(&Fds);

FD_SET(s, &fds);

recvMsgSize = select(s + 1, &fds, NULL, NULL, &timeout);

if(recvMsgSize == 0) {
fprintf(stdout, "¥nrecv_client timeout error¥n");
break;

}

if(FD_ISSET(s,&fds))
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recvMsgSize = recvfrom(s, &recvpacket, sizeof(Replypacket), @, (struct sockaddr *)&from, &fromlen);
t = recvpacket.trid % LISTMAX;

// check umber of received packets

num_recv_packet = bitcount(recvpacket.id);

// calc sending time & receiving time
ts = sendtimelist[t].ts2 - sendtimelist[t].tsl;
if(ts < @) {
ts += 1000000;
}
td = recvpacket.td2 - recvpacket.tdl;
if(td < @) {
td += 1000000;

// calculate sending and receiving status

ws = ((double)packet_size[recvpacket.route] * (TRAIN - 1) / (double)ts) / 1000;

wr = ((double)packet_size[recvpacket.route] * (num_recv_packet - 1) / (double)td) / 1000;
delay = ts / (double)td;

r=wr / ws;

recv_packet_rate = (double)num_recv_packet / (double)TRAIN;

gettimeofday(&now, NULL);
now_time = localtime((time_t *) &now);

// output tarin information before update

fprintf(stdout, "¥n%2d:%2d:¥t%2d.%06d¥t", now_time->tm_hour, now_time->tm_min, now_time->tm_sec, now.tv_usec);

fprintf(stdout, "%d¥t%d¥t", recvpacket.trid, recvpacket.route);

fprintf(stdout, "%1d¥t%ld¥t%1ld¥t%ld¥t%ld¥t%ld¥t%.3f¥t", sendtimelist[t].tsl, sendtimelist[t].ts2, ts, recvpacket.
recvpacket.td2, td, delay);

fprintf(stdout, "%x¥t%d¥t", recvpacket.id, num_recv_packet);

fprintf(stdout, "%F¥tu%f¥tkh.3F¥thf¥thf¥t%ld¥t%ld¥t", ws, wr, r, width[MAIN], width[SUB], sleeptimecontrol[MAIN],
sleeptimecontrol[SUB]);

// sending status judge & sending rate update

if (recvpacket.td2 < recvpacket.tdl) {
route_state[recvpacket.route] = INVALID;
fprintf(stdout, "invalid¥t");

} else if (num_recv_packet < TRAIN) {

route_state[recvpacket.route] = LOSS;

fprintf(stdout, "loss¥t");

width[recvpacket.route] = min(width[recvpacket.route],wr - WIDTH_SHIFT);
} else if(r < THRESHOLD_MIN) {

route_state[recvpacket.route] = SDELAY;

fprintf(stdout, “"delay¥t");

width[recvpacket.route] = min(width[recvpacket.route],wr);
} else if(r > THRESHOLD_MAX) {

route_state[recvpacket.route] = ABNORMAL;

fprintf(stdout, "abnormal¥t");

width[recvpacket.route] = min(width[recvpacket.route],sendtimelist[t].widthcache - WIDTH_SHIFT);
} else {

route_state[recvpacket.route] = NORMAL;

fprintf(stdout, "normal¥t");

width[recvpacket.route] = max(width[recvpacket.route],sendtimelist[t].widthcache + WIDTH_SHIFT);
}

// sending rate normalize

if (width[recvpacket.route] > MAXWIDTH) {
width[recvpacket.route] = MAXWIDTH;

} else if (width[recvpacket.route] < MINWIDTH) {
width[recvpacket.route] = MINWIDTH;
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// update sending interval for current path
sleeptimecontrol[recvpacket.route] = packet_size[recvpacket.route] / bandwidth_calibration(width[recvpacket.route]);

// output sending rate information after update
fprintf(stdout, "%f¥t%f¥t%ld¥t%ld¥t", width[MAIN], width[SUB], sleeptimecontrol[MAIN], sleeptimecontrol[SUB]);

} while(recvpacket.trid < (SENDPACKETNUM - 3));
[Hommmmmm e end of TACK receive loop------------=--=----"cu-o */

// bandwidth calibration
double bandwidth_calibration(double width) {
return 0.0044 * width * width + 1.0246 * width - ©.5922;

// cout "1" on bitstream
int bitcount(unsigned short recv_flag) {

int count;

for(count = @; recv_flag != @; recv_flag >>= 1) {
if(recv_flag & 1)
count++;
}

return count;
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