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Verification for the Real-time Network Systems with the Probabilistic
Model Checker and its Comparision with the Network Simulator NS-2
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Abstract For distributed systems, managing QoS parameters is a focal point of their quality. In this paper,
focusing on PRISM, a model checking tool for probabilistic real-time systems, we present a new method to
analysis real-time network systems detailed, and to implement formal verification with the use of this result.
The paper also describes an application example and evaluation of the method with network simulator NS-2.
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RIS ESWERERALERTAREELXS. Z0L 7 TrERILLOERBELEEERB LRy NT— T VAT A
VAT LAOBEFEEITT I 2 L —F [2] ORCEMENT 3] IC X DHEEEREEITD.
D, VAT LONT 3 —<v L RAHENTHFRIL 2T A F—Fy MERIZBVWONAREMNL T ha AT
Babzw. Va2 b—FEFFRA LSS, VATAONE H5H TCPIE, EREICESZEI DV, HHIBRED
REHHIBETFHT 52 ENARETH D, EVENMENT & BIEAHESTHEDIZY T AZA LROL AT N TR
BE X PTERFOREIEITE 252, £, —RIZEL D INDHZENRN. UTAFA LFRDOYAT LT RISP
BRI Y —REBLBELT L. —J, BUEMATIZECS®, 3 (Real Time Streaming Protocol) 28V 6 5. RTSP i
BHZIELL, —MICHERMELELSL L, it A F—Fy bV TRy Mol o TCP/IP X b
ENRWOHND D TY AT ARROBEEN 2 TRV X U—27 BT, EECHEREEA NI VU AEUET AR
HThd., LEdoT, AFETEEFTVREXFIATS HO7a kL THDH. RISP OFBHIEMELE LT, I
LT, VAT AEKROMERETE BT Tl TFRC (TCP-Friendly Rate Control) (4] 23EH &
WFEETAMREY —/L PRISM [1] (XFAEE LEEERE A TEX T3
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TV y NEERENL—FZ DRy 77 Ly THEM
WETNWLT B2 LT, BIESTEIRY NI —7 OHHE
WOWTEBEIZHNS. &512, ZOEMBRETT L LY
Boiniz 7y MEREOESBERM R o7 —2 2
WT, EEANV—T Y FEREET D ELE T A 2T
5. £/, KBTI PRISM Itk o THELNEFERE XY
P~ I2b—F NS2%ANTyIal—var%
Tol-HREEHRL, BEINTETAOESHEIZONT
T 5.

U, 2. TRRETAREICHMEST 32 Y—/4 PRISM, &
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2.1 HEEMETILREY—I)I PRISM

AETHE, KFECAVSNULOIEFEHET LREY —
PRISM [1] IZ DWW THAT 5.

ETFNRE L L, FHGEXTRBE SR -0
B, REBBERMHZITNHEIDEHET A HOTH
5. PRISM iZREEER R & LTHIZw /a2 7EEEG &2
L, Discrete-time Markov chains (DTMC), Continuous-
time Markov chains (CTMC), % L T Markov decision
processes (MDP) @ 3 fifHDO~ /L a3 7 @EHE 525 Z &2
T&E 5.

%72 PRISM [3FptERE L LT DTMC & MDP (25t
L7z Probabilistic Computation Tree Logic [6] (PCTL) &
CTMC IZxtitx L7z Continuous Stockastic Logic [7] (CSL)
D2OBAFELTEZDILITELS.

—i%IZ PRISM (35 2 b 1727 L & FRERIZR L T,
ZORPHE L RLEREZIET. MW DD OFFEEELK
WZOWTHRERZRMITEEET ZLHTED.

2.2 RrYbFI—T2ab—% NS-2

FRICBT DV I 2 —ra VEROKENSRE LTHE
195 The Network Simulator (NS) I, ®v hT7—27 D
MHRERBIIBEESNIZFRY PV —2F 22 —FTHY,
KEECTEELR2RXY VTV — 7 ETCRATDON I 74007 D
T &N o Tz, R v U—7 OBEREES SIZEE < AV
LTS [10]. NS DM AA— 5 THD NS-2 OfEH
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BT, 2ETHDH. Fy b= 7 v s LOEER L,
AT OESE CH+, =PRIzl —ar LT
0 hIORERY 7 OBRERE STV A LWL D7
HHT7ay bx e LT, OTcl (Object-oriented Tcl)
BERINTWA.

7-72L, 2—PMBEO T hadkd NS-2 TREED
HRelox LCiE, CH+E@# TR & NS-2 o= Vv
Hnaear—VFTEHTEREL TV LERSHS.

2.3 EKMARY FI—JIXFLOTO RN
2.3.1 RTSP

RISP Fa—¥F—F DRELLHMUEDOTL K —F
GhRkea 7oy ¥—) BHoREH T Faro—o
T&H5H. RTSP 2 SETUP, PLAY, RECORD, PAUSE,
TEARDOWN @ 5 2DOREZF->TED, =K/ —F
LDy WML, TROEERTS. —F, EE
DAY — LT —F OEZ%EIT RTP (Real-time Transport
Protocol) 7317 5. RTSP iZ RTCP (RTP Control Proto-
col) DL A—h % ve—VEZFMY, TFRC O L— )
BMAEREHNT, RTP DARA—T w FEEDDH.

2.3.2 RELEE TFRC

UTNE A LNREEEFIETHS TFRC 1L, RTP & TCP
EDORNTHEEERTHZEAHBLEL— MIBAANTH
5. BALAy hU—ZBET (X, B, o 2R)TH
WTTCP 7 —{Zxt L CR U EHHEER LS L O 7%
L— bl Z1T 5 Z & T, BEfF TCP 7 m—IC K& R ERE
EEZHZERBREETOIILNTE, Ry hV—2D
FEEOFBEELZW LTS ZENTES. TFRC 1 RTCP
DULFR—F Ay E—VEHNTL— MHEETY. LFR—
MZE, RESNZRIP Ay b —Fr o 2ESEHR
NREZEThnhbd /My MRRER, ¥M LRZ T L%
BN REL NV v (REBEODLE) 2D
HFRBEFEN TS, RFC3448 (Request For Comment)
IZIFRDAN—T y MEEAR BRI TV A.

p— S
X = R/2xb%p/ 3+ (t-RTO#((3x/3#bxp/8)wpx(1+32xp2)))

X OHEALIX [byte/seconds] TH 5. TFRC I X OfEN
Bandwidth 2 EH L A & RO ANL—T > LD b/
e, TOX ZAV—Ty b LTRET DL 9 IZRTSP
WZHETR AT, Rlseconds| X7 v K MY v 7 A A, p[%)
3y FEKER, sbyte] 1X/37 v MY A X, b[number
of times] i TCP HEIGEERTH Y, t_.RTO[seconds] i
TCP ®& A 57 7 Mz R

3. EEERY FI—9 R TLDOHIRE

RETHE, EEMRY NT—7 VAT A0 ERT Lt
2, FOFR Y FU— 2 L RT ADOWBIZOWN TS,
EESR Y hU—Z R FAOFE LT, BIEGRT—F
BUE A7 A 8] #HVE. ZOBEGRT —FEIE VAT L
Z, M1iz77. H1 T, FRAOAL—ZH FTP —
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AETIE, X1 OFREICR L CAR THEE L~ PRISM,
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4.1 PRISM TOETI/E

AF T, EBEMRY Y —2 225 5% PRISM TF
FNAALERAT D FEC OO THRBAEZ RS,
FPEEERY NT—2Z VAT AOT R by Ty
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KMo 7PEA LD EERNCHEEIET LVEBEL,
ETFNOREERTTHIET, AT 4 T —"DEFEX
N—"7v bOTEEEFETS.

4.1.1 FEERFET VO

PRI ET LTI, Ny NELOBRKOET LR
HA D, TOEDITE, V—FIZE Dy 7 AR, %
LBy MEERRET HEETa b :wmﬁ@i%ﬁ%ﬂ@
BET TR, Sy MEERREOEBERROEIZ OV
TEEZB LI ETEFLELITS.

4.1.2 BFfE#hoER
FEHIEREt T T A TiE, EEMRXy P — U REZEEL
THESR LTV 5. BRBYICIE, %ﬁgﬁ%m T, BER

IRRFRERICIN o TR/ — R v b EEZETII I
EFNALELTD.

BEREIX Ny R EHEDO A N MIESNTIT ).
FFHET D2 — VA N MRERAEREL T, 4
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Ny MBI ND L, BEOKANLE LEITOA N
hEAMA E CREMZRE ST 5. RiBk, BEshi-a
NUMRFEEL, AN MEREISELEY 2 —ERO
ARy BEERAEFHOBGET S, BHEEROLDDE
Ta— i, BEE2EAY, 104TTRIELTNS.
4.1.3 NL—FIZL B8y 7 7 I

N—ZIZ LBy T FHEEENZOWTIE, ZEL v b
FERHTHX2—L LTEFMEEITA D, BIEOF 2 —
REBHER L -TERTDZLIZL T, =a—lzxt
THRETH AT Fa—, FTXa—ONBEETTS.
TF =T, &/ — KRBTy v O REH
EEBTAEHII Ty y MEENE I EHET 5
—x, EEMmoEE ”iofﬁﬂﬁﬁb6ht@@
AR NLEEFRFIZIT Y. 2%, EOOLNAEEE Y
V7 DEREHE D B ORFMNIZ S alEER 3 v M
HEL, ¥=2—R0OFy MERGT. Sy 7 7 Hl#EI
BT oEy=—nk, % 9 BEAVT, £ 100{T Tl
LT3,

4.1.4 WET 2 b 2L OEEEIE

Fv hNU—7 Eoor o R, SF@ET e baick
DIRFEEND. FFEHRFETT AT, VTFTATA LSHS
AT AZHAVONEET T NI LDIRSENI OV THE
L7zgkEHc e > Tna. BLFSEMAVS TCP & RTP 71
kL ORI 2 B E L - ' T AARIZ oW T A,
TCP kv a ORI E L, TCP DA —2 47—k
T r— X, EEERMET = — XDR BN OWTET AR
LTW5. BEMICIEAR =AY — 7 2 — XOEEAE
BT ALEHEREL, Au—RY— 7 =2— AOEEEHE
ZBET, BEATy MIEE2IZHESS LT, BiEE
M- EE, BHERME T 2 — XL LTEESYy MR 1
FTOERPLL TV, 7y MEEOFEARZE, Ar—2
H— R T 2= AOBEEREF Ty MRO¥Z, vA v
R4 X% LIZREL, 4T TV R M) v 741 ARRiBTER
WIZEFA R MEITS. TCP 7' haVIB8T2E5 02—
x, —2D TCP @/ — K70, BE 6 HECTH
30T TRB LTV D.
EFNLVEORIP 72 b2 T, UV R ol d A
Ly MRKRE Ay 7 7 HIBEIC L > TEREL, A
N—"7 v MEERIZL > TEFEL— FEEMTA. Ll
BHENEZEE L — FAEWES, 5L 08 bz g
LHEDIIFEE L — MIBEET A L —EIZERD
FEEETDLIIZETMEL TS, RTP 7 b
BT 3EYa—i3, %6 EHVTH 40T TR L
TV 5.

4.1.5 ST RN oTHALE Ty MBEROFHE
T RN T EA L, Ny RRP— TS
AT hETE—FETDLIOZINLEFEMTHD., T
ETIE, Y E@IBT DO LB BN IR TERE &
w~&wi5/~FmELﬂ6ﬁwfmé /ﬁFW&L
I, F=—NEETry ME, TFa— 5 HH A

V-t
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POEET L. EORLREEZ<IZY, TFRC OFEk [4)
W, TORFEETOTI TR o EEH L HM
SIhied o B M) vyl L, BT E LTy
HTET, EEEFTD.

Ay MRERRIE, Ny MEERIROMK L LTRD
bid 4. EL, HEORESEE Y, Sy MR
KEROBREARWTHET S, TOPTRADBIREIZY
REVELEMBESETNEL, HOEFE2ITH. TF
ETiE, §BEZEL TBL Y, BERS OBKERE
EELTNED,

FUUR Ny T EA LESS Y MERROFEICET
DEV2—/E, BEE 25 BAVWTH 40 T TR LT
W5,

4.1.6 HE(LETTLOERK

PR E T LTy I 2 b—3a Y EIToCAL—F
PERFHUS D Z ERRTEREN, BELE1TO &R TH
L. FOIET, MGt LTI, U T ARRREAL, o8
T RN OB EIT o CWADTET AN EMEIZ/RY T
ETNE72HTHD. K TIEAT « 7T H =BT 5k
FEAN—T"y M ERIET D0, FEMZREFET LD 2
V=g UEERETICERILET VR ER T 5.

HOMNUDFEMRFET VLY, JUL R o7& A
LT MBERFEFHIL TR RIZ, MEERIHEFEO
ZDRT A —F TR D BERIT 72 SRS 8 0 A B VER T
L. ZLT, EXMICKToMEFEEE, SRMEPRMEIC
My LHERMERE LTS, kIZ, EF L ETEOE
EERIZLSTIF TV NRN o T 7456, Ny MBESE
OEEFEL, 2. THRAZRL—Fy MHEERIT T A—
&L LTHET.

MEET LT 2— 8 1, TOTRETIERLT
AV

4.2 NS-2ZHFHETILE

NS-2 TEHEIDY I 2l —a b E 79570 0Fy hT—
72 U AOWHRKE LTk, NS-2 % PRISM & RH##IZK 1
DORERRIZE - 7.

Bl 1 OFRIZET 5 100Base-T *° 10Base-T (2 L » THK
J=RDYU I FEEEITY, FIP Y=L FTP 7547
Vb Ry Rz R —FIZHIETH S — N EO@ET
2 hobiE, NS-2 20 P8 T ThonLHEES
HTnWd TCP, UDP @7t hmL&Z TIN5,

FRIOERE L LT, NS-2 DEF AT, HEEEHEEE
Ffo7/o RTP 7'm b /L CEERATD AT ¢ 7 H—sX, L
TEDRIP Xy MEZIFEL, @R T 1+ — KXy 73
7y NEKET S RIP OZET e N aLERET ALER
b5, InsoTa baizonTil, RBREDEY = —
NTHDT-, BIMMIZEE LT nER 5720,

FZTARFETIE, NS-2 D CH+TRABENTWVWS T
YUOUERIEH L, RTP Xy hOEZET e ha L’k
TRFC3448 [4] TE®D LN TWABEREICHE D X 512, £
EIToTl-. BN, BEZ 7 A08I38 77 AL, B, &
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FAYy FEUX 12, B, BEEMAZ-7 7 A MR L
FATEIE AR TR 500 1T TH 5.

5. 5l % & B

BREUCKIEFEC U THBEE®EA Lz, 2k, E5RE
85T OS 25 Windows Vista 64 £ MM, CPU %3 Core2Duo
E6550 2.33GHz, BXTUAE VU 2.00GB TH 5.

51 ER A&

PRISM £7 /1, NS-2 DEFAMIIER STV ATl
7w b A X% 500 (Bytes), TCP O & EMEER% 1,
TCP DFA LT U MEZA4TTUY RN v FH A LERE
LTW3B. £z, r—FDOF 22— 41 X% 32KB, 64KB,
128KB & L7230 v+ U Az oW TEREIT o7~

INHDNRNT A—FEHWT, NS-2 LEMHREET L
FROWTENRETNR Y I 2 b—3 g 2 L » TEEE— R
DEFEAN—T v § 2y MEREIZOWTEEITTS.
Fie, BMERHETAOVIa - a izl oTELR
IO R o EA BTy NMERROBRSH %
T ET LVEBEL, AT 4 T H— SDOREFE AL —
Ty FEMREET 5.

5.2 YIal—S3 iR

TR, EMRHEFADOY I aL—a VERL,
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P4 X% 64KB & LIZBADEEAL—T v EHIE A X
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X2, 3BT LI, —FDFz—H A XN 64KB T
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