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Stochastic Analysis of End-to-End Latency
for Distributed Real-Time Systems

TAKUYA ISHIKAWA,TT YUTAKA MATSUBARAT?
and HIROAKI TAKADATLT2

In distributed real-time systems, an end-to-end computation is a sequence
of computations from getting inputs to outputting results. In developing dis-
tributed real-time systems, it is necessary to verify that latency of end-to-end
computations meets timing constraints. Therefore, it is important to analyze
latency of end-to-end computations. These days, a stochastic analysis method
for response times of real-time systems is proposed using random execution
times of tasks. In general, it becomes a problem that a stochastic analysis
takes long time because of complexity. In this paper, we propose a stochastic
analysis method for both of response times of tasks and end-to-end latency,
using random execution times and random initial phases of tasks. By using the
method, analysis time is drastically reduced by focusing only on analyzing the
end of the response time distribution.
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Fig.1 A model of the distributed real-time system.
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Table 1 A task set No.1.
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Fig.2 A case that 73 is interfered by higher priority tasks at maximum times.
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Table 2 A task set No.2.

task processor priority period Ee®
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Fig.3 A end-to-end computation satisfying Condl and Cond2.
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Kiz, zIrom g, X +Y OWREENIEL W EBRIES N TV ARVLKBEORKETH
3, 22T, X+Y OMREEHNIEL VI LIS N TR 7 0 OS5 5E 11,
X+Y=x+y thdzylc®l, RIRT200HmBAON, 274 Eb—HPRIZT
52ETHS.

e 0< <X o o<y <Y?

e 0<y<YJrom Jpo, 0< < X
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XoC, Z/7om g, max (XM 4yt yIrom 4 X)) Th B, LLkkY, zlrom =zt —
min (X' — X/rom yte — yIrom) pnid 5, o

RIZ, WREFHRICX RO, s OISR 24 L OEEXRICOWT, XD
TP T 5 Z ERRT,

EEB 4 WHRETIHMRBAIEICE EFNZTEED T aLy ¥ T ik L, 5.1 i TR F
WU X D skavte, Ti IS 1T 2 IO VAR Lr, OfSEXIEDS (L™ L] ©
HHETH, F, Iy 7y oSN T —Y2ZETEIAIE, 71 T
3. ZDEE, RETHRICE VRO, MR OSSR L OEEXK (L™, L]
oW, L, Y L+ Theyn THY, LI 1, L —minp, (Lf, — LL°™)
ThH 5.

SEEA L icowTERS, X9 &Y, L OFEXBEORKEL, LY & Ty ORAIT
HHIEWIDD. K0T, L, 3L L+ Ty TH S,

K, LIromicowt#Hz2, X9 &, w3 XD, L OMEREEIMGES N TORVLIX
MIOBAAE, (LY, — LLI™), BXU, T, ONT, BbDI % L 55 5[e 7
THBIENFPS, TIT, EH L EEM2 XY, (LF - LI 1, T BT 58 A
7 DIRRKFTEREOR/IMETH 2, 351, WHESRMELD, TRTOYRZIE, ZOYRY
OB THEITERT L, £/, Th,p1 BT BT 25 22 0EEHMOR/MET
b2, koT, EROD ICHL, (Lf - LL™) < Thypa THB. BLKD, LIom g,
L' — minr, (Lf, — LL™™) TH 5. m

6. F i = B

RETIE, AFSCTIRET 2MHERNEIT RO 21T, FHiiE, @ik rssxc
WZhh 2R, B L, BITORRE SN IHERFHICOVT, ¥ IaLb—varofife
g 2 2 LIk > TITH. 22T, ¥ 32— aryoifFEsi:, 10°F<Tths. 7,
i 2T o 7B E LTI, 2.93GHz 27 7y Far77uaty ¥, 4GB DA€Y 2HEH L
ey AW,

FHERRETEI A7y FERIICRT, K3IDIRAT 2y MWL, YRI5 DI
BRI A &, SR 1y 1o, 3, Ta, 75, Te DICERI A % TS 5.

9, YAV 176 DIERBTMENRE L CGRHiiZfT>72. 22T, HRETEHR
7 DIARISERERIZ 200 TH Y, FREFIRIC X - TE S 13 BSR4 OB XM,
(160,200] TH 3. REFHEIC L > THRONLIEERMSfE, > Ial—vavickoT
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Table 3 A task set for evaluation.

task processor priority period Ee®

Ty T 1 100 40
T2 I 2 300 80
T3 Ty 3 600 40
T4 Ty 1 100 40
T5 Ty 2 300 80
T6 Ty 3 600 40

—stochastic analysis

log(1—cumulative probability)

X simulator

'
response time of 7,

B4 75 OISR

Fig.4 The distribution of 74’s response time

BN BRI 2 il L2558, Bank)ichot, M4Dy 57 okl s
27 DICER %, fEINET 2 ISR % 8 2 2RO E 2N Fh#EBLTE
D, T, 200, REFERICL-THONDS, ¥ A7 OISR 2 EHEX M
DEREZLRL T3, 2 O0DBERMAMEZIIL TAS L, REFEICL>THNIE
R AR DR O TIZ, 2 2OSMIZIEFISER D EZ->TE Y, EHEKMEDS
HENZIHEST, 20DFFLREE PO TVBE I EBTN S, ZDLI) RER,S, T
ko THELNBIERI MO LY, BX, BHEKMZRkD 2 LoBELERTEL
EWVR B, —F, IBERES 25 ETIChd o IR L THa s L, REFHEICK
EATIEIAS 4 B0, > S 2L —s a VBB L Z 40 0 ThHot, TDL S RS,
RETEDSH, SR % R CTRT CE TV R 2 LN 0D 5.
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Fig.5 The distribution of the end-to-end latency.

RIZ, ViR 7, 1o, T3, Ta, T5, Te DIDSIRRIDAAZ WNRE LTl Z -7z, 22T
KR LT 2 S A O R KIS RFRIZ 2400 TH D, RETFIEIC L - TH 5 1L 5 SRR
AT OEHXHIR, (2360,2400] TH 5. RETFIEICL > TRONIGEREIMHE, >3 a
L—avitkoTHE NSRBI 2 R L 724551, B’ DLkHickho7-, 5
D77 7 ORENE I A LB O MR E R 2, HEh I3 NI 2 )SEE IR H 2 2 5 RO FH]
WEEZNZNRLTED, £/, 2 00WHIE, REFECI->TROND, FmHEQAEE
DA T 2 EHEXMOERZ R L TwE, 2 DBz B L THS &,
2 DDFAEILEL 7o T 5D, REFIHRICL - TR S N2 B RS A OEEXREIX, JF
WL NS OXETH B 2 L0 5. TDXI) BRER»S, HTIC k> THLNZIE
ERNmOBEXMZHARL, BIEL D bHERPIRZWXHZMITTEL L9175
EWRETH B EHEZ NS, —F, IWVERESZE 2 £ TIhh o k% g LT A
5 &, PRETFTHIC X AN 2.5, >3 2L —ya VREIBE X% 3HETH > 7.
D& BRER» S, BIRRICOWTIE, ¥ A7 OINERRIS O & FRkIC, {REF
HEDHD, BERMS A% ERECHITTE TV 2 L8005,

7. Bbb DO IC

AT, &R 7 OFATHRHH & WA 2 fER S E LTk, 8 2 7 DIRERR AT,
B, GO OISER BN DO VT, ST OMIRDT & BT 5 Tz 2R L 7.
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ZLTC, BETRICLD, MTRE O RIS R 2 BTS2 2 L 2R L.

GROPEE LT, MHTORRS S 1 2 )I0ERHA A OEHEXHZ AR T 2 2 & AhET
HBHEEZOND, BUEDRETIRIC X 28T, FHEXHEIHC, BToRiREs 0
2 BRI DEHX DS, MEROIEF NI EEICRESNTL £ 9 WTHEEYN S 2.
o T, MERPBENZMETDH 2 &) BREOINERMZBITTE 2 L) 1L, REFEZY
BIZREPRDH L EEZOND, $7, GRS AT LTIE, NARRY FT7—7ET
KRBT 2EEAMZEEL T iahrol, T L) RIBEANZ B L 7285 R 2§
s 2 FEOREDL, SBROFETH 2 LEALLNS,
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