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Simulated Annealing-Based TDMA Scheduling Technique

Abstract: A cost-effective communication mechanism that is capable of sending out a communication message from
node to node by their deadline is required for realizing industrial applications such as automotive ones. Reduction
of the operating frequency of a communication bus generally contributes to lowering the cost of wire harness. This
paper presents a design paradigm in which we optimize the length of a payload segment of a frame and slot multiplex-
ing under hard real-time constraints so that we can minimize the operating frequency of the communication bus. We
formulate the above design problem as a mathematical problem. We also apply simulated annealing (SA) to solving
the design problem. Our experimental results show that our technique achieved 62.3-63.2% less operating frequency
comparing than that of a conventional one.
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Variables
e wis areal variable.

p is an integer variable.
q is an integer variable.
a; is an integer variable.
b; is an integer variable.
¢; is an integer variable.
d; j is a binary variable.

32 BEGFELEZAVEZTIDMARTSa—1Y 2y

B & 72 % L (SA: simulated annealing) 1 FEHRE M T L
TYXLD—2>TH 5 [9]. FHIENBE S DR A BAR
THILITMAT, HEEMOL & CRMBMAELT SR
LEINT 2 808 SAJEORE LTI oD, HRFR0LH
DOYNERECIE, FENED B3 2 ff 2 BRI T D iR K
&<, BRLEBPETIZoNn, FMENET 5 EE VS
INESWEDOBDBIEAR S 09 < A2 . Fofémolaig, G
EUETLMOBRBRIREND.

SAEOFE = — K [9] # [ 6 IZ-T. Fhex SA TV
TIX, FHeE Metropolis OFFOH LMY IR S 415, Ffic
& Metropolis 2APFONH & D IS, IREARTEKT I
HEamELON, TIIEDT 5. —J7, FHtE Metropolis
DRERNH EN DL, MIZBBEEL LI, MITENT 5.
M 1Z Tt & Metropolis (235 1) D RO RR £ 2 P ET D
HLOTHD. Ffei & Metropolis (2B W TIE, 52 bR
DUTEE % 3 Tt & Neighbor (2 & » THE L7 —HEfiE &
155, Filofs o i & BUEREOFFANE D 257 1035
W, BRRZRD . FHlEAHIK S 2 5EE, NewS T
BestS W7 5. I b7eiiud, R, FHnEOHE
M%EFFL, NewS T CurS %57 5.

AN IBUNTIE, SAVEE 3.1 Hi O LI OfRE L
L CHW=. ﬁ@%ﬁiﬁbi, ﬁ;ﬁ a;, bi, Ci, W, p Iz & OT*%EJZ%
5. drtEE R D T & Neighbor (2B W TIE, —ED
MERIZIEDNWT, AT DB A —OBINL, S
B5. BEERICOWNT, 1 ZT8EETS. wicBE LT,
B (=0, 0 = 50) 12 FDWTHEEE 2 P E L 7.

(© 2013 Information Processing Society of Japan

Pseudo-code for Simulated Annealing
Procedure SA(S,7To,@,8,M ,MaxTime)
/] So (ZRIHIE
/] To VEARIHNEE
/| @ X EIFE
/| B IXEEL
/I M AZIRD /ST A — B T E TOREH
/| MaxTime 134850 BRIERE
begin
T = T();
CurS =Sy;
BestS = CursS;
CurCost = Cost(CurS);
BestCost = Cost(BestS);
Time = 0;
repeat
Metropolis(CurS,CurCost,BestS,BestCost, T ,M);
Time = Time + M,
T = aT;
M = M,
until (Time > MaxTime);
end

Procedure Metropolis(CurS,CurCost,BestS,BestCost,T,M)
begin
repeat

NewS = Neighbor(CurS);

NewCost = Cost(NewS);

ACost = NewCost — CurCost;

if (ACost < 0) then

if NewCost < BestCost then

BestS = NewS;,
endif
else
if (RANDOM < e~2¢5'/T then
CurS = NewsS;
endif
endif
M=M-1,
until (M = 0)
end
6 SAEOE{La—F
4. EB&
4.1

SAE R T — 7 (T H B EAT S AT A0
F5EMEO—FTHD. SAE N F~—27 % 53 FEEEHDE
BIESMOREE SN D, SAE R F~—7 OFFMIT Kutlu
HIZE->THZLILTWA [6]. AREOZERIZEBWTIE, K
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ERBIEEFEICH L TH SA TSN Y LR TE D
EWRE RO D Z LN TEDZ L 2R T 572012, SAE
Ry F~—7 O TEENREEREBEAZER L.
EBRICHW T BERTEAEZR IR, £l1oFoRy
F~—2 b, I n 5D SAE 2 &te = L A BT 5.

£1 FEBRCHWEEERESES.

ReF~v—U4% W 55
by (SAE Xy F~—7) 53
by 106
b3 159
by 212
bs 265
be 318
by 371

AR CRTRAERB IR, £ 218 T, Park HIZk o
THz2bNleRy NU—=7 T XA—=F4EE5 [Tl “ -,
F ¥ FZNT A RAVT Y IZOERKIITT ¥ FAT A RLF
A LRIRNEARGE LTz,

K2 KXy bNT—INRFGA—XH,

Factor Length

Header w/o BSS 5 B/frame
Header w BSS 45 bits/frame
Trailer w/o BSS 3 B/frame
Trailer w BSS 27 bits/frame
TSS 9 bits/frame

FSS 1 bit/frame

FES 2 bits/frame

Idle delimiter 11 bits/frame
Action point offset | 1 MT/frame, 10 bits/frame
BSS 2 bits/frame byte

31 HINOR LMD Z 5.2 %, SAIRIZESWZ YL
N CH+ERBIC I o THR L=, SADNRTA—=Z L LT,
3T HOEH W=, 2009 O/RF A —X OfEHE
WK LT, SATEICHASS YNANEEITL, ERkdiz

%3 SADNRTA—H,

NI A—H
So SM Z1TH 7\ GE O cfiE [10,11]
To 100
@ 0.9, 0.99, 0.999, 0.9999, 0.99999
B 1.00001, 1.0001, 1.001, 1.01
M OFHE | 10, 20, 30, 40, 50, 60, 70, 80, 90, 100

4.2 EERHHER
RRFIEOHINEZRTIZOIZ, SAIZHESL Y ART
S5 5 TDMA A7 Y 2 — V4, BEAFEFZEDFiE [10,11]
ERAWTELNLZ LD L. IBREFEETAT Y bv
NTF TV 7 ERATA20b0THY, —F, BEFEFE
Ay h~AF T LI TEBREALZNVEDTH D.
B 7 IZEBRAER AT, o S AOEBERERL, @
BESEAOBBIZHE L THENT 5 2 L0825, BAF
DFHEL AT, IREFIEIT 62.3~63.2%0Eh{ER 4k %
B 2558 720, 2y h~F L7 v T ORE
ZEBRICHER TE . £, BIEE TS 159 #HE2 B 2
LHBOR U F~— 71Tk LT, BEFTIETIE, FlexRay
DK LFFSN % 10Mbps 8 2 5f5 58 £ 720, FlexRay
WL U720 AT DBRREE T 5 2 N TE RN & 3 Efig
Iha.
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30 : . . . .
w slot multiplexing ——
o5 | w/o slot multilexing -

x

20 x

Operating frequency [Mbps]
o
X

0 1 2 3 4 5 6 7 8
# of SAE copies
7 WfEE SRS OB L BIEE o BLR.

5. 8HYIC

AFEIZBNTIE, 2y hwAF T L, VT
L— DA va— RELZEL L, 05/ S 2 OEER K
Zhe/MET 5 TDMA BEEEORFFIEEZRE L. SA
EEBRHATZ2Z LT, KAEAKOBEEFZ2ELV AT
LKL TYH, SMEOEW TDMA A7 Y o — )L % 5 I
BNICIED Z EMA[REL o7z, Ay h~AVTF L7
V7 R L WEEETE [10,11] & ey, 2R TR E)
TR % 62.3~63 2% M T& 5 2 & & RERAICHERL L
7o, MEFEICE-T, IVIERETLMARY A Y —F A
EHWDZENTELZ ERMENS.
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