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Abstract: In sensor networks with a path-fixed mobile sink, due to the limited communication time of the mobile
sink and random deployment of the sensor nodes, it is quite difficult to increase the amount of data collected and
reduce energy consumption simultaneously. To address this problem, this paper proposes a data collection scheme
called maximum amount shortest path (MASP) to optimize the mapping between members and sub-sinks. MASP is
formulated as an integer linear programming problem which is solved by a genetic algorithm. A communication
protocol is designed to implement MASP, which is also applicable in sensor networks with low density and multiple
sinks. Simulations under OMNET++ shows that MASP outperforms shortest path tree (SPT) and static sink methods
in terms of energy utilization efficiency.

Key words: sensor network; mobile sink; path-constraint; data collection; energy utilization efficiency

# E: fsink A 3hiid B T a4 B B ML b T osink £ PR G843 B 18] Ao 8 AU A A AFARME 32 R 4435
R E TR GAERAEAEH SR T MR A2 AL AR T —HF R K438 & R 42 5542 (maximum amount shortest path,
{8 A MASP)#43% 5K & 5 i% MASP 3 M4 &, 51 7 % 5 sub-sink 7 & 2 18] 49 [T fie. % 2 3474 F X4 R4 0-1 &
HHR]F k5t MASP B HATR KALAGiE 3 8 T —AF R T =2 4 GRG0 145 Ak Bt AT R AR T8 T AR
FHEBAEWBEX . B I MASP ST A Y R ZAFIKRE E M %A= % sink & W4 2 F OMNET++4945 A 4 & & 91, MASP
T REALA) ) TF BB iR AR T SR A 5442 J7 % (shortest path tree, 8 #& SPT)& B & sink 4k38 K & 77 i%.

KR AERB WML A ) sink; it B 25035 R R ARAE A R R

REES S TP393 CHRFRIZAD: A

FiE HE 1] 2 DN PTG 26 4% S 2% 9 2% (wireless sensor networks, f&i FRWSNS) S br 3 FH 1) 3 2 & 15 2 — ZEWSNs
Hh sink JE Bl 1R 45 a5t 75 R R 2 1 A T B R SR R R, 25 5 T WS NS i FE L3I 0T 4 ok, AT T4 HE 4%
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Fhsink# 51 7 15 4 90 fit B0 9 FEAE S 22 1071 552 ) 407, AN T 2% it i RE L3950 ) 0t

AN SN 55 2 B Xt sink RS Sl IR ] 5 1) TC 2 A I 19 45, 2 rp sink st A ] e BT A RS By, K Ak
ST SR AT AE BUE T 1B R 2 B0 A 7 208 B0 15 3% 21088 shisink s 78 M2 W 4% vh sink o5 1B B 1k 23 7
Sk HL T A5 BT T 4 R 7, AT A K b 240 o T 3R 8 s SR A i 0 e, dn e 4 v B RE R P R A B R SR AR R
T RE 2 (KO A 1% R G A VR FE bR AR O K SOk b 55 48 M 48 4% 5.1 SPT(shortest path tree)(®7 9148
Bl 3 A% 10 55 20 Bl sink 1) B 45 SPT RE W5 17 24 B4 % 3R 4 BEE, H1 2055 02 R 42 31 70 1 () B4 1, e AE )
FH 2 BBAK.

EFXF sink B 3h I8 [ 52 9 R R AR B B TR A B X 4% R ST T — R R A B0 R AR HL] MASP
(maximum amount shortest path), R4 sink 15 B0 A5 I 18] 2 P46 & 15 215 23 B sink 45 36 72, NITT A R 40
Hdin R A f KAk, ) e B ARG 190 4% 6 RERE, 312 75 2R 48 e FE R T 6.

ATCHE L S MR A 0 T 3 SRR SPT STV i s 58 2 AT MASP Ak il 5 0-1 %%
FRRI S ALK A A 2% ) L5 3 15 4 Hh R T IR S A b UL 56 4 T 2B MASP HLI e v B0 R A @ A5 By
WS 5 0 MASP AT I Red i, 18 2 SRR E I 26 A1 2 7 5)) sink 55 4% 55 6 15 )& MASP Jisi A& 5135 (1 1k
RED BLAIAT .28 7 T & SR AR I B M 48 72 5l sink J7 RWFFCILIR.

1 HRAERESH

AR LG —F sink A% BB [ T 0 KRS 2 B 20 0 £ A% IR A8 9 45 52 o . 3 S HE BP A AR AR ER R
WL RNV IRI . T A A 6 b 2 T 1 A — AN 3 SRR R AR RS B sink b M e e AL B
NGB IRZESRIZ g 34 b X 018 2 4 70l o W A OO 103 % kAT I 8% 30, IR sink sB S oze [ 8 4
2 sink 5 M BB B ¢ IR B AU BRI 58 Bl — 46788 Bl AR SC LL“AR B0 R A R 1) 45 P e AR IR I R B L
BISTECRE R A GE L .2 sink £0 M B 20 30755 55 BT I, 755 5T 46 ) MR B AR5 30 sink 55 M )i
v R, AT LUK A 30 I DX sl i) 23 by P 38 7 L B2 0475 X 48 DCA(direct communication area) fl £ Bk i i X 35
MCA(multi-hop communication area). & 1+, L1 F1 L2 P 4% i 2k -2 [] f X duk BT Sk B 482 008 4 Xk, i Xk P 4 74 A
(KA sub-sink) PH 125 B 030, DR BE B8 ) sink a0 M B A% 65000 i 6 MCA H (71 s (B b 1R ), 75 2% H
Z b 4k 5 OB B AL 16 4 sub-sink, JG B R A73R 185 R IR B0 I e 28 R % 4R #5 8)) sink AL

~

Fig.1 WSN with path-fixed mobile sink
Bl 1 Sink B[] 52 Jo el ikt 199 2% W T 3 5%

AR Z Y 3 5 R ST N R

(1) B3sink SEAEWIIRERE TN 706 AT B AR

(2) &1 ACEAT A R0 D 3% 4 R A I R 2 B sub-sink s5AT 2 08 1Al 2 1) 28 A7 254
(3) &AW HAX BeikBE—A> sub-sink 14 H 1;

(4) BRI LS T Az )] DO o e ksl 22 Bk 07 305 AHE
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(5)  FTAT R BA YT AT foe R AR 1) JL TR 1) sub-sink i 1% Kol

(R L s 1B S s A B BR 2 T A% 80 sink 255 4% sub-sink 522 ) PR3 A5 B 1) 8 PR, 7 A
A~ sink 1247 AN, % sub-sink s BT AE Ik 9 B R H A [ 5 K. 53— 1, sub-sink J A1 OB 2 B0k B
TR RS sub-sink T EL B BB YT R AR D T L BTG AR IR B R 1R K. S B A B R T e
I d KB HE R O LR B W R B) sink s AN FRLYI N OB R AR o2 U, B 1 T RSB R AR R
# sub-sink JT 40 5 ) a5 Y R AT O, T DU e 8 4 i GA B0 SR B v B RARE . 0 — T 1 A Y R R R
SR I 4% o TR R AL 1) DA T L4252 W X 6 AR B8 G S SC BT S (10 2 T 2 1) e 52 00, BRI A i 10 A0 ol 5319
FEA- sub-sink s 2 18] 73 Be A 19 76 5 KA 28 8 B0 R A 2 1D ] I RE 8 )T e st [ IR RE A

SCHRLS, 7140 5 H 5 Jod e A2 8 SPT 777 25 % sub-sink sl 71 SPT % 1 53 126 % 2 HL 1k A0 J 1 sub-sink
PR H K, B3RS (R B 05 46 22 4005145 sub-sink (10 f5e i B A2 WY [7) B AR A I B rh 4. (29K, SPT 7 vA RE 6 di /)
AR RERE,MH SPT " {1 sub-sink 26 £E KR vHE AR P 245 B 1Mo A% 18 % sub-sink x4 it 3k BE 07, DAL iy i)
AE 2338 1, sub-sink [ R 5% B 5 O A I% 8 D AN LS. 1 G, KL e sub-sink x5 8880 sink FIE AR I E) LI
e BB D, 3 BB AL W IR B mT UAGE 1 55— THT, 56 2 sub-sink s 14 T8 £ I 1) 4R K, EL R 5% OCREAR K
IOV 58 4 R IE G AT (1 KB e A5 B e O, R B T 1) R R PR I 2 5 B 5 REAE 1 AN 35 5 4 L A
ZOEAFINT AL 2 45 1 T SPT SARIIEAT 41 2R K 2(a)H SPT AL AEMS R AL B R L1 BIAE foe R AH — 1 i i .
2(0)45 T 1 2(a) P AE 150 AT s B B R, % sub-sink s T A 5 B S SR /0 1 DA SRR 1 L AR i i U
B4 2% sub-sink s 9 A B 6 RE 3 v S5A5 21. MCTHT I A6 23 260, B SR g /D 18 52 o R R TS I AL T R
3y sink 3815 I [] [ YR 21 A0 At SR B 10 a2 491 Pl 2(b) ) sub-sink 12,802, SPT 5 2% B BE 6 A1 R (K
FE,(E H T B0 R AR R AR, N T 5 EREAE A AT

1600 : 5O
& 1500 — ] 45| | Minimim requirement
\x/ 1400 g 40 |:|SPT
£ 1300} £ %
s g 30
5 1200+ SPT < 25
S 1100} —k—Theoretic maximum 5 20
o
% 1000 'g 15
g QOOM “ N I‘
(=]
e sool 5 ﬂ l ﬂ J

700 . . . . . . . . O tmm I I]l‘ I\ i-| .

120 140 160 180 200 L A 12 14 16 18
Number of sensor nodes Sub-Sink ID
(a) Total amount of data collected by mobile sink (b) Number of members belonging to each sub-sink under 150 nodes
(a) #3h sink HLEE B R A S5 LA (b) % sub-sink 7 & iz 51 7E 150 AN AL R B0 TR

Fig.2 Performance evaluation of shortest path tree algorithm
K2 SPT SLiktLRevrin

2 BERHFEEREREZEEM

AR SCH) S F AR EE R sink % 2l ik [ 5 (70 2 % I A 19 2%, 2545 5 R HH SR A1 B R0 BEAFE MY IUH R R %,
P —MILAL Y sub-sink SEFEHLE] 2 FR G0 REAE A ] 2, BAR R A4k H A

(1) RGHdn XA B E kAL,

(2) ££HFRQ)IIENE - R SR REFE S /ML

P 28 T ot 2 7 A ST KLU B NN member 73 31 4 71 sub-sink A A 78 53 350 AR AR,

Ntotal=Nsst Nmember-
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21 BIEXESERKRL

FA G R A BB Qorar FH 2K 1125 sUD-SiNK (1) A8 BEALRR BT Gy = D% 0, FLHT, 0y 3% Hsub-sink iff:
F R B B3 T 25 B0 6 T R sub-sink i, 5K B T A 38 B B0 8 g IO T IC R AF Bt i b d KR IR B
i 2 2 (R A, oy 2 () T

Oy, = Min[dit ,dy(ng +1t] (1)

Ox (L), Ao 73 0 2 705 B A i 2 R B SRR 2 R sink i IR I2 AT JI, t, 2 Rsub-sink 45 sink i
(YL A5 I TR 24 3K (L) L B g, SR IT AT 2 B0 [ e AN A2 1. DR b, 2R 498 000 R 5 i dk dpe A ) 72 20 i 22
AN

dttSS‘ min
nssi = d tl -1= nssi (2)

AR (2)F W, L sub-sink 27K A 53 B0 AN T d /A 5 5K ng™ (minimum requirement, i 7 MinReq),
M 5) sink 5t nT LURAE BB S F 16 B K3 &

22 RGgREFER/IM

FEA% R3S I £8 AT 5 first radio order i FEAR 79 MBI 20 H dgle FH T 574 5 36 R W RE R {Efirst radio order
REFERITY b 7 7 R 0% BERE S AL 4B BE 25 1)1 U7 1 BU AR SCAN 5 B8 Th 2 s i i) 0, A1 52 9T A 1 A R D [ s 1) R A
RIS T 2R,V BB YT A5 2 IA) (1 5 B P 8 G 5 A ik, AR SR A 3R (3) T s 1) A7 Ak REFEAR 2 12455 70 L A AH
KICHR[L9]Hh 4 FH T~V B REFE.

p~e(kr+ki) (3)

753 R (3) BT s B BEFERE TR oy Y 2505 A A p £ 2 SO R 338 A B 0 6 ek Tk oK ke 2 ek o 30, 3 R I A
BRSCERLAT ELRR RO 1Y BEE.

R B sink BANSAT B AR T A4 0 Bl B KRR X B Bk 2 IO R A K =K +q, g KR
RLEBRANIZAT YT N BT R 4 B B0 R AR IR AR 1 (), T B DA T R W i B A5 1) JL T I 11 sub-sink gk
DB BT LAAS B4 9 T A S S i S Bk T ) O R LA K (4):

Si-3heq @

A S (4) IR T A B LT JE sub-sink s 1) B A0 2 SR T A0k sub-sink, Uk 0R 5 24 3 (4), il LUK
LS RG0S BEFE Protar A by Joe /N BREURN (1 7 X,

Ntotal Ntotal . ] DNiotal 3 Ntotal
Protar = Z pi = Z e(k; + ktl) = Z e(Zk; +Q)= e(2h +1)-q (5)
i=1 i=1 i=1

i= i=1
23X (G) i AR BT R 48 B RERE AR 22 2 (5), AR 4 A BEFE S /MK ) A5 A T4 0 3 e i 8 2L T
sub-sink i Bk ZOM /M ]
23 RAWEESREREMUEE
55 2.1 FIMIER 2.2 1573 0k ik B RERE S/ A B B KA AL H AR IR 2 PFEAT T 20 BT, X L4 i A

NS A A R A
H Fr A %4
min 3'h, ©)
A U
g =ng" (M)
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3y = (®)
DAt H b of 50 (6) 55 /N A4 55 5 R EIORT b 5 R A 4 I A4 B R B /ML A R A () H 1 DR 8 B0 sinke s B8 R
AR A KA, T 20 SR 45 A0 (8) MUK 45 sub-sink Bl ot B0 (1 S R EAT 29 . Bl dee A0 A4 il 80 mT DA R 8 - 5 4k e £
A 53 43 B ML 2% sub-sink 328 BEATL I, 782 37 2% il 02 5 sub-sink 2 [ AR A6 i — — WS o0 R A 15 E A PR R GE 4 R
AR i R IR B2 B3/ A 4 A 4 e A DAL e 12 B U0 A Il R Ay g R B0l e R 6 A% 1) /. MASP(miaximum
amount shortest path).
RRPE TR B B, 75 MASP 1, & 1l 51 0 200 HAV REd £8— AN sub-sink 1E24 B ¥, H.% sub-sink s BT 254 1
NEEE TR A AR X 4, T (3T 3K f#, 7T LAKE MASP [] U A R 0-1 HE S0 P 3041 ) 7L
o HEPBEA(NmemberxNss): a7 3 28 (=1, .. ,Nmember J=1,...,Nss). Q520 —HEHl A it ;=1 7% Ji b i ¥ sub-sink
4 H 1);25=0 FoRsub-sink jAN A& i ik H 11
o FEFEH(N memberxNss): BN 7GR A (=1, ...,Nmember,j=1, ..., Nss).hij & 75 B 53 15 Ali Elsub-sink 1) s fid

B
ERANEEE
Nmember Nss
min Y, >a;-h 9)
i1 =1
T AL 2 R A
>a, =1, vi (10)
=
Nmember . ;
2 20y, Vi (11)
=
r]member 2 i ngs]:n (12)
-1

B HBR B8 L (9) SR T H b R 20(6). 29 SR 4% A (10) A D A5 A 1l B4 46 20 HLAN G % — > sub-sink, 2 R 411 (11)
R4 sub-sink )18 53 0K T B/ AR MinReq. 2 R 2 1 (12) 55 i d (KB 4% 11 (4)— 30 RIS 1 vy s A 2 1Y
2% 53k B KT B/ i SRR IR ML DG T4 TR A I 199 5%, Bl B i/ T e/ i SR A PR D A )
THTHEAT I 18,

3 ETEKEZEMEMERMBARNEZ

S A ) () A2 28 AR IR 1 R, T SCH IR 1) 0 — ENP- 56 A 41 4 A 4 i P S A S0 — b Ay
AR 2 A Ak T R AR I e AR AR SR P a8 A% S0 PR R AR D B 45 45 JR) PR R I 3 45t T 42 sUMASP
) LA v, SEBL T RS B R ) A I 23 .

3.1 RBKRRIEBSMERFIRER

Tt A8 B i T (¥ 4% €444 (chromosome) 4 fith #1552 — 4E 4 il 1 H A 0 4k o8 20(9) T A (11 T2 2K NiemberNss—
YEFE RN T T R R TE 55, 1 SR P A 10 D s T A O Bt Ak g ) o, B b ) — g a0 - 3 A T
Yo Ak Y g i () S B 3 AL B D — AN 1) B R 4% 3 41,51,52,S3 KR 3 A sub-sink £,n1~n10 FoR 10 AN
#..Sub-Sink 55N ¥ 30 2 7 /D B 75 3K B MinReq, 805 T 5T A IR £ 2 7 Ik R 1K) sub-sink 4 5 0 2
P 1) sub-sinkik £ 25 S, T DAAS 214 B 2 e 4 4Rk g A A% X

G, BT AT K 5 A B HLIE B A sub-sink S AR H Y, BE L A NAS BTG AN R 2 ) 46 B 1A
(population). 41 4f B A4 P FOAN AR 355 A2 20 3R 4 1 (10), (H AR AT AE A A2 29 TR 4% 1 (10). TR b, WO AR R A4 T RE A
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e PR P 0 A 1) AR, AN T O 8] B R 0 0 €, e i ) R D), ) 2 8 A R () B8 AN AN 02— A N member X Nss — 4E AR
FEA(1=1,2,3,...N) X L af (i=1,...,Nmember J=1, ..., Nss) T AR AR HEA 1 T .

OO |O|0|O|F|O|kr
R|O|O|O|r|O|O|+|O
Ol | Ofr|Oo|r|O|O|O

=
o
o

@ : Sub-Sink
Network topology and sub-sink selection O : Mmember 2-dimensional binary chromosome

Fig.3 An example for representation of individual’s chromosome

Bl 3 PR A e o A — o i i S o1

3.2 &R E 5 s R R

3TN B R RE SOER 256 %5 18 H A 8 BOMAS AN AT AT BE AN O ANRTAT A I 5 7 08 I A 5 R A 113X
HLR A H A ol B AN AN AT AT B 53 T AR ER (¥ 77 52X, 7 1 78 SCIE I R BRI AN & B bR BT T o S AR 1) o B
{E (fitness) A1 4N 3& M {E (unfitness), 41 23 X (13) « 22 U (14) Fr 7. T LA Hh 3 N7 o6 205 H b R 250 (9) A 1), S Il 5 i 18
B2 R 38 AR /N IR AL A8 I bR K S I T2 AR PR AN AT R B 5 AR M 2 T AT AR P R R AN S B R
N T B 2 A A AT AT A

f(A)= Zailj -hy (13)

=L j=1
i Nmember | .
min| 0, > aj-ng’
i-1

(A=Y 19
-1

3.3 FhEREES X ECAN

KT R 43, SR FH BEAL I 8 106 PSR, DA 224 17 FE A v B AL 308 93 V9 %o A 7 A o A 7 e i JE 41 45 /S 1) /S A
M ARE T 3E A BT AR MR 38 A A2 AR 32 36 ) W — A o4 T AN 38 S (DR T T XOR RS e 1L 7 22 42
e T ARKE R () i

Tt A 52 v AT T T 3 R S B — AN B S S EAE, AR i X Hie % A8 A 2 ] ) 35 DRT DA SR B e o T
FRATSOR I — e B (O R G i, by T8 DR -1 AR A 48 23096 2 29 SR 4% A1 (10), 31 LR I8 AT A I R AR 2 A8 TG 5005 AL
# 1.

Table 1 Crossover operator based on unfitness value for each member i
F 1 AT AN A A AT C RN O AT R A )

Initialize temporary variables v,,v,,...,v, 1o be zero.

Nss

Forj=1tons, v;=af" AND af?

nss
If Zkzlvk =1
a =a
Else
C —aPt with possibility uf (A ,)/(uf (A f(A,,), j=12
ay =gy p Y uf (A ) I(Uf (Ay) +Uf (Ag)), J=1.2.....n
aj =aj' with possibility uf (A ) /(uf (Ay) +Uf (A,)), j=12,...n
End If

P
ij

Li=12,..ng

0 N o g b~ W N|E
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FER 1 PR SR HEREAp App FIAC T TR AN SCARAN AT — A FARANA, 53 0 HHTE 3R @™, af Fil af KA. i
I A2 5 vy, Ve, v A7 A SOARAS AR Z IR AT AP B W I A5 U2 0% 1 v AND O — 3k ) 22 B (132 4 55 ds 55
F AR FE 5%, 2 R A SARAS A [ sub-sink 328 $AH [, )5 AGAS PR 4 AR 356 £ 1 R AR sub-sink &
FEAN ] I ANTE I AF 450/ 1 SCARCHE DU ot (0 B i 48 7, I T AT R T 3 4R AT AT A 4 i AR R I 4 45t T
AZHCILFE ) — A S 1 4 SR 1 BT SR A AN IE A AR S0 1, 7 AR ZR AR SAR 1 B2 10k o, DR M
AR AR AR L.

FEAR S Tt ol B ATLOE P6 P AN e DA JE A e 3L sub-sink 648, IE DRAIE - AR AN 1A A2 20 TR 4% A1 (10), 358 BBk R
(K22 5.

1] 0] o 1] 0] o 1] 0] o
“To 1 | o |7 o | o 1| 0o | o 1
T o [0 |7 t o] o | 77 1] 0] o
o o 1| 1t | o | o | 7 ™ [ 1
“To 1 | o |7 1| o | o | 7 8 | #*"%
o o 1| e 0 140 | N ™| o 1
Tl o [ o | T o | 1o
“To o [ 1| N B oo [ 1] 0] o
“To = e 0 1| 0 1] o
T 0 NO W @ ) 1| 1] 0| o

Parentl Crossover Parent 2 |:‘> Child

Fig.4 An example of crossover operation
K4 A ECH ) 52451

3.4 EEMERIBBE X

h T 3R i AR R T R (1 0, A SCOR FH TR A R 110 3 RV SR PR A AR AN R I R A A AN
T AL, AN T 207 Dt A% AR, I s bt A% S50 B S AT ) P R 19 5 SR 3E 20 AN B BB BE 1 )T B AR
ANTTAT BE AT BT SR ATAT AR B B 2 W T BRAIC H bR s 0, A BY TS 3R B A A

MEZ 1. A AR B4 1 0 I FE LU F " sub-sink s 4% 21 “YLT&sub-sink s

3 [T T A7 sub-sink a5 j, Wt SR B /N I 75 SR S MinReq i A 500 A2, WHZ IR j+1, .. N, ... j—-1 IR )F L — ANk
A HE K T MinReq ) sub-sink i, 88 J5 7ES T2 (0 18 54 TP BEATLIE 35— AN B 5 8, 4t sub-sinkt £ M s i 21j.

MER 2. A AR b B A sub-sink IR 8 23 il b HE BT e 48 B 25 L0530 1) sub-sink

3 [ A 5L R, W SR 2 T sub-sink gRs; R BB /N 8 0L 7 SR R MinReq B i 2, HLsi A A2 B B i i
i fysub-sink, Bl g = min(hy), j =1,2,...,ng RS D3 KE 505 s, 106 PR R 5 T 50 AL P sub-sink A 24 1 1.

isi

3.5 BAEMSERZILEN

B ARSRAZ B 5 AR A 0T 8 U B =24 i A A

o WER AU LS AR AR A AR R U B SR AU A

o USR Y HTRE R AN ATAT A, HL AR A B AN AR/ T 24 AR A T ) B v AN A A, DU BB A
o R FTEAA AL S AN ATAT AR, Ly A AR I8 IS /N T 24 R 6 i vt A, DU S A A
SFREZAE AT A A RAT S 3.3 41~20 3.5 15 (R0 B8, HL 27 A Carop ™ AN A4 1

Bl 5 B4 T Rl AL T st Sk i A AR iR
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‘ Generate Niyi; initial solutions; ‘

Setcount =0
+ Y -
>
N

\ Select two parent randomly \

Use crossover operator in algorithm 1
to produce a child solution;
Do mutation operation

Do local improvement (phase 1 and
phase 2) to improve the
quality of the child solution

CS is identical to one
individual in population

nfitness of CS higher than the
highest unfitness in population?

count = count + 1

count = count + 1

Replace the individual with the
highest unfitness

Fitness of CS higher than the
highest fitness in population?

count = count + 1

Replace the individual with the
highest unfitness

Fig.5 Solution based on genetic algorithm (CS: child solution)
Bl 5 ik HE AR FE(CS: child solution)

36 HEEERENN

1EB 5 s S EE AR AR T R 1 2R 1 SR B0 2 A 0 R L ] o, DR RV A R PR R AR T A
A2 7% P HR Wk T ) 0 A 2R 0 S L Y B 1 R I IR A 2% FE R O(NEAN e ) BT B 20 (B TR) AT 2% B R
O (N Nermper )« 1ACIEE e 9% BN B A 0 A 10 IR 1900 52 4% 3 4 O (N2 emper ) - (L AR TR (2, 10 40 A7 B F R 3R 1%
JE(worst case)>k =% & 5L S BR P AT I 72 v B A5 at A% A 1S 0, 24 B A o PR WO AT A R D B B 1 R A
SRR 2 T4 T e T AT AR 2 RIS BT e BEBAT B B 1 G B Ah B T
4 ET MASP BIEIEREBE N

Z &R 5 sink B85 VIR A7 it PR AN T SRR IR AN 32 IR, B SR SR AR B b B 2R i A b UL T B
H sink s 58 B E AR S BE 5 S WA B B AT A A B B R B SR AR B B
4.1 ¥ELE R

WIEEAG B B 2 2] 3R A PAR M B . 288 sub-sink 35 55 . & B G SR IR sub-sink 2558 i AR
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4 THER S sink £I247 3 AN AL 3 &
1) 14
B, X #R Y K is 2 :Broad_Msg{type,srcNetwAddr,hop}, JH T3 4% sub-sink FIg 7 i fl B Ae b 55 1

Sub-Sink x5 4 type 24 1 1¥) Broad_Msg i K, HoAt e 03 35 s s gk L #R iz AL H T #5224 B sub-sink S i
) 5 4 4% 72 0. Type b 1 1) Broad_Msg H,srcNetwAddr S B sub-sink 3k, hop 5 A& BE ) 3 24 5 & i 1%
PEFEAR sub-sink [RIBEEL3 2 45 T 28 1 8+ sub-sink 32 45 1 g A It 720 48 ol 7 1 L AR B0k,
Table 2 Algorithm of sub-sink selection and SPTs setup at any node
k2 sub-sink 1% K A AR AR H A7 S0 O AR R )

1 Initialize the routing table

2 While TRUE do

3 Listen for packets;

4 If Receive Broad_Msg{0,0,0}

5 Be selected as a sub-sink;

6 Send Broad_Msg{1,SNA,0} //SNA is the network address of current node
7 Else If Receive Broad_Msg{1,srcNetwAddr,hop}

8 Lookup routing table with destination srcNetwAddr;

9 If no corresponding route item

10 Add new item to the routing table {Destination=srcNetwAddr,Metric=hop+1}
11 Broadcast Broad_Msg{1,srcNetwAddr,hop+1}

12 Else If Metric>hop+1

13 Update route item with new metric Metric=hop+1

14 Broadcast Broad_Msg{1,srcNetwAddr,hop=1}

15 Else

16 Ignore current broadcast message

17 End If

18 End If

TR 3T /R SVEISAT 85 U T AT 15 f3RAS T E 25 % sub-sink 1 5 BB B T4 A AR AR 45 00 L 1)

R VUGN K B S S T R A YO TR i) R 6T RS B sink T R N B KN 0 I A A 3h 5 R R SE A AR
)T LA 3X HLAN 75 40 5% sink 1F [6) 8% Sl R 0 38 15 1 AT B ]

2) 2%

Sub-Sink FUEEES 1 % i R B AR R S A N A R R IR A sink M4 X B85 R BB S sink K
THE I BCLA & sink s (R38R I 8] 761 U AR 20 AT (M3 550 sub-sink 530 sink (845 I [ 7T fg & K AR &,
R R] A7 AE A 2 LA R sub-sink 47 T 8% sink [F138 45 ¥ [ 4 1 LR — i 87 50 00 D48 J v > ) o 25
i), B — BB 1) sub-sink BEAE ) sink SR AE Y0 L WA ) SO RTWT 5 260 sub-sink 19381, R4 5 H
sub-sink JAF .38 AF N 1) v 55 56 52 5 B 3 sink fUKHEAT MASP 809200 2% B 51 s FEAUAL IR sub-sink g IX 1,
A BT IR) T S50 MASP S50 e V- SR A7 S ) 8RR (M85 By sink U 129 2k (off-line) R A& T 58 . i B A 3t 4% 4
TRV S ) n] BE R A A 25 R SR B APk g 3k Je e i

3) 3k

ool sink AT # S A 2 ST S AE R RLE M 4 b TR S B R A G SR sub-sink 12
T P4 VC JC G 2R A1) 3R A I A A e OB 1R S 1 AU RS IL H B sub-sink {5 50,285 %71 sURE IR ) 5 v
R 5 B S A4 H R4k 4:) 88, NI 58 A sub-sink JLA0IE 3 45 A8 4 M (M 1.

42 HIBFEEME

WA 25 TR IS , A W 1T 2508 SR AR B8 1 VA6 10 4R A B B ST 1) e 8 8 A2 1) H FRsub-sink & 1.2 18 21715
ST BT T AN I 1 P 285 P D AR A, 4 R i TG R T b ks O 3% 4 sub-sink R, AT LU T (1 4%
5 B o P PR B 3 A5 kBB B 5T 1 T T sub-sink 7E Ay I s 1 ). %% sub-sink £E 7% Blisink 5 B 5k 2 57 28 47 3L
5 Mk 1 G B B3 R A% A R AT BT IR 4 38 Bl sink F sub-sink [ 38 45 P, 7 sub-sink s 2 B AT BRI SE L.
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S B R A% F8 B 2 TR Sk (0 340, sub-sink DU R FH 48 458 % 7 5 T8 1) 8% )y sink A 1% K

55 371 [ IR SR T — P B v IS, J0 i S I TR 19 2% 4 41 1) 3 2532 4K 2 sub-sink 2 AR A B B
7 SR B AL MASP (13545 BB Bl 2 2R 2300 7% R BRI 0 A i B rh i B2 2 5538 th Zh RE 5 K IR 3l sink aid
SE G R LA 3 T A AR A B B MASP AN 3R Gt & AR K T AN S I 3R 6 1 g

5 ETREEMKZFEZ ANBE sink SRITHREY R

51 ZHIREEMLE

) &8 2585 R — AN AR IR Y e 1) 52 SR T B L, 3 K G B 5 4% sub-sink A /N ik
QAR E MinReq 2 FIT LI AE A i & 0 2515 i % B B (IR 1 e 2k i SR BB A D> Tl hfs k& 2 fl
(Mermber ZZ?Z”s"S;" ), A g A vy 2 B R 4% S 2, R AV 2% 5 T 485 T TR A7 0% MIASP i R (1) 20 W7 5 AR Vi3 B v %
J55 TR 4% A v o B I 285 E T 0 Bt el R BN IS AT R N BT T R AR R B B R TR 8 sink A
KA LR, R B 2 A7 AE — 50 B T VR AL 4 B R 2 sink s AR AE AR 3 BE R 2% v i Tl R 8 /N T 3%
AN SR 2 RN RS Bl sink s AT TT REACEE B 4 T R AR T B, A4S B SR AR e e KA AR A R X 4% R siink A
Hn R A i KA A 5 D B A B AN SR K (2), T2 D 20 IR BE AN sub-sink st I 30HE S8 A7 f AN I
Bl &% e S PR IR, 58 2.3 75 B Ak Tl AR 24 R 4% 1 (L) RN 240 R 44 (12) 75 BB 5k

Nmember min .
D ;< e Vi (15)
i=1
< min
r]m@mber < znssJ (16)
j=1

R IE L H A A (15) T L R4 2E(16), AT LAAF 2 —ANB A9 MASP Bt Ak o 80 48 1 (X 43 K5 70 55 i 19X 4% 7 1)
MASP #ric ) MASP-HD, K% 25 15 /9 4% rF ) MASP #ic  MASP-LD. 2 3 5 v &5t st AL S0y sk vl LLUTL 1
KA MASP-LD ) B, H 75 ZE A AH W 5, 1 40 AN 3G 8 R 25010 7 U EEAE SO A K (17) 0 A0, R 8 R R 5%
A AL VR 2, 52 5 M T PR, 3% FRL A PO

(A=Y an
j=1

Nmember | min
max| 0 a. —n
’ .2-1: ij sS;

52 HESZBIHsinks

285 sink SRS AT R A w IR W0 28 AT K 5 S K AT R el L A AR SC BT IR B 8 3RS R AT LS TN &
AN sink 5k HE v R 45 Bk B IR TR SR AR B . BRI 4% REFESE A MASP 11 #3)) sink £ 5 sub-sink
FUHEAT B A T PR TN R AN AN 5 B R 5E B 1) sub-sink s 33 8 A W Hb i i S A T A% IR A R A% 32 J AH Y
1] sub-sink s A 5002 U6, 0 T A 22 B 0T ST 5L 88 8D sink e — AN B B R A B T S S T R B sink
FA B A RN A R0 e, A SCHR H ) MASP il R4 7 Rl LU E N T 2 8 50 sink SN %R B
R AP k.

HARVEREM R A ZADNE sink SUE AR B @ HUER SRS N E sink 5508 10880, % 2% i
sub-sink £ tH 45 38 T, i £ /N ik 5 7R SR e 2 Z?jl n;gj" W2 B 2 3800, T R R E AR, IR B A sink
(R4 22, 000 48 1 r 8 ] e 2 R AR ARG A A, BRIV R B 2 Mo 35 1 I 4% A A g 0 585 5 D 4% 02 o I D o, 7 G
T 454 050 B AR N AR AR, T s B BN Tl AN TSR B N, e > ZT;”!Q}” U MASP-HD 7732 %
2, WAd F MASP-LD 7772,

6 [HREfIE

AR OMNET++A1 MATLAB F4 £ 015 301 6 6T BT S 18 % SEIL A MASP HLIIHEAT PE BE 20 BT A LR BT 1=
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BR0h FSink Sk B] 2 AL R 25 W 2509 3 AR R AL 157

SIS HBESE N AR IR Y 3 AT BE LA A E AR T M DN X 38 A sink K BA Smi/s f 3 BE A1 5l ;sub-sink 55
sink 2 [ (1 BUHE A i T8 2 O 20Kb/s; 76 B8 RAE WY B, %719 S5 AE sink sUZ 4T I P LL 200b/s 138 FE BEAT 3% 44
It SR AR ] B A A JEL BT I R 3 4B AR B sub-sink i 2% R [l by W 286, BT A4 st HL M TR O WD 46 g 42 200
AH [ (1 5 KT8 A5 BE 25 52m; BEFERIZY(3) (1 & e 14 0.5pd/bit.
6.1 BIEEXIEEEITM

WA BIE L4 T (M Carop B 24 5 000,41 44 Tl B AR B 5 K /NNTR 2 100,38 3 45 H 17 AS 7] 199 4 A - (1) 35
fERVETE RELL R 45 AL, ] — P48 R 1 [ 2 526 20 ¥k 3L b AL (optimal value) B9 5 T-MATLABH {4k L H
6 YALMIPR2 31 5 45 3| | 36 7% 4% i b3 B B85 4 H 119 sub-sink 11 8 % Bk % F1.GA-LI(genetic algorithm with local
improvement) 3% 7~ 45 &) 0 184 5 &b T4 () 382 14 5.5 GA-NLI(genetic algorithm without local improvement) ] % 7= AR
T S S 2 B Ak B PR A RV D X 43 DU A R S 4 R A e Sk A T Y B AL (average  optimality) 7R /R VL
2 1B (1 S A0 e BT g e RSO (10~ B4 . v A B I 2 S e B VA MR BRI B AR AR 2 — S b R BV
IR ) 1 K 0 5 R 2 6 25 DDAH G, DR b, B 82 4 v 0 L ok A P SRV 8 AT 4t 1N TR (0 SO AR W 26 3.6 T 45
T AR S P B UG B0 A I R 1 B TR A A% B 43 T, WX LT et Bk v T 38 154 AR H (average iterations) SR
i) 22 s Bl 9 1D R T ) P T LA ) B33 AT Tl B2 I D 8 Jt A AR B SO BT 3R A B O i o 75 22
) B 0 30 AR A QB BRSPS 41 AT L H AN [ 0 2% A GA-LIRT DA SR 15 J M0 A, 0 GA-NILI ) 1 3 de PR A 5 2 (H
ZERMA AR K. = W EE IR AL FIRISAT B TR 3 1, 5GA-LIFHEL, GA-NLIFEZEH% 2 1 g 45 R4
FA LR, T B BT S R DR 5 3.4 Y BRI IR R R M B R ) TSR R T B AT A G
2

Table 3 GA results with different number of sensor nodes

T3 ORISR NI LSS R A

# of sensor nodes Optimal value GA-LI GA-NLI
(# of sub-sinks, # of members) Avg. optimality  Avg. iterations | Avg. optimality  Avg. iterations
120(10,110) 510 510 3006 512 16 329
130(13,117) 530 530 3537 531 17 743
140(14,126) 573 573 5521 574 17 802
150(17,133) 580 580 7 836 583 21063
160(17,143) 622 622 9921 625 23851
170(19,151) 643 643 9969 647 26 029
180(20,160) 674 674 10 359 676 29773
190(21,169) 705 705 11 232 708 33448
200(23,177) 736 736 13 479 740 35929

6.2 HsinksMASPIE&EITAL

x5 MFIH T HAT sink B8R G2 T0 Lk B 0 4% ) 32 BB SR A v e U SCRB, TIRI N I R
MASP 32 A [ ; SCHR [3-5,91 5, 19 At Hi s £ i K FH Sl A5 8K, 1 MASP SR H 22 Bk b 4% 07 38, Sk [8] H sink
AR O (5 B DR ARSI, 1T MASP H sink % 2 7 3, AN VE 452 B DR Ik, S SCak 6 SOk [6, 711 Kl dls K42y
¥ SPT 754 MASP PEfig LI I 4.

A ST AT A 400mx350m R T IX 38 A sink s 54 T X S8 0 KU EAT R 5. B 6 45t T R [RY
RUBCRT sink 50 B8 SR A8 1 1) LA 4 SR I 08 SR 45 7 2118 B K fH (theoretical maximum)h 4% sub-sink
MIF L sink Rk K BOKEEE =2 FLE 6 o, SPT AR B KL S f R — - B0l =2 SR AR SR B
1M MASP [ 450 SR 4 et 45 T HEE S5 AR, AT 0 B0 SR AR fat de KA IR AR AL I e AR 41 240 AR 4 A2 (7), B8 R AR it
(11K /N5 45 sub-sink &UIT 35 B BCR B DIAR DG B 7 45 HH T 120 AN AT I 4 BB 1 sub-sink s a2 $i i 1) 5t
b gl 3L MASP H % sub-sink 51 /86 03 508 3K T B/ B i 3R i MinRed M 5 SR A2 S g R A6 I 78 43
BLAAF(2), MASP 1 LA £ 8 R AR 1A 2 B8 B KA.
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4000 40

'—e—sPT

& R
I MinReq
% 3500 —— Theoretic maximum o o mmmsPT
2 —B—MAspP g 30r CIMASP
2 N
= 3000 /H/“—B 5 25
8 E
£ 25009 5 20
= 2 15t
[~ .
= 1500 S i
g S o M !
120 140 160 180 200 220 240 1 2 3 456 78 9 10
Number of sensor nodes Sub-Sink 1D
Fig.6 Total amount of data Fig.7 Number of members belonging to each sub-sink
Kl 6 sink #il RN F K7 % sub-sink JITJE ¢ 53 SR

8 FIE 9 73l 4 th T ANIRI TS s N MASP,SPT F[E & sink 3X 3 F 77 v [ 22 4 A i FE A0 199 2% 242 A7 I ).

6 B T AN A RE AN 5 1E] 8 R 9, PRl sink A2 5075 %€ MASP FI SPT 11 22 4t e #6 A1 A2 A7 1N ) Jy 11 2L
AT 5 sink J7 %€, IEWI A Bl sink J7 58 BE 5 A7 U kAT S0 A% Sk 2 199 2% (1) BE FEJ 20T i) L. A MASP A1 SPT [
P MASP R EEREFELL SPT MY 22— L& (HAN RERAT A (1 W 4% A A7 I 1], LU SPT SE K24 50%. 2545 7% [& R St fiE
FERNE i R4 B MASP LLJL-T-AH[R] F REFER AR 22t — 1% O Bodl &, RAT S0 m R R AR AR

60 25

5 55| ——SPT N —e—SPT
) %) —¥— MASP
§ 50| #—MASP # T 20} - Statigsigk A
.é_ 45| % — Static sink e 3 a/'ﬁﬂﬂa,,#u,,/ S
2 40 an 1586 —— %~ “w—-s
§ g
> 30 E 10—9—0—9—6’6/9\\@/9_9_6‘\9“%
g 257 5
(5]
< 20, g 5#’*"“*., ,*——te—*"ﬁ“*\*_
|9 15 ok —ﬁr—*‘_‘
10 : : : : : : 0 : : : : : :
120 140 160 180 200 220 240 120 140 160 180 200 220 240
Number of sensor nodes Number of sensor nodes
Fig.8 Total energy consumption Fig.9 Network lifetime
K8 4= HEAE 9 LG A7 i)

6.3 % sink&EAMASP % BEIF

KA Z FEF) sink s ) MASP FIl SPT PERESEAT X L 43 BT, 45 2173 AR 7E 600m=400m HIFETE X 35, & 10 45
H TRl sink sEE MM 13 34580 N5 sink (IR shHLE. B 11 fE 12 R A FEBES ) sink 558 EEE R E
SRR R BEFERS 1R B S, 75 A R B SR I A 8 2 1 sink s vl DL 3 BE & (R 5 B 1T A AR
[F] sink Zit 441 T ,MASP 288 B A TE R (W Hds R A fe 0718 11 I3 sink 21 MASP $dli R A2 ik
Rl 3 AMBEF) sink s SPT.RIFEH, 7EAH [R50 R A AT 8 A2 1) sink sUBERS 45 /N 2579 s B T
sub-sink s 1P 27 ki, AT 280 AR 2R 8 ) A AR REFE. T 7EAH 7] sink £ 5100 T, MASP (1) S A BEFELL SPT

ARG RERE I LEAEDR A B R RE, W&l 13 Pros vl LU Y, 55 SPT A LE, £E BEFEA T 3 U5 10, MASP HL A7 W] 2 (R I .

Kl 14 JE A RIECE R F)) sink s TR 25 A2 A7 I )15 B0 18] 14 o 87 ok S v B R AR B 10 R I, MASP AMUA 2
07 JL VR 20 P A7 I TRD, B T b 3 0t A 8 R A P 49 4687 4 ok 5K A A I (1]
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Fig.10 Mobile paths of multiple sinks
K 10 £ sink s EIE shEk

Total amount data collected (KB)

Fig.11

Number of sensor nodes

Total amount of data (multiple sinks)

Fig.11 Sink %4 R R H (£ sink 1)

800
700
600

400
300
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Total energy consumption (J)
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" —&—SPT-1sink
—& — MASP-1 sink

—&— SPT-2 sinks
~& = MASP-2 sinks

—&=— SPT-3 sinks
MASP-3 sinks

—e—a g5 —8a-a =5 - =

e ¥ O Gm .

220
Number of sensor nodes
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Fig.13 Energy utilization efficiency (multiple sinks)

Kl 13

REFERITI (2 sink x1)

11000 D 90— —
10000, —©—SPT-1sink —&— SPT-1 sink
9000, —&—MASP-1sink 80]  —&-MASP-1sink
—&— SPT-2 sinks 701 —&— SPT-2sinks
80001 & — MASP=2-sinks 6o &~ MASP-2sinks, .~
7000 1 —3—'SPT-3 sinks - | 8- i
6000 - MASPLsifks @~ = o- 50 ¥ MASP-3 sinks

Total energy consumption (J)

Number of sensor nodes

Fig.12 Energy consumption (multiple sinks)

Fig.12 4= REFE(Z sink i)

0 " —&—'SPT-1sink
z 80¢ —© — MASP-1 sink
S 70+ —&— SPT-2 sinks
£ 40l —& — MASP-2 sinks
© | —&—SPT-3 sinks
-g 50;_5/5\\3—5. P-3 sinks
2 40f =
x 30}
o
2 20p . .
[}
Z 10+ e CE g

20 220 240 260 280 300

Number of sensor nodes

Fig.14 Network lifetime (multiple sinks)

K 14

W 2% A AEIN ) (2 sink 1)

P 11 1, MASP-3 sinks [ 504 K 42 k[ ) 260 B0ASE fr) 388 KT S22 2 1k AR 40, 3o N B ) sink 2 g 65 R 4 31 I
2% P SRR IR T A B0, T MASP-1 sink FT MASP-2 sinks I 75 i S48 2 9 2% P9 77 A2 (R 45 30l X — B % &
TN P 48871 e 26 P B sink s B0 BN & A T AN B AR Ak, BTN MASP-HD #5748 ) MASP-LD. 3 4 45 T AN [R5
RAUSCE A sink Fii R Y AU B 9 AH X AR 4K (HD:MASP-HD,LD-MASP-LD).

Table 4 Relative density change with different number of sinks and sensor nodes

T4 ANIFIPILE RN sink i 7T 0% B R AR A AR AL
Total number of Number of sinks
senor nodes 1 2 3 4 5
200 HD HD LD LD LD
300 HD HD LD LD LD
500 HD HD HD LD LD
800 HD HD HD HD LD
1000 HD HD HD HD HD
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4 b sink 5 R S R TS B 10 Brs AL 75 28 2 000 DI S i BT I, A R R A AR Ak vk
T MASP J5 i (¥ 35 £ A1 28 G 800 R AR 6 MR R 4 1045 5, T DA ¢ 538 1) sink B0 25 8 vy W 4 P g 5 |,
A 21 1 5 B R ATDR AR A AN 5 R N siink B0RE A 0%, 10 HL A5 2% sink k0% 8l B (0 A B AT B 3% DTAR K.

7 tH*XIE

Ak, sink B8 Bl P T ok A7 RUCHRE TH 0 At el ) 45 1 B 1) 2 28 T Bz — i Al sink % 8 B 1) J A, v LA
Kasink B s PE T 270 0 3 E:sink B s UL BEHL . sink % 5 UL [ 52 Msink# 3 Btk v] 4% A sink i1 BEH L 30 (1 4%
Ik 2 9 4% o T2 siink T 6 2 AR BHLRS B i N s £ R N SRS 0 1 B LR 21 2% 3R 3 A 7 0 X
B0 P PR A SR Y RO R IR AR R L2 W0 5% o by T siink et 1R BEATL M, T V% i O 500 A2 326 ol oy 3 R B0 A2 B 1 S A7
A B I8 B 2 A7 v HH R B 25 2R T A sink A% )y a2 1] s 09I 3 w] 428 F) A J 2i 19Y 4 v e e v v AR AR T,
A DALE — 58 R b AR UE B A% 028 3004 R 1T 2 TEX sinkA% sl e w4 R0 32 [8] 5 ) A S 25 P9 4 F 5 LA AT 5
44,2 5 M sink i (1 Bt AT R A5 7 SO0 ARG TARREAT T 702K,

Table 5 Related works in WSNs with sink mobility
F 5 sink F% 3l R 9 2% A AT 5T T AT

P Path constrained sink mobility Path controllable sink mobility
mmunication mode - : - - - - - -
Communicati d Single sink Multiple sinks Single sink Multiple sinks
Single-Hop Chakrabarti®™, Song™ Jea™ Somasundara™, Gu™, Sugihara™" | Somasundara™”

Somasundara!™, Kansal'",
Luo'®, this paper

Multi-Hop This paper Xing™, Rao!™®! Marta*®, Xing*"!

7.1 Sink¥zEhiEREE

AR SO Y 3 50T sink % 2l 900328 ] 5 (1 42 Jak i 194 24, 50 HELFE xt siink 78 3l e ] 5 1Y) AH ST 5 AR
HEAT I 45 SCHR3, 41 ¥ DB Y T TI sink 7 2l 1 0 E 2 DL iy % JE i W 4 1k BE. Siink s e 22 BB AR A el 4 J#1 301
AP IR 5 B R R 20 A1 FE AR 4 ] 7 s 20 Bk e 79 00 (0 S SR b AR 38 T HE AR R 0 B T 23 RERE
Kol R JOBAE DA 2 ) R 9% A SCHR[3, 4170 P AT 40 i #8  A AE RS 3l sink sl ELRZ I A5 ) P9 R SR e 45
AN sink s AIEHE. 52 bR T P 3837 & H T 52 2R sl 2 AN 800 A5 B B B, O 3R BT A A e
{5 15 R 2y sink B AR SCHR[B]AE T T8 3 M D0 P, 20 A 7 7 e Sl 190 20t T 00 R R REAE 2 A B0 BUA 0% %
{ELIE, SCHR [S] IR 9F SR SR 155 1 DA 719 e i A% 36 U 3. A9 SR [3-51 /), AR SOk 22 ik v 4l £y o e i 1
A R ) Bt R A Ty LR e B R A B R IR R AL

SCHRB, 71T sink Bk [ 4 1) 2 BRI AR 2 B AR IR A I 25 3R T — P i 53 sink Z [0 (Y8 A5 il
sink s B8 Al s I S AR ST P e B B AR (SPT) ) TR B 7% 27 (1B Bk sub-sink) RV i 5040 . 4 iy e
A, SPT 23 Sk Kol it B M RE AR 1N AN B, T SUBAR K REAE A 3. 55— J7 i 2L 2835 50 R sink i 22 B AE S AL
I TR b IS AT TV MR A S 5 100 4 B0 R AR 110 75 Sl R 5 A AR o L iR AN A A ol R, A S AR AR 1
TGP 10401 JBE L AR 1 2R e R A R M REAE A .

MobiRoute® i i 17 28 3 w4 i 12 1) TN A 3 41z S 28 190 2% 110 A= 47 I6F 1) R E0H SR AR5 A SC 3R AN ) 2
MobiRoute ", # aJjsink 23 71 5& Lo i 50 BB IR [1), DA B, sink s A7 R 6 16 I T SR B2 4 14 04l 53 4F MobiRoute
P A 5 k1 By sink i 3 22 AR 2, 75 BRI TS SN T i sink B8 8l 3 B ) 4 9 0 41 B2 A0 AE A SR H
MASPH, HUAT sub-sink s &H1E A2 Bl sink (19407 B AR A 186 53 715 e A3 F 2 17 56 & #% 1) sub-sink i A% 12 00 (0131
2, MobiRoute X 3¢ R Fisink a5 A% 45 1 44, T MASP B -Fsink UG 80 53 7 51632 B 1 BB 4% S RF 2 sink A

SCHR[9/E STHR[6] i KL il _E R 22 # 5y sink i B e 09 2% T 9™ 1k (HLA, SCRIR[OT 75 48R JH SPT Stk £ 1% 15
AN Eh e (7 I, SCRR[O] B A1 ) A 20U T 32 2 — SRS 3l sink el 1R BB U5 ¥ T P9 4 R Bk £ 75 1K
) e LIRS 2y sink s 3% Bt AR ST B R4 7 S8 1 2 Whil A5 U5 2, HLREY JESCHF 2 sink i

© RERREBERAIISTET http://www.c-s-a.org.cn



BR0h FSink Sk B] 2 AL R 25 W 2509 3 AR R AL 161

7.2 Sink# Ehi i ATz

SCHR (O] X AR TG 2 ATz S 3 190 2 B9 T # 3l sink sl U7 1) #8 A% JE 1 s 00 e i), 3o o P Ak 1R 7%
By A% LAGA DRAE S 25 19 05 G2 A7 IX AR AL SCRR[10] (1 RE fifi_E, SCHR[A114 T — Pk T M BT 35 2 119 sink xd
F sl A2 1B FEAL . SCRR [120K SCHR[20] 14 sink s s i) W L AL HLIRI ™ e 21 2 sink s 137 55 mh 7 B0 K
(¥ 42, £ SCHR[10-12] 7 8% 3 s 2 Uy T 000 DX 3sR A R0 A — 19, JF AT 0 BB R A Bl 0 BE IS 2 AE B9
HEAT 45 B, 3L sink AR I8 B RO B HLYRE T 8715 A ) B0 B0 SR 8 23 MK 92 A7 XKD PR A i o S5 o 2 PR o, et 3 4
ZEIBLECR LR 32 sink i A% Sl B2 0 B sink 38 7 75 2B R I 1) 47 8 56 e X 8 #E B Bl R AR AT 55,71
SRAE i P B S AR, 5 o I S A 880 vy SR F) N AR )

SCHR[AB]FE Y T — Al A3 sink BRARIE$E T i, 76 4 9 S AR BERE S /IS AR AT 31 1 DR 08l S 38 fe /M. A FRAIE
REAE S/, SCHR[A3] b T A7 45 sl B R BRI B 3y sink Ak B i 7 532 B 0 455 o, el 3 1 SR B 355 1 B ) 0 K i 22
IR 0 SR VA DR )5 R 3l sink 2 [0 ELEGE AR, M0 UK 22 BR3EAR 7 S SCRR[L4148 ) 1 RSt 0
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