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THEZEABRTIEY BRX 4 R RORE THRM B A BHEE. &F SMT § NP- Z 2107
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Optimization layout of underground logistics network in big cities
with plant growth simulation algorithm
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Abstract With the aggravation of traffic jam traditional logistics network has reached high-point in big
cities in China, so the logistics system on the ground will gradually transfer to underground on various
layers in the future so as to release the ground space in cities. Based on SMT theory, this paper establishes
underground tree logistics network layout model. Because SMT is NP-complete problem, the algorithm
optimization capability is the key of research. Plant growth simulation algorithm (PGSA) in this paper
is an intelligence optimization algorithm, which takes plant phototropism growth pattern as its heuristic
criterion. Through artificial plant growth process in solution space of given logistics node set, we can get
the optimal layout of underground logistics network in cities. Through the calculation of STEINLIB lab
data announced internationally, PGSA is demonstrated with better accuracy, stability and global searching
ability, by comparing the solutions of ant algorithm and simulated annealing algorithm.
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EHEYRRAZS 13 T AR EREES, B B2, SRS R4 LG 30 b4 ]

B (AT — LR BN ER), KKREYR AR E H R AR, AR5 RA T4 R,

Bt Y B T RIS P LI M RARRRE TR RER. 20 HH42 00 FARLIR, MUTYIRBARR (W0

HTEER IR L HRASE) R, AR TYRARHETRYSRITTRZE T AAERN®
BEM, FEARETRHRERRBFHATS, ZRGAE 21 T T ERERNBONA.

2 (@R

W TYRERL (ULS), RiEZABFTHE (AGV) MIMAFE (DMT) FRELR, B3I XKER
HTEE. RESEHER, MEERYLITREN RN RS RREE BB
YEL SR E T BB TRAT A%, ARESEkititEs . YWREX (city logistics park, CLP)
% SREEEARTTH TYRARS, B ULS BXRFMHMENEF (i, HE. GF, L), KEd
0% ERTHTYRREERZH, BRTHEAITRNE. HAFESFEETE #RAL (AS / RS
Automatedstorage / retrievesystem), HEBEAL (stackercrane) &SR AZEH BT R AEAEE A 31k
FHERML TR AR B 31 SRS, EREE SR EMATH BEIE B T YW M 28454 LA R M 28 R
FH AR, B TYRERANMEESEEENEYRRANEBERR, L EEPRIL R RS
AR, TR RMEEREHET AR SREE.

BRRUR TS A i, SR, AL A FRBER MBI R, BT 5
I AR, EEEX SR T R RN & AE SRR SN T A HE RS /M (SMT) [RI8,
Karp 7EH3H &AW CHIERA T MR NP- SE2R. A0 RAABERRUE M. MRt 2 R RE I rs
EYEKEEE TR — 3, XEMRAATEE KRR ZR.

3 W TR ARGH IR

HrEE, BE. 2, A ASREERAM TR ERE NSRS E R T KB LRI
W2 E AT AL TR N EBERHTHGE, FEdBEER RSNk, TN HTENE
TRABER X RF 2847 Rl ié:ﬂlﬂzm HTYRNEARESEEEFRRAF, TRAF . AR
R, PR RMBEARE LE 14 (a)-(g) FimR.
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D
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(e) (f) (g .A3
1 #TFHRRERRETESE 2 PROEE

FEALMEARRESS, SRR () BN HE L, MENT BEMBLAESR, T EHIFREEM
BB AN, RITA T YR ME PN BB A RS, SRAG R LG B a8 E o
PRI . (HE, RRRREMEHR B AR SFE R, RN R ERFR R T LUEME 1634 F1EH
PR M (Fermat) PRt i B mIE, B M TPH LERAENZE AL Az, As, IR H F4h—
FBLR), BEESXEASAME, BEERNERER/N M FXMEES n =3 WILEE, #EFRE
HHRE (RDEBLE 2).

1640 4E, X TFEASASFHRN Z A =N AR/DMT 120° f91EE, sinFegay2EsLEHFA (Torri-
celli) IR, 1750 4E, 3£¥#R (Simpson) RH —FIIBUER: & A1, A2, A3 A FELBEW=1H, X w; >0
(i - 17273), E}quﬁ_tﬂ.'é‘( Ao & Z?:l wi|A0Ai| %/J\i 1775 E}E’ TR (Fagnano) B|/HT n =480
B, Bk — & P, B E 54K 4 NMEWERZ e/, 34 Tk, 1834 48, Heinen YL T Fiés
EAEFREABAENAKRTRET 120° WER, BRAER; 19 %), FEEEERIES (Steiner)
Wl E—L R RPHE—SZEES n HNERZ R/, W SEHENEE; 20 fha 40 4
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R, BER (Courant) F1Z &M (Robbins) XMETHMNEEHIT T K EAEXERE MM, iThR, ¥
YRR B T [l A — T PLHET, A AT R ARy n AN 2(1),2(2), - -, z(n), IR
— /NP E TR Y X —HE) RE A SRR RN T RE NS . i TFREME—E =M,
20 HE42 70 FARFEFH/RIAFE (Gilbert) MBI (Pollak) HUHX —BREM AR L HHHMER/H (Steiner
minimum tree, SMT).

SMT YR MEEHRREFEEARARME AT R, Y EAEEEERSA Y SMT BRI, 4l
im 20 AR EEEE R FA (Weber) 7E L ZEAIERY &, DL SMT HERHIRIE KR T afef
fE A EERIRFZ P B ER B AE (20 tHAE 50 45 SMT [aEEAER E 18 1Ry F e ik I
#HE); Hotelling 7E3 1929 FERMRCHFHFBPNMEHENEE - FEL LW X AESFEA, W5
Smithies, Stevens XfIEHBIHIT T ERAMBFF; XBEFEK lsard A THFIH, BRAFHFABATF
Xt DAL RALEFTRAG. 20 B R, ATHER, FFRERET MERL SR SN, A REEMNEn
AT 5Rit (Losch, Moses), BLIEMERIELHREEMNA (Rapp) . Hakimi T 1964 FRRIR TR
TE 45 ARAL B0 SCRE M AR FE R AT — D R4, Bl B B 31T 1, AHER, MR RE
BEIN—AER IR, LR ORI (Eilon), &8 M SMALERE (Dobson)!! | A5 Bk M %
HRI (Hochbaum), SEMXA NI (Wirasinghe, Waters) 48, FIR T EERPTIEEE, HibE, K52
IER R B . M 20 4D 90 EALLE, BRI MBI R A B M IS 4, Brimberg,
ReVelle HF 5% T I SARME T B ARGEMI B0, 4210 (3 RSk B Ay LP RED R BEAL 1), Noon,
Hankins 32 F 25 [BI5ER I A AR R Tk, *t Eéﬂﬁ%&ﬁﬁﬂ’]ﬂ*ﬁ:&ﬁﬁtk [6; Ribeiro, Antunes Xfﬁﬁ
FIH—BEH AR AR &ETIL . 2N 21 i, XT?Wﬁ?%?ﬁiH%ﬁtmﬁEmﬁm&~$
%4k, 10 Taniguchi 1 Thompson BRI RAMALBRIBFST 8], Ambrosino 1 Scutella [P EAIE F1E
PEBFST B Crainic B ARSI R A MRS TAIBFFT 0. HEE M 3@ s F SR 8E 15 S8 0 A
B, BT TR RA T AR TR R KR — N LB rm. REEZ RN ARG RIERE
WA B TR R SRR EIR TR R REE L EH BT THARZRE, it LB
TG ESIE AR R A PP T, Swartzwelter 75 € EE K IAEH M BB R Y PR E: REBEEEAN
KFEER, T HHZ=MAREARTECEZ R EEN T, REARERTELILERZRE. T
BATAT B B, ASE B, sl TRERK LM RS EREN—SFI R —SBENEE BT
T P 42 AR VT ABUB R B AR, RS, EREZRARKNAEERE BTFX—fF
=, BETEEK Rubhr University Bochum, EE# University of Missouri-Columbia, fif 22 Delft University
UK HAR Kyoto University SFIEFRIF B T YR MBS T HOTER. EERNIHNERSEF,
e b — R A S A E S E BB L, S MERAERH SR EEIEARGERY, Wi
TR RS AR FRETEEFWN AT R RERE TR RS NEARHITTi#
MPSIER LRI, BERIA SMT %%EI@@ITW&W@W R (WA 3).

B 3 XEHNETHRRENE
RE LRAE 2010 FHPU T TEEEE/AKES TR, HPERT 15 K ~ —40 K BEHRH0H#
TYRARRERZR, HASML T O RMERSMRRZ +. BT REARSHRREERER, #T
YRR ERE, EABERER A2, XSRS BRI A X ER AR, El
AR B R R T H TRM SR B P BRI T
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4.1 EHHEYERR (PGSA)

BEY A K HY: (plant growth simulation algorithm, PGSA) HEf EEHENIMEE AT EHM
X, HAERA, BRI R FERB R SUS L B % Lk, B, KRS FIRF s, My ki
MRS EERRLRIT:

2005 4F, ALE—AEEZEASCER (1], [12] PR T B AEK B (PGSA) RIEICHENAER.
HETR R UEY DRI A B K AN, KA 2 B 4 B B A K 3R, B TRy
FYEHENIE BSEREER), BV TAEARALREIE THREEREENX (L- £4%). PGSA K
B ORI A RINCAREM Y RERE 7 M LAY DR D R R R, BE
BB, BRI LY ERAL SR =R P AR SR R B ANAS (REFHIRE
A M

2006 4F, PGSA BABEIEANMEERE (BFERRT —RIR), RA LESGERFEN EEMRE B
Be¥ PGSA FIF##R Ward-Hale 6 7 s REM IEEE 30 ¥ S RAEMMALE, 45RR PGSA MK EM
BEEER TSR R Ly 08,

2007 4F, ZEEABE B HIR T /4% PGSA B9 ARE3E, ¥ PGSA SttEHEk, SR A8k, #H
FRBIESHAT T WBBIFE 14, TS B SCH [15] % PGSA H AR M B MRAL M, 15
9] PGSA S#tfEHEIk, Tabu HRSHEMN, RAEEMEERMEMREN£RIMEES; ST (16] ¥
PGSA FF5k 18 MK RS, ZRFE PGSA AHMRMRNERERAG RIS P RIFHHTE, A
RFREEIEMRFREE

2008 4, 2 EAICEE LA PGSA BURYR LIS, H 9 REEERGHERETHE,
PGSA WZEEEEER 17); Rao Ml Narasimham [Vl PGSA fEHAEA 9. 34 F1 85 =FultAA58y
A RREMT REMALEE, FrA%REMRT PSORFEIR) ", FHER. TRENMERHXAEY
T U B A 4 R R I, AR A R SRTHA A A R e D R S (6], B X AR 282
H AR BRI R A TR, R T PGSA WA KM ' . UK. BRERSARA PGSA #1477
LA B0, EiE, B, EAE. FEASAUEARGML AN HER, ff PGSA HSittEHE,
FLFREE AT T st 2123,

2009 4, PGSA FFAZ A G E NI —EEHEIES B RASEA N A, Guney, Durmus 1 Basbug #§
PGSA 45T MTACO, BA, BFA =FSREEL AL, PGSA ¥R T EMRMAR, BWESENHTEERE
B SR T HAME: 24, Thiruvenkadam % AFF] PGSA AR s M AEIRAL A 2 Rama AR
Bl PGSA BEBMBMMGRE, FELhRN A LI T EBREMAENZREITHBRAZ MR/, HRFR
R TK 5 4F 129, Rao, Narasimham, Wang, Sakthivel A4 FIFH PGSA iy T A E S AL M
52729 E N, HES AR PCSA A THIERE B FAs R RS AL B0 TER, SR
i PGSA B35 S B OV A IR 1BY; nhig, TE3552F ] PGSA fRJuRD s M EM M B2, ot &
. BER., WWE, BE,. AL Baite. TE. R SEE, TEESANERLIEIZH PGSA #17
TREFIRFSR, BB T A ARRRRR 3357,

2010 SEE 4, M EATTR EAERERAIFNAE L4 T PGSA (RN AR RIS, 33 st
FIVRIEAT T BLE P8, 2% A PGSA FI Tl g1 5/ MR AT 150 R ve el — B AR a1 40
HEES ., Kilif, BFOE 2 ALK Sirjani, Mohamed Ffl Shareef X PGSA TERCH M R 45 ALK
BRI RRRNEFTEIRATT B W12 5E, XUR. 38R, NETHEAK PGSA A TR XRE
BREG AL E, 45 FRE] PGSA WA HEE Sy AR R 30 fF LA 1 190 BRAz4E, LAV PGSA I
BT, 5. 5. MTHOKERRRCTEERE, 538588 (DP), SERRZUGELY: (DPSA)
MZLARALE: (POA) BEAT T HLABTFT 4 Jhah, Fk . BRME. RN, HHE. KF. TEMN. BR
& A\t f ] PGSA ik TECHEMEM ., MCCS W8, EEIAESRE, F5REEESERERHETTH
B‘Eﬁ?{ﬁ [45—49]'

PGSA J\ 2005 R EASLEAT 6 FHETHE, BEFZHEMARRAZ L, HZEHERERESRNLE
SEART T — S R HY, SCHk [24] TAN: “As an optimization algorithm, the PGSA will most likely be an
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increasingly attractive alternative, in the electromagnetics and antennas community, to other optimization
algorithms”. 3CHRK [25] IAA: “The advantages with the plant growth simulation algorithm (PGSA) is that
it treats the objective function and constraints separately, which averts the trouble to determine the barrier
factors and makes the increase/decrease of constraints convenient, and that it does not need any external
parameters such as crossover rate, mutation rate, etc. It adopts a guiding search direction that changes
dynamically as the change of the objective function”. 3CHK [16] Xf PGSA ffod —MEHE: BT R EH|
ZRRY, SREEIAFNIREZAFEE L, BRUEYERFEEAFU TR ORSEDERR
R B IR R BN AR AR T, BB MDA, B mEFr it A Bir R, WA RSN R
R, BRERBEMNE, Bl ORUEYAEREERE— M HESRRERE W7 R
DU TAF OB AR AR R YL, BELI M E I REI2 R B IRE

HETUEENSMEEZR PGSA BRI NI S e, SRk, AR AR, B
FREAIL, Tabu RGMALTIEN LEBFR, 230 RF PGSA A THITYIR M % ZE ML,

4.2 I MOENEREOEEDE RRL

TERZHYFNERE D, TEHE LB - RRE S EREERABE, T TYHRME SRR
AUBARRERT, IERETXMERE, A LRS- MR SR TR MBI SMT. 724
#Z SMT WFMe, Fralssitl it R RIS & S BRI S50 NG . Karp iEF T SMT 2
NP- 5E2H), XEREMTH LSRN S, AR REFERFEE N REN 2 FAREHE, X —HREie
HfRg SMT MBRAXHRAFREE TERER. B BRH%kEERR: Kou, Markousky
Fl Breman {£H# DNH H¥:, Takahashi f1 Matsuyama $#£H# MPH Hk, Rayward 24/ ADH &5,
U E=FE R XL EE RS HIEI THARERE RILME.

ASCR B £ KR R WS SR (N LHEYERZ R PANAER), Ry BT
Fresh, PGSA BEAHHMER. WEGEER, REEFFRA. EXMTRAERN SMT WM&, MFTEEM 5
PMHEEREA: 1, EYERANE FEVITIITAR); 2. EIIDEH: GEEED); 3. L- R4 (SBR); 4. BE
RUE (EREMEZBEAEN); 5. FhERE L (K ILHEN).

HIREIR PR M BRE T, B TYIRP G INAR, IR EERR 52 X T:

U={N,V,W},

R U AT TR REMNLE; N AW A V MR, W O ABERAAE, ASHER. B, 3%
%

EX 1 #% P={a,az, -, an} Z—MEREE N=(V.E) B—PTEERN V, HBH E HMLE.
RV 2P NFK N K PR Sterner W&, @R V = P, MFF N KX P BER M.

EX 2 Mg N WREEXAHEHESZNNKEZN. MTATERAE P RIERY L, ¥ P HBE
k- #17%38 Sterner MEHKES P MRS k- WEBERMEHKER HER k- Sterner LE, igk 1x(P).

(F: k(P)V3 > /2~ 0.866 RASEFHERWIBHAHREE (1K G-P ). REZFE EHT
Y& ER SMT 28 MST, LT RIED 13.4% BIRLAR).

R 5 X, TR PSSR AR S MG, EBNME T, YT SRR, Pl
TEAEAFANSREGHER, MEEKFTH THRARGSERET SHTTHE AHXE P PTG (hub)
FMECE AL (DC); == Schiphol WY FZGUK W4T SARZ AN (terminal). FERA HHESHBIRA El
L, ASCEYIR T A N SRS AT ERERY A, B MEILES=ERLE, BRYEAMNEN o (=
1,2, ,m), AT RALEN z; (5 =1,2,---,n), BZEEHEEEMNT:

minU =Y > Willz; —a;ll,z; € R, Wy > 0,Vi,j (1)
j=11i=1
AF, @ (i = 1,2,--,m) BE « MERVEAWME, X = (21,20, -, 2,) BARAOXE, z; K j 4
WAV RME (FRTARME, SR OB L), W % j MUHATEIIE « MR EMNE,
||33j - ai“ % X4 fﬂ a; E’ﬁﬁﬁﬂﬁg, Z’iy%ﬂqﬁkﬁﬁﬁg
IR R SR/ DB R A KR B BN T
Step 1 AA] Prim SRR S P By MST R4,
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Step 2 MR#E MST HRLHH) SMT NG, W1 n DHIERHELI (51, S2, -+, Sn);
Step 3 % (S1,82,+,8) ESRKEME:
f(S:)

PG ¥

(F: f() A5 S MUK EZM, T P+ P+ + Py = 1, BHEBMRSEWE 4 s,

\ s

P, P, b
0 Tm—— ... .
H 4 RAERREREDE

HHRHLRGABT™ A REIUE, X LG ARTE XIE [0, 1] LSRR/ PR, NRETE P, Py Py
ME—MERZEA, B ER SRR B KAAR.)

Step 4 P(i +1) — P(i + 1) + P(i), P(s) — P(:)/P(n):

Step 5 if P(i) < random[0,1]< P(: + 1) then F « S;;

Step 6 ¥IEIRE w: F,

REfE: 6 = 90°,

ERHN: F — F[-F][+F]F,

FERKR: Si(1),8:(2),8:(3).

(F: & (z,y,0) FEEHLEERNHIES S (REMEY AR H) WAIPRE. H o M1y HHALE BT,
a HEREHIEE, WHRKER 4, TIAREERR 6. (RRWE SRR LEMERICR TR, BREZT S (W
o 3UR) 85 BRFFESR, SBEE— 08 W) Fomm & R NARCRAE BB R, YE T —4
R, A B LT EERE B L2 3 ERPRES) B, S5 N R4l 55 Mok Hifts
RS E AR

F: 4 EAERYT K 4 TREER (2/,v,a). HF, 2 =2+ dcosa, y =y + dsina.

+: TR — A O, TIRPREER (2,9, +0). XRE, HEBintE 7 H K 1E.

— JRETEHIER — N A 6, TIRPRESERN (2,v, 0 —0).)

Step 7 S; « min{f(S:), f(Si(1)), f(S:(2)), F(S:(3)};

Step 8 FEZE n(in 500) WERTFR ALK, NHEPERKLR, SNLEE Step 3.
4.3 ¥ERXR

BRETTR P: ay,02,, am, R—B/NER ENTERSER, M TZMEERR LA T WK% % STEIN-
LIB, it Ls(X)/Lm(X) AHEGL. X T4 € ¥ R ERFRELRL, 230K AEDEY £ KEk (PGSA) 5§
SCHk [50] HR ISR (AA) FIBELE KL (SA) BB FIE THERR:.

¥ERE 1 PAFIEE STEINLIB FAEHSE P = {(0.14 0.45), (0.21 0.27), (0.75 0.19), (0.87
0.34), (0.67 0.84), (0.48 0.86) }if, AA MYEIFEELEE Lo(X)/La(X) = 0.9914836, SA M IFE LR
Ls(X)/Lar(X) = 0.9964533, PGSA M EIFERLER Ls(X)/La(X) = 0.8953993, MR E A, PGSA %
BRI R/NMIZE LA 5.

® 1 STEINLIB p#{Eidle 1 HHERILR
PGSA AA SA
0.8953993 0.9914836 0.9964533

HHESN A (0.2264,0.3816); (0.5164,0.4964); (0.7660,0.2988); (0.5604,0.7964)

#EALR 2 WHXHUERE STEINLIB 4 & A8 P={(0.25 0.20), (0.31 0.09), (0.39 0.08), (0.48 0.10),
(0.70 0.20), (0.64 0.28), (0.56 0.32), (0.48 0.30)}&}, AA MIBIFZHEER Lo(X)/La(X) = 0.9965880, SA
RIBIFZEEHER Ls(X)/Lyu(X) = 09975208, PGSA MEIFIZEHEER Le(X)/Ly(X) = 0.9756573, PGSA
RGH /DML LA 6.

Ls(X)/Lm(X)

& 2 STEINLIB h#{ERE 2 (1 NERER
PGSA AA SA
Ls(X)/Lm(X) 0.9756573 0.9965880 0.9975208

BrHEge s (0.3103,0.0902); (0.3802,0.0812); (0.3900,0.0800); (0.5395,0.2585); (0.6380,0.2747); (0.5300,0.2700)
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08 T T T T T T 04

081
0.351

07k
031

06 -
0.255F
051
0.29
0.4
0.15
03

AR

02

O T 0z 03  os 05 08 07 08 oo “B% 3 0% o4 o0& 05 om o6 0B 07
B 5 HE 1 KRS 6 i 2 KRR

HAEKLE 3 WIRPEEE STEINLIB 145 &4 P={(0.03 0.50), (0.20 0.60), (0.37 0.50), (0.37 0.30),
(0.20 0.20), (0.03 0.30), (0.63 0.50), (0.80 0.60), (0.97 0.50), (0.97 0.30), (0.80 0.20), (0.63 0.30)}8t, AA
BIFEHER Ls(X)/Lu(X) = 09777726, SA BIRIFIEHE R Ls(X)/Lu(X) = 09751919, PGSA BIERYF
BHER Ls(X)/La(X) = 0.9346679, PGSA KRB R/NM%E LA 7.

#% 3 STEINLIB $#{&iXE 3 it HEREE

L (X)/Lar(X) PGSA AA SA
s M 0.9346679 0.9777726 0.9751919

BrHAA: (0.1425,0.5000); (0.2000,0.4005); (0.1420,0.3000); (0.3125,0.4005); (0.6876,0.4004);
(0.8000,0.4004); (0.8580,0.3000); (0.8576 0.5000)

AR 4 MiXEEERE STEINLIB F145 ¢ 54 P={(0 0.40), (0 0.50), (0.03 0.60), (0.10 0.65), (0.20
0.60), (0.20 0.48), (0.30 0.40), (0.37 0.45), (0.39 0.60), (0.45 0.65), (0.50 0.65), (0.54 0.60), (0.54 0.48),
(0.63 0.40), (0.70 0.50), (0.72 0.60), (0.80 0.68), (0.89 0.65), (0.90 0.51), (0.90 0.41)}5}, AA MIBRIFHEHL
B Ls(X)/Lar(X) = 0.9906618, SA WEiFia8ER Ls(X)/Ly(X) = 09907826, PGSA MIRIFZHER
Ls(X)/Lp(X) = 0.9767640, PGSA RBH /NN WA 8.

% 4 STEINLIB th#{#iRA5% 4 T HERER

PGSA AA SA
Ls(X)/Lar(X
s(X)/Lu (X) 0.9767640 0.9906618 0.9907826
HHEAE A (0.0001, 0.4999); (0.0632, 0.5780); (0.0564, 0.5958); (0.1686 0.5613); (0.3007, 0.4146);
(0.6247, 0.4436); (0.8004, 0.6775)

0.85 T T T T T T T T 0.7§

06
07

0.55
068}
05

08

.45

0.551

05 F

0.45

. : L L L . L 04 " " .
0 01 02 03 04 05 06 07 08 08 1 0 0.1 02 03 04 05 08 07 0.8 0.9

7 #HIE 3 R\l B8 i 4 fil/ Wk

PLEEE R AR E K H LA Matlab 45f2 58, 1 Windows XP V& LEfEd, iREHiHH
HL A Celeron(R) CPU 3.06GHz, 1.00GB ¥, PGSA 7£ STEINLIB fr#a L@ BHET 15 It
PEIRR | FHEHETR 9.3s, $EIRR 2 THEHE 7.8s, HERE 3 VB EEE 17.2s, F{EIRR 4
FEEERE 15.7s. HAPRFE R GRESRZ MIREEAELT 0.00031%, RIH T HERHBHERE
,K_E_

BRLA_EFE STEINLIB MIRBHREFLAE SN 6. 8, 12, 20 MR EFSL, FEALREBTATHK
5.7.9, 10, 18 SpMARA, i FRBATIH, AR/ NMERBER, EESE YHEMH Ls(X)/Lu(X)



978 FETRERELR % 3%

FERMBEYI A KL (PGSA) SRS (AA) FIBUUR AHM: (SA) BYBTELERAE, WBEXT AR RN 9
B, 8 PGSA MEMAEHAB.

738 4 HELS(X)/LM(X)

B BHE A
9 PGSA, AA, SA HEXLLER

5 &RiE

FERBRATACE A G H 5 HOL T, ZRMATH TR R LE SRR L= FRARRE X
BT AR R R BERE P15, X —ME# ALK A B m L U A R R i 25 AR
Fitas. ASCHRMRI TR M RR R SMT W, A FREEY A KA RGERE ETEYR
VRAE/NRLE. RE A R R —FB R R, TERSu TR M A AL e, X
R TERYZRERES, RAHEMER, RERFMN AR
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