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Application of Particle Swarm Optimization Method with Minimization of Lagrangian

Function to Constrained Discrete Optimization Problems

Kazuhiro TANIWAKI"!
*I Department of Architecture and Civil Engineering

The author illustrates the particle swarm method with minimization of Lagrangian function is an effective method for
the constrained optimization problems considering continuous design variables. In the practical optimization problems,
the optimum design problems can often be formulated as the discrete optimization problems. In this study, the method is
extended to the constrained discrete optimization problems. In the optimization process, the discrete variables are dealt
with as continuous variables which indicates the position in the sets of discrete variables. The effectiveness and reliability
are illustrated by applying it to the discrete mathematical problems, traveling salesman problem and mixed discrete-
continuous design problem of plate girder bridge system.
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mixed discrete-continuous design problem of plate girder bridge system
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2. RIFHREILE®PSO)

ki 1B LA (PSO) TIRRL F(=— = v MDOENTZT OPRTELEERT MAREX = (X, .0, Xy o0, Xy) P2 HL
DS, iZHOT—V x>y MIn HOREEHX; = K, 0 X)) ZATDHHLOLET D, xTIFHOZ—T =
YO s EOEROFTHREOHBEMIEZ 5 2 2IREEHRT ML, xpid s BIOKEOT X TOR{EED
FCREOHMBEKEL G52 2REEHRY bLvET DL, s+1RIBICBIT 2= —Y = hOBEEEL,
KA THEZOND.

Uit = wol + o (x) — xf) + oo (xp — x5), (i=1,..,N) (1)

7272 L, widlE M #E 7 (inertia weight), ry, rp (XX [0,1] D —EEELETH 5. ¢f, T HCOKEBEMERS L O/ L
— 7 D BALESOERIIK T D2EAMTIT 2RI L TV 5.
s+1EIBICE T A==V = FORBRITRAUZ LV ITRDbILS.

xtt=xi+vi*t, (i=1,..,N) )
3. HlFSEHRBRELREE
AMFFETRG & LTV D BERAEEX 2 5 U 7= fil A B oo LRI, RO KD ICERHTE D.

Find X = (X, ...,%,)" which minimize f(X) (3)
subject to

9;X)<0,j=1,..,q 4)
h(X)=0, k=q+1,..,m (5)

fi € {dil'diZ'”'ldiSi}l i = 1, e, n

ZTIT, dij 13, i B OB AR X 1ICB O TC, FIHTTREARBERE S O j B B OBERA K TH 5. Sild,
X BT D BERIRE OER OB TH 5.

4. DPSO IZ & Bt E 1L

BERGER G A B ORI REREL O T L ) XA (DPSO) i A4 5121E, 3 B)-(5) Dl S h-A7 Bt ik wa
e 2 AR B X & O T LU OIS i L Rl A 5

Find X = (%, ..., x,)® which minimize f(X) (6)
subject to

giX)<0,j=1,..,q @)
h(X)=0,k=qg+1,..,m (8)

HERZS S 1, X [0,81] ZBEBEE S O% Si THEIEIL, HHAONIENT b L0 BEBZEEE 5 S
T TWD. T2bb, A & BEBAE S TR L ERMTIT b 5.
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(lf xi<1 : fi:dil
if 1<x<2 : X = dp 9)
Lif k—1< x,<k : X = dy
lf Sl_1S X : fizdisi

ARFZETIE, R(6)-(8) T i b AZ M HiEE LT 77 v v a Bk i/Mbd 2 5E% A Tn
%2, K(6)-Q)DIHELRIEIC T 5T 7 7 v V2 BEIFU TO X H 12725,

q m
LXAR =00+ 400+ > k() = fOO+ £, (10)
j=1 j=q+1
DT, ABLUWIE, RESHNBLOSSHNICETS T /T Va R THY, FADMEERT.
RESHRERIEIBET 27 77 v 2 BROMEIZ, SIS ERE L TWAHAITIE 0.0, fH/E L THZRN
BAIIX 1.0 ZHWD. 72, SEHRSMEICE L X, XL THWDHAIE, FIck Y 1.0 /20T -1.0,
e L TWAEHEITIX 0.0 ZHWD. ZOREICEY 7770V aBlkeRz /ML LIESA, SRS ER
W INRWHENRELDHDOT, EFRAREEROGEICIET 77 0 Y2 BBOfX) OXEi/MET 52
LU, ETAREEE S L <X OB BHISESWR, 77T oV 2 BBERf(X) + (XD ZmIMEL TV S,
Thbb,

q m
if}hmmn5qmd§jwmahyz minimize f(X) + £, (X) a1
j=1 Jj=q+1
q m
if Y g >eor ) kX > minimize f,(X) (12)
j=1 Jj=q+1

T 2T, &, &l IARE BRI KOS SHIR Gl O FAT ATREREIR 2 MW 2 70 OB R TH Y, 6D
PIBMEIL 03 &L, FeR#EV iR LEEO 1/3 DLEOERTIE 0.1, 2/3 BLEOERLTIE 0.001 &2 b ST
D, eOFHIEIX 100 & L, SAMR LEEO 1/3 L EOEETIE 5.0, 2/3 L EOEFTIE 2.0 & PREREHI
ZRELLTNA.

REGHEICEBNT, 3§ TOx—Y = FRFITRAREEKROSGEE, o) Zei/MNTom—Y = b
XEIERL, =—T = MIFATARAIREEEL & FAT AT Re sl < E 7213 3T rRe s IRAE T 2 58121,
fa) + f(x)ERMNCT D=V M EBRT L. SHI, TXTHOT—Y = MRETARRFER DS
BE, fFG)EBEERDEDf ) ERNCTHT—V = b ERIRT S, 2218, xdiKAOT—V =
v NOWREEHART ML THD.

5 HEAEIUEE

AWFGED FEOAMERS L OEHENE 2R3 72012, R L O E Y — v A~ [ o Bk
M, 67 b— N —X — GO MEOER - iSRS 2 MR EEREICEA L, BREITo 2%
IZDOWTIRRD,

5.1 BEBCAEC10 8, HIFKIZAT 5 E ORI & /IMERTE
LURIZR 10 M8 OB R, 5 M8 OfilF St 2 B B L 7o S sab LRTE ORI HOW TR~ 5.

minmize  f (x) = —12x; — 17x, — 10x3 — 8x, — 40x5 — 12x¢ — 14x; — 10xg — 12x9 — 13x;, + 148
subject to
g1 = 12x; + 28x, + 6x3 + 6x4 + 20x5 + 6x4 + 21x, + 23xg + 18x9 + 6x19 — 206 < 0



777 vV 2 BEi/ME PSO Ofl# G BEBUR EAL I E~ D #

9o = 12xq + 28x, + 6x3 + 6x, + 20x5 + 6x6 + 21x; + 23xg + 18x9 + 6x19 — 206 < 0
gz =% +x, +x3—4.0<0

ga=%x4+x5—40<0

gs =x¢+x;,—3.0<50

X1~x10 € {1.0,2.0}

Z OREAIZENT, BHEEAW=0.6, B,  1X20 ZHNTNDE., ==V =2 FOEITEKOKD 3
fZo30HE Uiz, 1 HORITORKEK LEEE 500 [EE L, 20 BT LZT CTREMR (Best) BLUERS
it (Worst) % Table 1 IZ/~"d. F£72, OFREEEDHEKERLRLTWD.

Table 1 Optimal solutions by DPSO and Branch and bound method

DPSO DPSO Branch and
L (Best) (Worst) bound method
X 2.0 2.0 2.0
X5 1.0 1.0 1.0
X3 1.0 1.0 1.0
X4 1.0 2.0 2.0
Xs 2.0 2.0 2.0
X 2.0 1.0 1.0
X7 1.0 2.0 2.0
Xg 1.0 1.0 1.0
X 2.0 1.0 1.0
X 10 1.0 1.0 1.0
g1 -4.0 -1.0 -1.0
g -1.0 -3.0 -3.0
s 0.0 0.0 0.0
g4 -1.0 0.0 0.0
gs 0.0 0.0 0.0
I -76 -74 -74
number of
times" 10 10

1) Number of times in which the optimum solution is obtained in 20 trials

DPSO 1% 20 [EIOFRFTH 10 M2 f==76 (\ZULRE L, F7= 10 BINDFIREE LR L =74 12K L7=. HAYES
BT & A EEITRNA, DPSO I & D EMICIRZIER L T 5D,

5.2 BERCARRC T8, KIS 4 18 0 IR f MERTE
DN, TEOBERZES, 4 HORIKISMEZ B8 LI Ei LRI DV TR~ 5.

minmize  f (x) = (x; — 10)? + 5(x, — 13)2 + 5(x3 — 1)? + 3(xy — 11)% + 10x8 + 7x2 + x7
—4x¢x; — 10x4 — 8x,
subject to
g1 =2x2+3(x; — 1)* + x5+ 4xZ + 5x; — 128 <0
g2 = 7%, +3x, +10(x3 —1)? +x, — x5 — 285 <0
gs = 23x; + (x, —1)? + 6x2 + 8x, — 196 < 0
ga=4x2 + (xy — D2+ 3x,(x, — 1) + 2(x3 — 1)2 + 5x5 — 11x, < 0
x,1~x, € {1.0,2.0,3.0,4.0,5.0}

ZORBEICBWTY, EBHEEAW=0.6, i, 120 ZHNTWNDS. ==V FOEITEKOED 3
fEo 21 E Uiz, 1 [EORITOHR K UEE A 500 B & L, 20 [BERIT LT CTREM (Best) B LU
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TR EE & O ik B4 Table 2 (2779, DPSO 1% 20 [A] & bR ic Ik L, SEREEE b —H L. =
D LD BB RBEICE W C OIS RE REEREOM AT EZIRETE L2 LRI LN o Tz,

Table 2 Optimal solutions by DPSO and Branch and bound method

DPSO DPSO Branch and

method | g o6 (Worst) ol b

X 1.0 1.0

X, 3.0 3.0

X3 1.0 1.0

X4 4.0 4.0

g 1.0 1.0

X 1.0 1.0

by 2.0 2.0

g: -8.0 -8.0

g -266.0 -266.0

gs -179.0 -179.0

Ga -3.0 -3.0

f 727 727

number of

times " 20

1) Number of times in which the optimumsolution is obtained in 20 trials

5.3 XK EE— L A= L EE 9
Wz, Kalt— L2~ CREIZEA L2 rd. o #h oK EY —v 2~ MO & bk 7)ic &
HLLTFOEALE =,

Find xi]-(i =1,n),G=1.,n), y(@=1..,n-1)
which minimize YL, Y7 ¢ x;j

subject to

Z}Ll x;=1 Vi

Yizixi=1 Vi

yi+1-M(1—x;) <y Vij

1<y, <n—1 Vi

x;; €{0,1} Vi, j.

T2, x (X i DA BT S 5AIC 1, BEILRWESS 0 2R HEIE A ST, ol il & AR
DR OHEEZ R, yi31~(n— D)E TOROBEREOMIMER TH Y, #WHiOFMNEF 279, MITMEED
RE Bz R~T.

(1) 4 ZHKE T — /L A~ [
KEE— 2= REE LT, Figl IZRT 4 OOHTO AT 2 HFE L TB, C, D O3 X TOHBHIZE
BTN R/MET AREEEZE XD, M=3 & LI E0OERLIZLLFO#EY ThHb.

Find XaB»Xac»Xap»XBa» XBc» XBDy» Xca» XcBy» Xcp» XpBy XDA» XDCr VB YCr YD which
minimize f(x) = 6xAB + SxAC + 8xAD + 6xBA + 7xBC + 4xBD + SxCA + 7XCB + 3xCD + 4xDB + 8xDA + 3xDC
subject to

g1 = Xap + Xac +x0p =1
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92 = Xpa+Xca+xpp =1
g3 = Xpa + xpc +xpp =1
9s =
9s =Xcatxcp +xcp =1

xAB +xCB +XDB = 1

e = Xac + Xpc + Xpc =1
97 =1
gs = Xap +xpp +xcp =1
9o =Yg — Yc + 3xpc < 2
910 =Yc—Yp +3xcp <2
911 =Yg —Yp +3xpp <2
g12 =Yp —Yp + 3xpg < 2
913 =Yc—Yp +3xcp <2
914 =Yp —Yc +3xpc <2

= Xpg + Xpp + Xp¢

Xap» Xac» Xap» XBa» XBC» XBp» Xca» XcB» Xcp» XpB) Xpas Xpc € {0, 1}

A(starting point)

5
C
6
3
D
4
B

Fig.1 Traveling salesman problem for 4 cities

ve €1{1, 2,3}, yc€f{1,2 3} ypefl, 2 3}

BE{LEFRICIBW T, BYEEAW=0.6, c, W Ld 2.0, =—Y =2 MIE 508, FoRMuR Lalkk%s

LU7c. R BRIE L OS5 A I3 E IS R LA O B2 B0 AT Z L2 &Y, (B

rRELMESELZENTELIZE LY,

Z ORIEIZIBVT 500 B0 fe ek B EEOR L 72 %15 b7
iz rz— >z b 50 HOHICERY AT Z &% 1 84T 5 723555 (Num. of reset=1), 3 [FIfT - 72554 (Num. of
reset=3)\C DV T I 2T o 72, TNZENDOHEIT OV T 50 [BIRRIT 21T, 15 B VTR D 722> The B fif (Best)
BLOES A (Worst) % Table 3 12787,

Table 3 Optimum solutions for Traveling salesman problem for 4 cities

Route

DPSO
Num. of reset” =0

DPSO
Num. of reset” =1

DPSO
Num. of reset” =3

Best

Worst

Best Worst

Best Worst

X 4B 1

0

1 0

1 0

Xuc

Xup

X B4

X BC

X BD

X4

XcB

Xcp

X DB

X D4

X pc

VB

Yc

NIWw|= | |O|0O|0O|O|=|"|O|O|O|O

Vb

= IN|w|=|lO|O|O|=|O|OCO|O|=|—=|OC

NIWw|= |2 |O|0O|0O|O|=|"|O|O|O|O
= |INvN|w|=|O|lCO|O|=|O|C|OCO|=|—=|OC

NIWw|= | |O|0O|0O|O|=|"|O|O|O|O
= |IN|w|=|O|lCO|O|=|O|C|OCO|=|—=|OC

—_
[e<]

f&)

N
S

—_
(o]
N
S

—_
(o]
N
S

iteration”

500

1000

2000

Number of

times®

18

18

18

1) Number of reset times for initial values

2) Number of iteration for minimization process

3) Number of times in which the optimum solution is obtained in 50 trials
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CORMBEICENT, WAz —Y =y MCRVIADREREZZ (LS ETORIERIIZ L TELT, 2R
FEIBELNTHZRY. i, BBICHESHKIRNENZ <, BPRFESHKIRETRE SN D 2, REHE
WRIER L Dz Bbihvgd. ZD729 50 [EORATHMERE LN HGEITD T 18 B TH 7. &
WAEO B AIBEEUEAS 18 DB E & RPTREM O B BRI 24 DFE D 238 Y O/L— b % Fig2 3 LU Fig3
(R —ERE L RTREROE RE Y 2 v MZIRVIAATY, FEHNSEMA TR SN R
WD D B 2 B L~ R 5 2 LI TH - 7.

A A
5
Cc C
6 6
3 3
D D
4
B B
Fig.2 Global optimum solution (/=18) Fig.3 Local optimum solution (f=24)

(2) 10 #FHH K EE—/L A~ RE
Fig.4 12777 10 #8124 4 SRS 2 PR R 3 23K [El 2 — /L 2 < I DPSO %@ L 725 Rz > Tk
XL, ZOMETIEM=9ZREL TUTOLIICERLTES.

Find  x;(i=1,..,10),(j = 1,..,10), y;(i = 1,..,9)  which

minimize  X!2 %1% ¢ x5

subject to

Yi2ix;=1 vi
Yilixi=1 Vi
Vi+1=9x(1—x;) <y Vij
1<y; <9 Vi
xl-]-E{O,l} Vl,]

Fig.4 Traveling salesman problem Fig.5 Optimum solution Fig.6 Local optimum solution

for 10 cities and available routs (£=50.26) (f=52.09)
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ARFZE T, Fl i THEETRELHR OB L ORGSO ERD S¥ 5729, Figd IR T X912,
T TR TORTRIOERAHE L, F A mcxt U CHERENEL 725 3 8liafEs— "ok s EET 5
ZEELe. ZoZEIZEY, BHOMEEIT 4 E, RESHRISMEOBIL 72 8, F5HKISAEOHBIL 20 E
Lo TS, ==V O 150 8, w=0.6, cp, clZWFHE 2.0, FeAMEK LAI%K 5000 [F] & LC 50 [A]
RATEATV, O TR EMO B HBSE 2 foiEfR & L7z, 50 BoOFITICR W T, 31 BREEAEE 2132 0l
O — N ERIN Uz, HEffo BB OME £=5026 TH Y, Kii7e/L— k% Fig5 (2”79, Fig.6 [3fEN
BoONT-HTHREMTH D [=52.09 DBFEDL— FER LTINS,

P bR I v, S5HRNEMC X 0 RREERA D Szl — L 2~ U EICB VT, #K
FIOFITEIT) Z LI K VMEEICREMEZGDLENTELZERHALNE ST,

54 7 L— N — X —IEHO ek iR

Fig.7 \ORT 7 b— N — & —80D T KL ORI O %2 % 5o/ & 9 5 Wi 56 T ~xg D FcAE % R E
T4 R REO RS 2R, O A F1d 23.0m, MEHT A, B, C OB -HEIXR L TH D ERE
LTW5. REHZE%0E, Fig.8 @ 1B O & 8 Sx;~xg, Fig.9 |27~ $ RC IKRDE Sx, 5 X OEERAFOE
PRxg BB L TWD.

40(L:m 800cm 40cm
/ asphalt 7cm $ 20cm
A B C
f
40cm 150cm 250cm ‘ 250cm ‘ 150cm 40cm

Fig.7 Cross section of plate-girder bridge system

X
@Lf Diameter of main reinforcement Xg

Xy
upper flange 4 % 250=1000 mm i
40mm l / /
web - _T_ - - o/
— <x—6 X2 |H — /
X7
L L L [ ] [ ] L ] M L J

lower flange % 40mm T 8% 125=1000 mm

—

*3 Fig.9 Design variables for RC slab

Fig.8 Design variables for I-section

ZORBEIZIBNT, xy~og TR, xy~xg ITFEREEL X~%s & L CTHUD RV, IREEHEELE
o TWA, REHBEICBW T, [EE S M IERE 460cm, #4413 SM400 2 & L, B8R 2 VW CAEMmER &
WEREIC X DeGHHTFE—A v FEHEH L.

BERCE SRS, EBEOTH TIREIN TV DU PR T A TR EOESEBE L T\ 5.

X, %s € {1.9,2.2,2.5,2.8,3.2(cm)}, %, € {1.0,1.1,1.2,1.3,1.4,1.6,1.9(cm)}]
%, € {25,26,27,28,29,30,31,32,33(cm)}, %, € {13,16,19,22, 25(mm)},
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HBIHUE, BT O RN R ST 2R OB a X M EBE LT,

_ _ X7 3C, _ _ _
f(X) = CRWsAs(%g) + Cs”@m + 10030 (1%, + X% + X3X5)

T 2T, Ag(g) 1THALR S Y720 O T8k OWriEi A (m?), Cp lZHENAFEYS 72D O T D = A ~(7.85 X
300 TM/m?®), Cs (THALARIYS 720 O RC RO = 2 ~(100 TM/m®), Cy l3HAAE S 72 OHilTo =
A b(7.85 % 650 T[/m’). Cp, Cs, BEVCy 1L, EEOEB A FAPAT D2 LI2KY, ThEh Bl
DIEIZRE L TV D, REHRIFISAE, ERER T E VCBE SN TO RO 17 B ORISR 2 B E L T
5.
¥ = 7 DrE & O

g1= x1 —(x, +x, +%5) /5 =0,
7 F Y OEDHIK
g2= x1 —(x, + %4 + %5)/3<0
g3= x5 —(x, + X, + X5) /5 =0,
ga= X3 —(x; + X, + %5)/3<0
gs= X4, —(xq1 —X%g) /2 /12.8 =0.
7T VDR S DR
ge= X5 —(x3— %) /2 /16 =0
g7= X¢ — x5 /152 =0
77 Y DRI EERIK
gs =0950,, — 0, <0
Go =0y — 0cq <0
J10 = 0950, — 0, <0
911 =0, = 0, =0,
T2, 0, BEX Vg ixENER, L FT7I70V T L= DINHETHD. o0, FREMIGSHTHS. 04
IFFEGIRIGIE (140N/mm?) TH 5.
HT DR AWIE T EEFS JOVE RS 71 EE /IR
Ji2=T—7,=<0

913 = (L)Z + (U—W)Z -12<0,

Ta Ota

ZZIT, TEr lE, ENENEAMISHER LOCHFEEAMICIE BON/mm?) TH 2. o, 1%, V=771
— FOBERMTISNETHS.
RC IRAR D i 77 FE il

_ 0.8504

J1a =

_O'R(:SO

915 = Opc — 04/3 =0
Z 2T, ope & o lE, ENENRCIKRIRDIGHE L 227 U — FOFRFHRE (24N/mm?) Th 5.
FERAD DI ST EE IR

916 = 090t — 05 < 0

g17 = Ogt — 0tq < 0,
2T, g BEWo 1%, ENENEEA OIS EL XLOFFESIRISE (140N/mm?) Thb.
DPSO D fci{tilfE iz T, =— Y = M 30 fl, 1EBYEEAW=0.6, cq,c, 1£2.0 & L7z, HKREuR LI
B 1500\ & L, B USEE2HWT 20 EERITEITY, 2O TR 3 2 FOLZWRKEF (Best) BLU0KD
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Table 4 Optimum solutions of mixed discrete-continuous design variables

Variables Denotations Continuous | Discrete | Best | Worst
X1 Upper Flange Width (cm) o 56.1 49.5
X2 Web Height (cm) o 212.9 | 213.9
X3 Lower Flange Width (cm) o 55.1 45.0
X4 Upper Flange Thickness (cm) @ 2.5 2.8
Xs Lower Flange Thickness (cm) o 2.2 25
X6 Web Thickness (cm) o 14 1.6
X7 Thickness of Slab (cm) @ 27 27
Xs Reinforced Diameter (mm) o 22 22
Objective function ( x10%yen /m) 1172.9 | 1224.3

Table 5 Values of constraints at optimum solution

Constraint No. Kinds of constrains Best | Worst
g1 Lower limit of web plate thickness 0.0 -0.2
9> Lower limit of width of upper flange plate -12.6 | -5.7
I3 Upper limit of width of upper flange plate -16.4 | -23.5
ga Lower limit of width of lower flange plate -11.6 | -1.1.
Js Upper limit of width of lower flange plate -17.4 | -16.5
Je Lower limit of thicknesses of upper flange plate | -0.4 0.5
g7 Upper limit of thicknesses of lower flange plate | -0.5 -0.8
Js Lower limit of stress on upper flange plate -6.6 | -1.0
Jo Upper limit of stress on upper flange plate 0.0 0.0
J10 Lower limit of stress on lower flange plate -7.0 | -5.6
911 Upper limit of stress on lower flange plate 0.0 0.0
912 Upper limit of shear stress on web plate -47.7 | -45.2
913 Upper limit of combined stress on web plate -0.1 -0.1
J1a Lower limit of stress on the RC-slab -0.7 | -0.7
J1s Upper limit of stress on the RC-slab -0.5 0.5
J16 Lower limit of stress on main reinforcement -1.5 0.0
917 Upper limit of stress on main reinforcement -12.5 | -14.0

a2 FOEWERSRE (Worst) OFER % Table 4 (283, 72, KRBT 2HKISMEOEL Table 5 (2%
7.

BEROGED Y =7 7L — FOEI LEIE, REBOGHELV BRESRoTWD. —F, &HMBD
BEDT7 T VOmEIE, REMOGAE LY L/NEL o TWnD., KEETIE, V=77 L — hDEIDHIF
g1, BT 7T COIETEK g9, g NT 7T 4T ERoTWS, LLEXY, Kifi#ixX b TR/
ATCIRESNTEY, FEfFEO=a 2 ME 11729 TH/m &2 -7,

INLOBERER LY, BESNETAITY XL, i - BEBURA G ER O RO iR & SR 0 R
ICIRETE D ENHALNE 7o Tz,
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ALV ELNZERIULTO®BY THD.

1) A CRE LBdE ks (DPSO) 1X, #rmid, Kelt—n 2~ o, v — M i—%
— ¥ D B3 b R R O I S A B SO L IS B WO CRE I IR S 2 15 5 = L BN CX[EHM0 5
WHIETHD Z ENRHLNE 75Tz,

2) RSB E I BN T, TR TOHEEITEMES w=0.6, cf, oW 2.0 Z5%E L
7oh, TRTOMBEIZHEWT, MEICREEIE O NBBEIZR 6ol

3) KElte— VA~ RO X D ICHIESEME & 70 0 Bl i BN E S HSRIE TIRE SN D L 9 RIGAIC
WX, BRBEEENAIREN &R D720 —EOIT TN E LN WEENAETTZ. L, 20X
RGAITBWTH 50 BIFEEDORITEITH 2 LIk, MERICKEMRICEET D Z ENTE, fROfE
WA SO D Z L INTE .

4) AW TIRE LB E LI, A & BEE S A [RIRFIC B LIRS A b IZ ks
WTHLREZIZHOE D ZEMTELZENRHALMNE /2o T,

2

AW ZATT DICHTZY, BRI TRERFERFR 2 FETH > EEEROW 257, 2 2I, K
HOBERLET.
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