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Impacts of Pre-signals on Traffic Crashes at 4-leg Signalized Intersections
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PURPOSES : This study aimed to analyze the impact the operation of pre-signals at 4-leg signalized intersections and present primary
environmental factors of roads that need to be considered in the installation of pre-signals.

METHODS : Shift of proportions safety effectiveness evaluation method which assesses shifts in proportions of target collision types to
determine safety effectiveness was applied to analyze traffic crash by types. Also, Empirical Bayes before/after safety effectiveness evaluation
method was adapted to analyze the impact pre-signal installation. Negative binomial regression was conducted to determine SPF(safety

performance function).

RESULTS : Pre-signals are effective in reducing the number of head on, right angle and sideswipe collisions and both the total number of
personal injury crashes and severe crashes. Also, it is deemed that each factor used as an independent variable for the SPF model has strong

correlation with the total number of personal injury crashes and severe crashes, and impacts general traffic crashes as a whole.

CONCLUSIONS : This study suggests the following should be considered in pre-signal installation on intersections. 1) U-turns allowed in
the front and rear 2) A high number of roads that connect to the intersection 3) Many right-turn traffic flows 4) Crosswalks installed in the front
and rear 5) Insufficient left-turn lanes compared to left-turn traffic flows or no left-turn-only lane
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Table 1. 8-hour Volumes

Traffic volumes on| Traffic volumes on
main road minor road
NUmIRER B [Eres (both directions) | (dominant direction)
(veh/h) (veh/h)
Main road |Minor road

2 1 500 150
over 2 1 600 150
over 2 over 2 600 200
1 over 2 500 200
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Table 2. Minimum Capacity and Pedestrian Volume

Pedestrians
(1 hour, both directions,

Traffic volume
(8 hours, both directions :

veh/h) including bike : p/h)
600 150
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Table 3. Minimum Visibility Distance to the Signal
Depends on Appreach Speed

85th percentile approach

speed(km/h) 30|40|50|60|70|80|90(100

Minimum visibility distance(m) | 35 |50 | 75 |110(145(165(180(210
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- FYEAESE, UL, SUFE, JuFE, Table 4. Status of Selected Sites
e A<
X}EH}‘]‘\E:]') /\]‘iﬁ‘l‘ Classifi- Busan | Daegu |Gyeonggi Chung Jeolla Gyeong
i Total ; ; cheong sang
_ cation City | City -do | amedo|M@M-do| kg0
- WEALTL 7 ARHAA
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- _ - ; 25 5 7 3 5 1 4
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Table 5. The Number of Traffic Crashes for Each Site
’l\J‘ The number of traffic crashes
m
g Before After
©
(T,) Name of sites 2006 2007 2008 2010
? R | S |RE|W H|{R|S|RE|W|E|H|R|S|R|W|E|H|R|S|RE|W]|E
t
S S|P|S|P|S[P|S S|P|S|P|S[P|S|P|S|P[S|P|S|P|S|P|S|P|S|P|S|P|S|P|S|P|S|P|S|P|S|P[S|P|S|P
Total 25 57/40|17|20/39]40[20 10| 4 [57146(19]23(35(50125(11|12| 4 | 5 | 2 |45/42[23|28/41(52|30]17| 6 [13| 6 | 6 [29[36| 8 [28[21|45(19|17| 7 |17
Yachting Center 4 2| 13| |7]1 1 |2]1 4|1 3|2|2(1|2|3|1 11212|2|3|1
Namsan Gas Sta, 5 3 111(3]1 201 |1(1 11213[1]2]2]1 201 (1] |[1]1 1
Busan | 5 Daecheong 4 6|4 1(2 2|2 131 101 1201 1] |2 2(1] |1
Toseong 4 5(5 321 24 2 112 2 1 3 5(5 112]1
Beomi telephone com, 412 2|2 1 2 2 10101 11 11 2|3 1
Industrial high school 4 6(4(5|5(1|4(2 312(1]2|1]21 1 2(21213|2|3|5|1 21 211 2(211]1]1
Bisan elementary school 4 1 4] 2|4 1(1]3[2]2|1]3]|1] |1 1 |2]2]2|2]1)|2 1111 12111
Gwangmyeong 4 3|3 [3|1] |2 413|1(3]2|2|1]1]1|1 5(2| [2|2]|4] |1 1201|111 |2]1
7 | Dongseong school 4 2|2 1)1 1 |4(1]2|1]2] |2|1 2| |5| |3]|2[3|3|4 111]3] |1 2
Daegu
Seongdang 4 3(1]4|7|2|5|7 10[6|5|4(3|5|3|2|2 3|2|6(4|7|6[11|2 1| |2|1] |8|3|9]4|7|1|6
Songll elementary school 4 31 2|3 2 111 112 111]1]2|2(5 1 12(1|1)1(2]1
Aiport 4 113 201 2 2 4 2 1
Animation Bridge 4 1 2 1 1 2021 |1 1] |4|8]1[1 1 1(2
Gyeong
g 3 Suseong Bridge 4 2| [1]8|1]2] |2]1 411 1 1 1 1
-do
Shinwon Ebenezer 4 1 1 201 1 1 1 1
Dongbu 4 3|3 2(1]2 1]12(2|5|1(5|3]|1 3|6(|2(6|3|3]4|1 1 2| |5 [3]1[3]1]1
Inswachang 4 2 3 111(5|5[1(2|1]1]3|1 111(3 4|3 112(2|1]1[1|6]2
Chungcheong
5 E-mart4 2| |1]2]8 2(211[1|1]4|2 114 [1] [3]1]2 11 [1]2(41]|1] |1
Jupo 4 1)1 1 2 2 1 1
Sinheung jugong APT 4 11 1 24 3 11 21 1 21 111 1 1
Jeolanam-do| 1 Yemiwon 4 2|6 1 1 1 3 1 1 1 114 1
Oksan 4 1 [1]2]1 2 11)1] |2 1 |1 202 [1]4|1] |1 1 |2|1]1]2]|2
Gyeongsang4 Hwangsang 4 311 1131 1 112]1 8|1 2 113411 1 1121112483 1
buk-do Tax office 4 3|4 [1]5]3 41 4|6 3 2 3|1 1 1[4 2|4
Namsam elementary school 2 1 |1 1 |2 1 |11] |2 11 1

*H:head-on, R right-angle, S: sideswipe, RE: rear—end, VR: vehicle—to—road user, E: etc., S: severity crash, P: personal injury
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i(CT)B — N (1)
observed, B, total
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observed , A, total

o 7] A,
Pcrypa=Before/After treatment proportion of
observed crashes of a specific target collision
type(CT) relative to total crashes at

treatment site 1

Nobservea, 512, cr =Observed number of CT crashes
of a specific crash type at treatment site i

over the entire before/after treatment period
Novserved, Bia, o =Observed number of total
crashes at treatment site i over the entire
before/after treatment period.
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Table 6. Before and After Period Total and Fatal and Injury Crash Freguencies for Given Sites and T* (head on)

Site Crash frequency | Crash frequency | Proportion of |Difference Site Difference | Absolute Rank
No. |In before period | in after period Fl/total in No in difference in| Rank | corresponding to
: (3 years) (1 years) crashes proportion * | proportion | proportion positive difference
Total Fl Total Fl Before | After
1 1 1 1 1.00 -1.00 0.00 0.00 1 0
2 2 1 0.50 -0.50 0.00 0.00 2 0
3 1 1 1.00 1.00 7 0.00 0.00 3 0
4 4 2 2 1 0.50 0.50 0.00 12 0.00 0.00 4 0
5 1 0.00 13 0.00 0.00 5 0
6 5 5 1 1.00 -1.00 14 0.00 0.00 6 0
7 1 1 1 1 1.00 1.00 0.00 11 -0.33 0.33 7 0
8 3 3 1.00 -1.00 2 -0.50 0.50 8 0
9 2 2 1.00 -1.00 1 -1.00 1.00 9 0
10 1 1 1.00 1.00 3 1.00 1.00 10 10
11 3 1 1 0.33 -0.33 6 -1.00 1.00 11 0
12 2 0.00 8 -1.00 1.00 12 0
13 1 1 1 1.00 1.00 0.00 9 -1.00 1.00 13 0
14 2 2 1 1 1.00 1.00 0.00 10 1.00 1.00 14 14
Total 26 19 1 6 —2.83 |Total 105 24

Table 7. Before and After Period Total and Fatal and Injury Crash Frequencies for Given Sites and T* (right angle)

Site Crash frequency | Crash frequency | Proportion of |Difference Site Difference | Absolute Rank
No. | in before period | in after period Fl/total in No in difference in| Rank | corresponding to
. (3 years) (1 years) crashes proportion | proportion | proportion positive difference
Total Fl Total Fl Before | After
1 10 7 4 0.70 0.50 -0.20 1 0.00 0.00 1 0
2 12 9 3 0.75 0.67 -0.08 7 0.03 0.03 2 2
3 19 11 2 0.58 -0.58 5 0.07 0.07 3 3
4 10 6 0.60 -0.60 2 -0.08 0.08 4 0
5 20 12 3 2 0.60 0.67 0.07 9 -0.17 0.17 5 0
6 14 11 4 1 0.79 0.25 -0.54 1 -0.20 0.20 6 0
7 25 16 3 2 0.64 0.67 0.03 12 0.23 0.23 7 7
8 10 7 3 1 0.70 0.33 -0.37 14 -0.33 0.33 8 0
9 10 5 3 1 0.50 0.33 -0.17 8 -0.37 0.37 9 0
10 18 7 2 0.39 -0.39 10 -0.39 0.39 10 10
1 16 8 4 2 0.50 0.50 0.00 6 -0.54 0.54 1 0
12 1 3 2 1 0.27 0.50 0.23 3 -0.58 0.58 12 0
13 4 3 0.75 -0.75 4 -0.60 0.60 13 0
14 9 6 3 1 0.67 0.33 -0.33 13 -0.75 0.75 14 0
Total | 188 M 36 15 -3.68 |Total 105 22
Table 8. Before and After Period Total and Fatal and Injury Crash Frequencies for Given Sites and T* (sidewipe)
Site Crash frequency C.rash frequency | Proportion of |Difference Site Difference | Absolute Rank
No. | in before period | in after period Fl/total in No in difference in| Rank | corresponding to
: (8 years) (1 years) crashes proportion * | proportion | proportion positive difference
Total Fl Total Fl Before | After
1 6 5 5 2 0.83 0.40 -0.43 8 - 0.00 1 0
2 4 3 1 0.75 -0.75 13 - 0.00 2 0
3 18 8 2 1 0.44 0.55 0.06 3 0.06 0.06 3 3
4 1 8 3 1 0.73 0.33 -0.39 11 0.17 0.17 4 4
5 9 1 2 1 0.11 0.50 0.39 12 -0.25 0.25 5 0
6 8 5 1 0.63 -0.63 10 -0.27 0.27 6 0

o
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30 15 0.50 -0.50 14 -0.33 0.33 7 0

8 2 2 1 0.50 0.50 4 -0.39 0.39 8 0
9 3 0.43 -0.43 5 0.39 0.39 9 9
10 15 4 5 0.27 -0.27 1 -0.43 0.43 10 0
" 1 2 1 0.33 0.50 0.17 9 -0.43 0.43 " 0
12 1 1 0.25 -0.25 7 -0.50 0.50 12 0
13 1 6 -0.63 0.63 13 0
14 2 3 1 0.67 0.33 -0.33 2 -0.75 0.75 14 0
Total | 126 58 36 8 -3.37 |Total 105 16

Table 9. Before and After Period Total and Fatal and Injury Crash Frequencies for Given Sites and T* (rear end)

Site Crash frequency C.rash frequency | Proportion of |Difference Site Difference | Absolute Rank
No. | in before period | in after period Fl/total in No in difference in| Rank | corresponding to
: (8 years) (1 years) crashes proportion * | proportion | proportion positive difference
Total Fl Total Fl Before | After
1 18 13 1 1 0.72 1.00 0.28 8 0.00 0.00 1 0
2 10 7 1 0.70 -0.70 9 0.00 0.00 2 0
3 13 4 2 0.31 -0.31 4 0.04 0.04 3 3
4 13 6 2 1 0.46 0.50 0.04 12 0.10 0.10 4 4
5 1 5 1 1 0.45 1.00 0.55 7 -0.18 0.18 5 0
6 10 6 0.60 -0.60 1 -0.27 0.27 6 0
7 28 12 12 3 0.43 0.25 -0.18 1 0.28 0.28 7 7
8 15 5 3 1 0.33 0.33 3 —-0.31 0.31 8 0
9 1 14 0.36 0.36 9 9
10 15 6 3 0.40 -0.40 10 -0.40 0.40 10 0
1 12 5 7 1 0.42 0.14 -0.27 5 0.55 0.55 1 1
12 13 3 6 2 0.23 0.33 0.10 -0.60 0.60 12 0
13 7 5 2 0.71 -0.71 -0.70 0.70 13 0
14 19 4 7 4 0.21 0.57 0.36 13 -0.71 0.71 14 0
Total | 185 81 47 14 -1.85 |Total 105 34

Table 10. Before and After Period Total and Fatal and Injury Crash Frequencies for Given Sites and T
(vehicle to road users)

Site (_Drash frequency C.rash frequency | Proportion of |Difference Site Difference | Absolute Rank
No. | in before period | in after period Fl/total in No in difference in| Rank | corresponding to
: (3 years) (1 years) crashes proportion * | proportion | proportion positive difference
Total Fl Total Fl Before | After
1 2 1 0.50 -0.50 12 -0.10 0.10 1 0
2 3 2 1 1 0.67 1.00 0.33 3 -0.22 0.22 2 0
3 9 8 3 2 0.89 0.67 -0.22 5 0.24 0.24 3 3
4 2 1 1 1.00 1.00 11 0.25 0.25 4 4
5 7 3 2 0.43 0.67 0.24 2 0.33 0.33 5 5
6 9 0.78 -0.78 13 0.36 0.36 6 6
7 26 21 11 4 0.81 0.36 -0.44 7 -0.44 0.44 7 0
8 1 1 1.00 1.00 1 -0.50 0.50 8 0
9 2 1 0.50 -0.50 9 —-0.50 0.50 9 0
10 12 9 4 1 0.75 0.25 -0.50 10 -0.50 0.50 10 0
1 4 3 2 2 0.75 1.00 0.25 14 -0.75 0.75 1 0
12 3 2 1 0.60 0.50 -0.10 6 -0.78 0.78 12 0
13 1 2 1 0.14 0.50 0.36 4 1.00 1.00 13 13
14 3 1 0.75 -0.75 8 1.00 1.00 14 14
Total 92 62 31 16 -0.62 |Total 105 45
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Table 11. Cause of Severe Traffic Crashe
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Table 13. Determination of Safety Performance
Function by Main Types

Classification Safety performance function

Personal injury| exp(0.215+0.214X1+0.008X2-0.064X3+0.280X4)

Types of Influence Description of
traffic crash factors influence factors
Head on Alignment Alignment of cross roads
A number of A number of left turn,
turning lanes U-turn lanes
. . - Signal timing of left turn
Right angle | Signal timing and through movement
. Size O.f A size of intersections
intersection
Turning lanes Right turn lanes
Sideswipe | A number of A number of through
lanes movement
Others Traffic volume Traﬁlc‘volu‘me of all
directions
A AAE AZE B Ao ghate] Wako] &
olgt wEAILE 8 4T 295 F RBAL WA
of A 295S Fohfio] A4lE7]

Table 12. The Result of Correlation Analysis on
Target Collision

A A
Causes ”urgfber Causes n“rgfber
crashes crashes
Coefficient 0141 Coefficient 0.044
of -0. A of .
correlation number of correlation
Alignment right turn
Significance Significance
probability 0.287 lanes probability 0.739
Coefficient Coefficient .
of 0.071 of 0.549
num@er of correlation numbAer of correlation
left=turn through
lanes |Significance movement |Significance
probability 0.595 probability 0.000
Coefficient 0.678" Coefficient S09™
of .67 i of 0.60
num@er of correlation vo-ll—LrJ?rif(leCof correlation
U-turn through
lanes |Significance movement |Significance
probability | 0-000 probability | 0-000
Coefficient Coefficient
) of 0.071 ) of 0.078
Signal | correlation Traffic | correlation
timing of volume of
left turn Signifi left turn i
gnificance Significance
probability | 0-593 probability | 0-560
Coefficient Coefficient
Signal of 0.360** ) of 0.341**
timing of correlation Traffic correlation
through vplume of
movement (Significance| ¢ 5s right turn Significance| 4 goa
probability | ~* probability | ~*
Coefficient 0.429" A Coefficient 0,006
of . number of of .
Size of correlation crosswalks | correlation
intersection Sianii Sianii
ignificance ignificance
probability 0.001 probability 0.023

Severity crash | exp(-0.842+0.018X2+0.217X3+0.186X5+0.289X6)

o}7]A],
X1:traffic volume of right turn
X2 :size of intersection
X3:a number of left—turn lanes
X4 :a number of U-turn lanes
X5 traffic volume of left turn

X6 :a number of crosswalks

SPF @< o|gdte] AgAlEr] A% 3zt 4|
£ FA(predict)3t AL},
weighted adjustment

AAE AR A

olgA 4% It Eq. (8)
s A3k 7|t (expected
+= Table 149} At}

= =

NeXpL’L’t(’d, B =Wip IVpred[cted + ( 1-w R B)N{lb.&'(’”’(’d. B (8)

o}7]A],

Nexpecrea, s =EXpected average crash frequency,
for each site i, summed over the entire
before period

W, p= !

P14k x Y, Npedictea

Before
years

w; s =weight for each site i
N,psenea. s =Observed crash frequency at site i
for the entire before period

k =Overdispersion parameter for the applicable
SPF

ro

=255 =28 - Ml15H M4z 143



Table 14. Expected Average Crash Frequency for

8 10.54 6.42 0.333 0.333 11.95 6.09

15.89 5.97 0.333 0.333 12.73 3.96

10 6.94 7.49 0.333 0.333 7.72 4.43

Each Site
Expected
Predicted before total crash frequency | Overdispersion| weighted | average crash
by year parameter | adjustment |  frequency
site (crashes/year) ® (W) in before period
8 (Byears)
|| Personaliniry Severty ash  |personel Severty |Personel Severty Personal Severty

YilYe |Ys | |Yi|Yy2|vs|# injury | crash | injury | crash | injury | crash

1 9.97 2.70 0.333 0.333 11.51 4.45

Total 151.45 75.77

11129|129|129|3896(5.34|534|534 (1602 0062 | 0178 | 0293 | 0260 | 3757 | 2415

10.1{10,1]10,1|30.38/590|590|590(17.69 0062 | 0,178 | 0347 | 0241 | 30.78 | 2096

165| 165|165 (4948|799(799|7992397| 0062 | 0,178 | 0246 | 0,190 | 5892 | 3047

100(100]100(3009|4.69|469|469(1407/ 0062 | 0178 | 0349 | 0285 | 3719 | 19.73

1491149149 4472/508(508(508 1525 0062 | 0,178 | 0265 | 0269 | 47.86 | 20,18

165| 165|165 (4044/481|481 1481|1444/ 0062 | 0,178 | 0246 | 0280 | 59.66 | 22.76

105(105]105(3163|642|642|642(1926/ 0062 | 0,178 | 0338 | 0226 | 3584 | 1828

2
3
4
5
6 (236|236|236(7085/815(815(8.152444/ 0062 | 0,178 | 0,185 | 0.187 | 5060 | 32.21
7
8
9

159|169 (159 (4767|597 (597|597 1792 0062 | 0,178 | 0253 | 0239 | 3820 | 1189

10694694 6942082/ 749|749|749(2248 0062 | 0178 | 0437 | 0200 | 2317 | 1329

111997 997|997 129911270|270{270{811| 0062 | 0178 | 0,350 | 0,409 | 3451 | 1336

Total147 98|147 98(147 98| 64.66/64.55/64.55|

5.3.3. LS| O|4x| Al 7|cHETZA DA FH
2t AR A S A7) 250 Aolg A
At 2 GA=()E A 5 ARER YA A
A=A 3 BT AdEE ZIdB AR E A
shath
Nobserved_A = Nexpecre(l,B X1 (9)
o71A,
2 ]me(li(’tedA,A
After
r= years

Z ]vpre(li(’ted B
Before
years

i = 24 A4 (adjustment factor)

Table 15. Expected Average Crash Frequency in
After Period

(6]
w
N
rA
0z
r>
fol
N
[l
el
ol

o 2A

A4l s7) A2 &g £4617] flske] 2144 kA
A a3 (safety effectiveness)E 2ZH](odds ratio)
FE = et o] g ol-&ste] A0 Azt
ol ozt /A AT AT o7 A F(+)o 2
WGARL A vt 2(-)9) gh wEARLY ST

Uehie,

OR; = Nopserved , 4

]Vexp ected, A

(10)

7] 4,
OR; =0Odds ratio at site i

Nopservea, 4 =Observed crash frequency at site i

for the entire after period

Safety Effectiveness i=100X (1- Or;) 1n

Table 16. Safety Effectiveness for Each Site

Expected average

Predicted average Adjustment crash frequency in

crash frequency in factor after period in the
site after period (r) absence of pre—
no. signals

Personal | Severity | Personal | Severity |Personal| Severity
injury crash injury crash injury crash

12.99 5.34 0.333 0.333 12.52 8.05

10.13 5.90 0.333 0.333 10.26 |6.99

16.49 7.99 0.333 0.333 19.64 10.16

10.03 4.69 0.333 0.333 12.40 6.58

site Odds ratio effectila;i(teés (%) variance term
NO. | total |severe | total | severe | total | severe
crash | crash | crash | crash | crash | crash

1 0.878 | 0.621 | 1217 | 37.89 | 2953 | 1987
2 | 0.682 | 0429 | 31.78 | 57.06 | 2.234 | 1.767
3 | 0.611 | 0.492 | 3890 | 50.78 | 4937 | 2743
4 | 0645 | 0.608 | 3547 | 39.20 | 2690 | 1.567
5 | 0627 | 0.892 | 37.32 | 10.82 | 3.909 | 1.639
6 | 0.474 | 0.093 | 5258 | 90.69 | 4.580 | 2.910
7 | 0.855 | 0.395 | 1452 | 60.46 | 4.999 | 1.821
8 | 0.837 | 0.984 | 16.31 1.56 | 2.638 | 1.573
9 | 0942 | 1.009 | 577 | -0.92 | 3.172 | 1.006
10 | 1.295 | 0.903 | —29.46 | 9.74 1.451 1.182
11 | 1.304 | 1572 | =30.37 | -57.17 | 2.492 | 0.877
Total 36.054 | 19.073

14.91 5.08 0.333 0.333 15.96 6.73

23.62 8.15 0.333 0.333 16.87 10.74

N[ oo~ wN

16.48 4.81 0.333 0.333 19.89 7.59
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b e Ao git 248 exuE 22 0,791,
0.631 APgEI Tk, of7]4 ©zul7} 1w Hrhs A
o BT AR o3t BEAT BRI} Y=

21& ekt

OR'

Var Nexpected,
/\(Ilgtes ? ¢ A) (12)

( Z Nexpe('fed, A)2

All sites

OR =

1+

71A,

> Nobserved, a
OR, - All sites
z chper,‘ted. A

All sites

Var( 2 Negpeoea 8)= 20 [(1)° % Nesgooa, 5 X (1= i 5)]

All sites All sites

A A S ARl ek ot F Al At
S 2R Ak A QujAbaLel AR w2 AR
| tisted 242} 20.9%, 36.9%% YERST.

2

Safety Effectiveness=100x (1-OR) (13)

5.3.5. M=z ate| Mt =W

Eq. (14)} o] ¢hA 245 9 =H|E o] gslo] o4
aito] ofgh FARS APYeE Aubs A AL AZtE
7} w2 Akl 242} 0.006, 0.0100]t},

Var( Z chpeczed, A)
+ All sites ]
2
( z Nexpecred. A)

All sites
(14)
Var( 2 Nexpected, A)
]

All sites

( Z Nexper:ted, A)2

All sites

(ORY [
observed, A

Var(OR) =

[1+

A3 Eq. (15)5 o83 /A a ) tigh 552
4= 0,077, 0.1000.2 AF =] Qlch,
SE(OR) = /Var(OR) (15)

opR|eko 2 7R aute] gt B4 724dE B
3l Eq. (16)= ©|-83}o] Abs[Safety Effectiveness/
SE(Safety Effectiveness}& APg3t Ay} AA| QlujAba

OF AT} w2 Abale) diste] ZbzE 2,71, 3.69% <F
95% Al Zeol A WA EIE F-oet AR Lyttt

SE(Safety Effectiveness)=100XSE(OR)  (16)

Sasfety Effectiveness >20 o
SE(Sasfety Effectiveness)

AASHTOO|AE  Abs

7% of 95% AlF4EolN AMEITL folg Ao
Aok giek, ole 2 FAH Aaks AA| eljAL
A =

< 4 ol ARaLell Histe] 242t 20.9%,

d
A AGAE7)7E REAT njRE g e EAets
AE HRZ o9t o8 Y8l 8 A ¥ &
AAETF =& $4 ol AL Wakgo] FAA R
FOT S A% A AUFE, SUAASFE 2
SUFEARL] AR Ao et ojeh 22
37HA @9 Atalel JFE A 9 adES 1L
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