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Abstract

The purpose of this study is to propose a methodology for operating variable speed limit (VSL) strategies in
freeway work zones. A notable feature in this study is to incorporate a multi-criteria decision making process into
deriving better VSL strategies. Decision criteria in this study include operational efficiency, safety, and
environmental impacts. Travel speed, acceleration noise, and CO2 were used as performance measures for
evaluating VSL strategies. A multi-criteria value function was developed through an analytical hierarchical process
(AHP) for representing expert's knowledge. Then, a variety of VSL operations scenarios were investigated utilizing
a microscopic traffic simulation suite, VISSIM. The proposed methodology would be useful in supporting more
efficient, safer, and more environment-friendly traffic operations and control in freeway work zones.

2 AFdre 2EER2 FARE] o]F0] 7158 PVMS(Portable Variable Message Sign)s ¥4 {tAo= A
|3le] VSL& F3te wEF Aodge FAste FAt ojwe d&E nxeA] Fetstast stk v
gr A 71¥ F SRl AHPZIY 9 t|E JEEGE ol 8dte] wEAE, wEtH, S dEsle AEE
Aol 2Ed 4= e B IHES FYslsien, vSLAEY] £ A-F AXgIE =& Axgtes 4
5= %% 9 FAE £9&s 18e 4 vSLAZ gk S Ao FEE SIStk idE Bt HES
53l AlEHA ARE BAsGlon, Ao FAE foA AFE sl BARMS FIdsiith #4243, VSL
ek 2(PVMS 400m7+2)7} 6702] CasedllA, VSL thet 1(PVMS 200m3tZ)o] 571€] Casecll4], VSL thet 4(PVMS
800m72)E 1709 Caseclld HZ thetez =ZH Utk VSL tiet 3(PVMS 600m7t2E)E RE Casedlld HZA o
o2 MEEA] ¢kgkom 47 CaseolA] 71 oF 22 dite g Uehydth ol VSLAEe] g4 /e a3E B
o7 ¢ As Yulsin wFFPEE AH it =] etk A& etk B AFA Al=¥ AHPYI
HE o] &3] o] EFHHEE B o neldt nSRAAEgE HrpPHe 3% tEd AW s R
e A8 Al shte] AIZE E 5 9l o JluEm, AFoA A|dehs PVMSE o8¢ FAMRE VSL
A wBFHAE A Ar7te R F3F = dolHE Bl nEF AE A 9 © Aopiel] &8d Ao

Z 7lhdn.

N

X, o AN

Key Wonds

Analytic Hierarchy Process, Multi-criteria Decision Making, Variable Speed Limit, VT-MICRO Model, Work Zone
AHP, t7]1& oA A | VSL(ZPASEA] S, VI-MICRO Model, ZA-3t

* 1 Corresponding Author Received 5 December 2011, Accepted 4 October 2013
cheolo@hanyang.ac.kr, Phone: +82-31-400-5158, Fax: +82-31-436-8147

© Korean Society of Transportation
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

thetwsets x| HM31A HM5%, 20134 10 3



Atrticle A Study on Variable Speed Limit Strategies in Freeway Work Zone Using Multi-Criteria Decision Making Process

. M2

1. 970l HiY U =5

o B |

o
O{Nrﬂ—l‘ﬂ;
oy TH
ox mX
i—ﬂib
= n
-mEaHU
= 4 o
Hr—{g‘oho
zz—ﬁi
P
HOI'_‘F
o,
5T
e
Ib Hr
r% ﬁ
l".u
-+ "
M
oL

M
k1
fru
lo,
Lot
el

£l

b

i

o
W= op

_O‘L U
>~
>
4
)

o & [

=
[N
ox, N,

oZ 10 ox
ooy
r
i)
oX,
o

. o|N
™,
>,
N
N
do
ol
==
.,
o2
ot
o
[
S
ofd

2,

2 o
fetl

oo

2 o

re

-1

N

)

o=

ofy

=)

&

ol

>~

>

-1

)

2,

X

&

fi
-4
o
(¢}
El
ol
o
ot
9,
o
L
n
A
_);l_n‘

o rlr
it
2

2k

e

Oﬁ k‘ﬂ

)

ol
Y

o,

N

N

B

(e
D“ 1—*0 r“_x‘
o

d

\
N
i

S2 of

S ot
o
L,
i
ox
ok
v
=
fr

=

v

il

b=l w717k

9
I
TN
;% N
N
ity
9,
v
et
e
%
o

b

1

“
Ry
=
tlo
o
oo
ot
o,
o
o,
2
=
O
i
i
n)
e
2
<
)
&

(Variable Speed Limits)¥} 22 5491 AloWi& o4
g ZAREE A mERAlol k] A8}t i ¥

Wk, 3 S-S 1l AlEdeld B

o

[
b1 iE
-
L o

& A7elMe aEes FARRN VSLAE E9e
At A% PVMSAAHE 71E flate] A2 mulie]elA
2 XA AlBEolElEe] shUs] VISSIM
= o83t WIE KR 71 F SRRl AHP
(Analytic Hierarchy Process)7["] 2 tH & 7REGE
o|g3le] wEAE, wEH, S tiishe A= (B s

\(Introduction & literature Review)\

Background and Literature Review about VSL System,

Goal Emission Model, AHP

<Methodology>
VW
Development of Framework | L (Travel Speed)

for usi?g AHP Traffic Safety

(Acceleration Noise)
VSL Stratey
2y Environment
(CO2 Emission)
Developing Scenarios
AHP Weighting Value

| <Evaluation and Conclusion> |

Network Coding(VISSIM)
LOS , Speed =

Limit

Simulation

Heavy Vehicle 1
Rate - a
Statistical Analysis (ANOVA)

(Bus, Truck)

Figure 1. Research flowchart

PET, FMEAS, 00, IEDEE TG 2Ll 5 gl
7L PRES ALSIon], VISSIME o §3le] mE
2 PVMS 1ol T A SRS Fa

o
! n:il:
=

—O|_I‘
R
T

ox -

whel By W ES Bl uikh Ut AgE =E
EAENS Ba) viehd =& A4 5A7 feld
Aslgon HEHow nEEg FAFE | VSLAEe
AU 918 A PVMSAEAZEA S AAIBlSITh
2 A FYEAE Figure 1o AABHIT
AR e R FARFdM e A7 g B 57
g3 slu, A9 #HE TS Fsisin
FAFERE H2T, AHPZIYE o]
&l s Hes] olafste] Ao

z

[o%
o

fl

AN o s

4l

%

4l

7
g4 37}
YR Aol ohal AmsiEon, A WAl VSLAE
2 99k A7l WIS RS Agdold FUL
A el e s o WA ABHelag
o|g3le] AA| Si2o] H§H7E SN, AT
A Ak B7L e 9 VSLAEES ol gale B4 2
B7h2 NS PR Al A8 9 3% A

4 Journal of Korean Society of Transportation Vol.31 No.5, October 2013



PARK, Juneyoung - OH, Cheol - CHANG, Myungsoon

A BA3 AFE Radwan et al.(2011)& VSL¥}
Dynamic Lane Merging Al2glo] 747} $-& 23 7
oo mET W EY 15L<>Tg: Tﬂ—a]o].o;] o
o A&AIA M $E vu-Hrkeien, VISSIMe
olg3te] tdTs 7d3 }oi"/} A 27, mE ol
1500vphel’dQl Aol k&0l 2o 200vph7HA] 57k
3t Zo® Yeiston, g e A Aol
T3 gl Ao2 YePT) Geistefeldt(2011)& 52
o] Z2FHE UFo & VSL AlxEle] =288l ofuf
o JEgZ mAIEA tiE) Goprston, AT
LOS E "[gte] BE wEFdA £ £xdaee] &
Aol ZHAgh Ao eyt g LOS E o139 1
THdlAe oslE =& FAVF UERTE Park et
gt 7t FERE VSLAIA

l

+ ¥zl (Ramp Metering) S &
Alo| Agsto] A gt E4A7 VSLAA

T Aol AR wEFHe FAEEI Tt
17, 4%, AAe gade] et
Abdel-Aty et al.(2008)2 FA&= JIFHS A3l
VSL Alolzdeke] 142 A4, SSM(Surrogate
Safety Measure) A3 ¥ speed varianceE -85}
2389 VSL Alojzder A48 Alue] s vlw - 24
slo] wEAE 9 wEkd SHoA HA Alde e E
=319t} Allaby et al.(2007)2 VAIE 2EF AlE
glo]d Zza9l PARAMICSE o] 8310 VSLA 2|
EH;‘;} H}H uJ Ey,}?_ 1:/\]1-?‘ ﬂ_/::_rlz_ifﬂ_ EH}\]—_OE ggy}z“s}
A7, AFAE B Frheka b0l EolA
T Aeg Yo vEFAld e ke sk
Aoz et Abdel-Aty et al.(2006)& £37]+
< 60mph= Tdle] u&/3RT A&548d 79l
e} VSLAZe] wEekdd nXe dIHEE 48}
Ack. A4 AFERE AbarpER R }E} - BHRFIA
F A F23A MW s
olF &8 F

1l et 7] v}
2/

o,
3R
I
ot
=]
o
0%

~

~
L
_=

>

L)

fr

N
o 2 3

L

4
%

1>
rlo

il
I

oot

a2
do
b
1
S|

2 IR
E
)N

v 2
o>
5 T
o &
fo
1
|
i
f
SN2
Bl
of
(e}

1%
o
ol
|
ol
Mo
N
1ot
4
0
rir
on:
%
F
tlo
o
huth
ol
&
o il
>

off & oo 1 & [o o
>~ ol
-
Lo
H-l — :m]
ot 5
b=
do U
o]
or
L
=T
-0,
Q
@)
=
(2
=
o
o
%
=

4
%
Y

Article
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Table 1. Result of experts’' survey about MOE

Measure of Effect
Traffic Travel Travel .
Operation Speed Time Delay Density
rate 13/20 6/20 0/20 1/20
. Speed Time to Acceleration
Traffic Safety Variation Collision Noise
rate 13/20 0/20 7/20
Environment| Fuel Consumption Emission
rate 6/20 14/20
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Table 2. Result of weighting value calculation

Travel |Acceleratil CO; ||Geometric|Weighting
Speed | on Noise | Emission|| Mean Value

Travel Speed 1 2.87 4.75 2.14 0.51

Acceleration

. 1.55 1 3.80 1.54 0.38
Noise
QO? 0.42 0.36 1 0.45 0.11
Emission

= WS o] 8319tk (Saaty, 1979). 3714 &2 =9
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o]
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2. AUzl 7N I CHAMRZE MA A galtt, 8o £98-L 15%, 30%2 2714 7
35 Agsigon a EdEe sy et v
1) AlLele 7Y Aoz VSLARk] A &5 299 A89A 2 7
B AT A4 DEERO VSLAS Tasle g 1o Pl SEl Z1E mdes g sejslel
= olelgn BANE Ads) el BAA mas A TSR TS,
fﬂlOVd Z2 3¢ VISSIME °lgsio] £4& 13l
o, A VSLASE BAS AN i gz 2 HETH Y
E 6078e] AlU#] S Table 33 2] 7330t 2 AFdME AAR FdHL e 1EER T
2N AREE 71ES nefaiion, TARl £ A S EdEol won, SERFe] Aokl Al
= 2532 Korea Highway Capacity Mannal(2001) 7b ol EAG FhE delste] Ao gidte R
A A nE&ER JEPE MuaFE TIE F AReginh o8 aed B Wele FHHELEE
LOS B, LOS C, LOS D& 233tk LOS A9 745+ 29 YEE71A (014 :140+000) ol A FE 2714
AFEER TP free-flow AElolH T2 wEHe] (1:123+300)7k41€] 16.7kme] 77+ As11om, of
e AQ] A 97 wiel] VSLAE F3E A nixA| TRk sHEAke] E]180] 20-25% o8 o® £EH AL
%2 Aoz ddsue FAdA ALleiint. & ATlA AE TRl
= 222N 1Al2E Sojes E2d8lx LOS DA KEC(FSHSA9] 270 1=2d Bz, 2009)¢l] <Jspd
HE AEe] EdHE ‘/}E‘rlﬂm_ Geistefeldt(2011) A ETREe] 2006-2008 % AL o|HAtRE &
3 Abdel-Aty et al.(2006)& "}ﬂ«] 3% 7PiE gate] wA 29, 29 FHEAF 21591 Sta 136+
FAlo] el 5t mnlgk Aes FAsIIH. ol& OOOOlW-rEi Eldo] A== 134+0007kA1€] 7k
Faste] £ AFlMe o] 01 o Ad 454 THUEREERe] e 3t vls) Alrt Blas &
A1 VSLell o et ahgke] 74 01 ohd E4d gl 9 o] WAt AR A AT A et
gk apre] Aoyt wejo] YEhg o R Ao} & Aoz TAHNG. £ i3 e=vatert By
eI LOS E9F LOS Fol A= #AA A s} HA FHE 7 Er2d olo] ZHkE BdE ZI]isH
ot wEFE T Qe wet A 2 7] Wzl eAAre] Fae] gl sz Q1 Abart go
5 Wgsto] Mulz FEdlM ] wEFE wdaigle dAet vt weby wsFae|dee] el e
H, A BAATe A e Tt 5 A olghs AL sl fgTE & A7l B4 W%
3} FEA(FETH 2-5%) 2 ARsle] TS o g AAsact.
Table 3. Simulation scenarios
Speed Limit] 110kph 120kph
Heavy
Vehicle 15% 30% 15% 30% 15% 30% 15% 30% 15% 30% 15% 30%
Rate
LOS LOS B LOS C LOS D LOS B LOS C LOS D
Case Case 1 | Case 2 | Case 3 | Case 4 | Case 5 | Case 6 | Case 7 | Case 8 | Case 9 | Case 10 | Case 11 | Case 12
(1-5) (6-10) | (11-15) | (16-20) | (21-25) | (26-30) | (31-35) | (36-40) | (41-45) | (46-50) | (51-55) | (56-60)
VSLplan 1| scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
(200m gap) 1 6 11 16 21 26 31 36 41 46 51 56
VSLplan 2 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
(400m gap) 2 7 12 17 22 217 32 37 42 47 52 57
VSLplan 3 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
(600m gap) 3 8 13 18 23 28 33 38 43 48 53 58
VSLplan 4 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
(800m gap) 4 9 14 19 24 29 34 39 44 49 54 59
No VSL, scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
5 10 15 20 25 30 35 40 45 50 55 60
st Ests x| M31d ®5%, 20134 109
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| Network ‘ ‘ Time |

Vehicle Feature
Classification
{ 1 i

1
. Venicle Speed
I I [

Ex) Passenger Car, | [Ex) Passenger car: 70%) - Ex) Passenger Car :
[ Bus, Truck Bus: 5%, Truck: 25% | | X KW, Horse Power 90-155km/h

Vehicle Type Vehicle Rate

\ .

(L

it

Driving Behavior

[ 1
[ Lane—Changing } [ Car—Following }

<Step2—Verification>

‘GT Data Cullecﬁun}—[ Loop Detector }

VISSIM

Simulation Data
Collection

Compare and
Verify

g U—value
Verification

Figure 4. Process of calibration and verification

=

e QA 200004 sfFeel e A %
Z e $98 298 vgon 478 Agagn.

1) X AH(Calibration)

VISSIMOIAE gl 27 54 (SELE, 99,
A) L A4 B (ARFE, A7) 5 24

@ % 9t

(1) =] F78 &4
£ AT Hrke Fddke FRUS1EER Al
&= 110km/hel™, 1.5t o189 3E2= 90km/hel
o} AR Al 2HAES] FAHE 9 SERye 7
27] W] & AelAE Table 49} o] A&
FTHUR $& X 9 23] 39E A
A Zols ) AA ol @A HEsh7] ol 58
2o] ARg 572 el 4.1-4.8mZ At =
3 sEAY A4S 4, FY, ¥R ERs 47
5.1-5.6m, 8.5-11m, 11-16.7m= &3t} viR[2oZ |
2% default#t?! 12.1m=Z AF 3150

N
k)

Table 4. Vehicle speed distribution and power

. Speed
Vehicle Type Distribution Power
Passenger Car 90-155km/h 200-300kw
Truck 80-110km/h 400-800kw
Bus 95-120km/h 250-400kw

(2) A=F5F A7 P

VISSIMlA n&E=e] A8 car following
model Wiedemann 99 H2&S& A&si, A W
o= CCOFH CCI7IA9] ®4¢} 1 7| look ahead
distance, look back distance ¥ temporary lack
of attention %°| UtF. Wiedemann 99 W3-
VISSIM ZEa#d] 71EH o7 BAd n&e2 ek
FT BYo2A, 4 AFFF 71E states(free,
approaching, following, and braking) & HI&C.Z 2}
g 7 &xat 9 AAe] YARS Ve R sk By
ot} & AFtollA= VISSIMeIA AAg Wiedemann
99 WA default#te AT

(3) A=A A7} P
2}2W7 (lane changing) =&z 3E]d]

= g
T =
(necessary) A=ZA77 HelA (free) A=¥7A
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2 JE3] AFo] st} B ATds A 2pe
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29) E2a7olA] xM 171 2ol 4 9l o= <l A
2970 el TRAE Al I FH4el 4ol
WG 5 917) hEo] 3022 g2 A8,

2) & Verification)
B AN E A 24
ASE 3 UvalueE 2-831992M (Brockfel et al.
(2006)), 2(3)< &3l =& 4 Ik, F vlmw H
OJHE o] &3t U-value’l 09l 7H&45 vl dlo]
Jo] =
(e}

]
Ble] A

Aol wom dukx oz U-valueZl 0.19]
sle] #oz FEEW AA vole 9 X3ty At
st gtk

GT speed(kph)

Vi
V.. VISSIMspeed (kph)

Table 5. Result of u-value calculating
Station| 1 2 3 4 5 6 | Avg.
U 0.016]0.021]0.038[0.02810.021 0.030
Station| 7 8 9 10 11 12 10.025
U 0.030(0.025(0.025]0.021{0.032{0.013

Verification
Loop Detector Data
ST. Station 1 | Station 2 | Station 3 Sk Station 1 ‘ Station 2 ‘ Station 3

Time Speed(kph) Time Speed(kph)

1800 |03 ] 102 106 18:00 99.84 99,65
104 104 100 99.26 99.21 il
102 101 104 99.94 100.06 100.00
103 105 105 99.61 100.08 100.27
104 93 118 99.54 99Rg] 100.04
104 106 107 99.19 99.38 99.48
102 103 108 100.19 99.94 100.18
100 101 102 99125) 99.00 985

18:15 103 101 107 18:15 98.57 99.42 99.04
108 107 100 99.81 100.09 99.81
103 101 108 100.15 99.48 99.75
100 103 105 99.27 99.66 9941
105 91 120 ERI7AL 99.70 99.78
101 104 106 100.14 100.03 99.47
101 102 109 ERIET 99.91 99.81

Figure 5. Example of verification analysis
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Table 6. Result of calculating point

Speed Limit 110kph 120kph
Heavy 15% 30% | 15% | 30% | 15% 15% | 30% | 15% | 30% | 15% 30%
Vehicle Rate
LOS LOS B LOS C LOS D LOS B LOS C LOS D
Case Case 1 | Case 2 | Case 3 | Case 4 | Case b | Case 6 | Case 7 | Case 8 | Case 9 | Case 10 | Case 11 | Case 12
(1-5) (6-10) | (11-15) | (16-20) | (21-25) | (26-30) | (31-35) | (36-40) | (41-45) | (46-50) | (51-55) | (56-60)
VSLplan 1 |Scenario 1: Scenario 56:
(200m gap) 0.780 0.799 | 0.512 | 0.457 | 0.297 0.797 0.758 0.518 | 0.465 0.311 0.320
VSLplan 2 |Scenario 2: Scenario 57:
(400m gap) 0753 0.736 | 0.462 | 0.414 | 0.298 | 0.310 | 0.837 | 0.768 0.485 0.425 0.314 0.332
VSLplan 3 |Scenario 3: Scenario H8:
(600m gap) 0.781 0.734 | 0.458 | 0.396 | 0.288 0.779 0.760 0.469 0.418 0.312 0.328
VSLplan 4 |Scenario 4: Scenario 59:
(800m gap) 0.79 0.759 | 0.489 | 0.452 | 0.285 0.795 0.765 0.504 0.463 0.308 0.323
Scenario 5: Scenario 60:
No VSL 0.772 0.716 | 0.489 | 0.453 | 0.284 0.744 0.743 0.476 0.441 0.295 0.306
A 45k digte] AA| 127 Case & AWK 671 case(3, 3. Case SHEME S5t 7olM HA

A
4, 5,9, 10, 12)°lA el

HF Hrg B 29, 1270 case BF V1€ 1%
3% B VSLE 243 tigho] =& JrSE By
on Hd < 0.14 A= HrHF FsEaart ve
WT}h. VSL tiet 2(PVMS 400mz+2 Ax])e] 3% 12
7N Case & WK1 671 case(5, 6, 7, 8, 11, 12)°lA
71 ZAY Aed vehgton, VSL tiek 1(PVMS
200m7+4 Ax])e] 7% 5709 case(2, 3, 4, 9, 10)
AN 7P AR AeR JERETE VSL diek 4
(PVMS 800m7itd AA])+= case 19145 &34 A
o2 Yepgth whE, VSL it 3(PVMS 600mit4
AA))e] 7% 470 case(3, 4, 9, 10)9lM 714 & &
2Rl Ao g et} ole wE/dgdl nheh A

el €9, o, 3 30E 7 FHA &
2740] Yot 4 % gk AL HolFa glov], webd
% vistel E5lo] 2

Qw02 e B Ee] H245 VSL At
o] FIP} A Jehtol & £ gA|uk B Ao A
P7Ie] E3H wrtek 15X 8 gelste] A
ARG Aol7] wio] A AFTA | Qo] W}

2913, 37 (A%, oHd, §7) ZHol|Ae] d4
7} Z35]0]x]7] wjFof| Unka AR T2 Ans)
el 4= it} ma)k, vutea] 3lExje] £9ln] 8o =
o] VSLE 95t Alo] opd Z3AQ J)rxqoﬂH/]

o

|
e EQalel Bk B 2 5 ok,

7} case' 2F WY BAA foA AAES S8l
BAEA 71 F sl BAFEA(ANOVA: analysis
of variance) = °©|&3l] A& APstgon], #4&
A3l BAEA Program 5 3h<l SPSS 16.0< ©]&
ST AV R wkEE AlEH o)l ATe] BAH
T = ARstn AvE e TEE Els] 9
3l ARF B8] 2 (Post Hoc Multiple Comparisons)
£ FPEAh AR tgEHaE 9 WHAE Tukey

. Scheffe¥, Bonferroni &°] Jom, £ A+
% Azre Aol & s AR & AUE Tukey
< ol &3t RS FsAT 79l < 0.05
(95%) 9} f7k 2.87% 71&(df1: 4, df2: 20022 7
caseWZ BAA FA-S Ao, A= Table
77 2k,

FabA A3l 270 case® A|9)3 E casedllM &
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Table 7. Result of statistical analysis(ANOVA)

Case 1 2 3 4 5 6

p-value | 0.000 | 0.000 | 0.000 | 0.000 | 0.459 | 0.000

f-value |23.621|50.61225.248(17.382| 0.943 |17.269

Case 7 8 9 10 11 12

p-value | 0.000 | 0.005 | 0.000 | 0.000 | 0.147 | 0.002

f-value |34.749| 5.283 |17.450{15.741] 1.915 | 6.370
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Table 8. Proposed VSL plan
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
VSL plan 4 VSL plan 1 VSL plan 1 VSL plan 1 VSL plan 2 VSL plan 2
(800m gap) (200m gap) (200m gap) (200m gap) (400m gap) (400m gap)
Case 7 Case 8 Case 9 Case 10 Case 11 Case 12
VSL plan 2 VSL plan 2 VSL plan 1 VSL plan 1 VSL plan 2 VSL plan 2
(400m gap) (400m gap) (200m gap) (200m gap) (400m gap) (400m gap)
w2} VSL E¢o] & &84S Y F fle B9= & 2, BEET FAFEY 7| %GR VLA
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