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An order-based fruit fly optimization algorithm
for stochastic resource-constrained project scheduling

ZHENG Xiao-long, WANG Ling†
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: An order-based fruit fly optimization algorithm (OFOA) is proposed to solve the resource-constrained project
scheduling problem (RCPSP) with stochastic activity duration. To evaluate solutions effectively under the stochastic envi-
ronment, a pre-select scheme is proposed, and the order-based optimal computing budget allocation (OCBA) is adopted.
To make the FOA suitable for RCPSP, the swap operator is used to perform the smell-based search, and the elite updating
operator is used as vision-based search. To balance the exploration and exploitation abilities, a collaborative search ele-
ment is embedded into the original FOA and implemented by using the two-point crossover operator. Simulation tests are
carried out with the benchmark dataset by taking several types of distributions into account. The comparisons with existing
algorithms demonstrate the effectiveness of the proposed pre-select scheme and the OFOA.

Key words: stochastic resource-constrained project scheduling; fruit fly optimization algorithm; collaborative search;
pre-select scheme; optimal computing budget allocation

1 ÚÚÚóóó(Introduction)
]
�å�8NÝ¯K(resource-constrained pro-

ject scheduling problem, RCPSP)´3÷v�8¹Ä�
`k�å±9]
�ø��å�cJe,Ün©�]

ÚSü�8¹Ä�m©�m,±¢yQ½�8NÝ
8I��`z[1]. RCPSPäk2��A^�µ,�X
^�mu!�¬ïu!/�mu!��N�E�[1–5].
3êÆþ, RCPSP®�y²��(½5õ�ª�m
(non-deterministic polynomial-time, NP)JK[4],Ùk
�¦)�{��O��´�'+��­�ïÄ�K.
¦+8cRCPSP�ïÄ¤J®é´L,��õÛ�u
(½5¯K.,
,3�8�¢S�1L§¥,  d
u]
ø�Ø9�!<
�¯�ÇØ­½!Åì��

�æ!g,UíCz�Ï�,���8¹Ä�¢S�
1�m�ý½óÏ�3 �. Ïd,Ø(½RCPSP�
ÎÜ¢S�¹,ÙïÄ�äy¢¿Â.

C
c,�8¹ÄóÏ�©Ù®���ÅCþ�
�Å]
�å�8NÝ¯K(stochastic resource-cons-
trained project scheduling problem, SRCPSP)É��
5�õ�'5[1, 6–8],�du¯K¦)�E,5,�{
�¡�ykïÄ¤Jék�. Stork[6]JÑ�«�é�

ÅRCPSP�©{½.{; Ballestin[1]JÑ�«¢D�

{(generic algorithm, GA),¿�Ñ±�8¥z�¹Ä
�Ï"óÏ��¹ÄóÏ�(½5�8 (½¡Ï"�
8)�oóÏ (makespan)��Å�¸e��8make-
spanÏ"�m�3 �,� ���8¹ÄóÏ�©
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Ù�����'; BallestinÚLeus[7]JÑ
�«�8

�Åg·A|¢�{,¿&?
�8oóÏ�©Ù�
�8¹Ä©Ù�m�'X; Ashtiani�[8]JÑ
�«

(Üý?nüÑ�GA,Äu]
ÀâéÜ©�8¹
Ä?1`küS.

���«#L�+N�U`z�{,JG�{
(fruit fly optimization algorithm, FOA)[9]®37K[9]!

ëY`z[10]!>åKÖýÿ[11]!Ô6ÑÖ[12]!�m

NÝ[13]!��N�¬�ªÿÁ[14]�¯Kþ��
¤

õA^. �Ä�JG�{�n{ü!ëê��,äkp
�¦)E,`z¯K�då,�©�é�ÅRCPSPJ
Ñ�«ÄuS�JG�{(order-based FOA, OFOA).
�Ä�¯K��ÅÏ�,Ú\S`z(ordinal optimi-
zation)g�,JÑÄuÏ"�8�ýÀÅ�¿æ^�
`O�þ©�Eâ(optimal computing budget alloca-
tion, OCBA)Ünµd). �
þï�ÛÚÛÜ|¢,
3IOFOA�Àú|¢ÚBú|¢�Ä:þOV

�Ó|¢�!. ��,ÏL�ýÿÁ��{'��y
¤J�{�k�5.

2 ¯̄̄KKK£££ããã(Problem statement)
2.1 ���ÅÅÅRCPSP(Stochastic RCPSP)
²;RCPSP�£ãXe[4]: ���8�¹N+2�

¹ÄJ+ = {0, 1, · · · , N + 1}, K«]
(=�Ä��
#]
),?¿��]
k(k = 1, 2, · · · , K)�oø�
þ�Rk,¹Ä0Ú¹ÄN + 1�J[¹Ä,L«�8�
m©Ú(å,óÏ�0,Ø�Ñ]
. �8�^���
Ì��k�ãG(N , A)L«,Ù¥: A�k�l8,k
�l(i, j)(i, j ∈ J+)L«�8¹Ä�m�`k�å
'X.�8¥¹Äj�óÏ�dj(j = 1, 2, · · · , N),�
Ñ]
k�êþ�rjk(k = 1, 2, · · · ,K),NÝ8I´
ÜnSü¹Ä�m©�msj(j ∈ J+),¦���8�
���ó�m(makespan)��.

�ÅRCPSP´²;RCPSP�í2,z�¹Äj�ó

Ï´��©Ù®���ÅCþdj(j = 1, 2, · · · , N).
du¹ÄóÏØ(½,�k¹Ä�¤��âU(½Ù
óÏ,Ïd¹Äj�m©�m��ÅCþsj(j = 1, 2,

· · · , N + 1). �¤k¹Ä�1�¤��,��(½5
��1óÏ�þ

~D = [d1 d2 · · · dN ],

�þ ~D��8���äN¢y,¡���|µ(scena-
rio). �ÅRCPSP�êÆ�.�L«Xeµ

min : E{sN+1}, (1)

s.t. si + dj 6 sj, ∀(i, j) ∈ A, (2)
∑

i∈Ac(t)

rik 6 Rk, ∀k ∈ K, (3)

Ù¥Ac(t)L«t���1�¹Ä8Ü.

2.2 NNNÝÝÝüüüÑÑÑ(scheduling policy)
¦)RCPSP�,|¢ö�  �é�8�¹ÄS

�
�¢SNÝ,ÏdI�ÏL)èL§ò¹ÄS�
=z���1�NÝ,¿?15Uµd. ²;RCPSP
�¦)�{��æ^NÝ)¤Å�(schedule genera-
tion scheme, SGS)[4]¢y¹ÄS���1NÝ�N�,
ÏL(½z�¹Ä�m©�m?
���ª��1

NÝ.�u�ÅRCPSP�Ø(½5,3�8¹Ä�¤
cJ±(½z�¹Ä�óÏ,�ÒØUÏLSGS��
¹ÄS�éA��1NÝ.Ïd,¦)�ÅRCPSP�
Ï~æ^NÝüÑ(scheduling policy)[8]ÅÚÀJ¹Ä

5¼��1�8�äNNÝ.æ^ØÓ�NÝüÑ�
U��ØÓ�NÝ�Y,NÝ�5U�òØÓ,=N
ÝüÑ��K�¦)�{¥é)�5Uµd. 8c®
k�NÝüÑ[8]�)¹ÄüÑ(activity based policy,
PCAB)!]
üÑ(resource based policy,PCRB)!�
@m©üÑ(earliest start policy)!ýÀüÑ(presele-
ctive policy)!�5ýÀüÑ(linear pre-selective poli-
cy)!ý?nüÑ(pre-processor policy). ïÄL²[1],
CABÚCRBÏ~`uÙ¦NÝüÑ.Ò²þ5U
ó,
Ashtiani�[8]�ÑCRB�`uCAB,cÙé¹ÄóÏ
©Ù������¯K.Ïd,�©æ^CRBNÝü

Ñ.

3 JJJGGG���{{{(FOA)
JG�{[9]´�«�[JG� 1��)ÔÆ�

n�+N�U|¢�{. �{ò|¢Ï`L§�[�
JG«+�� L§,ÄuJG� 1�¥éBúÚ
Àú�$^,�OéA�BúÚÀú|¢ö�,ÏL
é Ô
�S�|¢,¼�`z¯K�÷¿). JG
�{�6§Xe[9]:

ÚÚÚ½½½ 1 Ð©z«+¥% �.

ÚÚÚ½½½ 2 Bú|¢. 3«+¥% �NC�Å�
)S���).

ÚÚÚ½½½ 3 µd�N.ÏLµdÅ�O�z��N
�·AÝ�.

ÚÚÚ½½½ 4 Àú|¢. ÀJ�`��),�#�«+
¥% �.

ÚÚÚ½½½ 5 eª�OK÷v,KÑÑ�`);ÄK,
=�Ú½2.

4 ���ÅÅÅRCPSP���OFOA(OFOA for stochastic
RCPSP)
�O¦)�ÅRCPSP�OFOA�Ì�g�Xe:

1�,æ^¹Ä�L?èL�«+�N;1�,æ^Ä
u�¥� Ð��ÅÄ�{Ú��m©�m`k5

K[15]Ð©z«+;1n,�éóÏ�Ø(½5,Ú\
OCBAEâ?1Ünµd,¿æ^ÄuÏ"�8�ý
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ÀÅ�oç@Ï);1o,3Bú|¢�ãæ^��
ö�)¤��),3Àú|¢�ãæ^�`�#Å�
�#«+;1Ê,i\��?zÅ�Or�{��Û
|¢Uå.

4.1 ???èèè���µµµddd(Encoding and evaluation)
ïÄL²[3],¹Ä�L?èÏ~`uÙ¦?è�

ª. �ÅRCPSP��²;RCPSP��«í2,�3

RCPSP�NõA5,ÏdOFOAæ^¹Ä�L?è,
=z��N^¹Ä�Lπ = (a1, · · · , aN)L«,Ù¥
ajL«1j�NÝ�¹Ä.yk�ÅRCPSP�ïÄ[7]

�õæ^¹Ä�L3NS�|µ ~Dj(j = 1, 2, · · · ,

NS)e�²þoóÏ��CqÏ"óÏ,Xª(4)¤
«,Ù¥NSÏ~���10[7]. �
Bu'�,�©æ
^�Ó�µd�ª.

C̃max(π) =
NS∑
j=1

sN+1( ~Dj, π)/NS. (4)

�©z[1, 7–8]��,éu�{¼���ª),�
	)¤1000�|µ,�éO(/O�)�Ï"óÏ,
���{�5U.

4.2 «««+++ÐÐÐ©©©zzz(Population initialization)

�
Or�{��Û|¢Uå, OFOA3S�L
§¥æ�NP�¥% �,z�¥% ��À����
N,?
�¤��«+. ëìHartmann�[5]�g´,
OFOAæ^Äu�¥� Ð��Åæ��{Ú���
¤�m`k5K?1«+�Ð©z. äN
ó,3z
�ûü��,3���À¹Ä8(eligible set, SE)¥,
�âz�¹Ä�À¥VÇ�ÅÀJ��¹Äm©�

1. z�¹Äj�À¥�VÇηjXe
[5]:

ηj = (µj + 1)/
∑

i∈SE

(µi + 1), (5)

µj = max
i∈SE

LFTi − LFTj, (6)

Ù¥: SEL«¤kcU¹Ä®�NÝ�¹Ä8Ü,
LFTjL«¹Äj����¤�m.

4.3 ýýýÀÀÀÅÅÅ���(pre-select scheme)
Ballestin�Ñ[1],�
µd�õ�NÝ,µd�N

�)¤�|µêA~�. ,	,¦)�ÅRCPSP�ï
Äuy3�{ÐÏ,NõNÝ)�5Ué�. Ïd,é
¤kÐÏ)þ)¤NS�|µ?1�éO(�µdò

��O�þLõL¤u��). 3'�¦)�Å
RCPSP�ØÓ�{�,)¤�o)¤NÝê(=µd
gê)Ï~´�½¿�k��. �
Ün|^k��
oµdgê,Jp�ªNÝ)��þ,3dJÑ�«
ÄuÏ"�8�ýÀÅ�.{ü
ó,3¦^oµd
gê�cp%�L§¥,z��N�æ^Ï"�8?
1�gµd��)�5U,
3�Ïòæ^�`O�
þ©�Eâ3õ�|µe?15U�O.

4.4 BBBúúúÚÚÚÀÀÀúúú|||¢¢¢(Smell & vision based search)
JG�{´�éëY`z¯KJÑ�,�
¦Ù

U¦)RCPSP,7L�OAÏ�BúÚÀúö�.é
uRCPSP,Ã`k�å'X�¹Ä��é �é)�
5UK���[15],Ïdæ^��Ã`k�å'X�ü
�¹Äm, n�swap(m,n)ö�5¢yBú|¢. Ó�,
3Bú|¢�ã,z�«+¥% �þ�)S���

�N5\rÛÜ|¢. Àú|¢áuªz5O�,=
«+¥z��Nòg� ��#�Ù�`���N.
OFOABúÚÀú|¢L§���èXe:

FOR i = 1 to NP
FOR j = 1 to S

�ÅÀJÃ`k�å'X�¹Äm,n

swap(m, n))¤+��NnFfj

END FOR
µd)¤�+��N,ÀJ�`+��N

BnFfi

JGFfi�#�BnFfi

END FOR

4.5 ������ÅÅÅ���(Co-evolution scheme)
DÚJG�{��6BúÚÀúö�5�#«+,

"��Nm��Ó��p. �
Jp�{��Û|¢
Uå,3drNØÓ�N�m���|¢,¿�
éRCPSP�OXeAÏ�ü:��ö�\±¢y.
éuz��JGFfi(i = 1, 2, · · · , NP),�ÅÀ

J«+¥,��NFfr,Ó��Å�)1∼ N�m�

ü��êr1, r2,ÏLü:����#�f�NFfs.
äN
ó, �1, · · · , r1�¹ÄlFfiU«, �r1 +
1, · · · , r2�¹ÄlFfrU«,Ù{ ��¹ÄlFfi

U«. =

as
j = ai

j, j = 1, 2, · · · , r1, (7)

as
j = ar

k, k = min{k : ar
k ∈ {ai

r1
, · · · , ai

r2
}}, (8)

as
j = ai

j, j = r2 + 1, · · · , N, (9)

Ù¥ai
j , ar

j , as
j©OL«JGFfi, Ffr, FfséA�¹

Ä�L¥ u �j�¹Ä.

4.6 ���`̀̀OOO���þþþ©©©���(OCBA)
OCBA[16]´Ø(½�¸e�U©�k�O�þ�

�«k�Eâ,�®��Nõ¤õA^[17–18]. Ø��
�5,�ÄXe�Å`z¯K:

min
θ

J(θ) = E[L(θ, ξ)], (10)

Ù¥: θL«)�8Ü, ξL«Ø(½5, LL«���

µd¼ê.
éuØ(½`z¯K,Ï~æ^Monte Carlo¢�

ÏLõgÕá�ýCq�O8IJ ,=J̃ =
T∑

j=1

L(θ, ξ)

/T ,Ù¥T��ýgê. w,,O\�ýgêT�Jp

8I�µdO(Ý,�Cq�OO(Ý�Âñ�Ý�
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u1/
√

T [16]. 3�½oO�þTe,�
Uõé�|K

�)¥p5U)µd°Ý, OBCAæ^XeÚ½[16]:
ÚÚÚ½½½ 1 ��g = 0,�z�)©��Ó��ýg

ên0,¦�N g
1 = N g

2 = · · · = N g
K = n0.

ÚÚÚ½½½ 2 XJ
K∑

i=1

N g
i > T ,K(å.

ÚÚÚ½½½ 3 O\�ýgê∆,O�#��ýþ©�
N g+1

i , i = 1, 2, · · · ,K.
ÚÚÚ½½½ 4 j(j =1, 2, · · ·,K)O\�	��ýgê

max 0, N g+1
i −N g

i ,,�-g = g + 1,�£Ú½2.
�1OCBA�, n0Ú∆�����IÜn. en0�

�,K��ØÓ)�`�'X@ÙÂñ. e∆��,K
©�gêLõ
��L§û�,��K�)L¤O�
þ. Ï~, n0 ∈ [5, 20],∆ ∈ [5,K/10][16].

4.7 OFOA666§§§(Process of OFOA)
Äuþã�O,�Ñ¦)�ÅRCPSP�OFOA6

§,Xã1¤«. OFOA�)4�Ì��!: ÄuÃ`k
�å'X�swapö��)��)�Bú|¢L§!Ä
uÏ"�8�ýÀÅ�ÚOCBA�µdL§!Äu�
`Å��Àú|¢L§!Äuü:�����?z|

¢L§.

ã 1 OFOA�6§ã

Fig. 1 Flowchart of FOA

5 ���ýýý(((JJJ���'''���(Simulation results and co-
mparisons)

5.1 ¢¢¢���������(Experiments setting)
8cÆâ.'u�ÅRCPSP�ïÄé�,®k�

�L5ïÄþæ^PSPLIB[15]¥�J120��ÿÁ8,
J120�)60|z|10��600�ÿÁ¯K,z�¯K

þ�¹120�¹Ä,±(½5óÏd∗j��¹Äj�Ï"

óÏ,æ^ØÓ©Ù5ÿÁ�{5U.yk©z�Ä
Xe5«©Ù,�)þ!©Ù

U1 = U(d∗j −
√

d∗j , d
∗
j +

√
d∗j ),

���d∗j /3;þ!©ÙU2 = U(0, 2d∗j ),���d∗2j /3;
�ê©Ùexp(1/d∗j ),���d∗2j ;«m[d∗j /2, 2d∗j ]S�
ü«Beta©Ù:

B1 = Beta(
d∗j
2
− 1

3
, d∗j −

2
3
), B2 = Beta(

1
6
,
1
3
).

w,, U1ÚB1����, U2ÚB2��Y²¥�,

exp����.3Intel Core2(TM) Q9550 (2.83 GHz)
O�Åþæ^C++¢yOFOA�{,¿æ^ÄuÏ"
�8'�´»�Ý�²þ �z©'(APD)5µd�
{5U.

APD =
1
R

R∑
j=1

E[sN+1(D,π)j]− LBj

LBj

, (11)

Ù¥: R = 600,=J120�ÿÁ¯Kê; LBj�ÿÁ¯

Kj�Ï"�8�'�´»�Ý[1, 7–8];Ï"óÏ
E(sN+1)^1000g�Å�ý¤�óÏ²þ�Cq. �

ú²'��{,�©z[1, 7–8]��,©O��5000
Ú25000g��NÝ)¤ê���{�ª�^�.3
��|µeµd�g),=�)¤�gNÝ.

5.2 ëëëêêê������(Parameters setting)
OFOAk3�'��ëê: «+5�NP!Bú|¢

)¤+�)�êS!�1ýÀÅ��oµdgê'

~p%. 3d|^Á��O�{(design of experiment,
DOE)[19]&?ëêé�{5U�K�.Äk�Ä��
·¥�U2©Ù,lz|J120¯K¥�ÅÀ���¯
K(�60�¯K)mÐÁ�,�ëêþÀ�4�Y²�,
XL1¤«,l
ïá5��L16(43)���Á�L.
�{3z|ëê|ÜeþÕá$120g,±5000gN
Ý�ª�^�,¦)60�¯K¤�²þAPD��µd
�I.��LÚ¤�µd�IXL2¤«. �â��L,
O��ëê�4�Ú­�§Ý,XL3¤«,?
±�
�ëêé�{5U�K�ª³,Xã2¤«. dL3�
�,ëêS�4���,ùL²Bú|¢)¤��)�
êþé�{K�5U��,�Ï3uSû½
ÛÜ&

¢��Ý,¿m�K��Û|¢�2Ý.K�§ÝÙ
g�´^u�1ýÀÅ��oµdgê'~p%.

L 1 ëêY²
Table 1 Parameter values

Y ²
ëê

1 2 3 4

NP 10 30 50 70

S 1 3 5 7

p 5 10 15 20
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L 2 ��LÚAPD
Table 2 Orthogonal array and APD values

ëê|Ü Y ²

?Ò NP S p APD/%

1 1 1 1 58.65

2 1 2 2 58.27

3 1 3 3 59.11

4 1 4 4 60.02

5 2 1 2 57.69

6 2 2 1 58.43

7 2 3 4 59.55

8 2 4 3 59.33

9 3 1 3 59.75

10 3 2 4 59.54

11 3 3 1 59.12

12 3 4 2 58.26

13 4 1 4 58.49

14 4 2 3 59.18

15 4 3 2 58.42

16 4 4 1 59.97

L 3 �ëê�A�
Table 3 Response value of parameters

ë ê
Y²

NP S p

1 59.01 58.15 59.04

2 58.75 58.86 58.16

3 58.67 59.05 58.84

4 59.02 59.39 59.40

4� 0.35 1.25 1.24

�? 3 1 2

(a) NPé�{5U�K�

(b) Sé�{5U�K�

(c) pé�{5U�K�

ã 2 �ëêé�{5UK��Y²ª³
Fig. 2 Factor level trend of the parameters

dã2��,ep��,KµdgêLõL¤u��
);��,K�{@ÙÂñ,Ê¢uk�O�þeµd
ØO(
�ªµd5UØÐ�). «+5�é�{�
5UK���,���½��ÑØ|u�Û|¢.

?�Ú,æ^L1�ëêY²3Ù¦4«©Ùe?
1aq�DOEÁ�. Á�uy,éuØÓ�©Ù�{,
�Z�ëê|Ü�Ó,=NP = 50, S = 1, p = 10.
Ïd,�©òÄudëê��mÐ?�Ú�5UÿÁ
Ú�{'�ïÄ.

5.3 ¢¢¢���(((JJJ���'''���(Results and comparisons)
Äk,�
�yýÀÅ��k�5,'�OFOA�

Ø\\ýÀÅ��FOA(=��$^OCBA)�5U,
(JXL4¤«.

L 4 OFOA�FOA�'�
Table 4 Comparisons of OFOA with FOA

� {
oNÝê ©Ù

U1 U2 exp B1 B2

FOA 47.52 58.14 75.35 47.95 58.55
5000

OFOA 47.18 57.61 74.58 47.77 58.31

FOA 47.16 57.57 74.43 47.21 57.92
25000

OFOA 47.14 57.57 74.40 47.20 57.92

dL4��,�oNÝê���(5000oNÝê),
\\ýÀÅ�UJp�{�5U;�oO�þ¿v
�(25000oNÝê),ýÀÅ�éu�{5U�Jp
�^k�.ù��OýÀÅ��Ñu:��,ýÀÅ
�Ò´�
!�S�ÐÏ��)�µdgê. �O�
þ���î�,ýÀÅ�!��O�þU¦�{µd
�õ�k�),l
Jp�{��ª5U.

Ùg,�
�yOFOA�k�5,òÙ�®k¦)
�ÅRCPSP��L5�{?1'�,�)ABGA[1],
ABGR[7], PPGA[8]. ØÓoNÝêe�ÚO(J�'
�XL5ÚL6¤«,Ù¥NAL«��Ñ�A(J.

dL5–6��, OFOA¦)�ÅRCPSP�3oNþ
LyÑ�Ð�5U. 5«ØÓ�©Ùe, OFOA�5U
þ`uABGA�PPGA.�¹ÄóÏ�©Ù��¥�
9±þ�,=U2, expÚB2©Ù, OFOA�5U`u
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ABGR.������U1ÚB1©Ù, ABGR�5U�
`uOFOA.��,æ^]
NÝüÑ�OFOA�·Ü
¦)¹ÄóÏ©Ù������ÅRCPSP,
�¹Ä
óÏ©Ù�����,æ^¹ÄNÝüÑ��{ò�
k�.

L 5 oNÝê5000e��{'�
Table 5 Comparisons with 5000 schedules

� {
©Ù

U1 U2 exp B1 B2

ABGA 51.49 78.65 120.22 — —
ABGR 46.84 72.58 114.42 47.17 75.97

PPGA 48.86 58.91 76.03 49.01 58.82

OFOA 47.18 57.61 74.58 47.77 58.31

L 6 oNÝê25000e��{'�
Table 6 Comparisons with 25000 schedules

� {
©Ù

U1 U2 exp B1 B2

ABGA 49.63 75.38 116.83 — —
ABGR 45.21 70.95 112.37 45.60 74.17

PPGA 47.21 58.07 74.56 47.25 57.95

OFOA 47.14 57.57 74.40 47.20 57.92

6 (((ØØØ(Conclusions)
�é�ÅRCPSP¯K�©JÑ
�«ÄuS�J

G�{OFOA,æ^�éRCPSP�lÑBúÚÀú|
¢ö�¢yJG�{,¿O\�O
��|¢,Ó�
�OýÀÅ�¿æ^OCBAEâk�?n�ÅÏ�.
�ý(JÚ�{'��y
¤JýÀÅ�Ú�{�

k�5,cÙéu©Ù������¹. ?�Ú�ó
�´: ��¡�é�ÅRCPSP&?¹ÄNÝüÑe�
{�5U,?
JÑg·A�NÝüÑ¦^Å�,,
��¡mÐ�é�ÅRCPSP�°�5U�I½õ8
Ie�k��{�OïÄ.
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