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Feasibility Determination Procedure with Automatic Control
of Tolerance Level

Mi Lim Lee'

ABSTRACT

We consider the problem of determining a set of feasible systems when a performance measure in a stochastic
constraint needs to be evaluated via simulation. We develop a new procedure that controls tolerance level
automatically by using a pair of existing feasibility determination procedures iteratively. When compared to the
exiting procedure, the new procedure provides significantly better performance in accuracy and stability, while
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not depending on the given tolerance level.
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[1] Setting: Determine initial sample size n, = 2,
tolerance level € > 0, and confidence level
0<1—a<1.Find n> 0 that satisfies
gln)=1—01—a)".

[2] Initialization: Set M/ = {1,2, ---, k}, F=a,
7 =ny, and h? = 2077(n0 —1). For each
1E& M, observe n, samples

(i.e. Yy, Yigy -ovs Yino)’ and calculate the sample

variance S .
[3] Feasibility Determination: If any system ¢ & M

i

satisfies Z(YW
ji=1
move the system ¢ from A/ to F’ else if the

q) <— R(r;e, %, S?),

system ¢ satisfies
T

2 (Y~

j=1
M.

[4] Termination Condition: If A/ = &, terminate the
procedure with the current F. If A/ = &, observe
one more sample Y. ) for :E M, set

q) = R(r;e, h?, Sf), remove ¢ from

r=r+1, and return to the step [3].

Fig. 1. Algorithm statement of FDP

Kim(2010)] olaf B84 Aleka] ofefollHe] 27 Al
E‘H_O_ X‘]i]-*é‘] E}-l:ﬂfﬂ- @%Q_ Eﬁ]ﬂ_@i EX]—?’F]— 2~ O]E
2 g2 245 3ick (Healey et al. 2013, 2014, 2015)
Andradottir and Kim(2010)0] AJAJgE 7Fs3) o &
= Algdlold 223t dare|Et AFAA ofd A&
20 ZAIE Eold & U= 83 ol AWK Tsai
and Fu, 2014a, 2014b), AFEA7} A4l oA 2 2
2 Yol AR BRsE slet SXjekE RsaE
31830 Thdo] ek kARl g0l sl &
Aol 7= Alekaie] oA 2l EFTche
& Tejsie, hsele} 7o) He (et ARLE B
53 s wae) YK Earks sl HAs)E e
off Qlo} dwpt offfe: ARIA & 4= Qlek E3L ol
) Aok o] Agre] At A AR s 2Alo) 49, 2
o J—Z]—_,] 019_0] x]ttlx%o 7:14,},_ % P 011—4.
w2ba] E oo A= Andraddttir and Kim(2010)]
Akt 7kl T AR G 0401 Andradéttir
and Kim(2010)2] 7153 HHEAE sl dug|Eo =z
og5ten 5188 T $2 BAlY) 9 A7t 24

@D == o|Msts =2

St M2 7hsdl Bl AAE AFskarz) ik o] Al
22 7Fssl Wl das AEE 3 e 202 A
skl 11 G ¥ A3 gkl (719] 7hsdt sk of
W) 7saute s LAE 4 Qe grogn, 7|20 &
AEEY Pt hss W EE gEske A
HEE

2 =] 2ol ME A

= =A 8 3 71Ee] A%
Bolre 242 AX FHE
=0l dd Ay 243 2Eo]
pachler

WHE9 o] iAol
Aol dial dgstal, 3
2g a7HF olofA, Al
7_1j 42}4 SZP_E

2. o|2%4 "4

2.1 28 He
2 Aol de 1 AT Frert AlEYolde R dojd
o =k 7H_4 /\]/\Eﬂ _ﬂa:]zﬂ—r,]- e=1,2, -, k=
E_ /\]/\Eﬂ_,] ;é]‘o*}o]u:] Y]‘_ 7= 172’ e k AL/_\_Eé}

ollAle] jHlA AlEdlold T AWE it Y,

RE (9} jolA AR Efo|y FUF Bus

(LLD)o& 7P33th of| AAE o] tiajA, y,=

Y9 715l E[Y,] ojujste, of

9l Var[Yy] & oJujgich. 2Al0) B4, 4 247 3

g7t FoARE W, y; < gk FEF AlokS T A7)

£ 7Msdl A% I'= {i€0ly; < ¢} & i8] Y=

Aoltk.

SlEolA, B dFolAE 1) Y, & BE o] dis)A]

A EEE wad, 2) y, = E[Y;] =

© SARHA dae 7T

2.2 7|E29| 7t55
o] Aol A= Andradéttir and Kim(2010)0] A3kt 7]
&9 7hesl] W FaKelst, FDPR $3)5 1hefs] &

T =xt

ki=g
FDPoX= 99je] == 7, A= v, w, 2(, v # 0),
ok_4 Al noﬂ 1:H°H [
_ wz v
Rlrv,w,z) = maX{O, o0 3 r} (1)
3}



9= 3 (- 1)“1{ Tie=0 o
=1
o —1)/2
« 1+ 2(: E)E}

g ggaa 9ok d4 gow 10)+= Ao, ny
£ 7} AagoBRE 2EEE 27 B2 27|12 oy
STk B, o AMATE Rk 9919 rolt 4] (2)

7 JHe S8l BE o= 10] -k AAet

ALk
FDP9] A} Hxl= Figure 1-& 3asteh
Andradottir and Kim(2010)+= ¢9]9] Fx,& ¢ &
wokgol, A4l A thee] £ Aake] FHRE Rl A
gromH sgsta glom,
D={i€0ly, < q—¢},
A={i€0lg—e <y, < qt+e},
olo] we} FDPO] A} & F7F th&o] £33 W53t
2 wgsIdch
P{Dc FCc (DUA)}=1—« (3)
] IIH = 2011] i]%x% X—]]OI:A] Y; < q% 00]7”
TEA)7| = A|2"ERS Z3ksb, A= ARAL gy, < ¢
WEAZ|A] e Alage 23 4= Qo Fofst
Z FDP 4=3) A], AA 2= Y, < q A|okS ukEA]7|
i tﬂE Foli= 23E]7] ok A AElo] 9L 2% 91T,
y; = q AloFe WEAI7IA] S5k (5, £7FsT Al
§lo] ol mahel A9 98 4 olrks vlo] ek
E3h, FDPOA = SAk< € 9] A4S AREARS] witto|
Wl glol, A4Sl A44E © EAle) 4 et
1 7kl W FEol AA HeH7|= Stk

[e]

;E mlm

3. AA WHE

2 AoAe 2

% 4 9)

2740 upx|ate]| A%l FDPO] ©H3l&
= 28 7153l HEAEX}2] Revised-FDP
(°]3}, RFDP)E A|Algitt.

REDP: &t 40| FDPE 8} g1e]&o=n ke
FYsto], FApES FAEA | et A4s] A7 24
3 WHaAE DU A7Fobd I' 8 52 44 %

oo g WAshs MR, 1 ApASE YaE]Ee ok

3.0 w2 7]tk

3.1 Revised—FDP

RFDPoAL: 338 2743 Wb B4ollAl 5 7))

FDP(Z, FDP13} FDP2)E HHE =o5to] 1 Ax} gt
o F 3} F,2 Qoluw, F,3} Fyol T3 A4
o] 22 ot 2 AIAEES HFAR] 7 ALl
ey o) Wk, k9] okwe|Zel FDPIw}
FDPm e ATE 29 uelu 1 ATk 7k A2
do] Hgte® 2F QlAstal RFDPE F&sh= Zlo|th
RFDP ¥ir2|5e] A< §13f o] FDP13} FDP20oj|A]
TEOR FYT TASRS € 2k AR
RFDPO|A &-83}= FDP1-2 AMA} y, < g 7} of
Wy, < g6, AR WEse ALd e 2]
9Igt FDP=A Atk =, FDP12 a2 A[oF4] 9
AR q— ¢, 8 7202 £ e, 9 BT B3k )
o, ofzfje} o
Ap={i€Olqg—2¢, <y, < ¢}

o mln m°1'

£ Aojshd, FDP19] Aapgt £ ]_4_4 AEo
AApE oJA}o 2 HASHE Aol oF 4~ 9t

P{DC Fy < (DUAp)}

Rhde], FDP2= AR y; < g+ e, AloRE W8t
< Aad Agke 271 98 24" FDP dalglgoR,
P A AASY gt €, VISR £ 6,9 FAE
518 }1 ATk wpebA offiet o]

= {i€0lg=<y, < q+2€,}

= ;2494’6‘}?‘;, FDP29| Zip3lRt /)2 o5 g

ATE oldor HAske AAdE & &+ itk
P{(DUA,) c F, Cc(DUA,UA,)}
FDP13} FDP22] 7 o|sf5 ¢lall Figure 25 ars}

m

Ap Ay v

Yi

& & & &

q'zgr q-¢ 4 q+€r q+28:
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[1] Preparation: Set RFDP iteration counter 7= 1. Determine tolerance reduction ratio 0 < { < 1, initial sample size
ny = 2, tolerance level €. > 0, and confidence level 0 < 1—ca < 1. Find 17> 0 that satisfies

gn)=1- (1—04)1/%.
[2] Initialization: Set A/, = M, = {1,2, -+, k}, F}, = F, =@, and h? = h3 = 2¢cn(ny—1). For all
i€1{1,2, -+, k}, set 7;; = r9; = ;. For each system i & M, observe n,, samples, Y71, Yy =+, Y,

ling’
and calculate the sample variance Sfi. Similarly, For each system ¢ & M, observe m, samples,

Yma Ymv s Y

2in,» and calculate the sample variance 522,,;.
"1
[3] FDP1: If any system ¢ & A/, satisfies E ( Yi— (g—€,) <= R(ri;e, h?, 5121-), move the system ¢ from
j=1 .y
M, to Fj; else if the system ¢ satisfies E(Yw— (g—e.) > R(ry;e,, h3, SE), remove i from M.
=1
[4] Termination Condition of FDP1: If 1/, ZJQ, go to the step [5]. If M, # &, observe one more sample
Yii(r, +1) for each &My, set 7; = 7y;+ 1, and return to the step [3].
T2i
[5] FDP2: If any system ¢ & 1/, satisfies E ( Yo, — (q—¢,) <= R(ry; e, h%, 5221-), move the system ¢ from
Jj=1 .y
M, to F); else if the system ¢ satisfies 2 ( YQU —(g— eT)) > R(TQZ-; €5 h%, SQZZ-), remove ¢ from M.
=1
[6] Termination Condition of FDP2: If A/, :]@, go to the step [7]. If M, # &, observe one more sample
Y5y, +1) for each iE M, set 79; = 19;+ 1, and return to the step [5].
[7] Termination Condition of RFDP: If /| = F),, terminate the procedure with RF'= F|. If F| = F}, set

1=Ce, T=7+1, My =M, = {1,2, -+, k}, and F, = F,= &, and return to the step [3].

Fig. 3. Algorithm statement of RFDP
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Table. 1. The simulation results for each scenario

Procedure Setting Performance Con. Dec. Inc.
5 Ratio 0.377 0.380 0.366
6 =
Avg.Obs. 2,005 871 5,710
Ratio 0.669 0.676 0.671
FDP e=0.50
Avg.Obs. 5,348 2,205 15,357
Ratio 1.000 1.000 1.000
e=0.01¢6
Avg.Obs. 452,499 157,918 1,310,000
Ratio 1.000 1.000 1.000
¢(=0.1
Avg.Obs. 207,892 80,979 602,394
Ratio 1.000 1.000 1.000
(=05
Avg.Obs. 127,201 49,441 368,125
RFDP
Ratio 1.000 1.000 1.000
(=0.9
Avg.Obs. 92,732 35,843 268,700
Ratio 0.999 1.000 1.000
¢=10.99
Avg.Obs. 88,747 34,681 258,834
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