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Abstract

In this study, we investigate about the run length properties of cumulative sum
control charts. By generalization, the homogenous markov chain approach to detect
positive shifts in the mean of the process for the proposed Logistic distribution with
known standard deviation. And also to detect a positive shifts in the median of the
process for the proposed Laplace distribution with known standard deviation .To
compute the average and the standard deviation for run length for Cusum charts, when
the variable under control follows the normal distribution. And we compared it with the
average and the standard deviation for run length for the same control charts, when the
variable under control follows the Logistic distribution and Laplace distribution, which
were proposed in this study. The experiments executed for different combinations of the
Cusum parameters, and several state numbers for markov chains. The results were
obtained by using Programs written using MATLAB-R2008a program .The results
shown that Cusum control charts for Logistic distribution and Laplace distribution were
more sensitive than the Cusum control charts for normal distribution.

Key Words: Control Charts, Cumulative sum, Average Run Length (ARL), Standard

Deviation Run Length (SDRL), Markov Chains, Normal Distribution,
Logistic Distribution, and Laplace Distribution.
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Lo Cadel ¥y ,(pp =0, 6=1) Oiedeadl candall 2l oy Blasadl cad junal o) (sl
Gsiae e doleall Jacigic dad Wl 5lasadl ciad Dleall gyl Calai¥) il slasia) papl 6=1
Ty =0 J (sl O9Sand Jgsaall duegill

3, SDRL a5 ARL aii e Jsiall duesill sisn (e doleal) Jacsgio dad Calynil L0 dijeals @
Caladl Jia Al g =g -k Dslas () sl el (ggias die dileal) Lacsgie el ()5S

AP I DS m@-k=@i Bglse 058 lly K dpsll el e deadl Lasic

J Lgless k EON OsSi lvgpy =0,05,1,15,2,25,3,35, 4
.k=0,0.25,05,0.75,1,1.25, 1.5, 1.75,2
L3 OS5 o S AN LAl aad (piied (al il 2 ,Cusum I sl hall s 80 dulialy @
H=56=51)=5,H=406=4(1)=4 L& ¢ J il il o s Y
O ¢ (14) Gall &mdl z ,laa¥) selaasl andll Jal¥) aigll o adies 3 e
(Pj v ,j=01,.,t-1) &y ¥yl clusl 7 -k ~ Normal Dist ."( py -k, 6=1)
ads (12) Axeall Gy e ARL ad iles 5, (9,10) dipall alatiuly txt iy R digall
- (13) sl G35 e SDRL
Ok sasiie SDRL a5 ARL ad Lo Cagle Aludu 8 Lariiend) cV) 230 5380 dijedly o
Bhadl clag o el GebieS (B sE gy sEp) YW cyas) 8, (t=5,25, 45)
—10) Cun,odled clad gill dca piadll
idesl) (gl CUSUM dagll jim daidll yie )lidV) Selias) Lo (s U ASY i B o
» Bylaall and (S5 Al
O Hpeanall Gl Chuatia vie)liaY) Seliaa) led 056 I AN B Efpypols @
.Cusum 45,01 (0,H)
agll H eV phacdl as die 5LasVl seleas) lgd 008 3 AW Gis By W o
aaly) Lleall Gla) 5y Al Cusum
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oe gl g Jal) Gl AV g da gial) Gleas

, Cusum 1) &lasll SDRL aiég ARL aid Jgenall la K3 aniiall cladgall g coylasl) déws 23 Mg
ads ARL 2 o ol dle USaus Lgie Jaads (1-2) 5 (1-1) olsandly oS3 a2k Law gilidll cuadl s
—: SDRL
Syiuse e dolaal) bangie dad o gl 3 aday Jlly (K ) dpasall dedll 83l olap L1
CH DA aag b GasSle Alude b eVl aeg B Al ciply () pasiyell Al
CH st 5 (K) daajel) dal) iy B, Al dad sabyy ailin L2
(K) Bomayal) Zailly b CasSile Alis 8 VA aaeg B Allal)l cogdiy H hall aa 3l ooz .3
) cilagll SDRL ag ARL i e CisSile caslaly Alasicadd) (1) c¥lal) sae il Al Lualls Wl
Ot (1-2)5 (1-1) oalsaad) e daadls LS ), H=5 3 H=4 448 &gd, Cusum
H=4,5 da8 sy t daid 5305 saljie (555, E(t+1),2jE0 oillall xic SDRL a8 ARL o .4
K Al caghig
Cishy Hed Zad Cughy t e 0L Aalliia (58 E,, alall xe SDRL .85 ARL o3 .5
K>0.5a8 48] Lages t Lo 52L% Buliie (06S8 un A K <05 2ie 4o
Zedy H=5 Zad Cughy t ded 5l deailine (5 E,, Alall e SDRL .85 ARL 25 .6
Koad Al IS Lesae t 4 5y 8aliie (0585 cpm 3, K <0.75 5 k <0.25
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) glall 3y 408 Alna

f A

g

daa

2017 Osmadd) aaad)

a2

1)

(1-1)ds

o

4) JA 9 (p, =0,0

) @add g Cusum <lagll SDRL s ARL

Alaal

(B 3B tigyp9Eg) <V g gl (H

2l &) )

No. of ARL( pn; .k)

states(t) 0.0 0.25 0.5 0.75 1.0 125 15 1.75 2.0

5 E, 26.5501 | 73.5537 |297.5887 |1629 10813 | 80657 | 647576.9 | 5.4663¢5 | 4.7902¢~7
E, 213041 | 65.5071 | 2843460 |1605.6 |10769 | 80568 | 647389.8 | 5.4650°5 | 4.7901e~7
E, 10.4977 | 38.8932 |204.2155 |1323.6 | 9667.5 | 75984 | 627686.7 | 5.3803¢S | 4.753¢~

25 E, 26.674 | 76.940 |333.93 |1980.3 |14358 | 115375.4 |984586.0 |8.6962¢"5 | 7.8378¢~"
E;z  |20462 |66.878 |315.07 |10541 |14282 | 115201.2 |984160.6 |8.6951e™® | 7.8375¢~"
E., |7.8273 |31.742 |191.25 |14255 |11702 | 102830.7 |021722.2 |8.3824e5 | 7.6845¢~7

45 E, 26.678 | 77.030  |334.93  |1000.7  |14465 | 116461.5 |995473.3 |8.803¢0 | 7.0300¢~7
E;;  |20369 |66.768 |316.5 10632  |14386 | 116277.7 |995019.1 |8.8018¢~ | 7.9306¢~"
Eq  |7.5883 |30.913 |187.76 |1410.7 |11749 | 103023.8 |927360.8 |8.4594" | 7.7704¢”

No. of SDRL( 1, .k)

states(t) 0.0 0.25 0.5 0.75 1.0 125 15 1.75 2.0

5 E, 21.8244 | 68.6480 |292.9818 |1625 10810 | 80654 | 647574.4 | 5.4663¢5 | 4.7902¢"7
E, 213306 | 68.2516 |292.7120 |1624.8  |10810 | 80654  |647574.4 | 5.4663¢™5 | 4.7902¢~7
E, 17.1408 | 60.7174 |278.5393 |1596.4  |10749 | 80510 | 647268.9 | 5.4656e | 4.7901e~

25 E, 21.81 71.807  |320.22 19852 | 14355 | 115372.5 |9084584.4 |8.6962¢"S | 7.8378¢~"
E;z  |21.158 | 71315 |328.78  |19840 |14354 | 115372.4 |9084584.4 |8.6962¢™ | 7.8378¢~"
E.,  |14.996 |58.287 |298.08 |10042 |14124 | 114688.7 |082575.5 |8.6005¢"5 | 7.8363¢~7

45 E, 21.81 71983  |330.22  |1995.6 | 14461 | 116458.6 |995470.9 |8.803¢0 | 7.0300¢~7
E;;  |21.138 | 71379 |320.75 |19053 | 14461 | 116458.5 |995470.8 |8.803¢5 | 7.0300¢~
Eq  |14773 | 57.747 |297.06  |1907.5 |14204 | 115680.9 |993138.0 |8.7963¢*° | 7.0381¢~"
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&> Cusum <l SDRL s ARL
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|

(B 9E 11y 9E) ¥ e ddd | (H

| i Ay

-

Aial) 2 )

-1)

No. of ARL(py .k )
states(t) 0.0 0.25 0.5 0.75 10 125 1.5 1.75 2.0
5 E, 37248 | 12668 |7ILT2 | 5752 57486 | 651825 | 8025775 |1.0469¢® | 1.4238¢
E, 20853 | 11451  |680.7  |5708.1  |57391 | 651604 | 8025231 |1.0469¢-8 | 1.4238¢
E, 13.732 | 66.663 |501.36  |4794.7 |52320 | 621003.6 | 7831421 |1.0343¢3 | 14156
25 E, 37.081 | 1411  |021.61 |S8858.1  |104755.4 | 1381813 | 19330375 |2.787¢% | 4.0727¢
E;;  |20.052 |12512  |sss8  |s7s1 104552.5 | 1381220 | 19328582 |2.787¢® |4.0727¢~
E,, | 0.533 54.8 525.03 | 63852  |86515.6 | 1236467 | 18143187 |2.6908¢"8 | 3.9960¢
15 E, 3800 | 14151 |028.06 |8962.3  |106480.9 | 1410553 | 19805222 |2.8641e"® | 4.105¢°
E;;  |28.924 |125.17 |894.21  |8881.0  |106266.2 | 1409927 | 19803268 |2.864% | 4.195¢-
E,  |9.150  |53.066 |514.85 |6337.2  |86760.1 | 1250677 | 18478313 |2.7549¢"% | 4.1078¢"?
No. of SDRL( 1, .Kk)
states(t) 0.0 0.25 0.5 0.75 10 125 1.5 1.75 2.0
5 E, 30.626 | 119.81 | 705.46 |5746.7  |57482 | 6518212 | 8025772 |1.0469¢® | 1.4238¢
E, 20055 | 11920 | 705.15 | 5746.5  |57482 | 6518212 | 8025772 | 1.0469¢ | 1.4238¢
E, 23527 | 10594 | 674.55 | 5666.0 |57249 | 6510022 | 8023418 |1.0468¢7 | 1.4238¢
25 E, 3041 1339  |OI5.14 | 88527  |10475L.0 | 1381800 |19330372 |2.787¢% | 4.0727e
E;;  |30.116  |133.11  |914.6  |8852.4  |104750.8 | 1381809 | 19330371 |2.787¢8 | 4.0727¢
E,,  |20.003 |10637 |826.01 |8501.4 |103151.3 | 1374144 | 10203881 |2.7854e"® | 4.072¢°
15 E, 31.052 80560  |106476.4 | 1410550 |10805210 |2.8641e | 41956
E;; | 30.098 $056.6 | 106476.2 | 1410549 | 19805219 |2.8641e | 41956
Ey  |19.713 | 10525  |826.04 |8564.8  |104634.8 | 1401460 | 19760719 |2.862¢8 | 4.1041¢"
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2017 Cigmsadld) dand) daaladl 0008y o glall 3ty A0S dlaa

sl 2 g3l audada Bplad) il jadal) (95 Latie Cusum cilagl 4-2

3505 B Ligncadll Cliadl e gigiall 23l ) L (12)  Areall 385 e ARL o Gilus )

& 3. (13) daaall Gis e SDARL ad Clus X slaidl #)ls conval 38 Dlaall of ) il
Jkal o) 3, (g =0, 8 =0.55133) (ialaaly Ginsll) asyoill oy Slasall it puaiall o) (al i)
ddaall (lunad) il il slesia) jmal 6=1 ded a3 U B =0.55133 dadll v B dad

cag =0 I gglae O5Sud Joatall Loe gl (Sgine die doleal) Jacsgia dad L), Bylasall s

3, SDARL oy ARL af Ll Jssiall Gesil s5ieas e dulonl) Jausgia La Cilyadl L5 36 pedly
A ap =gk 3 istan (0tg) Gasisal ashyall Bl (sne e banl) auigia Fad (35S
1 ad s @M,k:@ 1 dsbes 5 K Amapd) Aeil ce Adend) acssie il (i
] g Kk Aed e luga, =0,05,1,15,2,25,3,35, 4

.k=0,0.25,0.5,0.75,1,1.25, 1.5, 1.75, 2
Aapsis (555 ) (St ) LA 2n] (ied Gl e CUSUM 1) Agll LAl a3 Al

2 2
K H:46=4(1)=4 L szﬂff J z\f)gﬂ\ Al ‘:J.c s gy

.H=56=5(1)=5
O @ (18) Lall Lmadlz Y] selany Jwasll JlaaV) aiall e adas 3

Ay Y laay) wleal 7 -k ~ Logistic Dist ."( -k , B=0.55133)
ad Clea o5, (9,10)  dall alasiuly txt Aoy R ddsiadl (Pijv i,j=0,1,..,t-1)
< (13) deall iy e SDRL a5 (12) daall 385 e ARL
Ok gastie SDRL ady ARL o e asSile dlule 8 daodicall ¥ 2o 580 48y
Slasad) Glagl n A)laall ubiaes (Et_le(Hl),zJEo) NVl cyndl) M. (=5, 25,45)
—:o) Cua, odked i gl A iadll
Llaall () ,CusuM dagll joa dedll die)lidV) selias) lgd 0 Al AW Jia By @
- Shaad) Caad (S5 Laaliy)
O Byseanall 5l Caaiio die)liAY) selaal lgd 58 Al Al i E(Hl)/zd\j .
.Cusum as;ll (O,H)
dasll H oY) laall s die HLadV) seliasl b 060 Al Al Jia By Woe
aaV) dleal) QR 2 Al Cusum
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wibe (s aa] (s rall Gil_aiN) g Jaaw gilal) cilosa

,Cusum ) clagll SDRL adg ARL o aid Joanll la K3 aniiall cilaadgill Wy ooplal) déws 5 Mg
adg ARL aid o) (b ale (<05 Lgie Jaadlig(2-2) 5 (2-1) cndoaadl oS3 aaii Laa milil) Cuadl S
-: SDRL
Sgiuee e dolaal) bangie dad o lglua b adiay Jlly (K ) dpasall dedll 82l olap L1
HoWasy tasSile Al 8 eV sey By Al Gisdy () pasipall Ll
Ht 5 (K) rapall dadll sl B, Alal) dad saliyy (il .2
(K) G pall Lagilly t CasSHle Abudus 3 VA daeg B Al gl H Al as salyy dlap .3
) cilagll SDRL ag ARL i e CisSile caslaly Alasicadd) (1) c¥lal) sae il Al Lualls Wl
Ot (2-2)5 (2-1) oalsaad) e daadls LS A, H=5 3 H=4 a8 &ofi, Cusum
deg H=4,5 dad Cgfiy t dad 5Lk suliie 058 Ej AW xe SDRL .85 ARL 28 4
B QPYCRUIPY
Cigly H=4,5 dad cgdy t dad 0l Baljie (588 By xe SDRL g ARL o .5
ot dad saliy duailive SDRL aidg ARL o Lgd (46<5 3, k=0.0 dasd lac k a8 (<
pily H=4 Lad cogdiy t Aad 8ol dailine OO E,; Al 2eSDRL a8y ARL o8

)

K 215,58 2l Loge t da 525 51lfie 055 (m b Lagee K <1.25
aily H=5 dad Coodiy t dad 5ol dadlie 09 B, Alall xie SDRL a5 ARL o

Q

k>05 ad dad JSI Logee t dad 8ol lealily 83l 4didia OsS5 cpa B, 9 K <05
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) glall 3y 408 Alna

f A

g

daa

2017 Osmadd) aaad)

=2

0.55133)

(2-1)ds

p

4) JA By (ap=0,p

I &9l Cusum <l SDRL s ARL

L
19E (1) 9B ) «¥adl ga J2 (H

-
0

.

(E,

No. of ARL( o; k)

states(t) 0.0 0.25 0.5 0.75 1.0 125 15 175 2.0

5 E, 27528 | 75.728 | 260.466 |893.357 |2617.780 | 6367.520 |13316.89 |25082.20 | 44156.21
E, 22147 | 67.838 | 249.162 |878.224 |2590.224 | 6346.494 | 1320433 |25038.82 | 44132.42
E, 10999 | 41452 | 184.847 |730.958 |2356.205 |5093.836 |12850.70 |24550.86 |43583.05

5 I, 27.668 | 78.073 | 281.640 |073.064 |2812.204 |6699.792 |13768.25 |25616.26 | 44740.52
E,, |21316 |69.200 |266.988 |053.661 |2786.905 |6670.702 |13736.86 |25583.50 | 44707.18
E,, |[8.022 |33515 |167.873 |710.685 |2352.689 |6021.031 |12904.33 |24618.16 | 43653.01

15 E, 27672 | 70.050 | 282.200 |976.050 |2817.221 |6708.016 |13779.25 |25629.16 | 44754.56
E,, [21.223 |69.105 |267.198 |955.193 |2791.059 |6677.089 |13746.81 |25505.37 | 44720.08
E,, |7.756 |32.382 |164.609 |710.603 |2333.763 |5990.200 |12862.30 |24567.10 | 43396.55

No. of SDRL( o, .k)

states(t) 0.0 0.25 0.5 0.75 1.0 125 15 1.75 2.0

5 E, 22757 | 71126 | 256.702 |890.605 |2615.846 |6366.140 |13315.85 |25081.37 | 44155.51
E, 22226 | 70.724 | 256.450 |890.475 |2615.778 | 6366.113 |13315.83 | 25081.36 | 44155.50
E, 17.878 | 63.474 | 245.799 |877.458 |2602.774 |6355.173 |13307.69 |25075.74 |44151.79

25 E, 22765 | 74290 | 277.006 |971.20 | 2810.430 | 6698.470 |13767.25 | 25615.46 | 44730.84
E,, |22055 |73.712 |277.533 |07L.077 |2810.322 |6698.405 |13767.22 | 25615.44 | 44730.82
E,, |15516 |60.730 |254.396 |037.708 |2772.679 |6663.097 |13740.11 |25595.99 | 44726.63

15 E, 22766 | 74374 | 278.468 |973.387 |2815.368 |6706.696 |13778.25 | 25628.36 | 44753.88
E,, [22035 |73.775 |278.077 |973.163 |2815.244 |6706.627 |13778.21 |25628.34 | 44753.86
E,, |15268 |60.132 |253.311 |036.803 |2773.620 |6668.170 |13747.70 |25606.33 | 44738.88
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0.55133)
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(2-2)ds

-

a2

RESRRTS ¥- PN |

5 ) Jil s (ap =0,

I &9l Cusum <l SDRL s ARL

-

T

g

L

-
o

.

No. of ARL( o .k)
states(t) 0.0 0.25 0.5 0.75 1.0 115 15 175 2.0
5 E, 384528 | 129.188 |596.180 |2743.167 |10175.57 |29238.53 |68196.04 |137570.7 |252696.1
E, 30.8661 |117.204 |577.336 |2715.457 |10138.76 |29194.31 |68146.80 |137518.5 |252642.3
E, 144113 | 70363 | 431.855 |2317.441 |9286.750 |27770.86 | 66183.35 | 135136.5 |249973.7
25 E, 30.165 | 142.700 | 713.008 |3330.271 |11971.09 |32814.05 |73562.67 |144320.0 | 260377.4
E,, |30.0435 |127.226 |687.784 |3208.947 |11916.33 |32747.71 |73488.57 | 1442511 |260296.1
E,, |97556 |57.187 |422.361 |2475.577 |10053.63 |20575.06 |69081.23 |138881.0 |254250.7
5 E, 30186 | 143.08 | 717.245 |3355.752 |12018.50 |32004.71 | 7360455 |144492.7 |260560.4
E,, |200157 |127.267 |690.382 |3314.073 |11961.70 |32835.76 |73617.42 |144410.7 |260475.6
E 0.341 55254 | 413.131 |2442.843 |9972.03 |20427.56 |68863.54 |138603.4 |253934.9
No. of SDRL( 2, .k)
states(t) 0.0 0.25 0.5 0.75 1.0 1.25 15 1.75 2.0
5 31755 | 122.681 |590.085 |2730.474 |10173.06 |29236.80 |68194.70 |137560.8 |252695.3
31.032 | 122159 | 590.608 |2739.335 |10172.99 |29236.76 |68194.78 |137569.8 |252695.3
24470 | 109.507 | 568.446 |2706.457 |10134.23 | 2910005 |68165.00 |137548.2 |252680.7
25 32166 | 136.013 |708.772 |3335.76 |11968.76 |32812.45 | 7356151 |144320.0 |260376.7
311769 | 135.238 | 708.313 |3335.523 |11968.63 |32812.38 |73561.47 |144328.9 |260376.7
20.6808 | 109.156 | 647.441 |3222.507 |11814.31 | 3265222 |73424.87 | 1442261 |260304.8
15 32170 | 136388 | 712111 |3352.25 |12016.26 |32903.12 | 7369339 |144491.8 |260559.7
31160 | 135.582 | 711.628 |3351.994 |12016.13 |32003.04 | 7360335 |144491.8 |260550.7
20268 | 107.926 | 645.402 |3226.081 |11841.01 |32718.91 |73534.87 | 1443718 |260475.4

A Epg SE gy 9E) <Vl g gdd  (H

ke gl
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os) o) A (ag =0, =0.70711) oielealh Y aigl aiy Hlaall cad il o) sl
it Alaall (g5liaall CalaiV) L6 slesind (mjal 6=1 dad Gas3 B =0.70711 deill 2 S daid
cag =0 1 Gl OsSud Joall dac il (S5ine dic Lilaall Jaisgic dad L), Bylasudl
3, SDARL s ARL o8 o Joidl) Licgill (s5ine (o Aodeall Jossic dad Calail il dijeddy o
SV ap =ag -k Jaslee (@) padll aka el 5 die Lleall Jasgio el 5Si

o, —
1 ad s &Jm,kzg 3 Lglias K Zaayall dadll o dleal) daugia Giladl Jia

1 Lgles Kk ded  OsSe  dlluge =0,05,1,15,2,25,3,35, 4
.k=0,0.25,0.5,0.75,1,1.25, 1.5, 1.75, 2
Aapit 058 o) oSa A LA ol il Gl i) pue CuSUM J dagll LAl s 50 Al e
H=56=5(1)=5 5 H=46=4(1)=4 L 6=+28 il daill o sam g
O ¢ (22) Bwall Awdlz Y] selasy sl JlaaV) aal e sdes 3 e
Ay e sy lal, z-k ~ Laplace Dist."( ay-k , B)
af Glas &, (9, 10)  daeall aladnul txt 48y R disiadll (PijV i,j=0,1,..,t-1)
. (13) daall 385 e SDRL ad5 (12) dasall Gis e ARL
Ok sasitie SDRL afis ARL af o CisSile dlude 3 derdiedll eV 2ae 530 dipeds @
Sluadl clagl fn )kl ulas (Et_lJE(Hl)/ZJEO) V) eynd) s, (t=5, 25, 45)
—: o) Cua ,odlel clad gill da )
idesl) (g), CUSUM dagll jim daidll die )lidV) Selas) lgd (05 AU A o B o
» Byl Cany (36S5 Aualuy)
O Bipeanall S5l Chisiie Ne)laaV) seliaal lgb 056 ) AN o B gypoly @
.Cusum 4,01 (0,H)
dasll H eV slacdl aa vie L) seleanl lgb o6& ) A s By Woe
oty Lleal) Gl 2 Allg Cusum
, Cusum 1 clagll SDRL 85 ARL o a8 Jyeaall la 3 aaiiall colad gill Ladg olanll s 3 a8
e O b ale USus Lgie LBy, (3-2)5 (3-1) oalsandls alsaally oS0 aa Law miliil) cumsd
—: SDRL .45 ARL
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oe gl g Jal) Gl AV g da gial) Gleas

Ggiae die Lleall Jaigie ded o lglua 8 adiay Jlly (K ) darajall dell 52b3 Aoy L1
HOA aay t Gl dludu b eV daey B Al gy () gl duegil
Hot 5 (K) Lonspal) sl copfh By A dad 83l palin .2
A(K) doaspal) dally t CagSle Adis (& @Y 23ey B Al cigly H lall as 5aliy alaii .3
1) ilasll SDRL aiig ARL ad e CasS)le sl Alasioadd (f)  c¥lal) sae s dudyal dandlls Wl
O (3-2)5(3-1) oalsaad) e daadls LS A, H=5 3 H=4 448 ody, Cusum
dad U<ty H=4 o Ciph t ded 5l salfie (56 E dllall xic SDRL .8, ARL .3 .4
4 4ad 834 Lailiia SDRL g ARL i (355 3 k=0.0 lae K a8 oye
Aad U<y H=5 Zod Cuph t ded 5l salfie 056 E dllall xic SDRL .8, ARL o8 .5
o K ad e
Cisdy H=4,5 2 Cipls t L 53L5: 5ul5ie 0585, E gy Alal) i SDRL o5 ARL o8 .6
ot e 50l Leailiia SDRL ady ARL s L (sS5 31 , k=0.0 Zad e K a8 S
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No. of ARL( o k)

states(t) 0.0 0.5 0.75 1.0 1.25 15 1.75 2.0
5 E, 20.427 224570 | 554583 | 1134971 |2057.672 |3441.613 |5443.048 |8313.241
E, 23755 | 68.650 | 215181 |544.132 |1123.90 |2046.334 |3430.257 |5431.692 |8301.884
E, 12105 | 43.526 | 165.879 |467.981 |1024.938 |1030.091 |3304.854 |5200.707 |8165.804
5 E, 203103 | 81.917 | 236.0548 |573.786 |1168.950 |2101.805 |3485.451 |5489.205 |8361.870
E, |227035 |72532 |224.223 |560.353 |1154.646 |2087.065 |3470.534 |5474.230 |8346.899
E,, |84368 |37.064 |149.865 |440.215 |004.692 |1897.805 |3261.777 |5253.010 |8117.978
15 E, 20313 | 81.9930 | 236357 |574.345 |1169.797 |2102.783 |3486.549 |5490.334 |8363.038
E 22606 | 72.43027 | 224261 | 560.5795 | 1155.110 | 2087.645 |3471.223 |5474.952 | 8347.648
E 8.084 | 35.0607 |147.124 |435.1000 |987.526 |1888.070 |3251.642 |5242.014 |8106.451

No. of SDRL( z; k)

states(t) 0.0 0.25 0.5 0.75 1.0 1.25 15 1.75 2.0
5 24537 | 72.060 | 221598 |552.579 | 1133.538 |2056.585 |3440.740 |5442.304 |8312.577
23024 | 71.640 | 221.387 |552.473 | 1133.479 |2056.551 |3440.720 |5442.201 | 8312.368
10373 | 64.944 | 213.886 |545.779 |1128.172 |2052.661 |3438.005 |5440.404 |8311.261
25 24331 | 77712 | 233134 |571.826 | 1167.570 |2100.749 |3484.504 |5488.470 |8361.213
23531 | 77.148 | 232.825 |571.650 | 1167.477 |2100.694 |3484.560 |5488.448 | 8361.198
16.444 | 64.843 | 217.009 |536.081 |1154.483 |2000.804 |3477.385 |5483.367 |8357.641
45 24330 | 777895 |233.442 |572.385 |1168.409 |2101.727 |3485.693 |5489.601 |8362.381
23500 | 77.2055 |233.116 |572.211 |1168.311 |2101.669 |3485.657 |5489.578 | 8362.366
16.120 | 64.1814 | 216.130 |535.20 |1154.006 |2090.798 |3477.744 |5483.963 |8358.429
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No. of ARL{ ey k)

states(t) 0.0 0.25 0.5 0.75 1.0 1.25 15 1.75 2.0

5 E, 4109419 | 124.3197 | 464.3915 |1499.722 [3567.931 |7067.352 |12517.15 |20636.62 |32374.75
E, 33.05767 | 112.5080 | 448.7217 | 1481.234 |3547.580 | 7045.867 |12495.00 |20614.45 |32352.50
E, 15.0004 | 69.30701 | 343.6025 |1282.008 |3257.040 | 6680.568 |12074.69 |20159.53 |31875.23

25 E, AL116 | 145.070 | 549.5867 |1636.479 |3797.206 |7408.787 |12041.58 |21078.33 |32826.83
E;. | 31664 |130.240 |529.0280 |1611.488 |3769.388 |7379.351 |12911.20 |21047.62 |32795.95
E,, |10257 |62.172 |345.0001 |1254.751 |3235.280 |6699.079 |12124.31 |20187.77 |31888.14

5 E, 11330 | 145460 | 551300 |1640.272 |3803.520 |7417.247 |12051.41 |21088.84 |32837.81
E,, |31.3305 130325 |330223 |1614.560 |3774.854 |7386.869 |12920.12 |21057.11 |32805.89
E,, |97102 |359.005 |337.871 |1238.384 |3209.254 |6664.386 |12082.75 |20141.05 |31837.96

No. of DRL( o; .k)

states(f) 0.0 0.25 0.5 0.75 1.0 125 15 1.75 2.0

5 E, 341681 | 118.053 | 460.054 |1497.043 |3566.118 |7066.027 |12516.12 |20635.78 |32374.03
E, 333452 | 117.4948 | 450.784 |1496.925 |3566.057 | 7065.993 |12516.1 |20635.76 |32374.02
E, 26,5168 | 105.083 | 444364 |1481.358 |3352.634 |7055.426 |12508.20 |20630.25 |32370.17

25 E, 34.006 | 139.038 | 545574 |1633.916 |3795.476 | 7407.528 |12040.60 |21077.51 |32826.12
E,, |32014 |138.287 |545.1850 |1633.721 |3795.372 | 7407.468 |12940.56 |21077.49 |32826.10
E, 21788 | 114.153 | 506.5655 | 1588.807 |3753.684 | 7373.444 |12914.75 |21058.68 |32812.68

5 E, 34.0168 | 139.430 |547.302 |1637.713 |3801.802 |7415.001 |12950.42 |21088.02 |32837.10
E,, |32.8035 |138.650 |546.805 |1637.508 |3801.691 |7415.927 |12950.30 |21088.00 |32837.09
E,, |21.2489 |112.869 |504.785 |1587.002 |3755.107 |7377.669 |12921.24 |21066.69 |32821.86
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