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USE OF BAYES LEI-IMA TO CONSTRUCT 

FREQUENCY DISTRIBUTION OF qx 

William A. Bailey 

Abstract 

A method is presented which uses Bayes Lemma in an elementary way to construct 
posterior probabilities to be attached to each of several alternative prior 
distributions, given a few observations. The availability of efficient computer 
programs to numerically perform discrete convolutions for producing prior dis­
tributions makes this a practical method. 
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A group of 3500 lives has experienced 7 deaths each 

year for n = 1,2,4, or 8 years. Determine the pure 

stop-loss premium at the stop-loss levels i = 7,8, ••• ,15, 

taking into account the various possible levels of proba­

bilities of death which might apply to the group. 

{t)3500 ®3500 

1-kj.:q] 
kfq [: 

1-kL <. oo2) l 
ki. (.002) -

• 

k. Run fll Run fl2 Run 113 Run 114 _J,._ 

.25 1/7 .05 .05 

.50 1/7 .15 .15 

.75 1/7 .20 .20 

1.00 1/7 .20 1.00 .60 

1.25 1/7 .20 

1.50 1/7 .15 

1. 75 1/7 .05 

Please see (RISK) Notation for definition of the convolution operation~. 
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METHODOLOGY 

Prior 
Input Frequency 
Distributions 
for Period Pro ba bil i ties _..;O:!b~s::.!e::..:r:,cv~a!.!t:..:i~o:!n!.:s~-

1 2 ••• n 
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n+l ___ q...;i::.._ __ _i _2_ 

~.n+l 

1 

n = number of observations 

m number of hypothesized distributions 
= ith hypothesized distribution for the jth period 

observation for the jth period 

• • • X __ n_ 

r m 

sl 

s 
m 

I: = 1 

pij =the probability of observing xj, using Aij as the hypothesized distribution 

Posterior distribution • A a -~(f x,y, 

Please see (RISK) Notation for a~tinition 
si. PJ Ai,n+l) 

of the merge operation@and the transformation operation ]A. 



Grou2 of 3 1 500 Lives AEEarentli Subject 
to A Mortaliti ll;~te of .002 .. 7/3500 

Stop Loss Premiums Eer $1.00 of Insurance 
Observation StoE Loss Level 

Period _7_._ ~ ~ lQ..,_ lh ll.:.. .!1.:. ~ 

1 year 2.07 l. 57 1.17 .85 .61 .43 .JO .21 

4 years 1. 31 .87 .56 .34 .20 .11 .06 .OJ 

8 years 1.17 .76 .46 .27 .15 .08 .04 .02 

Pure Binomia 1 1.04 .64 .37 .20 .10 .05 .02 .01 

This table assumes that 7 denths were observed during each year of the 
observation period. The following BPyesian approach has been used to 
determine the frequencies in a frequency distribution of total number of 
claims from which thcot·etical net stop-loss premiums can be determined 
(where M is the number of years in the observation period and x is the 
total number of claims): 
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Jlii'~··J(I ) 3500-7 
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{ 3~oo}(l _ q)3500-x X 
dq - q q q 

~1 {1'~··)(1 )3500-7 7 }~ - q q q 
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0 .215.;7.0~9 0.53&5~870 
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Q.O()Od1?0 c. n99?4'14 
ll .ooouS6U u.99Y>•1o7" 
o.~OiJ.J141~o J.99'1?"51ll 
o.OOO.JIJ3?~ 0.9999091•) 
Q.Ouuu00 1 £ 0.99¥99H2 
Q.J00~0015 c,o99~"9U 

c.ooo0ooo3 J.99~9~9Y9 

o.OOO.J00v1 l.OOOQI)OJU 
Q,lj/)~1)00~0 l.fiOOOnOJO 
Q.OOOv00·10 l.000000JJ 
Q.OOOJOOOO 1.000000uJ 

11 

S.TOP -LOSS 
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9 S.OOOO'l0011 Oo130~0o)0') c.729221H f). 640 689 75 0 1-~2652533"' 
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2:! 22.000000139 O.OOOJ')3~d 0.99999%9 'J.OOOC01~20 OoO•H793947 
24 23.0000001:i2 O.OOO\J0093 o.?999Q9i>3 o.OQJ000512 o.c·oo ~:.1221 
25 24.0000001 s 5 0 .0001)00?7 0.'1999<19~0 o. 1))1.)0~0 13 9 0.000414364 
2f. zs.oooccn1~ o.ooo.;ooo~ 0.9999Q997 o.ooooooo3s O.OOC24426? 
27 2&.00COIJ-J195 o.ooooo002 0.999999111 :l· 00000000 9 o.a1JC120~17 
28 27.00000020 9 o.ooouOOIJ1 1.0000"lO:l0 Q.OI)J000002 o.oooo~7355 
29 ?d.00000022S o.cooucooo 1.0000000-J o. 000000000 O.OGC025~6G 
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I> ~.H99~999d 0.02918115 0.0501B30 s.s 3020J50 5o07257U8:l 
7 S.l'9999q9,1:; 0.05114741:1 C.1012A<;33 4.5d033935 2o'f19Jj9227 
II 6.9H99999~ o.o7o,2015 o.17B1%<~ 3obdl6256~ 2·71!>:15.;0~7 
9 ~.000000')')0 o .to~ 121~o ().2790'4th 2.85973215 2.473109021 

10 II.OOOCOO<);Jl O.l17~!32•J c .3953'>72~ 2.13876&22 2-~13>776~1 

11 1 0. 0 0 I)·:) 0 0 0 .j 6 0.12317'11)5 o. 520&4531 1.535e.354S 1.9452'*004~ 
12 11.000COOJH 0.11e.i.6•PO C.o3B14Jl t.v5627,79 1.&7CP22H 
13 12.uOOC'li:011 1).103.!~2~0 J.74210<j:jl) 0. 6 ISO 9 ~ 7 9 ld9!HeH. 
1~ 13 .1)0000001 0 o.o 'lhoSF•l (j.~25:J">2•0 o.~H2H,.,~ 1-1 ~&5ob275 
15 14.0000000?0 o.•JG2~54~5 C.!Bd2167~ 0.2o29520'l o.~o0~:!~02S 

16 15.000000·12~ 0.04374412 0 .93191i!)d7 Oo1:>116'l74 c.6659';;o~7:1 

17 16.000001)1)l9 o.o2~a700o 0.9606~:)93 o.oon2q6£ o.~·•o2~<>~1, 

ld 17.:>00000035 o.~l7cd0~7 C.97331101) 0.0.376:>55 o.3507o7'545 
19 1'1.0000000<1 o.oto294to 1).961:!6~517 I) • 0 2 2 J'7 1 5 6 tl.244'H2'l3? 
zo 19.000000)4 6 0.005c7665 0.9942 1 ld2 0 .o 1067C72 Ool &7213.~30-i 
21 20.vOOOC0'152 o .on :i7293 0.9972"41:!0 o.OJ495~5~ Ool1l~CJ52"J 
2Z Z1.00•JOOOOS:t 0.001 .. 824• o.99~7H~.:. 0.00221334 0.073451620 
.!3 22.00COOOilc.b O.JOC70540 0.99944265 O.OJ0~5056 0. 0 4 7 3 20 1 37 
z .. 23oOOOC•J0074 0 .')?0321)07 ".919 7~ 3!>2 '). 0 0 lj 39 ~2 3 Oov2~9t,792~ 

25 24.0()1)0000~ 1 0.00013992 0.999~03j4 Oo01J015!>'l5 o.oteb29f:.to 
2o 2s.ooccoo•n9 O.OOCvS::t-54 0.9H~'i2·B 0.00006036 o.o1tHo3o4 
l.7 2o.•>oooooo97 o.ooov2354 1).9999~5~2 OoOQQQ2246 o.OQ6d5b57? 
26 27.0000001<)5 o.ooou0911 o.~999q415 o.ooooo~o3 o. oo4u o240u 
Z9 2~.00CCO'lll4 O.OOOu0340 0.9q99C814 O.O.J0002H o.CC236597 ~ 
31 29oOOQ0001?! OofJ'lO\lOl23 0.999q9935 o.oooooo95 1).001 H0455 
31 30 o000000132 0.0001)0045 0.9999q9f9 O.O<JOOOJ31 o.ooOT69476 
32 3lo000000lfo2 o.ooouoo1~ 0. 999 \199'}5 o.oooooo10 ().00042~';22 

33 32.0000001)1 O.OOOv0005 O.Y999H9t3 O.OuOOO'l03 0.00023~711 
34 H.OOCOOOlo 1 O.?OOu0001 u.999H9119 o.ooooooot 0. oc.c 1260&5 
55 Jlto000000171 o.oooooooo t.OOOOI)OOO o.ouooooo~ 0.000065944 
3o 35.0000001~2 o.coouoooo 1.')000()000 0.0000000·) O.OOIJ03B97 
37 3&.000000192 o.coovoooo 1o0000fJOOIJ o.oooooooo Q.OOO'Jt5454 
38 37 .t)000002•J 2 o.oooooooo 1.00000000 0 .OilOOOOOO O.OQOI)Oo27~ 
39 3B.OOC000210 O.OOOuOOCO 1.00001)0<)0 O.OvuOOOOO o.ouoootB59 
40 39.00000010 9 o.oooaoooo 1oOOOOOOOO o.ooooooo:> Oo00001)0000 
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ttur.J:IFI 
-.ull~ 1 cui PuT· l\•'t 

(us 1 NG r ns r 01 "'r :-~;; !'1N, 

HHN: 7 •. "'5 
VA~ lANCE:: 9. J4 
SU NOA ~C DE v !AT I"''O .J. OJ 

!>TO, •lt: v. 
CUHU LA Ti V[ STOI"·LOSS (lf 

Ll r.£ ~HO\PIT PFIGP~S lll TY PnOB~S!LITY Pili: IliUM 5TGP•LGSS 

------------------------------------------------------------------------
1 o.oo O.COI;,h95 C.OOISH~5 7.2) ~, 0 I 
2 1.00 o.ooe>79~9 o.o!05'4C4 o.z:; ? • ;;o 

2.00 0 .02b46~l 0 .o 37~t"'O~b 5 .~6 2.'d .. ~.GO o.055c62?7 :.1)9313312 ... ~0 2. ·i0 
5 ... oo o.os9.,o77s ~.!P21't:~B7 3.39 2. ~C· 
b 5.0\l 0.117~6b!S c.~996'l7J~ t.57 2. ~5 
7 6.00 0.!3~!E:424 C.~ 32P 127 I • 3 7 2.j .. 
a r.oo Oo!33i]97~ c.:>&&OIIJI I .31 I. ~2 
9 s.oo 0.!191183'0 O.b~59o442 u .H 1. s~ 

10 9.CO O.C9dc50 7 o c. 764i> .. ';~l) ~.5& t. 2, 
11 I 0 • I)() 0.0 7 4~&477 a. ;s9o~9. 1 ·J. 34 I • 'J I 
12 II. 0 IJ 0.1)53!344~ Oo9!2703H 'j. 20 c.1o 
13 12.00 o.n~ j3nl c.HePo2 11 ·~ .u (..-;~ 

!I. I!. 00 o.022i6F~t ~.;,7~4~91:1 .. 1).1)& t') .... ~ 

15 14. ')0 o.013J451~ 1).~~3i:J513 1}.')3 0. 3l 
1:1 15.t:O 0,(107o h !2 c.991,~9 .. 5 v.n r. 22 
17 1!>.00 o.o04!87"9 (;,99::>&773~ c .ljJ a o1 ~ 
I J I 7. 00 O.OOUIOII O.Y97:!37:04 J. ()I) Ool~ 
1~ 1;,.Jo 0.0')1!25?1 c • 9 9 ~ 9E- 2 ~ 5 :) ,')i) r.. :· 7 
2' !9.1)1) O.QQtj.J'S~o7 c.999')!6o2 J. ,0 :,~. (· s 
d t: I) o'J 0 o.oo~~E:4?~ o. 9997•o .. ~ v .oo (l. •) 5 
u. 21.c~ o.cc·~·22!~ C ,9H'1~3~9 o.oo r. •.• 2 
23 22· 0., o.~ov;;5511l .:;.~9Q9'"\I~ o.oJ ~·Gl 
~ .. 23.00 0.000112~! .. 0 .99~:1•<:'5~ iJ. ,)0 o •• ! 
l!l 24. 01) O,I)OC~lO~l c ,So9~9Q2:~• ". 00 c.: 1 

~" 25.00 o.r:?CuC4'9 .;.~99~071 .. ~.oo o.o~ 

27 2 0. <)0 0 .O'l01J\il ?., (J .~9'1'10~~~ I) .0•) {\.:)(J 
zc, Z7 .~Jc O.vOC~.oOOF:~ C.999;Q<i) 7 I) .oo c. Q(l 

~~~ 2>! • .)0 O.'J'lCC00?7 c ,099'~09jo, 0 .ou 0 • (n.i 
.so 2~.00 O.OOCilOO!lJ 0. 999 ~~9~~ ) • 0a 0·· .J ~ 
31 3C.Oil (),('OCIICI0~4 ~ ,9999Q97'1 •) .oo c.0c 
32 31. ou O.CiO'.lv01l~1 C,9<19,~h1 :j,QO o.o~ 

33 J:!,C'J o.ooc . .;coco ... L '"'0 1n_oJa v .Q.1 c;.vv 
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,_., 
A,. TESTS 1175/3"0~ 

(USING rn sT Dli1'"N~l0Nl 

HE4Nl 12.250000000 
VAil lA~lCE.: 12.20712'501)2 
ST~NDARC OEVIATI!'!:-4: 3.493ti69631 

STD. OEV. 
CU~UL4TIV~ S TOi'-LOSS (IF 

LINE. A M(!U NT PRIJ84iHLI TY PROBA9ILITY PR:IHUM STOP-LGSS 

------------------------------------------------------------------------
1 o.ooooooo·Jo o .ooou:JH> ~ 0.00()0~46~ 12 .25000·100 3.49!':169&31 
2 1·001JOOOOJO o.llOOu5757 0 .o :)0·)'>226 llo250QQ ~6B ~.493759(·53 

3 t.n'H9HH O.OOIJJ5377 O.OO.J41603 !0.25006694 3. 4 92 72 b•) 8 b 
4 2.9999999~~ o.001o4B~2 C.001df;435 9.2:'>04~297 3.4t!7~0o6o 9 
5 3.9999999H o.aa~~4877 o.oo6~·t3o1 ~.25234782 3.469571335 
6 4.99999199o o.010>1252o o.0172B3d 7.2:i86:.143 3. 425542 3.51 
7 5.9999999~5 o.022.i5211 C.03959Cll9 6.21590031 3. 339363172 
3 6.1999H9H 0·<'3'13630 o .a 7d7""7z ~ 5.31549130 3-202520270 
'1 7.~999999?-+ o.ot>OJ94! .. 0.1383 7 1&2 4.39426~59 3.C147456d1 

10 ~.919'199914 o.0~1d94~4 o.22o7r,c,37 3.53314<122 2.7oB~42474 

11 9. 9999 999 ~ 5 o .too~14~4 c.321t~0>1 2.7~390658 2. 5391) 31o<.7 >j 

12 10.H99999H 0.111~9742 c -~ 330~83 3 2 .G75'l~74? 2.27751ji)092 
13 12..:lOOJOOO·J 1 0 .t t !,<!69~o o.s·47347H 1o5ll·9165t12 2-00~2£:1~43 

1~ 13.0000000) 9 o.t07c84~J o.&s5o~2o9 1 .o :;sst Ho 1.7B5~b43Z 

15 14.000G00014 o.C9o2039~ c .7492!6i>4 0.71054o40 t.<t5es~&541 

H> 1 S.QCQCOOO I 9 •) .J7£:69462 c .8261 q25 1).~::>978303 1-t128:.7o6~ 
17 16.()0QOOOOl3 0.058<>261)2 0 -~ 31d'i727 0.2.359!'.28 J. 9474 57931 
1"1 17.JOOO~OG2d o.042.l437o C.9273"1H C.l7Ce7156 0.731542947 
1'il 1d.~OOOIJ0033 o.~2~l7a'l~ <) .:.15&0 7 907 Q.Q9"117?59 Q.550Jt.:.t>71 
<(0 1 '.l.:>oooooo 3 i O.IJ1<b2H:7 c .9 7461'1274 0.0)425167 •l.H·~o~eri3, 

I 21 2o.oooaooo• 3 0.011!2379 o.n59:>653 o.o2tl~5 441 Oo28977'l9b3 
22 21.00000004d 0 .006:)90.07 0 .9125174<) o.ot~7dn95 0.203;>295~2 

I• 23 22.000000054 o.003oo071 C.9961!~11 n.oJ 729n3'5 ~-1~Co149~J 

24 n.ooocooo5o Q.O·H~'.427 ().99~P2!3 0 .oo !47C.46 1).) 9-:;~·'5 ~~' 
25 24.oooooooo5 o.ooo\<~933 0.99911111 0.001H;;a4 o.o63.,J~>15,:; 

2b 25.ooooooor2 o.ooo.'l3t<t 0.9993<14~5 o.o;J071055 I).Q'ol721736 
27 2S.QOIJOOOIJ7 d 0 .ooo 22&~0 o.999il?to5 Q.OJIJ3054t 0-02693634? 
2il 27.00001)01))5 0 .1)0010241 Q.999Y?415 O.OO<ll270'> Oo017124')65 
29 29. 001)0JQ0·72 o.ooou44&:i a .9999<iddil o.oJ005121 0.0107243~'> 

30 29.QOOOOQO<l9 o.nooo1~'3 Q.9999~75d o.o•JC02001 o.oo6otd12o 
31 30.000000!i6 o.ooouo7~3 0.9.99~521 O.OJ000759 o.o04'i25707 
32 31.0000'>011 3 Oo<J00vfl3,0 0.999 9'l821 0 .Q000027 9 Q.Q02414392 
H 32.0000001;>0 0 .OOOvOll 4 0.999~Q9J:i Q.OOOOO!OO o.oot42794o 
34 33.'>ocooo12o o.C00v0042 0.9999~977 IJ .0•)000035 Q.Q00<>32d41 
35 34o00000015o C .OOC ,,flO! 5 o.\19999992 I).Q0000012 o.ooo47t!%4 
36 35.000000144 0 .OOOu0005 0 .9~99Q9'J7 1).0·)000004 o.ooo.utt32 
37 36. OOCC0015 3 0 .OOil ~OOIJ2 Q. 999 9999Q 1).00000:)0 1 o.ounts0761 
3d 37.JQuOOOh2 o.ooouooo1 1.QQOO~OJ'J O.OJOOOQOI) ().QQ0081835 
39 3il.000000170 o.ooouoooo 1.001)0'1001) o.oooooooo ().Q00042P.32 

I itO 39.001)0001~0 o.ooouoooo 1.00000000 0.0()000000 o.ooco21075 

II 
41 4Q.000000l ~8 o.oooooooo 1.000000JI) 0 .O:JOOOOOIJ o.ooooo921& 
42 41.000000195 o.ooouooco 1.00000000 o.ouoooooo Q.OOC003072 
43 42.000000177 o.cooooo'lo 1·00001)000 o.oooooooo o.oooooo000 

I J! 
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.II 
,. I 

RuN It\ 
N011'4/0UTPUT 'h=8 

(USING riRST ~IHrNSIONl 

H[A N: 7.14 
VA~ IANCt:: 7. 93 
STANO~~C OE~IATION: z. !12 

s\o. OEV. 
CUHULAT I VE S T 0 P-L 0 SS or 

UNC: AHOU NT PROBABILITY P ROBAB TLI T Y PREHIU'1 STOP-LOSS 

I I ·-----------------------------------------------------------------------1 o.oo Oo0011671'!5 o.o0111;7Q5 7 .14 2. 82 

II 2 1.00 o.oo740&H 0 .008:P 367 0.14 2o51 
3 2.00 o.024v0322 c .03257710 5.15 2.76 
~ 3.00 o.o5zoaz7z 0 .o 654'5961 4 .1 9 2. 64 

'5 4.00 0.08696065 0.174420&6 3.27 2. 44 
6 5.00 0.121c~8C2 C.296Ul6b5 2. 45 2· 2(, 

I' 

7 6.00 0.14079217 o ... 369110os l • 74 1 • 93 
8 7.00 0.14156680 () .57646765 1 .1 6 1.66 

lj 

9 B.OO 0.12(:19907 c.704&F>672 0 .76 1o3b 
10 9.00 0.101<:9141 0.8059"'114 I) ... 6 1 • 11 
11 10.00 0.0741174:! o.9Roo 7 56Z 0 .27 Q.86 
12 11. 00 o.o4s~s&<4 c .93003156 0 .15 0 .lj4 
13 12.00 o.o31~67~o o.9o13!973 1).06 Q.46 
14 13.00 o.o16J4512 0.97966455 J .04 0.33 
15 14.00 c.o10l3430 0.\169711916 0 .02 o.zz 
16 15.00 0.1)05303!6 0.9951~2>• o.o1 Oo15 
17 16.00 o.002o4111 0.9977431>4 u.oo 0-10 
lb 17. 00 o.oo1<5&4d C.9991JIJC12 .,.oo c.:Jc 
19 16.00 o.coc>72e5 0.99957297 o.oo o.o4 
20 19.00 o.ooo£50<l5 0 .99982H3 0 .oo o.J3 
21 zo.oo 0.000105~7 0 .99957.9d0 0 .oo 0 .I) 2 
22 21.00 o.ooo"~31C 0.9999"289 J .oo 0. J 1 
23 22.00 O.OOOJ169o 1).9999~9~5 o.oo o.o1 
24 23.00 O.OOGw064b c .999!i'1631 v .oo c.oo 
25 24.00 o.ooov02!~ C.99999870 0 .oo c.r;o 
26 25.00 Q.OOCJOO~!> 0.999~9955 o.oo o.oo 
l.1 26.00 O.OOQ,j0030 •J .9999119~5 J.oo o.oo 
zr, 27.00 O.OOCJ0010 C.99HI19:1" 0 .oo c. ')0 

29 2a.oo o.ooc~ooo3 c.999911H>! v .oo l).oc 
.JO 29.00 0.000\iOOCl t.OOOOOOJ() ".oo o.oo 
31 3 o. 00 O.OOCwOO~O 1.00vO"OO'J 0 .oo c. 00 
32 31· 01) o.ooo.;ooco t.oooooooo 0 .oo o.oo 
33 32.00 O.OOOuOOOO 1.000000;}0 o.oo 0 .o..; 
34 33.00 o.ooouooco 1.00000000 0 .oo c •. oo 
3) !4.1)0 O.OOOIJOO~C 1.0000~000 .,.oo !l.Oo 

I 3b .J5.00 o.oooooooo 1.0000!100•) o.oo o.oo 

'li 
37' 36. co o.ooc.;ooco 1.0000000.) il.OO o.oo 
3~ 37.00 o.ooooooco 1·0000"000 0 .Q() o.oo 
3'1 311.00 o.oooooooo t.OOOO'lOOO 0 .oo o.oo 
lo(i 39.00 O.OOOi.OOr.o t.oooocooo 0 .oo o.oo 

I I lol 40.00 o.oooooooo 1.000000:>0 J .oo o.oo 
42 41.00 O.OOOuOOCO 1.00001'100(1 0 .0() c.oo 
-t3 ltZ.OO o.coocooco 1o00000000 0 .oo o.oo 

Ill 
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Rut>~#t 
~0~'1/CUTPUT. Y\,. ' (US diG rnsr Ol '1" N~ I C'N) 

ME~ N: 7.6 .. 
V Af< IA:lC E: 13.23 
SHNDARC ll£~IATI'1N: 3o04 

S T:), llt:V. 
CUMULJT I VE STOi>-LOSS C:F 

LIIIE A HOU NT ;>RGBAa !LI TY P R08Ai!T Ll T Y Pfidt!U~ ST:JP-LCSS 

------------------------------------------------------------------------
1 o.'Jo c.004v7665 C .004Q7>;o 5 7 .fJ4 ! • f:4 

z 1.oo o.ol<: ~43q5 ().0204'21>1) b. 64 ! • 6J 
3 2.00 0.036~954:'> C.05731tiJ5 :;.&6 3. 50 
I. 3.co o.ot:t;~9:7 C.l1~9~712 ". 72 ~. 3( 
') 4.00 o.084o\l4')3 ().?0361117'> 5. t\4 3.19 
b s.oo 0.101::>70?9 0.505Flll4 3.J .. 2'. 3 3 
7 &.co 0.105dillll C.415J"3i4 ~. 35 ? • 57 
8 r.oo 0.1')9:.67•4 c.5?4o:>v9> 1. 76 2 .3~ 
9 a.oo o.102t696& O.b267oo;,:; 1 .29 ?.1)2 

10 9.00 o.oa~~IIE3 G.7167-~:i~ J. 91 1. 75 
11 1 o. 00 o •. J75.ll;b2'~ c.7921"•H1 J. o3 1. ~.a 
1~ 11· Qt) O.OGO.l07!7 c.csz.:.t.7~~· I) • 42 I • 22 
13 12. 00 0 ,Q4f ~·2~~ c .o9':l6C017 J .27 c. 99 
14 1 3. ~ IJ 0•0341.141 ";9 C.9~27"J?;, tl .!7 0. 76 
15 14.')1) 0.024 ;P422 0.':'56:1'):,7 J .11 0. b 1 
1e 15. 'lG o.01Cl~7!3 c .~732~·2~" iJ. OG c • .:..; 
17 16.00 Oo01C/274b C.'ll!lB'O?b ll ·•14 c. ~ .. 
1il 17.00 0.00675799 0.991)~·~~5 ;) • )2 0. 25 
1'il 1 ~. 0 0 J,004098C~ C.9947•&H ;; • J 1 c. L' 
2') 11.~0 Oo0C2~92°h o.9?71"91Q 1.1 • 0 1 l;ol3 
£1 20.00 o.oo1.l45•o o.99o.P4~~ .) .oo 1).0'1 
22 Zl.Cr.' c.oo·o729~> c. ~9~2"'-3:! :~.oo ('. ·) b 
23 zz.oo o.0%.!1!113 C. >99o~551 ".co 0 ,)4 
~4 23.00 o.v0019211 C.9~9':77S? ~.oo o.o3 
£5 Z4.CO o.oo~.Y~~7 C.9999211C~ J.OO c.: 2 
2E 2'i.')0 ~-00·~0;.!.;3 G.~999~5i3 0 .oo t:'. -;. 1 
d 26.1)0 J.O~Ovl9"'i .;.:i99J"~n 0.<)i) 0 • .') 1 
<!e 27.CO o.c~'.JOP? c.HQ903'~ JoCoO C.OJ 
i9 2d.()0 Q.COC·j03 7 3 G.J99>J07•'l J .C•) c.oc, 
jl) 2~.00 o.oocvoi~~ ~.99~,;09J1 0 ,J) 0 •. J :j 
31 30.CO 0 ,(IQO(.Q.)( I (;.9~9';100o.? J .oc o.c,c 
3(' 31.00 0.000000?~ (),"999~9~n u.oo 0. 0•) 
33 32.00 o.~oo~co~9 c ,<.997~915 J .oo c. ():...1 

3~ 33.00 o.O.)OC0003 C ,S.99 9CQ:I:\ o.oo r:.o~ 
.S5 34.00 O.OOOuOO!JI C.99~~999'1 u.oo o.ou 
3fJ 35.00 o.eocuooco l.OOI)QOOJ(I J.OO c. 00 
37 36.00 o.o~c~oc~o 1.CQOJ"OOC 0 .0() c.oo 
.50 37.00 o.oocvoollo l.OOOIJ"OJ0 ().QO o. 0·') 
39 313. 00 o.coc .. ooco l.OOIJU""~' ... ·: 0 .oo 0. t):': 
l,i) 39.')0 o.ooo ... oo~o 1.0QO)"Q"·, 0 ,IJQ 0 .oo 
41 40.00 o.ooc.:.oooll 1. OOOOIIC•.;·j 0 .oo (j. 00 
42 41.00 o.ooo.:.oooo 1.0000'l000 0 .oo c. 00 
43 42.00 o.oooooooo 1.000;)0000 o.oo o.oo 
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Rut.~ #-'L 
NOR'1/ OUTPUT 'h='f 

(USING ri ~ S T 0 I HENS I 0 N) 

MEAN: 7.21 
VARIANCE: !. d7 
SUNOARC DEVIATIIJN: 2· 9' 

S TO. O[V. 
CUHULlT I VE STOP-LOSS CF 

LINE AMOUNT PROBAB!LITY PROBABILITY PRt::fo'!UI'I STOP-LOSS 

------------------------------------------------------------------------1 o.oo 0.00154516 0.001::S4515 7.21 2. 9E 
2 1.00 o.oo9c2o33 0 .0105!;5~9 bo21 2.9& 

i i 3 2.00 0.02714245 o.o377'l795 5.22 2. 'tl 
4 3.00 0.0'5&14322 0.0930'5117 ~.2& 2. 77 

5 4.00 o.os~o11oq c .1 e3&E>So 1 3.35 2.57 
& 5.oo o.u~~ss~4 0.3021<;41'5 2.54 2.32 
7 &.oo 0.13417797 v.43&P212 1 • ·94 2.0& 
8 7. 00 0.13400435 C.5703~6<o7 1. 2 d 1. 7 6 
9 s.oo 0.12033743 0 .&90!)'!91 v. 95 1o51 

10 9.00 o.o9cbe775 0 .7692&1 b& J .54 1. 2~ 
11 10.00 0.07452123 C .db3711Zo~ ;) • 33 (1.9~ 

12 11· 00 o.o52~t43~o Oo91f>2?f>39 :> .19 1).75 
1 3 12.00 0.034o1499 0.950~41.Sj il .11 Co'ib 
lit 13. ov 0.021~&030 C.972401ofi (1.0& c." 1 
15 14.00 0.01.<73743 o.9B51'o11 v .o 3 Co29 
1b 15.00 o.o0716B1o 0.9923"27 v .I) 1 0. 2J 
17 lb.OO o.003dS&&1 c .99&1•'>31!~ o.o1 Col4 

J 
18 17.00 Oo0'i198983 o.9981r::Hz 0 .1)0 I) • ., 9 
19 18.00 o.ooo:.S71B o.S.99140YO iJ.OO o.oo 

!I,' 

20 1Y.00 o.ooc~72C1 c .990&1291 o.oo C.:)lo 
21 21J.OI) O.OOOd79& o.999o•oer 0 .oo 0 .I) 3 
l2 21.00 o.ooou97!o ').99992:325 I) .oo 0. ')2 

23 22.00 O.OOCil4216 c .999970'>1 o.oo c. v 1 

!I 

24 23.00 o.ooa~1112 0.9999°81? 1).00 0 •''I 
25 24.00 O.OOOJ0723 0.9999°~5b 0 .oo o.oo 
2b 25.0() o.oocuoz•r c .99990823 J.OO c.o; 
21 2&.oo o.coouc111 o.999909h o.oo o.oo 

II 

2b 27.00 0.0001)0042 o.9999"97o J.OO o.oo 
29 2a.oo O.OOCCOOlS c.999909n 0 .oo C.')Q 

30 29.00 OoOI)O~OOOo Oo999y0997 0 .QJ o.oo 
31 30.00 O.OOOQC002 0.99990999 0 .oo Co00 
32 31. co O.OOOCOOC1 1.000000vJ J.OO o.oJ 

I 
33 32.00 o.ooooooco 1.0000~00•J \) .oo o.oo 
34 33.00 o.oooooooo 1.0000'1000 0 .oo 0 •• )(j 

'I 35 34.00 o.oocoooco 1.0000'lOO·) J.OO c.oo 
3b 35~00 o.oooooono 1oOOOO'>OJ0 0 .oo o.oo 
37 3&.00 o.oooooooo 1.oooaoooo 0 .oo o.oo 
36 37. co o.ocooooco 1.oooonovo 0 .oo C.Oij 

39 39.1)0 o.ooouoooo 1.oooooooo 0 .oo Q.Q(i 

40 59.00 o.oooooooo 1.0000'~001) u.oo o.oCi 
lol 4C.\l0 o.ooouoot:o 1. OOOO'lOI)•J 0 .oo o.oo 
42 41.00 O.OOOC/00:)0 1.0000001)0 0 .oo c.oo 
43 ~o2·. co O.OQQ~jOO~O 1.0000~0JO 0 .oo c. ov 

20 



RvtJ ~1-
~Qil~/CUTPJT ,-- cr 

(U~ihli r IRs r OPtr N!:Jl C"l l 

!'IE HI: 7-14 
VA~lANCU 7. 92 
STA NOARC OEdAT{r'"l: 2.1!1 

!:>Til. 'lEV. 
CUMULlTlVE ST 0?-L:JSS t'F 

Ll r.£ A M(JU NT PR 08 AS ll ITY PROBAilTLITY PR:O:i~IU~ SfUP-LCS.) 

-----------------------------------------------------------------------
1 o.oo 0.(1011&8~0 c -0011'-800 7 .14 2. ~I 
2 I. 00 o.oo7~1311 0.00!3'5R1JI 0.14 2. 30 
3 2.00 o.024u23~l c.0!2o~474 ~ .1 '5 ? • T; 
4 3o00 0.05272&% c.o~~5~129 ~ ·1 i! 2. C3 
; 4.00 o.o~~u30'>1 0.1745~191 3 .2 7 i'. 44 
6 s.co 0.12177447 c .2?~3'637 2.44 2. 20 
7 &.oo o.14C:~7&•., 0.4372!273 1 .74 1-'13 
I! 1.oo o.141b26B 0 .S7~cl407'5 I .1 d 1. 66 
9 o.oo o.JZE£2355 c. 70:'>0<.43•) ". 7& 1. ~ <· 

10 9.oo 0.10127&79 o .i!Oo34110 J .:.o 1 • 11 
11 10.00 o.o7"v7174 0 ..381)412'14 j. 27 o. 3n 
12 11.00 o.049c9290 c .113J3'l57! .J .1 5 ~. n.c. 
13 12·00 o.o~1n063 o .9c1 S?&H> J.IJB .., ... 6 
1 .. 1 3. 00 0.01d£A41c 0 .H9dl0)3 oJo04 1).32 
1~ 14.01J 0.01C,P.'5% c .'fd98<l5:)'1 J.C2 c. 22 
1b 15.00 O.Qij:id:714 ().9951~271 J • J 1 c. 1 ~ 
J.7 16.00 o.ooztJo47 o .997P'72u I) .OI) OolO 
1:1 17.CO o.o::>1i40eo c .\1990'>:).)'5 J.oo r.)!> 
19 1~·00 0.01)0~63'5~ c.~995°3ol o.oo "-~ 4 
21) 19.00 0.0•)0£4'57 3 c .99·~e.,9H o.oo 0. ~ 2 
21 2C.CO O.OOCJ.IJ~":9 c .<l<;9 •·2~ > o) .00 0. ·) 2 
2t 21.1)1) I).::J00~"1;,ii •) .9999~41! J.oo r;.!; 1 
i3 a.oo O.OOOui&?'i c .999900~i) o.oo o.!l1 
2~ 23.00 o.coc .. ool:l ~.999~Co55 u .oo (,.00 
l!> z~.oo Q.OOCu02?5 ~.9~990fi7~ il .oo •). 00 
2& 2'5. 0·) o.OOOCOO'::J C.9199<l<l:,~ ,J. ·10 o.oo 
27 2c.ou c.ooc .. oP7 C .Y99 )QQ~(, •J. oo c.o~ 

l~ 27.()0 o.oocuo·J'lY (j .'i9'i909·~;, ,j.Ov c. ·10 
n 28.1)0 o.ooouoo03 \).;199,0'1)9 i) • () •.) o.oo 
3(! 29.0.:> O.COO~OIJ(l 1.:i00Jf'I)J'l J. Jl) r .... o 
31 30.,1) o.oooooo~o 1 • 0 0 0 I) ·1 0 u :) J .oo o.oo 
32 31.00 IJ.~oc .. coco I.OOOOfl():jJ J.CO c.~0 

3! 32.1)0 o.?00u00~0 1-IJOOOI)O.)·) I) .oo 0."' 
34 B.oo o.ooouooco 1.0:i0•)1JGJ•l iJ.OI) o.oo 
35 34.00 o.oocuco~o 1.0000"0·J·l u .oo c.~() 

3i> 35.00 o.ooo~..oor.J l·OOOOIIQOO ·) .Q\) o.o{.o 
:s7 36.00 o.cooooooo l.OOOO"OJ•) il .oo (l.oo 
31.> 37. 00 o.occ~..oocc 1.CCOCIJOOO 0.0.) c.oo 
]'; 38.00 c.coc~ooro l·OOOO"OJ~ ~.f)) o.oo 
~a 39.00 o.oocooooo 1.0000~000 'j .·"Lj Q.jQ 
~1 40.0~ o.ocouooco 1.000CIIOJtJ J .oo r..oo 
42 41.00 o.ooouooiJo 1-00001)000 :) .oo o.oo 
~~ 42.00 O.COOI.oOOCO 1.0;>00IJOOO <h 00 ('.OQ 

21 



tWRH/TfSTS/100/3500. 
Roi\J # 3 

<US UG f I~ S T 0 I H~ NS I ON) ')'a -=- £f 

MEAtH 1.oo 
VAR'JANCE: 6.q9 
STANDARD DEVIATICN: 2o64 

STD. OEV. 
CUMULATIVE STOP-LOSS OF 

Lit.£ AMOUNT PROBABiliTY PROBAStLITY PR£HIUH STOP-LOSS 

------------------------------------------------------------------------
1 o.oo 0.000110551 o.ooo90551 7 .oo 2. 64 
2 1.00 0.00&35129 0.0072')6d0 c,.oo 2. 63 
3 2o00 0.02226770 0.0295?451 5 .o1 2.59 
4 3.00 0.05203235 c.ost5'i&o5 4.04 2o4i:i 
s 4.00 0.0911COE3 0.17271773 3.12 2.29 

·E> 5.00 0.12773484 Oo3004';25S 2.29 2 •'l 5 
7 6.oo 0.149109~1 0.44956169 1 .59 1.78 
d 1.oo 0.14915200 0.5~8713~9 1.04 1.51 
9 8.oo o.t30:la6oo 0.72922169 0 .64 1. 2 3 

10 9.00 0.101~771& O.!l3Q&0905 0.37 0.9& 
11 10.00 0.070793!4 0.90169239 0.20 0.71 
12 11o00 Oo0451367d 0.94&8'117 0 ·1 0 0. 51 
13 12.00 0.026300~0 0.97313197 o.o5 0.35 
14 13.00 0.01414170 0.9872-:"31)7 0.1)2 c. 2! 
15 14.00 o.oo7o5870 0 .H4 3~237 0 .o 1 0-15 
1E> 15.00 0.003d74o o.997ot9:.3 0 .oo 0.')9 
17 1&.00 0.0014!497 u.9990'i4D o.oo c .•.; b 
18 17.00 o.ooo:.89!5 0.999&4415 0 .oo 0 .I)! 
19 18.00 o.ooo£2653 0.999672(>8 o.oo 0 .•)2 
20 19.00 o.ooov~393 c .999 9'i&&l J.oo c .c 1 
21 20-01) o.ooCv2928 c.9999"5~9 0 .co c. 0 1 
22 21.00 o.ooouo97Z G.9999'l5bl 0 .oo o.oo 
23 22.00 O.COCv030d o.H99'l8&'>' 0 .oo c.~c 
24 23.00 o.ooc.J0093 0. 999 ~091)3 o.oo c.oo 
25 24.00 o .ooovoou u .9999'19~') 0 .oo o.oo 
2& 25.00 o.ooocoooa c.999'i<~9n o.co o.oo 
27 2e..oo O.OOOI.lOIJ02 0. 9991'1999 :).'.)0 o.on 
2il 27.00 O.OOOOO'J01 1.oooooooo 0 .oo o.oo 
29 2a.oo o.ooooooco 1.0000'l00•) o.oa C.Oii 
30 29.1)0 o.ooooooco 1.ooooooo~ .) .oo 0 .o 0 
31 30.00 o.ooocooc;:, 1.000000')0 o.oo c.o::. 
32 31· 0 0 o.oocooo~o 1.00000000 0 .oo o.oo 

23 



Ruw#~ 
NOR~/CUTPUT _ "n-::. I I USiNG F"IHT DIM'"N5I0Nl 

I'IE~ N: 7 •. H 
VA~ I A;;c E: 11 • ~9 
STAhDARC JEVI4Tl('N: 3. 3 !' 

s Ta. JlV. 
CUMULATIVE STOP-LOSS ('f 

LI r.t: .4HCU'IT PROBAH!LlTV P R0t3At3!Ll T Y PRi: Ml U'i ST'}P-LCSS 

------------------------------------------------------------------------: 
1 o.oo 0.01)3:>1391 c .00!51 !~1 7.34 :! • 3 '1 
2 1. 00 o.ot5~232b c.otHHI-l b.35 3. ; b 
3 z.co o.o3&~5B97 C.055tl06!4 j. !6 3.Z7 
4 3.00 0.1)64!55!8 o ·120•J<;I jz :..42 3 o') '1 

~ 4.00 0.1)90$49'0 C.210~t'l123 J.s .. 2.~7 

6 5.00 O.IC9~4&~7 c .319947:>9 2.75 2. ':' 1 
7 6.1)0 Oo!I8•5Sb8 c.43840327 2 .o 7 7.34 
II 7.00 0.1 H.J4426 o.ssszHS4 I • 51 z.H 
9 e.oo 0.10U44"~ C.H!9923" I .06 I. 1 9 

10 9.00 o.o9!2704o c.7532~Ztl7 0. 7 3 I. 52 
11 10.00 0.073:>7991 o .'l2&~4zr.~ 0.4B 1.2r-
12 11· oc o .os~ .:252 ~ c. dd30&Bv2 i). 31 I , •1 I 
13 12.00 o.040o~367 o.92B5t&• c .t 9 c. e~ 
14 I 3. 00 o.oze H~ '~ 0.~523?645 0 .11 0.61 
15 14.CO ·o;r:l!8o42E& C.9711~91! u .07 o • .:.t: 
It> !5.00 o.o1t:J97'JJ 0 .9~31F.b!l 0 .()~ n. 34 
I 7 lt>.OO O.O'J7.)36~.i 0.99050269 0 .oz n. 2::, 
Ill 17.00 o.oo• ~!&·: 1 C .9h ~Ht:.9 J • ')1 c.!. :l 
Ill 18.'Jii 0.() 1)2 .. 4591 c. ~9?~~4&1 o .c1 Ool2 
c\J 19.00 0.00133&94 0 .99%'l155 u .Q•) 0. J ~ 
21 2C.OO O.()OC71JS~5 c.~9n"72~ ~,~.oo c.·;<, 

a 2!.00 o.r;oo!cO'll l).j99b~721 ·J .oo c. .. ; !t 
£3 22.1)1) (,,00017770 O.'i9984410 0 .oo f).') 5 
24 23.00 0 ,!)l)(j.;.3~9 3 G.999-i~9J! 0.00 0. ~ 2 
25 24.00 o.ooCv!93:. :.9999F.9!7 0 .oo (). c I 
26 25.00 0.000Y17~7 a.9999"o:l4 ·J .oo C.JI 
27 26.00 O.OOO.;(i77J = .999~~45• J.oo C,OJ 
.i!il 27.1)0 o.ooouo~?.o c.~H~on~ t) .co c. o)f; 

2~ .n.oo 0 .OOOviJI 3-. ~.99<19~913 a .oo 0. O·J 
30 29.00 o.coovco~:. .:.-199~09&7 0. 0:) 0. :·0 
31 3Q.I)'J o.ooo~Ou21 o.Q99~<~9~: u .oo o.oo 
32 31.00 IJ.COO~OOJ~ c.q99909~o o.c.o c.~( 

33 32.00 O.')QOuOOO 3 C.999909J~ t) ,(jl) r.. 0~' 
34 33.00 0.000~0001 1),99999999 v .oo o.ov 
35 34.00 o.ooc~ooco l.OOOOC'OO·J o.co c.o:. 
31> 3'5.00 o.~oouooro !.OOOIJIIQOJ 0 .oo o.oo 
37 3&. OIJ o.ooouoooo !.OQOO~OJJ t) .oo c.oo 
3~ 37.00 o.oocuoo~o 1.00000~0·) ~.co C.OIJ 
3!1 38.00 o.cooucor:o 1.COOO"OOC I) .oo (). Q•) 

.. o H.Ou o.ooooooco I.OOOOOvllO 0 .oo o.vv 
41 4C.OO o.ooccoono t.ocvonoJ·J J .oo o.o~ 

42 41.00 0.00000000 1.0uOOIJOJ•J I) .oo o.oo 
43 :.2.00 O.OOO.JOOCO I.OO':lOOOtlO () .oo c.o~ 

I 
22 

J 



NGRH/ Tr::S T S/100/3500. 
Q\JN -:#t3 

(US 1 NG rnsr D 1 H" NS 1 ON) ?'\~I 

HE4 N: 7. 00 
VAll lANCE: t..99 
STANDARC OEW1ATI('N: 2·&" 

STD. O[V • 
CUHULIT 1 VE STOP-LOSS cr •• 

L1 NE AMOUNT PROB4B lLITY PR09AiliLITY PREHIU"' STOP-LOS!> 

------------------------------------------------------------------------
1 o.oo 0.000!;0551 0.00090531 1.oo 2.6 .. 
2 loCO 0.006.!5129 0 .007256~0 & .oo 2. b3 
3 2·00 0.022 .<6770 0.02957451 s .o1 ?.59 

" 3.00 o.os2u3235 o .o 81 sc;r,tjo; '+o04 2.4~ 

5 4.00 o.o91t6oe~ 0.17271773 3 .12 2. 29 
6 5.oo Oo12773H4 0 .3004<;258 lo29 2.05 
7 &.oo 0.149109~1 Oo4495f>1t19 1 • 59 1. 7 8 
8 7. 00 0.14915200 o.598713d9 1 .04 1. 51 
9 e.oo 0.13C:i081JO c.729221~9 0 .&4 1o23 

10 .9. 00 0.10loo7716 0 d 30&99~5 0.37 0.9& 
11 10.00 0.070993!4 c.901&9239 0 .20 c.11 
12 11· 00 o.o~o5t387S 0 .9468l! 17 o .to 0. 51 
13 12.00 o.oz630oeo 0.97HHH o.o5 0.35 
h 13.00 0.014141 7 0 C.957273&7 o.C2 I). 23 
15 14.00 o.~o7J587o c.994P2H 0 .o 1 Ool5 
lb 15.00 0.003~87/ot> o.997ol9ti3 J .oo 0.09 
17 16.00 O.C01oo3497 0.99905490 o.oo C.0& 
16 17.00 o.coo:>89'5 0.999&4415 ".oo 0 .o 3 
19 18.00 o.ooo<:28'53 Q,999d72b8 o.oo 0 .1)2 

20 19.00 o.ooou8393 C.9999c;bt.1 ~ .oo c. c 1 
21 20.00 Q.OOOJ292EI o. 999 9•5a9 0. 00 c,.) 1 
~2 Z1.00 o.ooooo972 0 .999995&1 J.OO o.ou 
23 22.00 0.0001l030~ C.99999859 I). 00 C.')Q 
24 23.00 Q.OOOU0093 Co9999Q9t>1 0 .oo c.oo 
<:5 24.00 O.OOOIJ0027 0 .999999:jll) o.oo 0.00 
2b 25.00 o.ooccoooo c .999 9~9-JT o.oo c. 0•) 
27 26.00 o.ooocooo2 0.99999999 0 .oo o.oo 
£6 27.00 o.ooo~ooot 1.000JIJOJO 0 .oo o.oc 
29 2a.oo o.coc~ooco 1.000000·)~ 0. 00 r.oo 
30 29.00 o.oooooorc t.OO?OIJOJO 0 .oo c.uo 
31 30.00 o.oocuooco 1.0~00CO:>O 0 .oo o.oo 
l2 H.oo o.ooo.::ooco t.ooco~oJ·J 0 .oo o.oo 

25 



Rvt~J .tt3 
NURHitrsTS/lOO/JSoo '>'\:~ 

C US 1 NG f I~ S t 0 I ME MS I 0 N ) 

HEA N: 7. 00 
VAll lANCE: .6. 99 
STANDARD OEVIATICN: 2.61t 

S TO. OEV. 
CUHUL4TIVE S TUP•LOSS {lf 

LltiE AMOUNT PRCSA'! i LIT Y PROBABILITY PR ~HI U M STOP·LOSS 

------------------------------------------------------------------------
1 o.oo O.OOO:f05S! 0.00090551 r.oo 2.64 
2 1.00 o.oocj5129 o.oo7z%81J t..oo 2. 63 
3 2.00 0.022"&770 o.c295?451 !:> .o 1 2.59 
4 3.00 o.052w32~5 c.ool5"6~5 •• 04 2.4t! 
5 4.00 o.o91l6C~8 Oo17271773 3 o12 i'o29 
6 5.00 0.127 7 34~4 C o30H';ZS>l z.z~ 2.05 
7 6.oo Oo149!09~1 0.44'i151',169 lo59 1o78 
& 7.00 0.14915200 0.59671309 1 .04 1. 51 
9 6.00 0.13050800 C.72922B9 J .b4 lo23 

10 9.00 ·o.1o1 .. 1116 o .630ob9c>5 0. 37 o.96 
11 10.00 0.070)19334 o.901o92H 0.20 0. 71 
12 11.CO 0.04 513t!7 ~ c.94&oqt7 I) .1 0 ().51 
13 12o00 o .o2oooeo 0.9731'197 0 .os 0.35 
14 1 3.1)0 0.01414171) 0.987273&7 0 -~2 Oo23 

I 15 14.CO o.co7o'B7o C.>HP2H I). 01 0. 15 

!II 
16 15.00 o.oo!2674o 0 .997619!33 0 .oo n .c 9 
17 16.1)0 0.001·.3497 0 .99\1~'\480 o ·.oo o.o6 

I 

18 17.00 o.ooosa9~5 C.Y99;4415 o.oo c. 0! 
19 18.00 0.00022~~3 o.<t99d.,.268 o.oo o.oz 
20 19.00 o.oooo6393 (1,999~~6bl 0 .oo 0.01 

I! I 

21 20.00 o.ooov29Zo c .999!> 0 539 0. 0·) ('.n 
22 21-00 o.ooco~972 0.99999'561 0 .oo o.oo 
d 22.00 o.ooouo3~' o.~999~Bb9 \) .oo o.oo 
24 23.00 o.ooo~0093 C.9999b963 0. 00 c .oc 
25 24.')0 0 .ooc >;01) 27 0 ,Q9999990 0 .oo 0. 0·) 

II 
£6 25.00 O.OOOilOOIJt! 0.999~0997 o.oo o.oo 
27 2!1.00 0 .ooo .. oou c .999 9b999 ~.1)(1 c. oo 
28 21.oo o.ooocooc1 loOOOOilOOC 1).00 o.oc, 
29 26.00 O.OOOilOOOO !.OOOOIJOJ~ 0 .oo o.oo 
30 29.00 o.ooooooco 1.00•.lOilOOO v.oo C dO 

I I 
31 30.00 O.OOOiJOO~O 1.0000':1000 o.IJO o.oo 

II 
32 31.00 o.ooo.;ooco 1.00JOI'lOQ~ 0 .oo c.oo 

I, 

24 

I I 



'I ,, 
,, 

II 

LINE 

NOR~/QUTPUT 
CUSl~G ri~ST OIH~NSION) 

HEA NZ 
VARIANCE: 
STANOARC DEVIAT!ONz 

AHOU NT 
CU1'4ULITIVE 

PRCBABILITY PROBABtliTY 
STOP-LOSS 

PREIIIUH 

STO. OEV, 
or 

STOP-LOSS 

------------------------------------------------------------------------1 o.oo o.oo1Js2n o.oo1H2B b. d2 2.&& 
2 1.00 0.006 c4le0 c.o10021t&4 5 .!!2 2 .&5 
3 2· 00 o.!!27c1158 0,0J16TI)2Z ... 81 2.e.o 

" 3.00 0.059~2102 o .o975'H24 3 .a& 2.47 
.5 4.00 0.09903719 ~.191)5<144' 2.96 2.26 
I) s.oo o.132~93C7 o.3291R75o 2.1& 2 .I) 1 
7 e..oo 0.149 .. 1279 0.4 79&0029 1 • 4 9 1. 75 
6 7.00 o.14~ .. 49c1 0.&240'>020 0. 97 1.47 
ll e.oo Oo124o49€tl (;.746&99~8 0 .59 1· 1 9 

10 9,00 o.o9S39tl72 o.~440<l~&o 0.34 0.92 
11 10.00 O.O&SY431 S 0.9100417& 1).1" {l,l)tl 
12 11.00 o.041::)4793 o.>515~9b9 1).09 (j,4tl 
13 12.00 o.024u4274 o.975&H4~ (),04 0.33 
lit 1 3. 00 o.012o607S c.98o.,93!~ u .02 0. 22 
15 14.00 o.oo&394!~ 0,994 ~R7:);? o .o1 0. 14 
16 15.00 0 .ooz 769 32 0. 997 3%d5 o.oo 0.()9 
17 1&.00 o.oo1«9325 o.9991'i010 o.oo o.o5 
16 17.00 o.OOO:i302& 0.9996°036 o.oo o.o3 
19 1 ~. 00 o.ooc~cs~7 c ,99'J ~~57! o.oc 0.02 
20 19.00 o.'lOOu75~'i 1),9999<;1JO 0 .oo 0 ,J 1 
21 zo.oo o.ocou2&2o ~.999~~735 0 .oo c.') 1 
u 21.00 o.ooou087z 0.9999<11)J7 u .oo 0. I)•) 
23 22.00 O.{IOCII027o 0.99999!!53 y .oo o.oc 
2'- 23.00 o.ooouoo~~o 0.9999CI9o7 u.oo o.oo 
2:. 24.CO o.OOCU0024 C.9999"991 0 .oo c.oo 
2f> 25.00 o.ooouooc7 .;.9999'l9jo J .oo o.oo 
27 2ii.OO o.ooo.:.oonz Q,9999CI999 u.oo c.oo 
26 27. 00 o.ooc~oocu 1.0000~0).) J .oo o.oo 
29 2e.oo O.OOC1100C\l 1.0000il01l0 o.oo o.co 
30 29.00 c;.cooocoryo 1.000::J~OJO o.oo o.oo 
31 30.00 o.ooouocou 1.000;J00JO o.oo o.ou 
32 31.00 o.ooo~ooco 1.ooconooo 0 ,l)i) {I,OO 

26 



NOf;M/OUTPUT 
R.vN it't 

CUSING F"IR s r DIM!'NSION) ")\:::8 

HLA N: &.·n 
YAH lANCE: 7.03 
STANDARD DEVUTII"N: 2.65 

S TO. O£V. 
CUMULATIVE STOi>-LO SS OF 

Ll NE AHOU NT PRUBAB 1LITY PROBABILITY PRt:MIUH STOP-LOSS 

------------------------------------------------------------------------1 o.oo 0.001~7291 c .001 0"291 o.93 2. 65 
2 I• 00 0.007169&3 0·0081!~254 ::; • 93 2. 64 
3 2.00 0.024.c0221 0 .CJ 32~4475 ,. .94 2.59 
4 3.00 o.054n6c7 (i.0873f'033 3. 97 2.~s 
5 ~o.oo 0.0941)642 .. c.1814?50o 3.0& 2. ?8 
b 5.00 0.129:)4615 0. 5109 .. 121 2.2 .. 2.04 
7 6.00 0.149~4893 0.46022019 1.55 1. 77 
tl 1.oo Oo147d1107 ~ .&080'12& 1 .o 1 1. 49 
9 a.oo 0.128363~4 o.73&3°4oo ,) • 62 1 • 21 

10 9.00 o.o99c~3~9 c .635&~849 J .36 G. 94 
11 10.1)0 o .o& 913 39b 0 .90H .. 2~4 0.19 o. ro 
1~ 11.00 0.043d1507 0 .9485°7:)1 o.1 o 0.50 
13 12.00 o.o25.6773 0.97~05524 0.05 1'.34 
14 13· 00 OoCI13ob9€5 o.9~77?4J9 0 ·02 o.23 
15 14.00 o.o06o13H C.9945H46 () .01 0.14 
16 15.00 0.0031699; 0.9977'~"41 J.oo c.~9 
17 1&.oo 0·00138261 c.H90%J2 0 .oo 0 .I) b 
18 17.00 0.000~67~2 0.9996'5753 0 .oo ().1)3 
19 19.00 0.000;<1997 C.999~"751 o.oo c .r. 2 
2C. 19.01) o.ooooBO'o 0 .9999"'827 0 .oo 0 •v 1 
l1 20.01) o.ooou231& o.999~ 0 61o3 v.oo o.o1 
22 21.00 c.ooouo9~5 c.9999c;5n ~.oo c.oo 
23 22.01) c.ooov029o c.9999<~874 0 .oo c .oo 
24 23.00 0.0'.)000090 0.9999<19&4 o .oil o.oo 
25 24.0\l o.coccoozc c .9999<l9'J•J 0 .oo c.oo 
26 25.')0 0 .OOOC0017 0.9\199"997 0 .oo o.oo 
27 2&.oo O.OOOOOilO~ 1).999'1°999 0 .oo o.oo 
2il 27.00 C.COCCIJO~l l.OOOil~OOJ o.oo o. 00 
29 29.00 o.oooooo~o t.ccoooo:>o 0 .oo o.oo 
.so 29.00 o.ooouoooo 1.000'JIJO()IJ 0 .oo c.oc 
.31 30.00 o.ooovooco 1.oooo~oJ~ 0 .oo o.oo 
32 31.00 o.ooouoooo 1.0000IJO<lJ I) .oo o.oo 
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NQCI'4/CUTPUT R"'rJ #'f 
CUS lMi r ns r 0 I !'IE NS I ON l ")\: \ 

HE-N: &.49 
VA~IANC(: 

OEVIATfCN: 
7. 42 

S T Af\DA R C 2.12 

STD. DEY. 
CUMULI T I VE STOP-LOSS Of" 

liNE A !'I OUN T PROBAe !LITY PRGBABTLITY PR£HIUM STOP-LOSS 

------------------------------------------------------------------------1 o.oo 0.003.:9728 0.00329729 6.49 2. n. 
2 1. oo 0.01~:>1116 c.018a"644 ).49 2. 70 
3 2-00 o.o40u707S 0 .05887921) ... s1 2. &1 
4 3.00 0.074::>3876 0.13341795 .s.57 2. 44 
5 4.00 o.110~t45es c. 243 8'- 3:i3 ?..70 2.22 
b s.oo o.1H94159 0. 380805~2 1 .94 1. 96 
7 &.oo 0.146187~2 0.52699294 1. 33 1 • ;,a 
8 7.00 o.13693H~ c .6639:?4:>~ •) o 65 1.41 
9 a.oo o.114l310o Q.7780'155~ 1).52 1 .13 

10 9.00 0.08!:59060 0.66364617 0 -29 o.~7 

11 1 o. 0 0 o.0560:81~d c .921 nsu;; J .16 c.a4 
12 11.00 o.oH:J1313 0-95824118 o.oa 1\.45 
13 12.00 o.o2o:s3s~-. 0 o9790AOJ2 0 .04 0. 31 
l4 13.00 0.011U774" 0.9901~7.<, 0.02 0. 20 
15 1~-00 o.oo5 .. 81eo 0 .9956>934 o.o1 0. 1 3 
1b 15.00 o.on~36E4 0.999175~3 J .oo o.o.:l 
17 16.00 O.OOllOle!l C .99'f2T7,H, u .oo 0. ·)5 
18 17oOO o.ooo-.so9o 0.9997?876 <).co 0 .I) 3 
19 18.01) o.OOOl74H 0.999~0313 0 .oo n.o2 
20 19.00 O.OOCi.i63<ll a.H:19~7J3 \). 00 c. 0 1 
21 20.00 o.OOCv2Z26 o.99~1"92'i 0 .oo c." 1 
u. 21.00 o.ooovon~ 0 .'1999<lf>i>7 u.oo o.o~ 

23 22.00 O.COCv02~4 c .9999<l9.J1 \). 00 c. 0\J 
24 23.00 o.ooo~'>071 o.H99'1972 0. •)0 c.oo 
zj 24.00 O.OOOC0021 0.99~999;/l v .oo o.oo 
26 25.00 o.u001i0006 c .~999099~ v.oo c. v.J 
27 26o00 o.ooo~.oOI)2 c. 999 ~<l9!d il. 00 o.oo 
.:8 27.00 o.ooouoooo 1.oooonooJ J.ou o.o.:> 
Z'i 211.00 o.ooouooco 1. OO•)C"Ov•) .J. O·j c.oo 
30 29.00 0.000000(0 1o0000"0JIJ (i .oo o.oo 
31 30.00 o.oocuoocv 1. OOOOOCOu ll • OJ c.oo 
32 31.00 o.ooouootJo 1.oooonoon J .0') o.uo 
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POLYSYSTEMS, INC. 

(RISK) NOTATION 

fo llowing notation is used in this manual and should be thoroughly 
The 

tered before proceeding further. mas 

Fre~uency Distributions 
.~ 

Consider a game consisting of 1 flip of an unbiased coin, where $1 is 

won if the coin turns up heads and $1 is lost if the coin turns up tails. 

An example of a frequency distribution representing the profits realizable 

in this game is: 

[-1 SJ 
+1 .5 

The general form of this distribution is designated as 

A frequency distribution may have any number of lines. The superscripts 

on x, p and n merely designate to which frequency distribution the 

elements belong,and represent neither exponents nor finite difference 

notation. 

Whenever possible, we will reserve capital letters to represent frequency 

distributions. Lower case letters denote real numbers. The letters x 

and P will be restricted to the amount and the probability, respectively, 

in a frequency distribution; the letter y will be restricted to the 

second amount in a bivariate frequency distribution {see below). Any 

exceptions will be specifically noted as they occur. 

6/29/78 N-1 
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Convolution for Sums 

POLYSYSTEMS, INC. 

(RISK) NOTATION 

If two coins are flipped (with the same payoff as above), then the 

frequency distribution of combined profits is: 

[
-2 .25] 0 . 25 
0 .25 

+2 .25 
or, r 

-2 

equivalently, 0 

L 2 

.25J 

.:>0 

.25 

This "two coin" distribution can be derived as follows: 

[ 

-1 

+1 
. 51 [ -1 
.Sj 0 +1 

.5] = (-1)+(+1)= 0 

[ 

(-1)+(-1)=-2 

.5 (+1)+(-1)= 0 

(+1)+(+1)= 2 

.5 X .5 : .25] 
,5 X .5 - .25 

' 
,5 X .5 .25 

.5 X .5 .25 , 

taking each combination of a line from the first frequency distribution 

and a line from the second frequency distribution. 

The operator 0 is called "convolute for sums". We say that A (±) A 

is the convolution of A and A for sums. In the above example, 

A .SJ 
.5 . 

Suppose A [-1 .5] [0 
= 1 .S and B = 2 

.2] 

.8 . 

[-1 5] [0 Then A G) B = (!) 
1 .5 2 

.21 = [~~:~:-~ 

.8 1+0= 1 

1+2= 3 

Alternatively, we may designate A as 

and B as 

6/29/78 
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,5 X 

,5 X 

.s X 

.5 X 

.2 

.8 

.2 

.8 

·

1

] l1 .1] · 4 
= 1 .5 

.l 3 .4 

.4 

l~i~2] 

1~j~2l 
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POLYSYSTEMS, INC. 

(RISK) NOTATION 

Then A 0 B would be designated as 

or as 

6/23/78 

x(2) p(l) 
j ' i 
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Transformation Operations 

If we wish to create C 

POLYSYSTEMS, INC. 

(RISK) NOTATION 

[ -~ .5] 
L. .5 [ 

-1 
from 

1 

represent the operation as follows: 

c 

.s] 
•
5 

, we can 

.5] 

.5 . 

In this case, a bracketed expression is placed in direct conjunction with 

the symbol for a distribution (i.e., no operator such as G) intervenes}. 

This represents a transformation of the distribution, where x and p are 

formal symbols to indicate that the 2 is multiplied by each x(l) and that 
(1) i 

the p i are to be left unchanged. 

Other transformation operations are represented analogously. For example, 

.4· .5] = [-2 .2·] 

.4· .5 2 • 2 

It is also possible to represent a transformation where one or more 

factors must be calculated. For example, if x is the mean of the xi 

values in the distribution, then 

[ ~ x, l·p l A= 

6/29/78 

(1} 
X i 

n 
(1) 

~ 
j=l 

(1) (1) 
X j • p j 

32 

P(l). 1 ~ i ~ (1) 
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convolution for Products 

I'OJ.YSYS'I.'"MS, INC. 

(RISK} NOTATION 

The operationQ is called "convolute for products", and the result of 

AQ B is called the "convolution of A and B for products". 

A 0 B = [X(~), P (~); 1 ~ i ~ n (l) ] 0 [X(~), p (~); 1 ~ j ~ n ( 2) 1 

= (x{li) • x(j2), P(l"') (2) 1 ~ i < (1) 1 ~ . ~ (2) ] 
4 

pj; ~ ..,.n , "'=:J~n 

[

1. 0= 0 

] 

-1. 2=-2 
• 2 = 1 • 0= 0 
• 8 1. 2= 2 

:~: :~::!] [-2 
.5 •• 2=.1 = 0 
.5 •• 8=.4 2 

Convolution to Merge 

.4J""' .2 

.4 

The third operator used is represented by the symbol ~ and is called a 

"merge convolution". The effect of A@ B is to append distribution B 

to distribution A. To illustrate a common use of this operator: 

.og r~ .32 = 1 
2 

7/5/78 
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Convolution to a Power 

POLYSYSTEMS, INC. 

(RISK) NOTATION 

The operation A (±) A can also be written as At)z. In the general case, 

~n is defined for integer values of n ~ 0. 

A, of course. 

~O is defined as the ZERO distribution,[ 0,1], a 100% probability of 

zero amount. 

Similarly, A0n = AQ A0 ••• G A 

' """"' """' n-1 operations 

01 Again, A A 

00 
A is the UNITY distribution, [ 1,1 J , a 100% probability of a 

unit amount. 

7/5/78 N-6 

34 


