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# 2 2 caleulate_expression i &

2+ caleulate_sexpression <- function(n, p) {

16
17
18-
19
20 =
2l
28
23
4
25
26
27
28
29 -
30
3l
32
i3
34

u 0,95 <- gnorm(0.95)

terml <- 0.3 * u_0.95 / sqrein)
term? <- 0.1 - p

tarm3 < sgre(p * (1 - p) / n)

z_value <- (terml + term?) / term3
result <- 1 - pnorm{z_value)

returniresult)

# W) RS N
% <= numeric{1000)

# WHWE
for{n in 1:10001 {
PO LB . o IR M
integrand <- functionip) {
returnicalculate_expressionin, pl)
}

fAFEM 01 18 p GBS
result <- integrate(integrand, Tower = 0.1, upper = 1)

FilRBRiiRE RIS

x[n] <= -resultivalue * 0.999 + 0.001 = n
y
min_value =- min(x)

min_position < which.min(x)

cat (™ i A4 ", minovalue, "Y\n")
cac("ik A @ A E Y, ein_position, "\n")
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d=l.1

e=14

a3

g=0.1

hub

i=3

j=56

k=i

T=5

jide=i-{bec)/ (L-a)-(asf) {1-d} ~-Cheid/(1-g)-1%g/(1-g)

jibe=y-(bee)/(1-a)-(a=F) /(1-d)-h/ (1-g) - Ck+ 1) %/ (1-g)

J3ib=j={(beg)/ (l=-a)+ (@ F)/ (1-dy+hed ) S (1-g]

jibb=j-{{bsc) /(1-a)+ (o= F (1-dis+h) S (1-g)-k*g/(1-g}

Jbjbad - (beed /{1-adseshed 3/ C1- (e (1-dog) )

Jbbb=j={(bec) /(1-a)+esh) /(1= (de (1-d)"g)) -k (d=(1-d) "g@) / (1= (d+ (1-d1™g)]

bj jbeg- (b Coefd(1-dlehed)/ (1-(as (1-a) *gl)

b=y = (b Ce+Fh/ (1-d)+h) /(1- (a+{1-a0*g) ) -k (A= {1-a) "g) / (1-(a+{1-a) *g}]

bbjbej-{biaehsil/(1-a)/ (L-d) /(1-g)

bbbbe=] - (breeh)/ (1-a)/(1-d)/(1-gh-k* {1/ (1-a) /(1-d) /(1-g)-1)

bjjc=j=i{b+{@sFp /(L-d)shsis{asg-a®gi*{cs{hei+1]1/{1=-gi ) +a" (beg) (1-a))

jbje=j- (e (bec)/(1-a)shei+ (deg-d* gl * (Felheis1)/{1-glard® (o+F)/(1-d) ¥

bbjc=3-{ (beasheide {{esFle (heie 13/ (1-00 )% (1- (1-a) * (1-d) * (1-gl )+ Cee F) ds/ (1-d} = (b} *a/(1-a)]

bjbc=] - (b (@ef) /[ 1-d)shs{cs[heks1)/(1-g1) * (asg-m*gl+(bsc) "as (1-a])

Jibe=y - (e+ (Beed/ (1-a)+he {4 Chek+1) /(1-g) ) *(deg-dog) « (e+F10d(1-d0)

ﬁl;c-:i ={ {bepsh)s ({gsF)e (habka T/ (1-g0 )" (1= (L-a) " (1-d)* (1-g) ) & (o+F) "/ { 1=+ (bec) "/ (1-a)]
I3

igbe

i3k

ijbh

jbkib

bbb

bijb

bjbl

bljb

bbb

bijc

jbje

bhic
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bibe
jbibe
bbb

0% oA
a=l,2

b=4

c=2

d=i. 2

e=18

f=3

g=0.2

h=f

ju3

=56

k=b

1=5

jije=j-(b+c)/(1-a)-[esF)/ (1-dy -(hedd/ (1-g)=1%g/(1-g)

jibe=j-(b+c)/ (1-a)=CasF)/ (L-di-h/(L-g) = Ck+1)"g/ (1-g)

Jijbai-((bee) S (1-a0 + (@+F) S (L-d)ehsi )/ (1-9)
Jibbe=g={{b+c)/{1=a)={e+F) /(1=d}+h]) /{1=-g)-k*g/ (1-Q}
Fbibed-{{bec)/ (-a) soshesi)/ (1= (ce (L-d)} *@) )

bibbad - ( (beed/ (1-a) emehd/ (1- (e (1-3 %900 -k* (e (1-d) @)/ (1-(de (1-d) *g)]

biibe=j~ (be+ (@« F) ./ {1-di+hsi) /(1 (as (1-a) *gh)
hihtu%-{b+c--fnfcl-ﬂ}fh}ftl-{q-cl-n}*qan-k*c;vtl-az'g)f{;-r-v{L-;i*g}}

bbjbe=i- (bresh$ 3/ (1-a3/ (1-d)/{1-g)

bbb = {b+esh) {L=a) /{1=dd (1=g0 =k* {1/ (1=a) S (1=-d)/(1-g)=1}

bife=j-(be (o) /(1-d)shed = (neg-atg) o= (heis1)/(1-g) ) +a* (bee) /(1-a))

Jbje=1-(e+(bee) /{1-a)shed = Cdeg-d®gh * (Fs Chad 10/ 01-g) 0 +d (e fy /(1-dD)
bbic=j={{beesheids{Coafhe (heds 1D/ (1-0) 0% (1= (1-a) * (1-d) = (1-g} )+ o+ F) %/ (1-d)+ (bec) *a/ (1-a)}
bibe=4-(b+ () (1-d)shsCes (heka)/(1-g) ) ¥ (asg-arg) + (bec)*a/(1-2))

jbbe=g - (e (beed A (1-a) +he (Fo (b ke 10/ (1-g) 3 * (deg-d gl = (e T} d/ (1-d})

bbbe=g - (bsash)+{ (gafle (haks )/ (1-0)* (1= {1-a) " (1=d) * (L-g} )+ (o £ 7 (1-d s (bac) *af (1-a0 )

W OE =

j=56

k=30

1=5

Jijeej=(bec) S (L=a)=(os+F)/{1-dd =(heid/(1-g) =179/ (1=g]
jibe=j-(bee)/(1-a)-Le+F)/(1-d) -h/ (1-g) - Ck=V)"g/ (1-g}
Fiibej-{{bec)/{1-a) s+ (e F)/{L-dishsi}/(1-g)

Jibbeg-((bred/ (1-a)+ (e Fl/ (1-d)+h) /(1-g)-k*g/ (1-g)

Jbjbeg-{{bech /{L-a)+eehni ) (1-{ds (1-d) *g) ]
ihhb-i-{(h+{}f{1-i}+-+h}ftl-(d+<1-d1'u}}ft*(d+il-l}'n)ff1-<d-{1-d3*131
bjjbaj- (he Cerfl/ (1-d)shed 1/ (1- (as (1-2) "g) 3

bjbbemg - (be Lo/ (L=l <h) /(1= (as C1-n)"g) ) -k" (as (1-a) g}/ (1-(as (1-a)"g2)
bhjbeg - (bedihet )/ (1-83 /(1-d} /(1-g)

bbbbej -~ (baash] /(1-a)/ (1-d)/(1-gh=-k* {1/ (1-a) /(L-d) S {1-g}-1)
bjje=j-(belef)/ (1-d)+hed+{arg-atgh* (e (heia 1/ (1-gh)+a* (bre) /(1-a))
jbjce]-Cae(beg)/(L-a) shide {deg-d=gh* (Fe(heial)/ (1-ghled* Co+F) /(1-d})
bbje=j-((brethei)« ((eefis(hed £ 10/ (-0 )" (1- (1-a)* (1-d) * (1-9] )+ (e+ F}"d/ (1-d}+(bsc)"as (1-a))
bjbcej-{be (e f)/ (1-d)she{cr(hek+11/(1-0} ) *{asg-a*g)# (brcI*a/ (1-a) )
jbbewi-as(bec)/ (1-a) s CFe(heka 10 (1-@) )" (deg-d gl+ G+ F) "/ (1-ad3 )
bbbe=g-{ (b bl Cle+f0 (heks 12/(1-000 % (1-(1-23 * (1-d)* {1-g) b= (@ #) P/ (1-d)+ (becha/ (1-81)
ijic

jibe

Jjib

Jibb

jbib



jlibb
bjib
bjbb
bjb
bbb
bije
jbic
bhje
bibc
jbbe
bbbe

e araEN

a=0.2

=4

=1

d=0.2

w18

f=1

o=0.2

=6

ja2

j=56

k=30

'Ili

Jije=j-({b+c) (1-a)-(a+F)/(1-db -(hed )/ (1-g)-1"g/ (1-g]

iibe=3-(b+c)/(1-a)- (o) S {1-di-h/{1-g) - (k+ 1) "g/ (1-g)

jijb=j-({bec)/(1-a)s{asfD/ (L-d}shsi)/(1-g)

jibb=j-((bech/(1-al+{e«Fl/ (1-d)«h)/(1-g)-k*g/(1-g)

jbjbag-Cibee)/(1-a)smshed )/ (1-(d+ {1-d}*g))

Jbbbeg-({bec)/(1-a)se+h) /(1= (ds (1= dJ‘uH k* (d+{1-d)=g) /(1= {d+{1-d3%g))

hjj'h- ~{b+ (o) (L-d)+hei)/(1-(as{1-a) “gj

bjbbej - (b+ (o+F)/ (L-di+h) /{1~ (a+ (h-a) "gi }-k* (a+{1-a)"g)/ (1~ (a={1-a)*g))

bbjbej- (hveshed 1 (1-a)/(1-d) /{1-q)

bbbbej - (bsash) s/ (1-a)/ (1=d)/ (1=g)~k®* (1/(1-a) /(L= /[ 1-gh-1)

bjj [t (b {eef) S L-disheds (asg-a¥gl*ic+ Ched 137 r:l.—p}j +a*(heed S (1-a3)

ibjo=j-Ce+(bec)/ [1-a)ehevs (deg-d gl " (FsChed a3, (1-g) ) +d* (o4 F) S {1-dD)

bbje=j-((beeched o (e Fredheie] )/ (130 * (1- (-8 * (1-d) * (1-g) 1+ (&= £ *d/ {1-e)+ (Bre) "8/ {1-a])

bjbosj- (b (oef)/ (L-dishe {cs(heks1)/(1-g} ) * (asg-a®gls(beci*a/ (1-a))

jbbe=j- (s (bred /{1-ad+hs (Fs Chika12/(1-g0 0" (deg-d gr+ (e F)od/ (1-d)

m:-: -{{bemih)s {{cafhe [hake 1}/ (L-g)0* (1-{1-a)* (1-d)* (L-g} be (@eF)vd/ (1-d) s (bec)*a/(1-a))
]

jibe

i3k

jjbb

jbib

b33

bjbb

bbb

bbb

bjje

ibjc

bbjc

bibe

jbbc

blbe

TR EE N
a=0.1

jiie=j-lbecd/ {L-a)-(osF3/(1-d) =Cheid/(L-g)-T"g/(1-g)
jibe=j-(beel/ (1-a)-Coeaf) (1-di-h/ (1-g) - (k+10g/ (193

jijbeg=((bee) /(1-a)+(esFh/ (L-d)+h+i)/(1-0)

'hhh*. -({bse) /(1-a)+(ee 3 (L-d)sh) S {1-g)-k*g/ (1-g)

jhibed- (b /(1-ad+eshei )/ (1= (ds {1-d) *g))

jhbbej={ (bec) /CL-a)+osh) /(1= (de {1-d) *g) )=k (e (1-d) *g) /(1= (d+ {1-d) *gd)
b fbegj- (b+ (o= (1-di+h+1)/ (1- 2+ (1-2) *g) )

bibbeg= (b4 (s FhS (1-d)+h) /(1= (s (1-ad*g) 3 =k* (m+(1-a)*g) /(1= (m+ {1-m) *g) )
bbib=j- (beashed ),/ (1-20/ (1) /(1-g)

bbbbej-(bashd/ (1-ad/ (1-d)/ (1-g) -k* {1/ (1-a) /(1-d) / (1-gd -1
bije=j-(brlo=F/(1-di+h+i+(acg-atgh*(ee(hei a1}/ (1-g) ) +a® (bec)/(1-a)}
jhje=j-(e+(bred/ (1-alsheis(deg-dogd* (Fs (i 10/ (1-0) ) +d* (e+F)/(1-d))
bbjc=)-{ {(bseshii)s (feaflelhe 1)/ (L-0) 2% (1-(1-a) *(1-d) = {1-g) )+ Coe £ e A {1-d) o (bac) "0/ (1 -0))

27



211  bjbcej=(be (e+F)/ (1-d)she(ce Cheks 1)/ (1-g) ) *{asg-a®g) « (bec)*a/ (1-a)]
212 jbbc=j-{e+{bec)/(1-adshe (Felheks 1}/ (1-g))* {deg-doglafesFiod/ (1-d))
213 m:-j-{{h*hh}*((ﬂ-r Fietheks 1)/ (1-g3 ) " (1-(1-a)* {1-d} " {1-g)} )+ (e+F) d/(1-d)+ (brc) "2/ (1-a))
214 I+

215 jibe

216 jiib

217 jjbb

218 jbijb

219 jbbb

220 bjjb

121 bijbb

222 bbib

223  bbbh

224 bjje

225 jbic

226 bbic

227 bijbe

228 jbbc

228  bbbc

231 e N SC0LE

232 a-0.0%

233 b4

234 =2

235 d-0.0%

236 e-18

237 =3

238 ge0.05

2319 h=6

240 =3

241 j=36

242 k#10

243 1=40

244 jije=j-(bsc)/(1-a}-{e+F)/{1-d} -Chei)/(1-g)-1%0/(1-g}
245 §ibced-(becd/(1-a)- {0+ £}/ (1-d) -h/ (1-9)- (k1) *g/ (1-g)
246 j)jbej-((bec)/(1-a)+(e+F)/(L-d)+hsi)/(1-g)

247  Jibb=j-((bee)/(L-a)+(e+F)/(1-di+h)/(1-g)-k*g/(1-g)
248 jbjb=j-({bec)/(1-adreshei)/(1-(de (1-d)"g})

249 jbbb=j-(({bec)/{1-ad+ashd/(1- (d+ {1-d) @) J-k* (d=(1-d)*g)/ (1-(d+(1-dI*g})
250 bjjb=j-{b+(e+F)/(1-d)+h+i)/(1-(as(1-a)*g))

251 bjbb=3- (b (e+F)/ (1-di+h)/{1-Ca+{1-a)*g))-k*(as(1-a)"a) /(1-Cas(1-a2%g))
252 bbjbsj-(beash+d)/(1-a)/(1-d)/(1-g)

253 bbbb=j- (brech)/(1-a)/{1-d)/(1-g)-k*(1/(1-a)/(1-d}/(1-g}-1)

254 bije=j-(b+ie«f)/(1-d)+h+i-(arg-a"g) *(c=(hei+1)/(1-g) b+a* (becd/ (L-a))

255  jbje=j- (evibec)/(1-a)+heie (deg-d*g) * (Felhei)/ (1-g)hd* (oo £1/(1-d))

256 bbjcej-((beaehed b ({e+F e (hed+ 1/ (1-g3 ) * (X-(1-a) * (1-d}* (1-g) )+ [+ F) *d/ (1-dd+{bec) "8/ (1-a3 )
257  bibeej- (belacf)/ (1-di+he (e Cheka 13/ (1-g) ) * (asg-a*gl+(beci *a/(1-a))

258 jbbe=j-(e+{b+c)/Cl-a)+h+(F+{hak+ 1)/ (1-g) ) * (d+g-d=g)+(e+F)*d/ (1-d))

258  bbbe=j- ((breh) +((e+Fl+{hek=13/(1-g00 % (1- (1-a0 7 (1-d}* (1-g) 0+ (e+F) *d/ (1-d)+ (b+e) "o/ (1-a))

275 bbbe
PR3 =R UET

pariy = |
{'name's “partl’, “sefect_rate’: 0.1, ‘porchass_price’i I, “iesgwctian_ oo
{namats “pargd!, terfect_rate®l 0.1, ‘puechris prizeti B, Cleapeciisn_cad
{"neme's "partd’, "defeci_rat s 'perchase price”: 1Y, 'inepestion o
{'nems's “pertd’, “defect_rat . ‘gerchane_price”; 1. "lespaction_ coal
{'name's peens’, “defect_rat . ‘perchans prics™ §, "lsapectlan_ean
{'mane's “peend, “oetent,rut o ‘pErchEss priatl 12, inapestien o
{"name’s “part?, “defect_rate®: 0.1, ‘perchane_price®: 0. “leapection_cost’:
{fnamd's "paemd, "drfeeT_rate®! 0.1, ‘pitthEie_priee’ 1Y, 'inipecries cedt’

wt': 1, ‘avessbly_cowt'; B, "dirasarstly_cest': @),
. ‘disasassbly_eestt: B},
. dlsensesd iy cont® &),
“disavansbly cont ' #).
dinssassbly_esae': i},
‘dlasnsendly ast AR,
disayammbly_coat’z 0),
. laEReEsNly_eaEtt &)

snneshly_cent’:
. "aRaEably_gait't

28



B £ o
product_price = 200
replacement_loss » 40

menc = {}
decision_trace = {}

§ N E
def state_transition{state, decision, parts):
new_state = state.copy()
if decision == "inspect_part®;
for part in parts:
part['detected'] = True
part['is_defective'] = (part[‘defect_rate'] »= 8.1)
nem_state['all_parts_inspeoted'] = True
elif decision == 'asseable_to_seal’:
nem_state['seai_product_pass'] = ali{net pert[’'is_defective']l for part in parts)
elif decision we ‘assesble_to_final':
nes_state] ' final_prodect_pass®] = nes_state.get('sesi_product_pass', False)
elif decision == 'disassemble_final':
nem_state[ ' recycled’] = True
¢Lif decision == 'disassenble_seai’:
1f not nes_state.get('seml product_pass’, False):
nen_state] "recyeled’] = True
return now_stote

{0
def calevlate_sales_profit(state):
return product_price 1f state.get(’'fimal_product_pass', False) else @

& IrENee D
def colculate_recyele_profit(state. parts):
recycle_profit = 0
if state.get('recycled’, False):
for part In parts:
if part['detected®] snd not part['is_defective®]:
recycle_profit «= part]'purchase_price'] + part['inspection_cest®]
if state.got("seml_product_pass', False):
recyele_profit += suallpart('purchose_price'] + portl’inspoction_cost'l for part 4in parts])
return recyele_profit

. RO
def calcvlate_cost{decision, parts):
if decision == “inspect_part':
retuern suml[portl® inspection_cost'] for part in parts])
elif decisfon == 'sssesble_to_sesl':
return sua[pert] sssesbly_cost'] for pert in parts])
elif decision =n ‘disassemble_final' or decision ws ‘disassesble_semi’:
return sual[part] disassesbly_cost'] for part in parts])
return B

-

¥ A
def dynamic_prograsming(state, parts, depthed):
1f depth > 20 & WRSOES. B

raturn @

& A AP T

state_key = tuple(sorted(state.iteas(]))

] i TP
if state_key In memo:
roturn memo[state_kay]



o 2 o . W
if state.get(' final_predect _paws’, Falss) or state.get(’recycled', False):
sales_prafit # calowlate_salei _profinlatate)
recyehe_profit = calevlate_resycle_profit(state. sartad
total_peaflt » sales_profit & rdcycle_srafit
pencfstate_key] = tetal_profit o
retura total praflt

7 B
max_profit = -float{ isf")
Eedt_decisien © None

e

for decisden n ['inspect_part', “ssszenbis_to_mmsi’, “sssesble_te final', ‘disswsesble sssd’, ‘dissssesbls fissl'];

i 2 L0

if decision == ‘assesbls_to_final' and sat state_get(’'seni_predect_pass®, False):
centinue

AF decinfon se ‘digsidenble_teml' and atate.get(*sesl product gaad', Troe):
eoatinue

next_stete = stete_transitionlstate, decision, parts)

cost = calculate_cestidecisien, parts)

futurs_graflt » dysesic_prograssing(next_stato, pects, depth « 1)
togal_prafit = Futers_profit « coat

P
pringCf=iaim: {deciston}, SMHE: [totsl_profith, ki {eosth. war {svatel®)

if wetel_profit » maa_profit:
max_profit = tstal_profit
best_decision = decision
' FL g BN r
meso[state_key] = max_profit
i1 bast_secision is mot Mone:
decision_trace[state_key] = pest_decision
return max_profit

N Lot

e Qut_best_secision_pathistate, parts):
srate_key = tuplalserted(atate. Ltene(]])}
decision_path = []

while state_key in decision_trace:
decislon = decisien_trace[state key)
decislen_path, ageend (decision)
atate = state_trassition(state. declslon, parts)
atate_key = tuple(sorted(state.iteas{}))

return decision_path

bedt_path & got_best_decision_path{indtisl_ state, parts)
print{f=EcmeRN: {max_profit]®)
print{"H LR ", best_path)

Bt &l R R B S

1 Tibrary{cubature)
2

3 # R L peta BAMNEEAN

d - beta_density - fumction(x, alpha, betva) [

5 returnidbeta(x, shapel - alpha, shape2 - beta))
6= }

7

B R llEE

9+ jije <- Function(p, param) {

10 j <- paramij; b <- paramib; ¢ <- paramic; e <- paramie; f <- paramif;

11 h <- paramih; 1 <- paramii: 1 <- paramil

12 pl <- p[l]

13 p2 <- pl2]

14 p3 < p[3]

15 returnlj ~ b+ /(A -pl) ~(e+F) JL-p2)~-C(h+1) /(1 ~pH) -
16 T*p3 /Q1-p3)

17- }



19+ jjbe = Function(p, param) {

20 j <= paramij; b <- paramib; c <- paramic; e <- paramie; f <- paramif;
71 h =- param$h;: k <- paramtk; 1 <- paramil

22 pl <= p[1]

23 pi £ Ii[23

24 p3 <« pl[3]

25 returnlj - (b« )/ (1 -pl) - (e+F) F (A -p2) - h /(1-pd) -
26 (k+1)*p3/(1-p3n

29+ jjjb < function(p, param) {
0 j < paramij: b <- paramib; ¢ <- parsmic; & < paramie; F <- paramif:
31 h <« paramih; i1 <- paramii
32 pl =~ p[1]
33 p2.<- p[2]
34 p3 <= p[3]
is returnCj - ((b + €} / (1L - pl) ¢+ (o + ) / {1 - p2) « h+ 4) / (1 - p3))
36 }
37
38+ jjbb <~ function(p, param) {
39 j == paramij: b <- paramib; c <- paramSc; e <- paramie; f <= paramif;
40 h <- paramth; k <- paramik
41 pl <= p[l]
42 pi = pl2]
43 pd = p[3]
44 return{j - ({b + ) /(1 - p1) + (e + F) / {1 - p2) = h) / (1L - p3} -
45 k*p3/f (1=-p3))
46- }
47
15- jbjb <- function(p, param) {
] =- pa.rami.] b <- paramib; ¢ <- paramic; e <- paramie: h <- paramih:
5'[} i <- paramii
51 pl <= p[1]
52 p2 «- p[2]
53 P3 == pl3]
54 return{] - ((b + ) J (L-pl) + &+ h + i) / (1= (p2 + (1 - p2) * p31))
55~ }

‘S?« jbbb <- funetion(p, param) |
j «- paramij; b <- paramib; ¢ <- paramic; e «<- paramie; h <- paramih;
'59 k <- paramik
60 pl <- p[1]
61 p2 <~ pl2]
62 p3 <- pl3]
63 return(j - ((b + c} / (1 - p1) + & + B} /J (1 - {p2 + (1 - p2} * p3)} -
B4 k*(p2+(1-p2) *p3) / (1- (p2+(1-p2)*p))
65+ }
&6
67 = bjjb <- functionip, param) {
68 j <= paramij; b <- paramib; e <- paramie; f <- paramif; h <- paramih;
69 i <- param$i
70 pl <- p[l]
71 p2 < pl2]
73 return(j - (b« (e + ) / (1 -p2) +h +4) /(@ - (pl + (1 - pl) * p3}))
7= }
75
76+ bjbb < funcrion(p, param) {
77 j =- param$j: b <- paramib: e < paramie; F <- paramif; h <- paramih;
78 k <- paramik
™. pl < pll]
a0 p2 < pl2]
81 p3 == pl[3]
82 return(j - (b + (e + ) / (1 -p2) +h) / (1 - {pl + (1 - pl) * p3)) -

a3 k*(pl+ (1-pl)*p3)/(1-(pl+ (1-pl)*pi)

84- |

85

86~ bbjb <- function(p, param) {

87 j <- param$j; b <- paramib; e <- paramie; h <- paramth; 1 <- paramii

88 pl <= p[1]

83 pZ <= pl2]

90 p3 <= pl3]

91 return(j - (b + e« h+4) / (1 -p2) / (1 - p2) / (1 - p3})
92= }

1n



94 - bbbb <- functien(p, param) {

95 j <- paramij; b <- paramib; e <- paramie; h <- paramSh; k <- paramik
96 pl <= pl1]

97 p2 < pi2]

98 p3 «<- pl[3]

L] return(j - (b + ¢« « h) / (1 - pl) / (1 - p2) / (1 - p3) -

100 k*Q@A/A-pl) /QQ-p2) /f{1-p3)-10)

103 = bjjc <= function(p, param) {

104 j =- paramij; b <- paramib; c <- paramic; e <- paramie; f <- paramif;
105 h <- paramih; 1 <- param%i; 71 <- param$]

106 pl =~ pll]

107 p2 = pl2]

108 p3 < pl3]

109 return(j - (b + (a+ F J (L -p2) + h'+ 9 +« {plL + p3 - plL = p3) *
110 c+th+d+1/L-p) +pl=*db+c)/(L-pLIN)
1i1-}

112

113« jbjc <- function{p, param) {

114 j == param$j; b <- paramib; ¢ <- paramic: e <~ paramSe; f «- paramif:
115 h <- paramfhi 1 <- paramii; 1 <- paramil

116 pl =~ pll]

117 p2 <~ pl2]

118 p: <=- pi3]

115 recurn{i - (& + (b + <) /f (L -pl) + h+1 + (p2 + p3 - p2 * p3) *
120 (Feth+d 0/ A-p3) +p2* (es+ )/ Q1-pR))
121- }

122

123 - bbjc <- function{p, param) {

124 j =- paramij; b <- paramib; ¢ <- paramic; e <- paramie; f <- paramif;
125 h <- paramfh; i <- paramii; 1 <- param$]

126 pl <- p[l]

127 p2 < pli]

128 p3 < pl3]

125 recurn{j - ((b + e + h + 4) + {{e + F) = (h+ 1+ 1) /7 (1-p3)) *

130 (1-C1L-pLl})* (1-p2) *(1-p3)) + (e+F) =*p2/ (1-p2)+
131 tb+c) *pl/ Q- pl)))
132- 1

134 - bjbc <- function(p, param) {

135 j <- param$j: b <- paramib; ¢ <- paramic; e <- paramie; T <- paramif;
136 h <- paramSh; 1 <- param%i; k <- paramik: 1 <- paramil

137 pl <= p[i]

138 p2 <- p[2]

135 p3 <= p[3]

140 return(j - (b + {a+F) J(L-p2) +h+{c+Ch+Kk+T1),/(1~-p3))"*
141 pl + p3 - pl * p3) + (b + c) * pl / (1 - pl)))

142 - }

143

144 - jbbc <- function(p, param) {

145 j <= param$j; b <- paramib; ¢ <- paramic; e <- paramie; f <- paramif;
146 h <- paramfh; 1 <- param$i: k <- paramik; 1 <- paramil

147 pl <- p[l]

148 p2 < pl[2]

149 p3 <~ pli]

150 return(j - (e + (b +c) F (L =plY + h+ (F+ (h+k+T1) /1 ~-p3))*
151 (p2 + p3 -p2 * p3) + (e + F) * p2 / (1 - p2}))

15&= 1

153

154 = bbbc <=- functien(p, param) {

155 j == paramij: b <- paramib; c <- paramic: e =- paramie: f =- paramif:
156 h <- paramih; i <- param$i; k <- paramik; 1 <- paramil

157 pl <- p[l]

158 p2 <= p[2]

159 p3 < p[3]

160 return(j - ((b + e+ h) + (e + F} + (h + k + 1) / (1 - p3)) * |

161 (Q-(-pl) *(L-p2) *(L-p)) +(e+sf *p2/(L-pd)a+
12; , (b+c) *pl/ (1-pl)))
163 -

a2



165
166 =
167
168
168
170
171
172
173
174 -
175
176
177
178
179 -
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

201
202
203
204
205
206
207
208 -
209
210
211
212
213
214
215
216
217
218
219 -
220
221
a2
223
224
225
226 -
227
228
229
230
231
232
233
234
235
236
237
238

L e R

joint_density <- function(p. alphal, betal, alpha2, beta2, alpha3, betal) |
pl <~ p[1]
p2 <- pl2]
3 =~ p[3]

return(beta_density(pl, alphal, betal) *
beta_density(p2. alphal, betal) *
beta_density(p3, alpha3, betall)

1

#F YR AEE. B EIESE

integrand <- function(p, func, alphal, betal, alpha?, beta2, alphal, beta¥, param) {
return funcip, param) ° joint_density(p. alphal, betal, alphaz, beta?, alpha3, betad))

}

fEAETRE: §+ %]
Tower_limit <- {0, O, 0)
uppar_limit < ¢(1, 1, 1}

&g

(8 P

# W LR
parass_list < st
Vist(n = 200, a = 0.1, b= 4, c=2,d

0.1, @ =18, f= 3, 9= 0.1, h =8,

1=3 §=58 k=256, 1=5),
Tist(n = 100, a=0.2, bm d, e= 2, d=0;2, =18, F=3. g= 0.2, he=,
i=3, j=56 ket 1=5),
Tistin = 100, a=0.1, b=4, c =2, d=0.1, e =18, f= 3, g=0.1, h = 6,
‘i:j.j-:SE.k;gn‘.]:s}l
Tatln = 100, a=0.2, b=ad, e=1, d=0.2, 6 =18, F=1, g=0.2, h = 6,
i=2, 5=56 k=30 1=35),
Tist(n = 100, a=0.1, b=4, c =8, d=0.2, e =18, fF=1, g=0.1, h = &,
=2, §=568 k=10, 71=5)
MTeeln = 100, a = 005, b=d, =2, d=0.05 a=18, f=3, g=0.05 hs=25§,
i=3, j=56 k=10, =40)
¥
P ERWE
funcrions «<- Tisti{jjjc. jjbec, jjjb, jjbb, jbjb, jbbb, bjjb, bjbb, bbjb, bbbb,
j bbc)

bjjc, jbjc, bbjc, bjbc, jbbc, b

¥ VIR RER
results_matrix < matrix(0, nrow = 16, ncal = &)
L B R
for (col in 1:6) {
params <- params_list[[col]]

KB il Berta Srhie L
alphal <- 1 + paramsin * paramsia
betal <~ 1 + paramsin - paramsin * params3a
alpha? <- 1 + paramsin * paramsid
beta? <- 1 + paramsin - paramsin * paramsid
alpha? <- 1 + paramsin * paramsig
betad <- 1 + paramsin - paramsin * paramsig
¥ o 0 g o B0 B
for (row in 1:16) {
func <= functions[[row]]
result =- adaptIntegrate{function(p} integrand{p, func, alphal, betal,
alpha?, beta2, alpha3, beta3, params),
TowerLimit = Tower_limit, upperLimit = upper_limit)
results_matrix[row, col] <- resultiintegral
}
1
# O8RS RO
print{results_matrix)
# @ necessary packages
Tibrary{openxlsx)
# 23 Excel X ERE
file_path «<- "results_matrix.xlsx"
# (i — 1 L{EW
wh <- createworkbook()
I |
addworksheet(wb, “Results")
f HAERNILER
writeData(wh, “Results”, results_matrix)
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1 [isport numpy as np
from scipy.stats import beta

F NATE FBeto 40U WA NSNS R
def defect_probability(n, pl:
¥ Beta & FR npl (SEIECED o no- npd

a=l+n*p
b=l4+n-nep
return betala, b)

def simulate_defect(n, p, trials=10000):

beta_distribution = defect_probability(n, p)
defect_rate_samples = beta_distribution.rvs(sizestrials)

part_defects = np.random.binomial(l, defect_rate_samples, size=trials)
semi_product_defects = np.randon.binomial(l, defect_rate_samples, sire=trisls)
final_product_defects = np.random.binomial(l, defect_rate_samples, size=trials)

return part_defects, seml_product_defects, Final_product_defects

n = 168
p= 6.1
trials = 18086

L ol

part_defects, semi_prodect_defects, fimal_product_defects = sisulate_defect(n, p. trials)
& N

part_defect_prob = np.sean(part_defects)
semi_product_defect_prob = np.mean(send_product_defects)
final_product_defect_prob = np.mean{final_product_defects)

Biate AT RIeE

1 Tibrary{cubature}
TARBYE

- 100

nees
b

=
1)
11 S e s e e

REE cmmuiniu
:‘#-—'-:“h. ATl BE 3w

oA A A AR AAAAAAAM

=~
ey

1T F R Beta HEME AR

18+ beta_density «- function(x., alpha, beta) |

18 returnidbetalx, shapel = alpha, shapel = betal)
20= }

il

22 0 LA HESaE hfuncipl, g2, p3)

23« h_funt <- Functionip) {

24 pl < pl1]

25 p2 == pll]

26 pd < plil

27

28 resulle <- j - (b =) J (L -pld - (e+ ) /(L-p2) -h/(1-p3) -
29 (k+7) " p3 f (1~ pd}

£ returnlresult)

3l= }
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34 - joint_density <- function(p, alphal, betal, alpha?, beta?, alpha3, beta3) |
35 pl < p(l]

36 p2 <= pl]

37 p3 = p[3]

38

19 returnibeta_density(pl, alphal, betal) *

40 beta_density(p2. alphal, betal) *

41 beta_density(p3, alpha3, betall)

42}

43

44 4 ELRMSN. TEIESWH

45 = integrand <- function(p, alphal, betal, alpha2, beta?, alpha3, betal) |
46 return(h_func(p) * joint_density(p, alphal, betal, alphaZ, betaZ, alphal, betai))
47« 1

45

49 0 UEMEGEE, BrERAONME [0, 1]

50 Tlower_limit <- {0, 0, @)

:: upper_limit <- (1. 1. 1)

53 @ YNGR R R K alphad # E

54 results <- mumeric({l0)

55 alpha0_values <- 1:10

56

57 iR T alphal 3R RN

58~ for (alphal in alphal_valuss) {

59 alphal <- alphal « n * a

&0 betal <- betall = n - n " a

G2 alpha? <- alphal « n = d
63 beta? <- betal + n - n * d

65 alphal <- alphal < n " g
66 betad <- betal + n - n * g

BB result <- adaptIntegrate(function(p) integrand(p, alphal, betal., alphal, betal,
54 alphal, berai),
70 lowerLimit = Tower_limit, upperLimit = wpper_limit)

;; resultsfalphal] < resultiintegral
=

75 # \mne
76 cat("MEWNpFE, ", results, "\n")

7

T F SRR MRS

79 plot{alphal0_values, results,
En 'I'.}'p! i upu-._

&1 xlab = “alpha”,

82 yiab = "B 4",

823 ylim = (0, 207)

84

BS ¢ MireRfEmt
86 fit <- Im(results - alphal_values])

B8 # MismiEmim
B9 abline(fit, col = "-")
91 # M WRENGTHNE

92 cat("HHA MR \nT)
93 print{sumsary(fit))

a4

95 n < 100
96 a <= 0.1
87 d < 0,1
98 g <« 0.1
99 § < 56
100 b < 4
Wl ¢ == 2
10 e <= 18
03 f - 3
104 h < &
105 i < 3
W5 1 <= 5
107 alphald <= 1 # alphal 4 %
108

109 ¢ &% Beta S HEEEAN

110 - beva_density <- function{x, alpha, beta) {

11 return(dbeta(x, shapel = alpha, shapel = beta))
112- }
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114 # ¢ L1 e 8 h_funcipl, pi, p3)

115 = h_func <- function(p) {

116 pl <- p[l]

117 p2 <- pfl]

118 pd == p[3]

119

120 result <= J - b+ e} fOI-pLl) -{a+f)/(1-p22~-h/(1-p3)-
121 (k + 1) *p3 /(1 - p3)

122 return{result)

123= }

124

128 F BPEIBmSENEAER

126 = joint_density <- function{p, alphal, betal, alphal. betal, alphal, betal) |
127 pl <- p[1]

128 pd <= p[2]

129 pd «- p[3]

130

131 returnibeta_density(pl, alphal, betal) *
132 beta_density(p2. alphal, beta2) *
133 beta_density(pl. alphal, betal))
134- }

135

136 '# ' THE&ER. TEREESTN

137 - integrand <- function(p, alphal, betal., alpha2, beta?, alphal, betal) {
138 return(h_func(p) * joint_density(p, alphal, betal, alphal, betaZ, alpha3, beta3)}
139= }

140

141 & GEE SR BT RAMME [0, 1]

142 Tower_limit <- c(D, 0, @)

143 uwpper_Timit <- (1, 1, 1)

144

145 & #rghicsh B W batad g R

146 results < numeric(l0)

147 betad_values <- 1:10

149 "# it Wi betald & 2 N WM
150 - for (betad in betal_values) {
151 alphal «- alphal + n * a
152 betal <- betal + n - n * a
153

154 alpha? <- alphal « n * d

155 betal <- betad + A - n * d

156

157 alpha3 < alphald + n * g

158 betad < betad + n - n * g

159

160 result <- adaptIntegratel(function(p) integrand(p, alphal. betal, alpha?, betal,
161 hlphal3, beta3),

162 TowerLimit = Tower_limit, upperLimit = upper_limit)
163

164 results|betal] <- resultiintegral

165 = }

166

167 # Wil R R

168 cat("W 9 {4 Bt ", results, "yn")
169

1700 @ FBray Paendm A

171 plotibetad_values, results,

172 type = “p°,

173 xlab = "bata",
174 vlab = "W 0",
175 ylim = c(0, 200)
176

177 @ ®iFHRma

178 it < Im{results - beta0_values)
179

180 # & ok i dn oy

181 abhline(fit. col = "[EEH"

182

183 # W0 & e

184 cat(™SmrEm SR B \n")

185 print{summary{fitl)



