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Exercises

1. Determine the minimal path and minimal cut sets of a coherent system
with four components.

2. Compute the reliability of a coherent system with four components in
the general case.

3. Compute the reliability of a coherent system with four components in
the IND case.

4. Compute the reliability of a coherent system with four components in
the ID case.

5. Compute the reliability of a coherent system with four components in
the IID case.

6. Compute the reliability of a plane with four engines, two in each wing,
that can fly if at least one engine works in each wing.

7. Compute the minimal and maximal signatures of a system with four
components.
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Exercises

8. Check an arrow in the figures for the ST, HR and LR orders of systems
with [ID components.

9. Check a no arrow in the figures for the ST, HR and LR orders of
systems with 11D components.

10. Check if X; <yr X:2 holds for IND components.

11. Check if X; <yr X5.2 holds for IND HR-ordered components.

12. Check if X; <yg X2 holds for dependent components with the
Clayton copula in the slides.

13. Check an arrow in the tables and figure for the ST and HR orders of
systems with IND components.

14. Check if the IFR class is preserved in a system with four |ID
components.
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Exercise 1. Determine the minimal path and minimal cut
sets of a coherent system with four components.
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Exercise 1. Determine the minimal path and minimal cut
sets of a coherent system with four components.

d(x1, %, x3,xa) = max(min(xy, x2), min(x3, xs))

~[@-@
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Exercise 1. Determine the minimal path and minimal cut
sets of a coherent system with four components.

O(x1,%0, X3, x4) = max(min(x, x), min(x3, xs))
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Exercise 1. Determine the minimal path and minimal cut
sets of a coherent system with four components.

O(x1,%0, X3, x4) = max(min(x, x), min(x3, xs))

P ={1,2} P, = {3,4}

e Minimal path sets
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Exercise 1. Determine the minimal path and minimal cut
sets of a coherent system with four components.

O(x1,%0, X3, x4) = max(min(x, x), min(x3, xs))

P ={1,2} P, = {3,4}

e Minimal path sets

e Minimal cut sets
G={1,3} G={,4 G={£23 G={248
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Exercise 2. Compute the reliability of a coherent system
with four components in the general case.
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Exercise 2. Compute the reliability of a coherent system
with four components in the general case.

r %4 ),zg
o T = max(;‘nin(Xi._Xz), mr’n(XiXAi)) /\D/Z : ? 3/ (,(g

E(ﬂ ’Z_:_gg (J‘> - Fau?
E QF Ffi?i "*f o3 uf
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Exercise 2. Compute the reliability of a coherent system
with four components in the general case.

o T = max(min(X1, X2), min(X3, Xa))

° ﬁT(t)) = F_p](t) + F_Pz(t) - F_Plupz(t)
= "E{l.2}(t) + ;":_{3__4}(f) - JrE{1,_2._3_.4}(”
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Exercise 2. Compute the reliability of a coherent system
with four components in the general case.

o T = max(min(X1, X2), min(X3, Xa))
° ﬁT(t)) = F_P](t) + F_Pz(t) - F_Plupz(t)

= F_{l.z}(t) + 'E{a._zi}(f) = F{1,_2._3,4}(t)
o Fr(t)=CR(t)R(t)11)+Cu1LFs(t)Fa(t)— R () Fa(t)Fa(t)Fa(t))
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Exercise 2. Compute the reliability of a coherent system
with four components in the general case.

o T = max(min(X1, X2), min(X3, Xa))

o Fr(t)) = Fp(t) + Fp, (t) — Frup,(t)

= F_{l.z}(t) + 'E{'a._zi}(f) = F{1,_2._3_.4}(t)
o Fr(t)=CR(t)R(t)11)+Cu1LFs(t)Fa(t)— R () Fa(t)Fa(t)Fa(t))
o Fr(t) = Q(Fi(t), Fa(t), F3(t), Fa(t)), with

Q(ur, up, uz, ug) = (ur] us, 1, 1)—|—C(1 1,us,u4) — é(u],UQ,U3.U4)
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Exercise 3. Compute the reliability of a coherent system
with four components in the IND case.
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Exercise 3. Compute the reliability of a coherent system
with four components in the IND case.

o T = max(min(X, Xz), min(X3,Xy))
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Exercise 3. Compute the reliability of a coherent system
with four components in the IND case.

o T = max(min(X, Xz), min(X3,Xy))

o Fr(t) = Q(A(1), B(t), Fs(t), Fa(1)), with

Qun, tp, us, ug) = C(un, up,1,1) + C(1,1, 03, ua) — C(wn, n, 3, ua)
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Exercise 3. Compute the reliability of a coherent system
with four components in the IND case.

o T = max(min(X, Xz), min(X3,Xy))

o Fr(t) = Q(Fi(t), Fa(t), F3(t), Fa(t)), with

Qun, p, uz, us) = Cun, up.1,1) + C(1,1, 15, ug) — C(wn, un, U3, ug)
N ane

e The component are IND, so C (Mi, M“-)"“a‘ M

Q(u1, U, U3, Uug) = Untp + UzUy — UL U U3 LY
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Exercise 4. Compute the reliability of a coherent system
with four components in the ID case.
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Exercise 4. Compute the reliability of a coherent system
with four components in the ID case.

o T = max(min(Xy,X2), min(X3, X))
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Exercise 4. Compute the reliability of a coherent system
with four components in the ID case.

o T = max(min(Xy,X2), min(X3, X))

o Fr(t) = QUF(t), F(1). F(t). F(t) = G(F (1)), with

g(u) = C(u,u.1,1)+ C(1,1,u,u) — C(u, u, u, u)
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Exercise 5. Compute the reliability of a coherent system
with four components in the |ID case.
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Exercise 5. Compute the reliability of a coherent system
with four components in the |ID case.

o T = max(min(X1, X2), min(X3, Xa))
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Exercise 5. Compute the reliability of a coherent system
with four components in the |ID case.

o T = max(min(X1, X2), min(X3, Xa))

o Fr(t) = g(F(t)),with

g(u) = C(u,u,1,1) + (1,1, u,u) — C(u, u, u, v)
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Exercise 5. Compute the reliability of a coherent system
with four components in the |ID case.

o T = max(min(X1, X2), min(X3, Xa))

o Fr(t) = g(F(t)),with
g(u) = C(u,u.1,1)+ C(1,1,u,u) — C(u, u, u, v)
e The components are |ID, so

"{1 ‘,‘e é"g, f"«

G(u) =2uv®> —uv* and a=(0,2,0,-1)
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Exercise 6. Compute the reliability of a plane with four
engines, two in each wing, that can fly if at least one engine
works in each wing.

-

T: A (wax (X4, XA , e ()(3‘)(“\>
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Exercise 6. Compute the reliability of a plane with four
engines, two in each wing, that can fly if at least one engine
works in each wing.

o T = min(max(Xy, Xz), max(Xz, Xy))
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Exercise 6. Compute the reliability of a plane with four
engines, two in each wing, that can fly if at least one engine
works in each wing.

o T = min(max(Xy, Xz), max(Xz, Xy))
THe
O O
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Exercise 6. Compute the reliability of a plane with four
engines, two in each wing, that can fly if at least one engine
works in each wing.

o T = min(max(Xy, Xz), max(Xz, Xy))
THe
O O

PL={1,3} P.={14 P={23} Pi={2,4}

e Minimal path sets
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o In the general case

Fr(t) = Fua(t) + Frap () + Fraay(t) + Foay(t) — Faas(t) -
F1343(t) — Fri2.4y(t) — Fro3ay(t) + Fri23.43(t)
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o In the general case

Fr(t) = Fruay(t) + Faay () + Frasy(t) + Foay(t) = Fra oy (t) -
F1343(t) — Fri2.4y(t) — Fro3ay(t) + Fri23.43(t)

¢ In the general case
Fr(t) = Q(Fi(t), Fa(1), F5(t), Fa(t)),

with  Q(uy, Up, U3, Ug) = C(wn, 1, , U3, 1)+ C(un,1,1, ug) +
C(l w, U3, 1)—|—C(1 ur, 1, us) — C(ul w,u3,1) — C(U],l,U3,U4)—
C(un, un, 1, us) — C(1, tn, vz, ua) + C(ur, w2, U3, ug)
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o In the general case

Fr(t) = Fruay(t) + Faay () + Frasy(t) + Foay(t) = Fra oy (t) -
F1343(t) — Fri2.4y(t) — Fro3ay(t) + Fri23.43(t)

e In the general case
Fr(t) = Q(Fi(t), Fa(1), F5(t), Fa(t)),

with  Q(uy, Up, U3, Ug) = C(wn, 1, , U3, 1)+ C(un,1,1, ug) +
C(l w, U3, 1)—|—C(1 ur, 1, us) — C(ul w,u3,1) — C(U],l,U3,U4)—
C(un, un, 1, us) — C(1, tn, vz, ua) + C(ur, w2, U3, ug)

e IND case
Fr(t) = Q(Fi(t), Fa(t), Fa(t), Fa(t)),
with  Q(ur, up, us, tg) =

U+ UUsg+ Uols+ Uoly — UplbUz — Ui U3y — U1 lslg — Up i3 Ug + Lh Uo U3 g
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e |ID case

Fr(t) = §(F(t)),

with  g(u) = C(u,1,u,1) + C(u,1,1,u) + C(1,u,u,1) + C(1,u,1,u) —
C(u,u,u,1) — C(u,1,0,u) — Cu,u,1,u) — C(1,u,u, u) + C(u u,u,u)
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e |ID case

Fr(t) = §(F(t)),

with  g(u) = C(ulu1)+€}\(u1151,u)+-q1,u,u‘1) (i(\l u) —
Cluyuu,1) — C(u, 1 u,u) — C(u,u,1,u) — C(1, u, u,u) + C(uuuu)

@ |ID case

with  g(u) = 4u? — 40 + o
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Exercise 7. Compute the minimal and maximal signatures of
a system with four components.

o T = min(max(Xy,Xz), max(X3, Xa))
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Exercise 7. Compute the minimal and maximal signatures of
a system with four components.

o T = min(max(Xy,Xz), max(X3, Xa))

o IID case
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Exercise 7. Compute the minimal and maximal signatures of
a system with four components.

Duol  syskew
o T = min(max(Xi, X2), max(X3, Xs)) T*: MQX(WV\(XLXA,W"‘(X!&]

@ |ID case
Fr(t) = §(F(1)),
with  g(u) = 4u® — 40 + o
e Minimal signature a = (0,4, —4,1)
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Exercise 7. Compute the minimal and maximal signatures of
a system with four components.

o T = min(max(Xy,Xz), max(X3, Xa))

e |ID case
Fr(t) = §(F(t)),
with  g(u) = 4u? — 403 + u*

e Minimal signature a = (0,4, —4,1)

e Maximal signature is the minimal signature of dual sistem
T= max(min( Xy, X2), min(Xs, X3)) (cfr. Exercise 5), that is
b=(0,2,0-1).
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Exercise 8. Check an arrow in the figures for the ST, HR
and LR orders of systems with [ID components.
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Exercise 8. Check an arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the arrow 16 — 6, for ST, HR and LR orders
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Exercise 8. Check an arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the arrow 16 — 6, for ST, HR and LR orders
o Tis = max(min(Xy, X2), min(X3, X)) and Tg= Xo3
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Exercise 8. Check an arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the arrow 16 — 6, for ST, HR and LR orders
o Tis = max(min(Xy, X2), min(X3, X)) and Tg= Xo3
o |ID case (cfr Ex.5 and the first |ESSOI"I)Q\6(”,”,”I‘,)

<

Q%(u‘».a,u): Gis(u) =20 —u* and  Go(u) = G3(u) = 30 — 20°
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Exercise 8. Check an arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the arrow 16 — 6, for ST, HR and LR orders
o Tis = max(min(Xy, X2), min(X3, X)) and Tg= Xo3

o |ID case (cfr Ex.5 and the first lesson)

4

Gis(u) =207 — u* and  Ge(u) = Go3(v) = 3u° — 20°

o Tig <s7 Ts <= Gue(u) < Go(u) in (0,1)

20 —u* <302 - 247 in (0,1)

2-MYSD g G A2 - MY AV AZ (2w
\‘/MG(O.A)V@‘A’) z4
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Exercise 8. Check an arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the arrow 16 — 6, for ST, HR and LR orders
o Tis = max(min(Xy, X2), min(X3, X)) and Tg= Xo3

[ID case (cfr Ex.5 and the first lesson)
4

Gis(u) =20 — u* and  Ge(u) = Go:a(u) = 30° — 24°

Tie <s7 Te <= Gie(u) < go(u) in (0,1)
20 —u* <302 - 247 in (0,1)

Ti6 <Hr Te <= @Gs(u)/Gi6(u) decreases in (0,1)
65(.'..') = 3-2
Gis(u) 2—u

e R —— SMOCS 2021 14/ 25

u ;
5 decreases in (0,1)



I——————————————.—..
q\s (W) = -ZMQ- u“ > QM) LAk - Ly 4>

R
— 3 L o - 6M-6M
Qe (n) = Ul - v Qe (M)

o Tis <ir Te <= Gs(u)/q;c(u) decreases in (0,1)

Gs(u) 6 —6u
Gro(u) 4 —4u?

decreases in (0,1)
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Exercise 9. Check a no arrow in the figures for the ST, HR
and LR orders of systems with [ID components.
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Exercise 9. Check a no arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the no arrow 16 4 5, for ST, HR and LR orders
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Exercise 9. Check a no arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the no arrow 16 4 5, for ST, HR and LR orders
e Tig = max(min(Xi, X2), min(X3, Xy)) and Ts = min(Xy,max(Xz, X3))

) Wm;'agmmf@
a:(02, - /1)

55(““-0‘“ $au -4 s
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Exercise 9. Check a no arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the no arrow 16 4 5, for ST, HR and LR orders
e Tig = max(min(Xi, X2), min(X3, Xy)) and Ts = min(Xy,max(Xz, X3))

e |ID case

4 3

Gis(u) =20 —u* and Gs(u) =2v° —u
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Exercise 9. Check a no arrow in the figures for the ST, HR
and LR orders of systems with 1ID components.

We check, for example the no arrow 16 4 5, for ST, HR and LR orders
Ti6 = max(min(Xi1, X2), min(X3, Xa)) and Ts = min(Xy,max(Xz, X3))

1ID case

L]

Gis(v) =20 — u* and Gs(u) =2u% — °

Ti6 £s1 Ts because — > A
20—t >22 - in (0,1) qe ()2 9@ “)
ab 2- 82 2 - G e V 6(0,/0

C. Cali Exercise Session #2 SMOCS 2021 16 / 25



Exercise 9. Check a no arrow in the figures for the ST, HR
and LR orders of systems with [ID components.

e We check, for example the no arrow 16 4 5, for ST, HR and LR orders
e Tig = max(min(Xi, X2), min(X3, Xy)) and Ts = min(Xy,max(Xz, X3))

e |ID case

Gis(u) =20 —u* and  Gs(u) = 2u® — o

Ti6 £sT Ts because
20> —u* > 202 —* in (0,1)

Ti6 £Hr Ts because
Gs(u) _ 2—u
él(,(u) 2— |'..|'2

- oEseay Exercise Session #2 SMOCS 2021 16 / 25
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qdv)= Lim- L u!

q;_;(»l: L M- ?DM‘Q

e T1 £1r Te because
gs(u) 4 —3u

= is not tone in (0,1
2 )~ a—ap is not monotone in (0,1)
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S
Exercise 10. Check if X; <yr X5.» holds for IND

components.

;(:4‘2, *‘:;I‘Z,
o Xi <pr Xop +— @2;2/@; is decreasing in  (0,1)°
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S
Exercise 10. Check if X; <yr X5.» holds for IND

components.
o Xi <pr Xop +— @2;2/@; is decreasing in  (0,1)°

@ IND case

(32:2(”]‘ UZ) = + Uy — thp and OE(U]_,LQ) = Ui j:/j,‘t
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S
Exercise 10. Check if X; <yr X5.» holds for IND

components.

o Xi <pr Xop +— @2;2/@; is decreasing in  (0,1)°
@ [ND case
Qo(u, )=t +w—wmw and Qi(w,wm)=u;

o Go2 _ titm—thu
o] th

is decreasing in t and increasing in u.
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S
Exercise 10. Check if X; <yr X5.» holds for IND
components.

o Xi <pr Xop +— @2;2/@; is decreasing in  (0,1)°

@ IND case

Qo(u, )=t +w—wmw and Qi(w,wm)=u;

° %—2 = w}% is decreasing in t and increasing in u.
1

° %2—2 — “H'”i% is increasing in u; and decreasing in w.
2
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Exercise 10. Check if X; <yr X5.» holds for IND

components.

Xi <yr Xop — @2;2/@; is decreasing in (0., 1)2

@ IND case
Qo(u, )=t +w—wmw and Qi(w,wm)=u;

Wttb—thth i decreasing in u; and increasing in up.

(32:2 —
@ xX22 —
o] th
o %2 — “H'”i% is increasing in u; and decreasing in w.

@
Xi <Hr X2.0 NOT hold for IND components.

SMOCS 2021 18 / 25
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Exercise 11. Check if X; <yr X5.2 holds for IND HR-ordered

components.

o [L>ur P2
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S
Exercise 11. Check if X; <yr X5.2 holds for IND HR-ordered

components.

o [L>ur P2
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S
Exercise 11. Check if X; <yr X5.2 holds for IND HR-ordered

components.

o F >nr F> A= AL
° X;i <pg Xon < H(vi,wn)= %ﬁ is decreasing in  (0,1)?

— <
Q gz (Ve 002 = Vg4 0y - Y,
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S
Exercise 11. Check if X; <yr X5.2 holds for IND HR-ordered

components.

o Fi Zur B2
° X;i <pg Xon < H(vi,wn)= %% is decreasing in  (0,1)?

e IND case

Qo2(vi,viv) = vitviv—viw and @ (vi,viv) = v, Q(vi, Vi) = v
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S
Exercise 11. Check if X; <yr X5.2 holds for IND HR-ordered

components.

o F >pr P
° X;i <pg Xon < H(vi,wn)= %% is decreasing in  (0,1)?
e IND case

@a2(vi,viv) = vi+vive—viv and Qi (v, vive) = vi, Bo(vi, vive) = viv
Ny (14 V2 Ty %)
=14+w—-—wvn = ~y

Qaa(va,vava)

e @Q1(v1,v1va)

is decreasing in v; and is increasing in v, in (0,1)?, so X; <yr Xo» NOT
holds for IND HR-ordered components.
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S
Exercise 11. Check if X; <yr X5.2 holds for IND HR-ordered

components.

o Xi <Hr Xo == H(vi,w»)= %M

?1 5 s decreasing in  (0,1)?
ViV v

e IND case

Qo2(vi,viv) = vitviv—viw and @ (vi,viv) = v, Q(vi, Vi) = v
o R2(nviwv)

@Q1(v1,v1va) ==
is decreasing in v; and is increasing in v, in (0,1)?, so X; <yr Xo» NOT
holds for IND HR-ordered components.

i (A4 V2= 3z

o L2(iviv) _ l4tn-—wviw _

Qu(v11v2) v2 - B
is decreasing in (0,1)? so Xo <ygr X2:2 holds for IND HR-ordered
components.
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Exercise 12. Check if X; <yr X5 holds for dependent
components with the Clayton copula in the slides.

o Xi <yr Xon <= @Q/Q; is decreasing in (0,1)?

/\
%4‘5&0& ocPuQCU C("'i.'u-?): /04/‘/‘2
My ity - Mg My
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Exercise 12. Check if X; <yr X5 holds for dependent
components with the Clayton copula in the slides.

o Xi <yr Xon <= @Q/Q; is decreasing in (0,1)?

e Dependent case with Clayton copula AT4.2

Qa(t, m) =t + u — (f(ul. ) and  Qi(ur, ur) = u;, thatis

L~ s
Q2:2(U1-. Uz] =+ - —.
h + U — thio
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Exercise 12. Check if X; <yr X5 holds for dependent
components with the Clayton copula in the slides.

o X; <pyr X5 — @2;2/@; is decreasing in (0 1)2

e Dependent case with Clayton copula

Qa(t, m) =t + u — C(u]. ) and  Qi(ur, ur) = u;, thatis
s

Qo )= +uy— ——.
h + U — thio

R4+2— P up— i 2 +u . . . . . .
= o e e T decreasing in u; and increasing in up.

Y Q;g 1
@ (v + s —uy )
o W HB — 2 s — g 2 41 .. N -
° %f =4 L;(u]1+i2_:‘fi2) 12 is increasing in u; and decreasing in us.
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Exercise 12. Check if X; <yr X5 holds for dependent
components with the Clayton copula in the slides.

o X; <pyr X5 — @2;2/@; is decreasing in (0 1)2

e Dependent case with Clayton copula

Qa(t, m) =t + u — C(u]. ) and  Qi(ur, ur) = u;, thatis
s

Qo )= +uy— ——.
h + U — thio

R4+2— P up— i 2 +u . . . . . .
= o e e T decreasing in u; and increasing in up.

Y Q;g 1
@ (v + s —uy )
o W HB — 2 s — g 2 41 .. N -
° %1_2 =4 L;(u]1+i2_:‘fi2) 12 is increasing in u; and decreasing in us.
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Exercise 12. Check if X; <yr X5 holds for dependent
components with the Clayton copula in the slides.

o X; <pyr X5 — @2;2/@; is decreasing in (0 1)2

e Dependent case with Clayton copula

Qa(t, m) =t + u — C(u]. ) and  Qi(ur, ur) = u;, thatis
s

o, ) = vy + up — ;
h + U — thio

P2 =P — 2+ - . . ..
sl WL i | 17271
= Rt i is decreasing in u; and increasing in u>.

L]
QE?'

o W HB — 2 s — g 2 41 .. N -
° %:2 =4 L;(u]1+i2_:‘fi2) 12 is increasing in u; and decreasing in us.

e X; <yr Xo.-2 NOT hold for dependent components with the Clayton

copula.
SMOCS 2021 20/ 25
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Exercise 13. Check an arrow in the tables and figure for the
ST and HR orders of systems with IND components.
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Exercise 13. Check an arrow in the tables and figure for the
ST and HR orders of systems with IND components.

o We check, for example the arrow 5 — 9, for ST order.
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Exercise 13. Check an arrow in the tables and figure for the
ST and HR orders of systems with IND components.

o We check, for example the arrow 5 — 9, for ST order.

ST[2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18
&2 2 2 2 2 2 2 2 2 2 ¥ 2 & 4 2 1 12
2l 1249 22 2 F 2 2 2 & 2 ' 1 2
¥ |02 1 2.1 2221 2 2 2 2 2 2 2 2 2
4£|l00 20:2 20 2 2 2 2 2 2 2 2 2 2
s(ooo2112D1 2 2 2 2 2 2 2
é6|looe o002 102 1 2 2 2 %2 2 2 2 2
7. |0 @ G 00 20 0 F 2 T 3 .3 .2 .2 2 .2
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Exercise 13. Check an arrow in the tables and figure for the
ST and HR orders of systems with IND components.

o We check, for example the arrow 5 — 9, for ST order.

ST[2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18
1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 1 1 2 2 1 2 2 1 2 2 2 2 2 2 2 2
3 0 2 1 e 1 & F 1 2 2 2 2 2 2 2 2 2
4 0O 0 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2
5 0 0 0 2 1 1 2 @ 1 2 2 2 2 2 2 2 2
6 0 0 0 0 2 1 0 2 1 2 2 2 2 2 2 2 2
T 0O 0 0 0 0 2 0 0O 2 2 2 2 2 2 2 2 2

@ The value 1 indicates that Ts <s7 T; holds for all ST ordered
components (/ denotes the row and j the column).
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o Ts = min(X3,max(X1,X2)) and Ty =X
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o Ts = min(X3,max(X1,X2)) and Ty =X

e IND case

Qs(u1, i, u3) = thus + ous — tywpus and Qo o, u3) = wp
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o Ts = min(X3,max(X1,X2)) and Ty =X

e IND case

Qs(u1, i, u3) = thus + ous — tywpus and Qo o, u3) = wp

o Q< Q if u>w>uw, so
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o Ts = min(X3,max(X1,X2)) and Ty =X

e IND case

Qs(u1, i, u3) = thus + ous — tywpus and Qo o, u3) = wp

o Q< Q if u>w>uw, so

Ts <st1 To for ST ordered component.
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e We check, for example the arrow 1 — 9, for HR order.
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e We check, for example the arrow 1 — 9, for HR order.

[ART2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
T2 2 2 2 2 2 3@ 2 2 2 2 2 2 2
7 /12 7@ 1 £ 13992 2@ 2 3 ¥ % 2 1
3 |0 21 00 : 23 2 0 3 ¥ 2 1 2
4|00 200 00 2 2 0 0 0 0 0 O
g |00 2008 23 3 0 0 31 % 1 1
6 /|0 00 0200 2 1 0 0 0 1 0 2
7|0 0 0 0 0 2 R L P - - |

- oEseay Exercise Session #2 SMOCS 2021 23/ 25



e We check, for example the arrow 1 — 9, for HR order.

[ART2 3 4 5 6 7 8 é 10 11 12 13 14 15 16
't [2 2 2 2 2 2 2 £ 2 @ o 2 2
g |2 ¢ 1 £ ¥ 2% 2 9 1 ¥ F 2 73
3|0 21 00 t 2131 2 0 1 1 2 1 2
4|0 0 2 00 00 2 2 0 0 0 0 0 0
g o @60 200 22 3 0 O 2 % 1 1
6 /0o 0o 0o 0200 2 1 0 0 0 1 0 2
7/0 0 0 0 0 2 0O - L TP e Y |

e The value 2 indicates that T; <yg T; holds for any Fi, F>, F3 (i
denotes the row and j the column).
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o Ty =Xi3=min(X1,X.X3) and To=X;
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e 71 =Xi3= min(X1 ,XQ.X3) and To =X

@ IND case

Qi (u, o, 13) = thpuz and  Qo(wy, tn, 13) = o
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e 71 =Xi3= min(X1 ,XQ.X3) and T =X

@ IND case

Qi (th,r,13) = thpus and  Qo(ur, tp, 13) = o

o Ty <ygr Tq for all F, F,, F3 because
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e 71 =Xi3= m:‘n(Xl,Xz.X3) and T =X
@ IND case

@i (1, i, 13) = thwpus and  Qo(un, tr, u3) = o
o Ty <ygr Tq for all F, F,, F3 because

Q 1
% i is decreasing in (0,1)3.
13
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Exercise 14. Check if the IFR class is preserved in a system
with four IID components.
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Exercise 14. Check if the IFR class is preserved in a system
with four IID components.

o T = max(min(xy,x2), min(xs, x4))
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Exercise 14. Check if the IFR class is preserved in a system
with four IID components.

o T = max(min(xy,x2), min(xs, x4))

e IID case (Cfr. Ex. 5)

G(u) = 2u% — u*
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Exercise 14. Check if the IFR class is preserved in a system
with four IID components.

o T = max(min(xy,x2), min(xs, x4))

e IID case (Cfr. Ex. 5)

G(u) = 2u% — u*

e Compute

oy ) 44
o(u)—ua(u) -
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Exercise 14. Check if the IFR class is preserved in a system
with four IID components.

o T = max(min(xy,x2), min(xs, x4))

e IID case (Cfr. Ex. 5)

G(v) =2 — u*

e Compute

o) = LG ) _4—ar
g(u) 2 — u?

o ofu) decreases for u € (0,1) — IFR class is preserved in system T.
D) Lo AN PWwwed ;D (FRA oM (O gRsWeL
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