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1.1 Definitions

[UNIONL_def]
F (UNIONL [1 = {}) A Vs ss. UNIONL (s::ss) = s U UNIONL ss

1.2 Theorems

[ALL_DISTINCT_RVg_def]

[ ALL_DISTINCT_RVg
[Ao; Av; Agx; As; Ay; As; Ags A7y Ag; Ag; Al pt —
All_distinct_events p
[Ag; A7; D_AND A, (D_BEFORE A3 A4);
D_AND As (D_BEFORE A, Ag);
D_OR (D_AND Ay (D_BEFORE Ag Ag))
(D_AND Ag (D_BEFORE Aigp Ag)); D_AND (D_AND Ay A1) A1 t A
rv_gtO_ninfinity
[Ao; Ai; Ao; Asz; Ay; As; As; Ar; Ag; Ag; Aol A
Vs.
ALL_DISTINCT
(MAP (MAa. a s)
[Ao; A1 As; As; Ay; As; Ag; Ary Ag; Ag; Aiol)

[ALL_DISTINCT_RVg_ind]

FVYP.
(VAO A1 A2 A3 A4 A5 A6 A7 Ag Ag A10 P t.
P [Ao; Ar; Aog; As; Asg; As; As; Ar; Ags Ag; Al p ) A
(Vug. P [1 (FST vg) (SND vg)) A
(Vvr vg. P [vy] (FST wg) (SND 2g)) A
(V’Ulg V11 V13- P [’U12; ’U11] (FST Ulg) (SND 1}13)) A
Vuig vir vie vig. P [vig; vir; viel (FST vig) (SND w19)) A
(Vg5 w24 23 Voo Uzg-
P [wes; w245 vog; w22l (FST wag) (SND w6)) A
(Vw33 w32 131 130 29 V34
P [’U33; V325 U31; V30, U29] (FST 1)34) (SND ’()34)) A
(Vvia vg1 va0 v39 v3g V37 Us3.
P [vs2; va1; va0; vsg; v3g; vsrl (FST wy3) (SND wy3)) A
(Vus2 Us1 Uso Va9 Uas Var Vse Us3-
P [us2; vs1; Uso; vag; vag; var; Usel (FST wvs3)
(SND w53)) A
(Vves Ve2 V61 Ve VUs9 Uss Ust Use Ugd -
P [ve3; Us2; Us1; Uso; Usg; Ussg; Ust; Usel (FST wes)
(S8ND ws4)) A
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(Vurs vra w73 Ur2 V71 Vro Uso Ves Usr U6 -
P [vrs; vra; vr3; Ur2; Uris Uros Ueos Uess Uetl
(FST w76) (SND w76)) A
(Vugs g7 Uge Uss Usa Ug3 g2 Us1 Usp Urg Usg -
P [vgg; wsr; vse; Uss; Us4; Us3; Us2; Usl; Ui V7ol
(FST wgg) (SND wgg)) A
(V106 v105 v104 v103 v102 v101 v100 w99 vog Vg7 Ugg Vg2
V93 v107 .
P
(106 : :v105::v104::v108::v102::v101::v100: :vgg: :
Vgg : tUg7: 1 VUgg: Vg2t Z?Jgg) (FST v107)
(SND v107)) =
Vv vy v9. P v v vy

[CAS_general_final]
FVYPA PB PS MS MA MB B_a B_d CS SS P B.

(Vs.
ALL_DISTINCT
[MA s; MS s; PA s; PB s; PS s; MB s; P s; B_d s;
B_a s; CS s; SS s]1) N (D_BEFORE B_a P = NEVER) =
(D_OR
(D_OR

(D_AND (shared_spare PA PB PS PS)
(shared_spare PB PA PS PS))
(D_OR (P_AND MS MA) (CSP MA MB)))
(WSP (FDEP (D_OR CS SS) P) (FDEP (D_OR CS SS) B_a)
(FDEP (D_OR CS S8S) B_d)) =
D_OR CS
(D_OR SS
(D_OR (D_AND MA (D_BEFORE MS MA))
(D_OR (D_AND MB (D_BEFORE MA MB))
(D_OR (D_AND B_a (D_BEFORE P B_a))
(D_OR (D_AND P (D_BEFORE B_d P))
(D_AND (D_AND PA PB) PS))M)))

[CAS_general _PROB|

FvCS S§ MA MS MB P B_a B_d PA PB PS pt f_MA f_BP f_P
f_cond_P_B f_MB_MA f_cond_MA_MB.
0 <t A prob_space p A (D_BEFORE B_a P = NEVER) A
ALL_DISTINCT_RVg
[PA; PB; PS; MS; MA; MB; CS; S§S; P; B_a; B_d]l p t A
indep_vars_setsg
[PA; PB; PS; MS; MA; MB; CS; S§S§; P; B_a; B_dl pt A
DISJOINT_WSP P B_a B_d t A
~Vz y.
cond_density lborel lborel p (As. real (B_a s))
(As. real (P s)) y f_BP f_P f_cond_P_B) A
den_gtO_ninfinity f_BP f_P f_cond_P_B A
cont_CDF p (As. real (B_d s)) A
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measurable_CDF p (As. real (B_d s)) A
~Vz y.
cond_density lborel lborel p (As. real (MB s))
(As. real (MA 8)) y f_MB_MA f_MA f_cond_MA_MB) A
den_gtO_ninfinity f_MB_MA f_MA f_cond_MA_MB N
indep_varp p (pair_measure lborel lborel)
(Az. (real (MB z),real (MA z))) lborel
Az. real (MS z)) N (Vx. f_MB_MA z # PosInf) A
cont_CDF p (As. real (MS s)) A
measurable_CDF p (As. real (MS s)) =
(prob p
(DFT_event p
(D_OR
(D_OR
(D_AND (shared_spare PA PB PS PS)
(shared_spare PB PA PS PS))
(D_OR (P_AND MS MA) (CSP MA MB)))
(WSP (FDEP (D_OR CS SS) P)
(FDEP (D_OR CS SS) B_a)
(FDEP (D_OR CS SS) B_d))) t) =
CDF p (As. real (CS s)) t + CDF p (As. real (SS s)) ¢t +
pos_fn_integral lborel
My.
f_MA y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) +
pos_fn_integral lborel
My.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_MA_MB y z)) +
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < wu A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y X
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) +
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t x
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t -
CDF p (As. real (CS s)) t X
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pos_fn_integral lborel
A\y.
f_MA y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) -
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y x)) -
CDF p (As. real (CS s)) t X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u <t} y x f_P y x
pos_fn_integral lborel
(\z.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < ¢t} y X
CDF p (\s. real (B_d s)) y))) -
CDF p (As. real (CS s)) t x CDF p (As. real (PA s)) t X
CDF p (As. real (PB s)) t x CDF p (As. real (PS s)) t -
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
M\y.
f_MA y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) -
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y z)) -
CDF p (As. real (SS s)) t x
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A uw < ¢t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < ¢} z X
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f_cond_P_B y x)) +
pos_fn_integral lborel
\y.

f_P y X

(indicator_fn {u | 0 < u A uw < t} y X

CDF p (As. real (B_d s)) y))) -
CDF p (As. real (SS s)) t x CDF p (As. real (PA s)) t X
CDF p (As. real (PB s)) t x CDF p (As. real (PS s)) t -
pos_fn_integral lborel

\y.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y x X
indicator_fn {2z’ | y < 2’ A 2’ < ¢} 2)) -
pos_fn_integral lborel
My.
f_MA y x

(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +
pos_fn_integral lborel
My
f_P y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) -
pos_fn_integral lborel
Ay.
f_MA y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y z)) X
(pos_fn_integral lborel
A\y.
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indicator_fn {u | 0 < u A u <t} y x f_P y x
pos_fn_integral lborel
(\z.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < ¢t} y X
CDF p (As. real (B_d s)) y))) -
pos_fn_integral lborel
A\y.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_MA_MB y x)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
(\z.
indicator_fn {w | y < w A w < ¢t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < ¢t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t x CDF p (As. real (SS s)) t X
pos_fn_integral lborel
A\y.
f_MA y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u < t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y z)) +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t x
(pos_fn_integral lborel




Theorems CAS_GENERAL THEORY

\y.
indicator_fn {u | 0 < u A u < t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
My.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2z’ | y < 2’ A 2’ < ¢} z)) +
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
\y.
f_MA y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) X
(pos_fn_integral lborel
My.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az,
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) +
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
My.
f_MA y x
(indicator_fn {u | 0 < u A uw < ¢t} y X
CDF p (As. real (MS s)) y)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
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CDF p (As. real (CS s)) t X
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
focond_MA_MB y x)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
[Py X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) +
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_MA_MB y x)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t x
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
\y.
f_MA y x CDF p (\s. real (MS s)) y X
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indicator_fn {y' | 0 < ¢ Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y x X
indicator_fn {z’' | y < 2’ A2’ <t} 2)) +
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
Ay.
f_MA y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) +
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
\y.
f_MA y X
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
My.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Mz.
indicator_fn {w | y < w A w < t} = X
focond_MA_MB y x)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < wu A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x
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(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) v))) +
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u < t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y x)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (SS s)) t x
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y 1)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
pos_fn_integral lborel
\y.
f_MA y x CDF p (As. real (MS s)) y
indicator_fn {y' | 0 < ¢ Ay < ¢t} y X
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {z’ | y < 2’ Az’ < t} 2)) X
(pos_fn_integral lborel
\y.

X

indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < ¢} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < ¢t} y X
CDF p (\s. real (B_d s)) y))) +
pos_fn_integral lborel
\y.

10



Theorems CAS_GENERAL THEORY

f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y' | 0 < ¢ Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2z’ | y < 2’ A 2’ < ¢} 2)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
pos_fn_integral lborel
\y.
f_MA y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) X
(pos_fn_integral lborel
M\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y xz)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) 3))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
pos_fn_integral lborel
My.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y x)) X
(pos_fn_integral lborel
My.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) 3))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X

11
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pos_fn_integral lborel
A\y.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y' | 0 < ¢ Ay < ¢t} y X
pos_fn_integral lborel
Az.
f_cond_MA_MB y x X
indicator_fn {z’ | y < 2’ Az’ < t} 2)) -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
\y.
f_MA y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y))
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u <t} y X f_P y x
pos_fn_integral lborel
\z.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
M\y.
f_P y x
(indicator_fn {u | 0 < u A u < ¢t} y X
CDF p (As. real (B_d s)) y))) -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
\y.
f_MA y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t x
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u < t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y x)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +

X

12
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pos_fn_integral lborel
\y.
f_P y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
Ay.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
focond_MA_MB y x)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t x
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) 3))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
My.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y | 0 < ¢ Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2z’ | y < 2’ A 2’ < ¢t} 2)) X
(pos_fn_integral lborel
M\y.
indicator_fn {u | 0 < wu A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x

13
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(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s8)) y))) -
CDF p (As. real (CS s)) t x
pos_fn_integral lborel
\y.
f_MA y x CDF p (\s. real (MS s)) y X
indicator_fn {y' | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
(\z.
f_cond_MA_MB y z X
indicator_fn {2z’ | y < 2’ A 2’ < ¢} 2)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t X
pos_fn_integral lborel
\y.
f_MA y X
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y))
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
\z.
indicator_fn {w | y < w A w < ¢t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < ¢t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t x
pos_fn_integral lborel
A\y.
indicator_fn {u | 0 < w A u < t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_MA_MB y z)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y X f_P y x
pos_fn_integral lborel
(\z.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel

X

14
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\y.
f-Py x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) x
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (SS s)) t X
pos_fn_integral lborel
Ay.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y' | 0 < ¢ Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2’ | y < 2’ A 2’ < t} 2)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y X
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) -
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
Ay.
f_MA y x CDF p (\s. real (MS s)) y X
indicator_fn {y' | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y = X
indicator_fn {7’ | y < 2’ A 2’ < t} z)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (SS s)) t X
pos_fn_integral lborel
Ay.
f_MA y X
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (MS s)) y)) X
(pos_fn_integral lborel
My
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.

15
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indicator_fn {w | y < w A w < ¢} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_MA y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_MA_MB y x)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < ¢} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (B_d s)) y))) x
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
pos_fn_integral lborel
\y.
f_MA y x CDF p (As. real (MS s)) y
indicator_fn {y' | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {z' | y < 2’ A 2’ < t} 2)) X
(pos_fn_integral lborel
My
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
(Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x

X

16
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(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t x
pos_fn_integral lborel
My.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y | 0 < ¢y’ Ay < t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2’ | y < 2’ A 2’ < t} 2)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az,
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
My.
f_MA y x CDF p (As. real (MS s)) y X
indicator_fn {y | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2z’ | y < 2’ A 2’ < ¢t} 2)) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t x
pos_fn_integral lborel
My.
f_MA y x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (As. real (MS s)) y))
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} = X
f_cond_P_B y x)) +

X

17
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pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u < t} y x f_MA y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_MA_MB y x)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y x f_P y x
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (CS s)) t x
pos_fn_integral lborel
\y.
f_MA y x CDF p (\s. real (MS s)) y X
indicator_fn {y' | 0 < ¢y Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2z’ | y < 2’ A 2’ < t} 2)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y x f_P y x
pos_fn_integral lborel
(Az.
indicator_fn {w | y < w A w < ¢} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f_P y x
(indicator_fn {u | 0 < u A uw < t} y X

18
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CDF p (As. real (B_d s)) 3))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t +
CDF p (As. real (SS s)) t x
pos_fn_integral lborel
\y.
f_MA y x CDF p (\s. real (MS s)) y X
indicator_fn {y | 0 < ¢ Ay <t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2’ | y < 2’ A 2’ < ¢t} 2)) X
(pos_fn_integral lborel
Ny
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < ¢} z X
f_cond_P_B y z)) +
pos_fn_integral lborel
\y.
f-Py X
(indicator_fn {u | 0 < u A u < t} y X
CDF p (As. real (B_d s)) 3))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) t -
CDF p (As. real (CS s)) t x CDF p (As. real (5SS s)) t X
pos_fn_integral lborel
My.
f_MA y x CDF p (As. real (MS s)) y x
indicator_fn {¢' | 0 < ¢ Ay < t} y x
pos_fn_integral lborel
Az.
f_cond_MA_MB y z X
indicator_fn {2’ | y < 2’ A 2’ < t} 2)) X
(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < w A u <t} y x f_P y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_cond_P_B y x)) +
pos_fn_integral lborel
\y.
f_P y X
(indicator_fn {u | 0 < u A w < ¢t} y X
CDF p (As. real (B_d s)) y))) X
CDF p (As. real (PA s)) t x CDF p (As. real (PB s)) t X
CDF p (As. real (PS s)) 1)
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[CAS_general_reduced]
F VYPA PB PS MS MA MB B_a B_d CS SS P B.

(Vs.
ALL_DISTINCT
[MA s; MS s; PA s; PB s; PS s; MB s; P s; B_d s;
B_a s; CS s; SS s1) A (D_BEFORE B_a P = NEVER) =
(D_OR
(D_OR

(D_AND (shared_spare PA PB PS PS)
(shared_spare PB PA PS PS))

(D_OR (P_AND MS MA) (CSP MA MB)))

(wsP (FDEP (D_OR CS SS) P) (FDEP (D_OR CS SS) B_a)
(FDEP (D_OR CS SS) B_d)) =

D_OR

(D_OR
(D_OR (D_OR CS SS) (D_OR (P_AND MS MA) (CSP MA MB)))
(WSP P B_a B_d)) (D_AND (D_AND PA PB) PS))

[CAS_general UNION_LIST]

FVYPA PB PS MS MA MB CS SS P B_a B_d p t.
DFT_event p
(D_OR CS
(D_OR SS
(D_OR (D_AND MA (D_BEFORE MS MA))
(D_OR (D_AND MB (D_BEFORE MA MB))
(D_OR (D_AND B_a (D_BEFORE P B_a))
(D_OR (D_AND P (D_BEFORE B_d P))
(D_AND (D_AND PA PB) PSY)))))) t =
union_1list
[DFT_event p CS t; DFT_event p SS t;
DFT_event p (D_AND MA (D_BEFORE MS MA)) t;
DFT_event p (D_AND MB (D_BEFORE MA MB)) t;
DFT_event p
(D_OR (D_AND B_a (D_BEFORE P B_a))
(D_AND P (D_BEFORE B_d P))) t;
DFT_event p (D_AND (D_AND PA PB) PS) t]

[CAS_TE1]

FVYT P B_a B_d.
(D_BEFORE B_a P = NEVER) =
(WSP (D.OR T P) (D.OR T B_a) (D.OR T B_d) =
DOR T (WSP P B_a B_d))

[CSP_def2]
FVX Y. CSPY X =D_AND X (D_BEFORE Y X)

[IN_REST]
FVz s. £ € REST s <= 1z € s A ¢ # CHOICE s

20
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[IN_UNIONL]
F V! ov. v € UNIONL [ < ds. MEM s I AN v € s

[indep_vars_setsg_def]

I indep_vars_setsg
[Ao; A1; Ao; Asz; Ay; As; Ass Az Ag; Ags Aol pt —
random_variable (As. real (Ag s)) p borel A
random_variable (As. real (A5 s)) p borel A
indep_vars p (Ai. lborel)

(\i.
if 7 =0 then (\s. real (Ay s))
else if i = 1 then (\s. real (A4; s))
else if 7 = 2 then (\s. real (Ay s))
else if i = 3 then (As. real (A3 s))
else if i = 4 then (\s. real (44 s))
else if i = 5 then (\s. real (44 s))
else if i = 6 then (\s. real (A; s))
else if i = 7 then (\s. real (Ag s))
else (As. real (Aig 8))) {0; 1; 2; 3; 4; 5; 6; 7; 8} A

indep_sets p

(\i.

{if i = 0 then

PREIMAGE (As. real (4g s)) {u | uw < t} N p_space p
else if i = 1 then
PREIMAGE (As. real (4; s)) {u | uw < t} N p_space p
else if i = 2 then
PREIMAGE (As. real (4s s)) {u | uw < t} N p_space p
else if i = 3 then DFT_event p (CSP Ay As) t
else if i = 4 then DFT_event p (WSP Ag Ag A1g) t
else if 1 = 5 then
PREIMAGE (A\s. real (4g s)) {u | uw < t} N p_space p
else
PREIMAGE (As. real (A7 s)) {u | w < t} N p_space p})
{0; 1; 2; 3; 4; 5; 6} A
indep_sets p
(Ai.
{if ¢ = 0 then
PREIMAGE (As. real (4g s)) {u | uw < t} N p_space p
else if ¢ = 1 then
PREIMAGE (As. real (4; s)) {u | uw < t} N p_space p
else if 1 = 2 then
PREIMAGE (As. real (4y s)) {u | uw < t} N p_space p
else if i = 3 then
PREIMAGE (As. (real (As s),real (A4 s)))
{w,w) | v <wAO0O<wAw<t} N p_space p
else if i = 4 then DFT_event p (WSP Ag Ag A1) t
else if 1 = 5 then
PREIMAGE (As. real (4g s)) {u | uw < t} N p_space p
else
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PREIMAGE (As. real (Ay
{0; 1; 2; 3; 4; 5; 6} A
indep_sets p
(Ai.
{if ¢ = 0 then
PREIMAGE (As. real (Ap
else if i = 1 then
PREIMAGE (As. real (A,
else if i = 2 then
PREIMAGE (\s. real (Aq
else if i = 3 then
PREIMAGE (\s.

(real (As

{Cu,w) l uw <w A0 < wAw

DFT_event p (CSP A, As)

else if i = 4 then DFT_event p (WSP Ag

else if i = 5 then
PREIMAGE (As. real (A4g
else

PREIMAGE (As. real (Ay
{0; 1; 2; 3; 4; 5; 6}

[indep_vars_setsg_ind)|

FVYP.

$)) {u | w <t} N p_space p})
$)) {u | w <t} N p_space p
$)) {u | w <t} N p_space p
$)) {u |l uw <t} N p_space p
s),real (A4 $)))

< t} N p_space p N
t Ag Ag) t
$)) {u | w <t} N p_space p
$)) {u | uw <t} N p_space p})

(VAO A1 A2 A3 A4 A5 Aﬁ A7 Ag Ag AlO P t.

P [Ag; Ay; Az Az; Ay
(Vuvg. P [1 (FST vg) (SND w4))
(Vv; vg. P [vr] (FST wg) (SND

As; Ag; Ar; Ag; Ag; Aol p 1) A
A
vg)) A

(Vvio vi1 viz. P [vie; w11l (FST wi3) (SND v13)) A

Ulﬁ] (FST 1)19) (SND 1)19)) A

Uog; Uog; ool (FST wo6) (SND wy6)) A

(FST w34) (SND w34)) A

v37] (FST w43) (SND w43)) A

Vuig vir vie vig- P [vig; vi7;
(Vg5 24 23 Voo Vg

P [vos;
(V33 v32 131 U30 V29 V34-

P [vs3; w325 wv31; w305 Vool
(Vvga w41 V40 U39 U3g V37 3.

P [va2; va1s vao; U395 vsss
(Vusa Us1 Uso Va9 Vag Va7 Vse U3 -

P [vso; vs15 Uso; vag; 48;

(SND wvs53)) A
(V3 Us2 Us1 Uso Usg Usg Usy
P [vs3; vs2; Us1; Uso;
(SND 1}64)) A
(Vurs vra w73 Ur2 Ur1 Vro Usg e
P [vrs; vra; vr3; Vr2; Vr1;
(FST wzg) (SND wzg)) A
(Vusg U7 Use Uss Usa Usa Uga 81
P [ugg; ws7; Uses U853 Usds
(FST wgg) (SND wgg)) A
Vo106 v105 vi104 v103 v102 vl
V93 v107 .

Use
Us9 ;

V475 Uge] (FST ws3)

V64 -
Usg; Us7; Usel (FST Ugs)

Ve7 V76 -
V705 Ve9; Vs Uerl

Vg0 Urg TR -
Ug3; Ug2; Ug1; Ugo; Urgl

01 v100 Vgg Vgg Vg7 Ugg V92
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P
(w106 ::v105::v104::v103::v102: :v101::v100: :vgg: :
Ugg t 1Ug7::Ugg: t Uga: :Ug3) (FST vw107)
(SND w107)) =
Vv v1 v9. P v v o

[PAND_CSP_event|

FVYX Y Zpt.
rv_gtO_ninfinity [X; Y; Z] A
(Vs. ALL_DISTINCT [X s; Y s; Z s]) =
(DFT_event p
(D_AND (D_AND X (D_BEFORE Z Y)) (D_BEFORE Y X)) ¢t =
{s

< ZsNZs<YsNO<YsANYs< X sA
s < Normal t} N p_space p)
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