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1 SENplus Theory

Built: 07 June 2019
Parent Theories: DRBD

1.1 Definitions

[DISJOINT3_def]

F VL Ly Ls.

DISJOINT3 L; Ly Lz

DISJOINT L; Ls A DISJOINT L, L3 A DISJOINT Ly Ls
[event_set1_def]

FVX i V. event_setl (X,i) Y = (\j. if j = i then X else Y )

[event_set2_def]

FVX) 6 Xo i Y.
event_set2 (Xi,%) (X2,7) Y =
event_setl X; i; (event_setl X5 i Y)

[ind_set_def]
F VA. ind_set A = (\i. EL i A)

[SEN_set_req_def]

SEN_set_req p [y Lo L A J X <—
Ly # {} A Ly # {} A FINITE L; A FINITE Ly A
(V1. | € BIGUNION_o_BIGUNION L A J = X | € events p) A
indep_sets p (Ai. {X ¢}) (BIGUNION_o_BIGUNION L 4 J) A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)

{0; 1; 2; 3}

[UNIONL_def]

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

1.2 Theorems

[event_set_def]

F (Vi Y Xi. event_set [(Xi,%)] Y = event_setl (Xi,71) Y) A
V’Ug (%4 il Y Xl.
event_set ((Xy,#)::vp::1g) Y =
event_setl (Xi,7;) (event_set (wy::ug) Y)




SENPLUS THEORY Theorems

[event_set_ind)|

FVP.
VX4 Y. P [(X,i0] V) A
(VXl ’il vy Vg Y. P (’U7Z:’Ug) Y = P ((Xl,il)::wzzvg) Y) A\
Vo, P[0 w) =
Yo vy. P vy

[extreal _sub_sub2]

FVYab.
a # PosInf A a # NegInf A b # PosInf A b # Neglnf =
(a - (a-b) =0

[IN_REST]
FVz s. z € REST s < 1z € s A © # CHOICE s

[IN_UNIONL]
FV!lwv. v € UNIONL [ <= ds. MEM s | A v € s

[normal_real_mull]

FVYabdc.
a # PosInf A a # NegInf A b # PosInf A b # Neglnf =
(Normal (real a X real b X ¢) = a X b x Normal c)

[normal_real_mul2]

FVYabcd.
a # PosInf A a # NegInf A b # PosInf A b # Neglnf =
(Normal (real a X ¢ X d X real b) =
a X b x Normal (¢ x d))

[normal_real_mul3]

FVYabd c.
a # PosInf A a # NegInf A b # PosInf A b # Neglnf =
(Normal (real a X ¢ X real b) = a X b x Normal c¢)

PROB_DRBD_SEN_plus
p

FVp XY Zt Ly Ly L AJ.
Li # {} A Ly # {} A FINITE L; A FINITE Ly A
vvlI.
| € BIGUNION_o_BIGUNION L A J =
event_set
[(DRBD_event p Y t,0); (DRBD_event p Z t,3)] X | €
events p) A
indep_sets p
(M.
{event_set
[(DRBD_event p Y t,0); (DRBD_event p Z t,3)] X
i}) (BIGUNION_o_BIGUNION L A J) A
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disjoint_family_on (ind_set [{0}; Ly; Lo; {3}1)
{0; 1; 2; 3} A (J ={0; 1; 2 A
(A = ind_set [{0}; {1; 2}; {3} A
(L = ind_set [{0}; Ly; Lo; {3}1) =
(prob p
(DRBD_series
(\j.
DRBD_parallel
(\a.
DRBD_series
(\i.
event_set
[(DRBD_event p Y t,0);
(DRBD_event p Z t,3)] X 1)
(L a)) (Aj) J) =
prob p (DRBD_event p Y t) X prob p (DRBD_event p Z t) X
a -
(1 - Normal (product L; (Al. real (prob p (X 1))))) X
(1 - Normal (product Lo (Al. real (prob p (X 1D))))))

[PROB_DRBD_SEN_plus_lemi]

Li # {} A Ly # {} A FINITE L, A FINITE Ly A
(VI. | € BIGUNION_o_BIGUNION L A J = X [ € events p) A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION L A4 J) A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)
{0; 1; 25 3} A (J ={0; 1; 2}) A
(A = ind_set [{0}; {1; 2}; {3} A
(L = ind_set [{0}; Ly; Lo; {3}1) =
(prob p
(DRBD_series
(Aj. DRBD_parallel (Aa. DRBD_series X (L a)) (A4 j))
J) =
prob p (X 0) X prob p (X 3) X
a -
(1 - Normal (product L; (Al. real (prob p (X 1))))) x
(1 - Normal (product Ly (Al. real (prob p (X 1D))))))

[PROB_DRBD_SEN_plus_rel]

FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ls L A J.
SEN_set_req p L; Lo (ind_set [{0}; Li; Lo; {3}1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set
[(DRBD_event p (R_WSP Y Ys_a Ys_d) t,0);
(DRBD_event p (R_WSP Z Zs_a Zs_d) t,3)]
(rv_to_event p X t)) =
(prob p
(DRBD_series
(Aj.
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DRBD_parallel
(Aa.
DRBD_series
(i
event_set
[(DRBD_event p
(R.WSP Y Ys_a Ys_d) t,0);
(DRBD_event p
(R_WSP Z Zs_a Zs_d) t,3)]
(rv_to_event p X t) 1)
(ind_set [{0}; L1; Lo; {3}] a))
(ind_set [{0}; {1; 2}; {3}] 7)) {0; 1; 2}) =
Rel p (R_LWSP Y Ys_a Ys_d) t x
Rel p (R_LWSP Z Zs_a Zs_d) t X
1 -
(1 - Normal (product L; (Al. real (Rel p (X DD #)))) X
(1 - Normal (product Ls (Al. real (Rel p (X DD ))))))

[PROB_DRBD_SEN_plus_rel_lemn)]

FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ly L A J.
Ly # {} A Ly # {} A FINITE L; A FINITE Ly A
1.
| € BIGUNION_o_BIGUNION L A J =
event_set
[(DRBD_event p (R_WSP Y Ys_a Ys_d) t¢,0);
(DRBD_event p (R_WSP Z Zs_a Zs_d) t,3)] X | €
events p) A
indep_sets p
(\i.
{event_set
[(DRBD_event p (R_WSP Y Ys_a Ys_d) t,0);
(DRBD_event p (R_WSP Z Zs_a Zs_d) ¢,3)] X i})
(BIGUNION_o_BIGUNION L A J) A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)
{0; 1; 2; 3} A (J ={0; 1; 2} A
(A = ind_set [{0}; {1; 2}; {3} A
(L = ind_set [{0}; Ly; Lo; {3}1) =
(prob p
(DRBD_series
(Aj.
DRBD_parallel
\a.
DRBD_series
(i
event_set
[(DRBD_event p
(R.WSP Y Ys_a Ys_d) t,0);
(DRBD_event p
(R_WSP Z Zs_a Zs_d) t,3)]
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X i) (La)) (Aj) J) =
Rel p (R_LWSP Y Ys_a Ys_d) t x
Rel p (R_WSP Z Zs_a Zs_d) t X
a -
(1 - Normal (product L; (Al. real (prob p (X 0))))) X
(1 - Normal (product Ly (Al. real (prob p (X 1)))))))

[real_mul_real]

F Va b.
a # PosInf A a # NegInf A b # PosInf A b # Neglnf =
(real a x real b = real (a X b))

[Rel_DRBD_SEN_plus|

FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ls.
SEN_set_req p L; Lo (ind_set [{0}; Li; Lo; {3}1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set
[(DRBD_event p (R_.WSP Y Ys_a Ys_d) t,0);
(DRBD_event p (R_WSP Z Zs_a Zs_d) t,3)]
(rv_to_event p X t)) =
(prob p
(DRBD_event p
(nR_AND
(\i.
if i =0 then R_.WSP Y Ys_a Ys_d
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X Lo)
else R_ZWSP Z Zs_a Zs_d) {0; 1; 2}) ¢) =
Rel p (R_LWSP Y Ys_a Ys_d) t x
Rel p (R_WSP Z Zs_a Zs_d) t x
a -
(1 - Normal (product L; (A[l. real (Rel p (X D) t)))) X
(1 - Normal (product Ls (Al. real (Rel p (X 1D ©))))))

[Rel_DRBD_SEN_plusi]

FVp XY Ys_a Ys_d Z Zs_a Zs_d t L1 Ly f_y f_z f_condY f_condZ
f_ysy f_zsz.
SEN_set_req p L1 Ly (ind_set [{0}; Li; Lo; {3}1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set
[(DRBD_event p (R_WSP Y Ys_a Ys_d) t,0);
(DRBD_event p (R_WSP Z Zs_a Zs_d) t,3)]
(rv_to_event p X t)) A prob_space p A
(Vs.
ALL_DISTINCT
[Ys_a s; Ys_d s; Y s; Zs_a s; Zs_d s; Z s1) N
DISJOINT_WSP Y Ys_a Ys_d t N DISJOINT_WSP Z Zs_a Zs_d t A
rv_gtO_ninfinity [Ys_a; Ys_d; Y; Zs_a; Zs_d; Z1 N0 <t A
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MVy.
cond_density lborel lborel p (real o Ys_a)
(real o Y) y f_ysy f_y f_condY) A
den_gtO_ninfinity f_ysy f_y f_condY A
indep_var p lborel (real o Ys_d) lborel (real o Y) A
cont_CDF p (real o Ys_d) A
measurable_CDF p (real o Ys_d) A
V2.
cond_density lborel lborel p (real o Zs_a)
(real o Z) z f_zsz f_z f_condZ) A
den_gtO_ninfinity f_zsz f_z f_condZ A
indep_var p lborel (real o Zs_d) lborel (real o Z) A
cont_CDF p (real o Zs_d) N measurable_CDF p (real o Zs_d) =
(prob p
(DRBD_event p
(nR_AND
(Ai.
if i =0 then R_LWSP Y Ys_a Ys_d
else if ¢ = 1 then
R_OR (mnR_AND X L;) (nR_AND X L)
else R_.WSP Z Zs_a Zs_d) {0; 1; 2}) ©) =
(1 -
(pos_fn_integral lborel
\My.
indicator_fn {u | 0 < u A u < ¢t} y x f_y y X
pos_fn_integral lborel
\z.
indicator_fn {w | y < w A w < ¢t} z X
f_condY y x)) +
pos_fn_integral lborel

Ay.
fyy x
(indicator_fn {u | 0 < u A uw < t} y X
CDF p (real o Ys_d) y)))) X
a -
(pos_fn_integral lborel
\y.

indicator_fn {u | 0 < w A u < t} y X f_z y X
pos_fn_integral lborel
AOz.
indicator_fn {w | y < w A w < t} z X
f_condZ y x)) +
pos_fn_integral lborel
\y.
f_z y X
(indicator_fn {u | 0 < u A u < ¢} y X
CDF p (real o Zs_d) y)))) x
a -
(1 - Normal (product L; (Al. real (Rel p (X D) £)))) X
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(1 - Normal (product Lo (A[l. real (Rel p (X DD £))))))

[SEN_nR_AND]
FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ls.

DISJOINT3 {0; 3} Ly Ly A FINITE L; A FINITE L, A
Ly Z{} N L #{} =
(DRBD_event p
(nR_AND
(M.
if i =0 then R_LWSP Y Ys_a Ys_d
else if ¢ = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else R.WSP Z Zs_a Zs_d) {0; 1; 2}) t =
DRBD_series
(A\j7.
DRBD_parallel
\a.
DRBD_series
(Ae.
event_set
[(DRBD_event p
(R.WSP Y Ys_a Ys_d) t,0);
(DRBD_event p
(R_WSP Z Zs_a Zs_d) t,3)]
(rv_to_event p X t) 1)
(ind_set [{0}; L1; L2; {3}] a))
(ind_set [{0}; {1; 2}; {3}1 7)) {0; 1; 2})
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