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1 SEN Theory

Built: 04 November 2019
Parent Theories: DFT_DRBD

1.1 Definitions
[biginter_def]

F VY s. biginter Y s

BIGINTER {Y ¢ | i € s}

[bigunion_def]

F VY s. bigunion Y s

BIGUNION {Y i | ¢ € s}

[DISJOINT3_def]

VL Ly Ls.
DISJOINT3 Ly Ly Ly <
DISJOINT L; L, A DISJOINT L; Ls; A DISJOINT L, Lj

[event_set1_def]

FVX i V. event_setl (X,i) Y = (\j. if j = i then X else Y 5)

[event_set2_def]

- VXl il XQ ’ig Y.
event_set2 (Xi,7) (X5,i) Y =
event_setl X; i; (event_setl X5 i Y)

[ind_set_def]

F VA. ind_set A = (A7. EL i A)

[rv_to_devent_def]

FVp X t. rv_to_devent p X ¢t = (Ai. DFT_event p (X i) t)

[SEN_broad_set_req_def]

FVp L1 Ly Ls L A J X.
SEN_broad_set_req p Ly Ls Ls L A J X +—
L # {} A Ly # {} A FINITE L; A FINITE Ly A Ls # {} A
FINITE L3 A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION L A J) A
disjoint_family_on (ind_set [{0}; Ly; Lo; Lsl)
{0; 1; 2; 3}
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[SEN_network_set_req_def]
FVp L1 Ly Ly Ly L LL A J X.
SEN_network_set_req p Ly Ls L3 Ly L LL A J X <—
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
Ls # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
~ij.
1€ LNjELNI#F =
DISJOINT {2 X i; 2 x 4+ 1} {2 x j; 2 x j+1}) A
(Vi. ¢ € L = DISJOINT {2 x 4; 2 x ¢ + 1} {0; 1; 2; 3; 4}) A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION LL A J) A
disjoint_family_on
(ind_set
({0}; Lis La; Lz; La;
{2xdilieLlyu{2xi+1]ielL}ll
{0; 1; 2; 3; 4; 5}
[SEN_set_req_def]
FVp Ly Ly L A J X.
SEN_set_req p In Lo L A J X <—
Li # {} A Ly # {} A FINITE L; A FINITE L, A
(V1. | € BIGUNION_o_BIGUNION L A J = X [ € events p) A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION L A J) A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)
{0; 1; 2; 3}
[UNIONL_def]
F (UNIONL [] = {}) A Vs ss. UNIONL (s::ss) = s U UNIONL ss

1.2 Theorems

[BIGINTER_4_sets|
F Va b c d. BIGINTER {a; b; ¢; d} =anbnecnd

[BIGUNION_3_sets|
F V2 y z. BIGUNION {z; y; 2} =2 U y U z

[BIGUNION_4_sets]
FVYa b c d. BIGUNION {a; b; ¢; d} =a UbUcUd

[bigunion_biginter_bigunion_lemn)]
FVX s L Aj.
biginter
(Aj.
bigunion
(Aa. biginter (Al. bigunion X (s 1)) (L a))
(A5 {j} =
bigunion (Aa. biginter (A!. bigunion X (s D) (L a))
4 5
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[DISJOINT_def _2]

F Vs ¢t. DISJOINT s ¢t < Va. a € s = a ¢ t

[DISJOINT_NUM|

FVabcd.
a#cANa#dANb#cANb#d= DISIOINT {a; b} {c; d}

[DRBD_parallel_bigunion]
F VY s. DRBD_parallel Y s = bigunion Y s

[DRBD_series_biginter]

F VY s. DRBD_series Y s = biginter Y s

[dSEN_n_0OR]

FVp Y Ys_a Ys_d Z Zs_a Zs_d X L1 Lo t.
FINITE L; A FINITE L, A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)
{0; 1; 2; 3} =
(DFT_event p
(n_OR
(MAP
(Ai.
if i =0 then WSP Y Ys_a Ys_d
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST L1)))
(n_OR (MAP X (SET_TO_LIST Ls)))
else WSP Z Zs_a Zs_d)
(SET_TO_LIST {0; 1; 2}P)) ¢ =
bigunion
Aj.
biginter
(Aa.
bigunion
(M.
event_set
[(DFT_event p (WSP Y Ys_a Ys_d) t,
0;
(DFT_event p (WSP Z Zs_a Zs_d) t,
3)] (rv_to_devent p X t) 1)
(ind_set [{0}; Li; Lo; {3}1 a))
(ind_set [{0}; {1; 2}; {3}1 7)) {0; 1; 2}

[dSEN_n_OR_BIGUNION]

FVp Y Ys_a Ys_d Z Zs_a Zs_d X Ly Ly t.
FINITE Ly A FINITE L; A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)
{0; 1; 2; 3} =
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(DFT_event p
(n_OR
(MAP
(Mi.
if i =0 then WSP Y Ys_a Ys_d
else if ¢ = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST L1)))
(n_OR (MAP X (SET_TO_LIST Ls)))
else WSP 7 Zs_a Zs_d)
(SET_TO_LIST {0; 1; 2P)) ¢t =
BIGUNION
{BIGINTER
{BIGUNION
{event_set
[(DFT_event p (WSP Y Ys_a Ys_d) t,0);
(DFT_event p (WSP Z Zs_a Zs_d) t,3)]
(rv_to_devent p X t) 4 |
i € ind_set [{0}; Li; Lo; {3}1 a} |
a € ind_set [{0}; {1; 2}; {3} 4} |
j € {0; 1; 2} H

[event_set_def]

F (Vip Y Xi. event_set [(Xi,4)] Y
V’Ug (%rd ’il Y Xl.
event_set ((Xi,#)::vr:i:) Y =
event_setl (Xi,7) (event_set (vy::1g) Y)

event_setl (Xi,71) Y) A

[event_set_ind]

FVYP.
VWX 9 Y. P [(X1,2)] Y) A
VX, 4 v7 g Y. P (upiig) Y = P ((Xy,51)::vp::08) YY) A
(VU4. P [] 1}4) =
Yo vy. P v vy

[extreal_sub_sub2]

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

[FINITE_3|

FYa b c. FINITE {a; b; c}

[FINITE_4]
F VYa b ¢ d. FINITE {a; b; c¢; d}

[FINITE_PAIR]
F Vs t. FINITE {s; t}
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[IMAGE_EQ
FYX Y J. Vi i€ J = (Y i=X i) = (IMAGE Y J = IMAGE X .J)

[IMAGE_EQ2]
FVY X A J.
(Va. a € BIGUNION {A j | j € J} = (Y a = X a)) =
(IMAGE (Aj. BIGINTER (IMAGE (Mi. X i) (4 7)) J =
IMAGE (Aj. BIGINTER (IMAGE (A:i. Y 1) (A4 5))) J)
[IN_REST]
FVz s. 2 € REST s < =z € s A © # CHOICE s

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

[n_AND_BIGINTER]

FVp X ts.
FINITE s A s #{} A0 < t =
(DFT_event p (n_AND (MAP X (SET_TO_LIST s))) t
BIGINTER {rv_to_devent p X ¢t i | i € s})

[n_AND_BIGINTER_lem]

FVp X ts.
FINITE s =
0<t=
(DFT_event p (n_AND (MAP X (SET_TO_LIST s))) ¢
BIGINTER {rv_to_devent p X ¢t i | ¢ € s} N p_space p)

[n_AND_n_OR_BIGINTER_BIGUNION]

FVp X tJs.

(Vj. j € J = FINITE (s j)) AFINITE J AO < t A J # {} =
(DFT_event p

(n_AND

(MAP (Aj. n_OR (MAP X (SET_TO_LIST (s 7))))
(SET_TO_LIST J))) t =

BIGINTER

{BIGUNION {rv_to_devent p X t i | i € sj} | j € J}D)

[n_AND_n_OR_BIGINTER_lem1]
FVp X tiis.
FINITE s ANO < tAs#{} =
(DFT_event p
(n_AND
(MAP (Ai. n_OR (MAP X (SET_TO_LIST (i 4))))
(SET_TO_LIST s))) t =
BIGINTER
{rv_to_devent p
(Xi. n_OR (MAP X (SET_TO_LIST (ii 1)))) t i
i € s}
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[n_OR_AND_OR_BIGUNION_INTER_UNION]

FVp Xt LA.J.
FINITE J A (Vi. ¢ € J = FINITE (A i) AN A1 # {} A
(Vi. ¢ € BIGUNION {A j | j € J} = FINITE (L i)) A0 < t =
(DFT_event p

(n_OR
(MAP
(Ag.
n_AND
(MAP
(Ai. n_OR (MAP X (SET_TO_LIST (L 4))))
(SET_TO_LIST (A 5)))) (SET_TO_LIST J)))
t =
BIGUNION
{BIGINTER
{BIGUNION {rv_to_devent p X t i | i € La} | a € Aj} |
jeJp
[n_OR_BIGUNION}
FVp X ts.
FINITE s =

(DFT_event p (n_OR (MAP X (SET_TO_LIST s))) t =
BIGUNION {rv_to_devent p X ¢t ¢ | i € s})

[n_OR_n_AND_BIGUNION_BIGINTER|
FVvp Xt Js.

(Vj. j€J = FINITE (s j) A s j # {}) AFINITEJ A0 < t =

(DFT_event p
(n_OR
(MAP (A\j. n_AND (MAP X (SET_TO_LIST (s 7))))
(SET_TO_LIST J))) t =
BIGUNION
{BIGINTER {rv_to_devent p X t i | 1 € sj} | j € J}D

[normal_real_mulil]

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

[normal_real_mul2]

FVabcd.
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|

FVa b 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)
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[PROB_bigunion_biginter_bigunion_lem1]

FVp X s L Aj.
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION s L (A j)) A
sets_finite_not_empty s L 4 {j} =

(prob p
(biginter
(Aj.
bigunion
(Aa. biginter (Al. bigunion X (s 1)) (L a))
A {ip =
1 -
Normal
(product (A4 j)
Ma.
real
a -
Normal
(product (L a)
(Al
real
a -
Normal
(product (s 1)

(\i.
real

(1 = prob p (X DIINMIIN

[PROB_bigunion_biginter_bigunion_lem2]

FVp X s L Aj.
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION s L (A 7)) A
sets_finite_not_empty s L 4 {j} =

(prob p
(bigunion (Aa. biginter (A!l. bigunion X (s D) (L a))
(4 7)) =
1 -
Normal
(product (A4 j)
\a.
real
a -
Normal
(product (L a)
(.
real
a -
Normal
(product (s [)

(M.
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real

(1 - prob p (X HNDNIMNN)
[PROB_DFT_SEN_plus]

FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ls.
0<tA
SEN_set_req p L; Lo (ind_set [{0}; Li; Lo; {3}1)

(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(\i.

event_set
[(DFT_event p (WSP Y Ys_a Ys_d) t,0);

(DFT_event p (WSP Z Zs_a Zs_d) t,3)]
(rv_to_devent p X ) 1) A

Vi. v+ € L1 U Ly = rv_gtO_ninfinity [X {]) =

(prob p
(DFT_event p
(n_OR
(MAP
(\i.
if i =0 then WSP Y Ys_a Ys_d
else if 7 = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST IL1)))
(n_OR (MAP X (SET_TO_LIST L3)))
else WSP Z Zs_a Zs_d)
(SET_TO_LIST {0; 1; 2}))) t) =
1 -
(1 - prob p (DFT_event p (WSP Y Ys_a Ys_d) t)) X
(Normal
a -
a -
product L; (Ai. real (1 - CDF p (real o X ) 1))) X
a -

product Ls (Aé. real (1 - CDF p (real o X 4) t)))) X
(1 - prob p (DFT_event p (WSP Z Zs_a Zs_d) t))))

[PROB_DFT_SEN_plus_broadcast]
FVp XY Ysa Ysd t Ly Ly Ls.

0<tAN Vi. 1 € L1 ULy, ULy = rv_gtO_ninfinity [X i]) A
SEN_broad_set_req p L1 Ly L3 (ind_set [{0}; Ly; Lo; Lsl)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set [(DFT_event p (WSP Y VYsa Ysd) t,0)]
(rv_to_devent p X t)) =
(prob p
(DFT_event p
(n_OR
(MAP
(Aj.
n_AND
(MAP
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(Ai.
n_OR
(MAP
(M.
if i = 0 then
WSP Y Ysa Ysd
else X 1)
(SET_TO_LIST
(ind_set
[{O}, Ll; LQ; L3] Z))))
(SET_TO_LIST

(ind_set [{0}; {1; 2}; {3}] 7))
(SET_TO_LIST {0; 1; 2P)) ) =

1 -
(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) X
(Normal
a -
a -
product L; (Ai. real (1 - CDF p (real o X ) t))) X
a -
product Ly (Ai. real (1 - CDF p (real o X ) t)))) X
Normal

(product Lz (Ai. real (1 - CDF p (real o X ) ¢)))))

[PROB_DFT_SEN_plus_broadcast_final]

FVp XY Ysa Ysd t Ly Ly Ls.

SEN_broad_set_req p Ly Ly L3 (ind_set [{0}; Ly; Lo; Ls1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set [(DFT_event p (WSP Y VYsa Ysd) t,0)]

(rv_to_devent p X t)) AN 0 < t A

Vi. i € L1 U Ly U Ly = rv_gtO_ninfinity [X i]) =

(prob p
(DFT_event p

(n_OR
(MAP

(M.
if i =0 then WSP Y Ysa Ysd
else if i = 1 then

D_AND (n_OR (MAP X (SET_TO_LIST L1)))
(n_OR (MAP X (SET_TO_LIST Ls)))

else n_OR (MAP X (SET_TO_LIST L3)))

(SET_TO_LIST {0; 1; 2}))) &) =

1 -

(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) X

(Normal

a -
a -

product L; (Ai. real (1 - CDF p (real o X i) t))) X
a -
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product Ls (Ai. real (1 - CDF p (real o X ) t)))) X
Normal

(product Ls (MAi. real (1 - CDF p (real o X 4) t)))))

[PROB_DFT_SEN_plus_broadcast_lem1]
l_vaLl L2L3SLA]
Li # {} ALy # {} ALy # {} A FINITE L; A FINITE Ly A
FINITE L3 A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION s L A) A
disjoint_family_on (ind_set [{0}; Ly; Lo; L3l)
{0; 1; 2; 3} A (4 ={0; 1; 21 A
(L = ind_set [{0}; {1; 2}; {3} A
(s = ind_set [{0}; Li; Lo; L3]) =
(prob p
(bigunion (Aa. biginter (A![. bigunion X (s [)) (L a))
(i. A ) =
1 -
(1 - prob p (X 0)) x
(Normal
a -
(1 - product Ly (Ai. real (1 - prob p (X 4)))) X
(1 - product Lo (Ai. real (1 - prob p (X 4))))) x
Normal (product L3z (M. real (1 - prob p (X 4))))))

[PROB_DFT_SEN_plus_broadcast_lem2]

FVp XY Ys_a Ys_dt L1 Ly Ls.
0 < ¢t A FINITE L; A FINITE Ly A FINITE L3 A Ly # {} A
Ly #{} NLs #{} A
MWi. 1 € L1 U Ly U Ly = rv_gtO_ninfinity [X 1) A
indep_sets p (A\i. {rv_to_devent p X ¢ i})
(BIGUNION_o_BIGUNION (ind_set [{0}; Li; Lo; Lsl)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}) A
disjoint_family_on (ind_set [{0}; Ly; Lo; Lsl)
{0; 1; 2; 3} =

(prob p
(DFT_event p
(n_OR
(MAP

(Aj.

n_AND

(MAP

i
n_OR
(MAP X
(SET_TO_LIST

(ind_set
[{0}, Ll; LQ; Lg] Z))))
(SET_TO_LIST
(ind_set [{0}; {1; 2}; {3}] 50N

10
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(SET_TO_LIST {0; 1; 21))) ) =
1 -
(1 - prob p (rv_to_devent p X ¢ 0)) X
(Normal
a -
a -
product L; (Ai. real (1 - CDF p (real o X i) t))) X
a -
product Ls (Ai. real (1 - CDF p (real o X @) t)))) X
Normal

(product L3 (Ai. real (1 - CDF p (real o X i) £)))))

[PROB_DFT_SEN_plus_lemi]
FVp X L1 Ly s L Aj.
Ly # {} A Ly # {} A FINITE L; A FINITE Ly A
indep_sets p (Ai. {X ¢}) (BIGUNION_o_BIGUNION s L A) A
disjoint_family_on (ind_set [{0}; Li; Lo; {3}1)
{0; 1; 2; 3} A (4 ={0; 1; 2}) A
(L = ind_set [{0}; {1; 2}; {3}1) A
(s = ind_set [{0}; Li; Lo; {3}1) =
(prob p
(bigunion (Aa. biginter (A[. bigunion X (s 1)) (L a))
(i, A ) =
1 -
(1 - prob p (X 0)) x
(Normal
a -
(1 - product L; (A\i. real (1 - prob p (X )))) x
(1 - product Ly (Ai. real (1 - prob p (X i))))) X
(1 - prob p (X 3)))

[PROB_DFT_SEN_plus_lem2]

FVp XY Ys_a Ys_.d Z Zs_a Zs_d t Ly Ls.
0 <t AFINITE Ly A FINITE Ly A Ly # {} A Ly # {} A
indep_sets p (Ai. {rv_to_devent p X t i})
(BIGUNION_o_BIGUNION (ind_set [{0}; Li; Lo; {3}1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}) A
disjoint_family_on (ind_set [{0}; L1; Lo; {3}1)
{0; 1; 2; 3} =

(prob p
(DFT_event p
(n_OR
(MAP

(A\j7.

n_AND

(MAP

(Ai.
n_OR
(MAP X

11
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(SET_TO_LIST
(ind_set
({0}; Li; La; {3}]
i))))
(SET_TO_LIST

(ind_set [{0}; {1; 2}; {3}1 /0N
(SET_TO_LIST {0; 1; 2}))) t) =

1 -
(1 - prob p (rv_to_devent p X ¢ 0)) X
(Normal
a -
a1 -
product L;
(Ai. real (1 - prob p (rv_to_devent p X ¢ i)))) X
a -
product Lo

(Ai. real (1 - prob p (rv_to_devent p X t i))))) X
(1 - prob p (rv_to_devent p X t 3))))

[PROB_DFT_SEN_plus_lem3]
FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ls.
0<tA
SEN_set_req p Ly Lo (ind_set [{0}; Li; Lo; {3}1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}

(A
event_set
[(DFT_event p (WSP Y Ys_a Ys_d) t,0);
(DFT_event p (WSP Z Zs_a Zs_d) t,3)]
(rv_to_devent p X t) i) =
(prob p
(DFT_event p
(n_OR
(MAP
(Ai.
if i =0 then WSP Y Ys_a Ys_d
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST L1)))
(n_OR (MAP X (SET_TO_LIST ILs)))
else WSP 7 Zs_a Zs_d)
(SET_TO_LIST {0; 1; 2}))) t) =
1 -
a -
prob p
(rv_to_devent p
(M.
if i =0 then WSP Y Ys_a Ys_d
else if i = 3 then WSP Z Zs_a Zs_d
else X 9) ¢t 0)) x
(Normal

12
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a -
a -
product IL;
(i
real
a -
prob p
(rv_to_devent p
i
if 7 =0then WSP Y Ys_a Ys_d
else if i = 3 then
WSP Z Zs_a Zs_d
else X ) ¢t i)))) X
a -
product Lo
(i
real
a -
prob p
(rv_to_devent p
(i
if i =0 then WSP Y Ys_a Ys_d
else if i = 3 then
WSP Z Zs_a Zs_d
else X ) t i))))) X
a -
prob p
(rv_to_devent p
(\i.

if i =0 then WSP Y Ys_a Ys_d
else if 1 = 3 then WSP Z Zs_a Zs_d
else X 1) ¢t 3))))

[PROB_DRBD_SEN_network|

vaL1L2L3L4LXYt
SEN_network_set_req p Ly Ly L Ly L

(\i.
if ie{2xiliel}U{2xi+1] i€ L} then
{i}
else ind_set [{0}; Li; Lo; Lg; L4l )
(\j.

if j € Lthen {2 x j; 2 x j + 1}

else ind_set [{0}; {1}; {}; {2; 3}; {4}1
({0; 1; 3; 4} U D)
(event_set [(DRBD_event p Y ¢,0)] (rv_to_event p X t)) =

(prob p

(DRBD_event p

(nR_AND

(Ai.

13
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if i =0 then Y

else if i = 1 then nR_AND X I,

else if i = 3 then

R_OR (nR_AND X L5) (nR_AND X Lj3)
else if i = 4 then nR_AND X I,
else R_.OR (X (2 x ) (X (2 x ¢+ 1))
({0; 1; 3; 4} U LD ) =
Rel p Y t X
Normal (product L; (Al. real (Rel p (X 1) £))) X
a -
(1 - Normal (product Lo (Al. real (Rel p (X D) #)))) X
(1 - Normal (product Lz (Al. real (Rel p (X 1) ))))) x
Normal (product Ls (Al. real (Rel p (X I) t))) X
Normal
(product L
(\j.
1 -
real
((1 -Rel p (X (2 x j)) ) X
(I -Rel p (X (2 x5+ 1)) NN

[PROB_DRBD_SEN_network_one_spare]

FVp Ly Ly Ly Ly L X Y Ysa Ysd t.
SEN_network_set_req p L1 Lo L3 Ly L

(Ai.
if i e {2 xdilieliuUu{2xi+1]|ie€lL} then
{i}
else ind_set [{O}, Ll; L2; L3; L4:| Z)
.

if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {25 3}; {4}1 D
({0; 1; 3; 4} U L)
(event_set [(DRBD_event p (R_WSP Y Ysa Ysd) t,0)]
(rv_to_event p X t)) =
(prob p
(DRBD_event p
(nR_AND
(M.
if i =0 then R_WSP Y Ysa Ysd
else if i = 1 then nR_AND X I,
else if i = 3 then
R_OR (nR_AND X L5) (nR_AND X Lj3)
else if i = 4 then nR_AND X I,
else R_.OR (X (2 x ) (X (2 x ¢+ 1))
({0; 1; 3; 4} U L) t) =
Rel p (R_LWSP Y Ysa Ysd) t x
Normal (product L; (Al. real (Rel p (X 1) £))) X
a -
(1 - Normal (product L (Al. real (Rel p (X 1) t)))) X

14
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(1 - Normal (product Lz (Al. real (Rel p (X D) ¢))))) X
Normal (product Lg (Al. real (Rel p (X 1) t))) X
Normal
(product L
(Aj.
1 -
real
((1 - Rel p (X (2 x 7)) t) X
(1 -Rel p (X (2 xJ+1)) HNN

[PROB_DRBD_SEN_network_spares)|

I—VpL1L2L3L4LXYYsa Ysd t.
SEN_network_set_req p L1 Lo L3 Ly L

(\i.
if ie{2xiliel}U{2xi+1]|ie€ L} then
{i}
else ind_set [{O}, Ll; Lg; L3; L4] ’L)
(Aj.

if j € Lthen {2 x j; 2 x j +1}
else ind_set [{O0}; {1}; {}; {2; 3}; {4}1 D
({05 1; 3; 4} U L)
(event_set
[(DRBD_event p (R_WSP (Y 0) (Ysa 0) (Ysd 0)) t,0)]
(rv_to_event p X 1)) A
Vi. i € Ly = (X ¢ =R_WSP (Y 4) (Ysa i) (Ysd 1))) =
(prob p
(DRBD_event p
(nR_AND
i
if + =0 then R_WSP (Y 0) (Ysa 0) (Ysd 0)
else if 7 = 1 then nR_AND X I,
else if i = 3 then
R_OR (nR_AND X L5) (nR_AND X Lg3)
else if i = 4 then nR_AND X [,
else R_.OR (X (2 x 4)) (X (2 x ¢ + 1))
({0; 1; 3; 4y U L) B =
Normal
(product ({0} U L;)
(MAl. real (Rel p (R_WSP (Y [) (Ysa 1) (Ysd 1)) )))
a -
(1 - Normal (product Ls (Al. real (Rel p (X D) ©)))) X
(1 - Normal (product L3z (Al. real (Rel p (X DD £))))) x
Normal (product Ls (Al. real (Rel p (X D) £))) X
Normal
(product L
(\j.
1 -
real
((1 -Rel p (X (2 x j)) t) X

X

15
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(1 -Rel p (X (2 x 3+ 1)) )N

[PROB_DRBD_SEN_plus]

FVp XY Zt Ly Ly L AJ.
Li # {} A Ly # {} A FINITE L, A FINITE Ly A
1.
| € 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
(\i.
{event_set
[(DRBD_event p Y ¢,0); (DRBD_event p Z t,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}; Li; 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)) (A7) 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 1)))))))

[PROB_DRBD_SEN_plus_broadcast)|

FVp X Y t Ly Ly Ly L A J.

Ly #{} N Ly # {} N Ly # {} A FINITE L; A FINITE Ly A
FINITE L3 A
indep_sets p (M\i. {event_set [(DRBD_event p Y ¢,00]1 X ¢})

(BIGUNION_o_BIGUNION L A J) A
disjoint_family_on (ind_set [{0}; Li; Lo; Lsl)

{0; 1; 25 3} A (J ={0; 1; 2}) A
(A = ind_set [{0}; {1; 2}; {3}1) A
(L = ind_set [{0}; Ly; La; Ls3]) =
(prob p

(DRBD_series

(\j.
DRBD_parallel

16
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(Aa.
DRBD_series
OXE
event_set [(DRBD_event p Y ¢,0)]

X i) (La)) (Aj) )=
prob p (DRBD_event p Y t) X

Normal (product Lz (Al. real (prob p (X 1)))) x

(1 -
(1 - Normal (product L; (Al. real (prob p (X 1))))) x
(1 - Normal (product Lo (Al. real (prob p (X 1)))))))

[PROB_DRBD_SEN_plus_broadcast_leml]
FVp X Ly Ly Ly L A J.
L # {} A Ly # {} A FINITE L; A FINITE L, A FINITE Lg A
Ly # {} A
indep_sets p (Ai. {X ¢}) (BIGUNION_o_BIGUNION L A J) A
disjoint_family_on (ind_set [{0}; Li; Lo; L3])
{0; 1; 2; 3} A (J ={0; 1; 2}) A
(A = ind_set [{0}; {1; 2}; {3}1) A
(L = ind_set [{0}; Ly; Lo; L3]) =
(prob p
(DRBD_series
(\j. DRBD_parallel (Aa. DRBD_series X (L a)) (A 7))
J) =
prob p (X 0) x
Normal (product Lz (Al. real (prob p (X D))) X
a -
(1 - Normal (product L; (Al. real (prob p (X 1))))) x
(1 - Normal (product Ly (Al. real (prob p (X 1)))))))

[PROB_DRBD_SEN_plus_broadcast_rel_lem

FVp XY Ys_a Ys_dt Ly Ly Ls L A J.
L, # {} AN Ly # {} A L3y # {} A FINITE L; A FINITE Lo, A
FINITE L3 A
indep_sets p
(\i.
{event_set
[(DRBD_event p (R_WSP Y Ys_a Ys_d) ¢,00)] X i})
(BIGUNION_o_BIGUNION L A J) A
disjoint_family_on (ind_set [{0}; Ly; La; Lsl)
{0; 1; 2; 3} A (J ={0; 1; 2}) A
(A = ind_set [{0}; {1; 2}; {3}]) A
(L = ind_set [{0}; Ly; Lo; Ls3]) =
(prob p
(DRBD_series
\j.
DRBD_parallel
\a.
DRBD_series

17
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(Mi.
event_set
[(DRBD_event p
(RWSP Y Ys_a Ys_d) t,0)]
X i) (L a) (Ap) )=
Rel p (R.WSP Y Ys_a Ys_d) t X
Normal (product L3z (Al. real (prob p (X 0)))) x
1 -
(1 - Normal (product L; (Al. real (prob p (X 1))))) x
(1 - Normal (product Lo (Al. real (prob p (X 1)))))))

[PROB_DRBD_SEN_plus_leml]

FVp X Ly Ly L A J.
Li # {} A Ly # {} A FINITE L; A FINITE L, 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} A (J ={0; 1; 2}) A
(A = ind_set [{0}; {1; 2}; {3}1) A
(L = ind_set [{0}; Li; Lo; {3}1) =
(prob p
(DRBD_series

(\j. DRBD_parallel (Aa. DRBD_series X (L a)) (A 7))

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 Lo (Al. real (prob p (X 1)))))))

[PROB_DRBD_SEN_plus_rel]

FVp XY Ys_a Ys_dt Ly Ly Ly L A J.
SEN_broad_set_req p Ly Ly L3 (ind_set [{0}; Ly; Lo; Lsl)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set [(DRBD_event p (R_WSP Y Ys_a Ys_d) t,0)]
(rv_to_event p X 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)]
(rv_to_event p X t) 1)
(ind_set [{0}; Li; Lo; L3l a))
(ind_set [{0}; {1; 2}; {3}1 7)) {0; 1; 2}) =
Rel p (R.LWSP Y VYs_a Ys_d) t x

18
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Normal (product L3z (Al. real (Rel p (X 1) 1)) X

a -
(1 - Normal (product L; (Al. real (Rel p (X 1) £)))) X
(1 - Normal (product Ls (Al. real (Rel p (X D) ©))))))

[PROB_DRBD_SEN_plus_rel_lem|
FVp XY Ys_a Ys_d Z Zs_a Zs_d t Ly La L A J.
L # {} A Ly # {} A FINITE L; A FINITE Ly A
i.
[ € 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
(A1
{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
(\j.
DRBD_parallel
Na.
DRBD_series
(\i.
event_set
[(DRBD_event p
(R.WSP Y Ys_a Ys_d) t,0);
(DRBD_event p
(R.WWSP Z Zs_a Zs_d) t,3)]
X i) (La)) (Aj)) J)=
Rel p (R_LWSP Y Ys_a Ys_d) t x
Rel p (R_LWSP Z Zs_a Zs_d) t X
a -
(1 - Normal (product L; (Al. real (prob p (X 1))))) X
(1 - Normal (product Ly (Al. real (prob p (X 1)))))))

[PROB_n_AND]
FVp X ts.
FINITE s A s # {} A0 <t A
indep_sets p (Ai. {rv_to_devent p X t i}) s =
(prob p (DFT_event p (n_AND (MAP X (SET_TO_LIST s))) t) =

Normal
(product s (M. real (prob p (rv_to_devent p X t 9)))))




SEN THEORY

Theorems

[PROB_n_AND_CDF]

FVp X ts.
FINITE s A s # {} A0 <t A
indep_sets p (\i. {rv_to_devent p X t i}) s A
(Vi. 1 € s = rv_gtO_ninfinity [X i]) =
(prob p (DFT_event p (n_AND (MAP X (SET_TO_LIST s))) t) =
Normal (product s (Ai. real (CDF p (real o X %) £))))

[PROB_n_OR|

FVp X ts.
indep_sets p (Ai. {rv_to_devent p X t i}) s A s # {} A
FINITE s =
(prob p (DFT_event p (n_OR (MAP X (SET_TO_LIST s))) t) =
1 -
Normal
(product s
(Ai. real (1 - prob p (rv_to_devent p X t i)))))

[PROB_n_OR_CDF’

FVp X ts.
s # {} A FINITE s A
indep_sets p (Ai. {rv_to_devent p X t i}) s A
(Vi. i € s = rv_gtO_ninfinity [X 1) =
(prob p (DFT_event p (n_OR (MAP X (SET_TO_LIST s))) t) =
1 -
Normal (product s (A¢. real (1 - CDF p (real o X ) t))))

[PROB_SEN_network_DFT_lem1]

vaLl LQ L3 L4LXtLLAJ
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
Ls # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
Vi j.
i1 € LANjeLANi#j=
DISJOINT {2 x 4; 2 x i + 1} {2 x j; 2 x j +1}) A
(Vi. i € L = DISJOINT {2 x 4; 2 x ¢ + 1} {0; 1; 2; 3; 4} A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION LL A J) A
disjoint_family_on
(ind_set
({0}; Li; Lo; Ls; La;
{2xilielu{2xi+11]ielL}
{0; 1; 2; 3; 4; 5} A (J ={0; 1; 3; 4} U L) A

(A4 =
.
if j € Lthen {2 x j; 2 x j +1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 70 A
(LL =
(A1

20
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if ie{2xiliel}U{2xi+1]|i¢€lL} then

{i}
else ind_set [{0}; Li; Lo; L3; L4 ) =
(prob p
(bigunion (Aj. biginter (Aa. bigunion X (LL a)) (A j))
J) =

1 -
(1 - prob p (X 0)) x
Normal (product L; (Al. real (1 - prob p (X 1)))) X
a -
(1 - Normal (product L (Al. real (1 - prob p (X 0))))) X
(1 - Normal (product Lz (Al. real (1 - prob p (X D))))) X
Normal (product Lg (Al. real (1 - prob p (X [)))) x
Normal
(product L
(Aj.
1 -
real
(prob p (X (2 x 7)) x prob p (X (2 x 7 + 1))))))

[PROB_SEN_network_DFT_lem2]

HFVp Ly Ly Ly Ly L X Y ¢t LL A J.
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE Ls A
Ly # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
i j.
it e LANjeELNI#F =
DISJOINT {2 X i; 2 x 4+ 1} {2 x j; 2 x j+1}) A
(Vi. ¢ € L = DISJOINT {2 x 4; 2 x ¢ + 1} {0; 1; 2; 3; 4}) A
indep_sets p
(\i.
{event_set [(DFT_event p Y ¢,0)]
(rv_to_devent p X ¢) i})
(BIGUNION_o_BIGUNION LL A J) A
disjoint_family_on
(ind_set
({0}; Li; La; Ls; La;
{2xilieLl}u{2xi+11]ie€lL}D
{0; 1; 2; 3; 4; 5} A (J ={0; 1; 3; 4} U L) A

(A =
(\j.
if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 7)) A
(LL =
(\i.
if ie{2xilieLl}u{2xi+1]| i€ L} then
(i}
else ind_set [{0}; Ly; Lo; L3; L4l 0)) =
(prob p
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(bigunion
(A7,
biginter
\a.
bigunion
(A3
event_set [(DFT_event p Y ¢,0)]
(rv_to_devent p X t) i)
(i,
if
1 €
{2xilielLl}uU
{2xi+114€elL}
then
{i}
else
ind_set [{0}; Li; Lo; L3; L4l
i) a))
(g
if j € Lthen {2 x j; 2 x j + 1}
else
ind_set [{0}; {1}; {}; {2; 3}; {4}]
7 7)) ({0; 1; 3; 4} U L)) =
1 -
(1 - prob p (DFT_event p Y t)) X
Normal
(product L,
(Al. real (1 - prob p (rv_to_devent p X ¢ 1)))) X
a -
a -
Normal
(product Lo
(Al. real (1 - prob p (rv_to_devent p X t 1D)))) X
a1 -
Normal
(product L3
(Al. real (1 - prob p (rv_to_devent p X t 1)))))) X
Normal
(product Ly
(Al. real (1 - prob p (rv_to_devent p X t [)))) X
Normal
(product L
(A7,
1 -
real

(prob p (rv_to_devent p X ¢t (2 x j)) X
prob p (rv_to_devent p X t (2 x 5 + 1))))))

[PROB_SEN_network_DFT_lem3]

22



Theorems SEN THEORY

FVp Ly Ls Ls Ly L X Y Ysa Ysd t.
SEN_network_set_req p Ly Ly L3 Ly L

(\i.
if iec{2xdilieliu{2xi+1]|i¢€clL} then
(i}
else ind_set [{0}; Li; Lo; Ls; L4l )
(\j.

if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 »
({0; 1; 3; 4} U L)
(Ai.
event_set [(DFT_event p (WSP Y Ysa Ysd) t¢,0)]
(rv_to_devent p X t) @) A

Vi.
1 €
L1UL2UL3UL4U{2Xi|i€L}U
{2xi+11iel} =
rv_gtO_ninfinity [X 4]) =
(prob p
(bigunion
(M.
biginter
(\a.
bigunion
(Ai.
event_set
[(DFT_event p (WSP Y VYsa Ysd)
t,0)] (rv_to_devent p X t)
i)
((Ai.
if
1 €
{2xilielL}uU
{2 xi+11ie€lL}
then
{i}
else
ind_set [{0}; Li; Lo; Ls; L4l
i) a))
((Ag.
if j € Lthen {2 x j; 2 x j + 1}
else
ind_set [{0}; {1}; {}; {2; 3}; {4}]
7)) ({05 1; 3; 4y U L)) =
1_
(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) X
Normal
(product L; (Al. real (1 - CDF p (real o X 1) ©))) X
a -
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a -
Normal
(product Ly (Al. real (1 - CDF p (real o X [) ¢)))) x
a -
Normal
(product L3 (Al. real (1 - CDF p (real o X ) £))))) X
Normal
(product Ly (A[. real (1 - CDF p (real o X ) t))) X
Normal
(product L
(A\jg.
1 -
real

(CDF p (real o X (2 x j)) t X
CDF p (real o X (2 x 7 + 1)) £))))

[PROB_SEN_network_leml|

FVp Ly Lo Ly Ly L X t LL A J.
FINITE Ly A L1 # {} A FINITE Ly A Ly # {} A FINITE L3 A
Ls # {} AN FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
Vi j.
1 € LANjeLANI#j=
DISJOINT {2 X i; 2 x 4+ 1} {2 X j; 2 x j+1}) A
(Vi. ¢ € L = DISJOINT {2 x i; 2 x i + 1} {0; 1; 2; 3; 4} A
indep_sets p (Ai. {X i}) (BIGUNION_o_BIGUNION LL A J) A
disjoint_family_on
(ind_set
({0}; Li; Lo; Ls; La;
{2xiliel}u{2xi+1]|ielL}D
{0; 1; 2; 3; 4; 5} A (J ={0; 1; 3; 4} U L) A

(A =
(Aj.
if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}] 7)) A
(LL =
(M.
if ie{2xiliel}U{2xi+1]|i¢€ L} then
{1}
else ind_set [{0}; Li; Lo; Lz; Lyl 1)) =
(prob p

(DRBD_series

(Aj. DRBD_parallel (Aa. DRBD_series X (LL a)) (A j))
J) =
prob p (X 0) x
Normal (product L; (Al. real (prob p (X D)))) X
(1 -
(1 - Normal (product Ly (Al. real (prob p (X 1))))) x
(1 - Normal (product Lz (Al. real (prob p (X 1)))))) X
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Normal (product Lg (Al. real (prob p (X 1)))) x
Normal
(product L
(\jg.
1 -
real
((1 - prob p (X (2 x 7))) X
(1 = prob p (X (2 x 5+ DN

[PROB_SEN_network_lem2]

FVp Ly Ls Ly Ly L X Y t.
SEN_network_set_req p Ly Ly L Ly L

(1.
if iec{2xilieliuUu{2xi+1]|i¢€clL} then
{i}
else ind_set [{0}; Li; Lo; Lg; L4l )
(Aj.

if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 »
({0; 1; 3; 4} U L)
(event_set [(DRBD_event p Y ¢,0)] (rv_to_event p X 1)) =
(prob p
(DRBD_series
(M\j.
DRBD_parallel
\a.
DRBD_series
(Ai.
event_set [(DRBD_event p Y ¢,0)]
(rv_to_event p X t) 1)
(1.

then
{i}
else
ind_set [{0}, Ll; Lg; Lg; L4]
i) a))
((\a.
if a € Lthen {2 x a; 2 x a + 1}
else
ind_set [{0}; {1}; {}; {2; 3}; {4}]
a) j)) ({0; 1; 3; 4} U L)) =
prob p (DRBD_event p Y t) X
Normal
(product L; (Al. real (prob p (rv_to_event p X t 1D))) X
a -
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(1 -
Normal
(product Lo
(Al. real (prob p (rv_to_event p X ¢ 1D)))) X
a1 -
Normal
(product Lg
(Al. real (prob p (rv_to_event p X ¢t 1D))))) X
Normal
(product Ly (Al. real (prob p (rv_to_event p X ¢t [)))) X
Normal
(product L
(A7,
1 -
real
((1 - prob p (rv_to_event p X ¢ (2 x j))) X
(1 - prob p (rv_to_event p X ¢t (2 x j + 1)))))))

[PROB_SEN_plus_network_DFT]

FVp Ly Lo Ls Ly L X Y Ysa Ysd t.
SEN_network_set_req p Ly Ly L3 Ly L

(\i.
if ie{2xiliel}U{2xi+1]| €L} then
{i}
else ind_set [{0}; Li; Lo; Ls; L4] )
(\j.

if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 D
({0; 1; 3; 4} U L)
(Ai.
event_set [(DFT_event p (WSP Y Ysa Ysd) t,0)]
(rv_to_devent p X t) i) A
vVi.
1 €
L1UL2UL3UL4U{2Xi|iEL}U
{2xi+11|i€elL} =
rv_gtO_ninfinity [X ¢]1) =
(prob p
(DFT_event p
(n_OR
(MAP
(i
if i =0 then WSP Y Ysa Ysd
else if 7 = 1 then
n_OR (MAP X (SET_TO_LIST L;))
else if i = 3 then
D_AND (n_OR (MAP X (SET_TO_LIST L3)))
(n_OR (MAP X (SET_TO_LIST L3)))
else if i = 4 then
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n_OR (MAP X (SET_TO_LIST Ly))
else D_AND (X (2 x %)) (X (2 x 7 + 1)))
(SET_TO_LIST ({0; 1; 3; 4} U L)) &) =
1 -
(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) X
Normal
(product L; (Al. real (1 - CDF p (real o X ) #))) X
a -
a -
Normal
(product Ly (Al. real (1 - CDF p (real o X D) t)))) X
1 -
Normal
(product Ls (Al. real (1 - CDF p (real o X [) t))))) X
Normal
(product Ly (Al. real (1 - CDF p (real o X ) ©))) X
Normal
(product L
(Aj.
1 -
real
(CDF p (real o X (2 x j)) t X
CDF p (real o X (2 x 7 + 1)) ©))))

[PROB_SEN_plus_network_DFT_spares]

FVp Ly Lo Ls Ly L X Y Ysa Ysd t.
SEN_network_set_req p Ly Lo Ls Ly L

(i
if ie{2xiliel}U{2xi+1]| e L} then
{i)
else ind_set [{0}; Li; Lo; Ls; L4] )
(\j.

if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {25 3}; {4}1 »
({0; 1; 3; 4} U D)

(i
event_set
[(DFT_event p (WSP (Y 0) (Ysa 0) (Ysd 0)) ¢,0)]
(rv_to_devent p X t) @) A
Vi.
1 €

Ly ULy ULy ULy U{2xil|ielL} U
{2xi+1liel} =
rv_gtO_ninfinity [X 1) A
Vi. i€ Ly = (X ¢ =WSP (Y 4) (Ysa i) (Ysd i))) =
(prob p
(DFT_event p
(n_OR
(MAP
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(i
if ¢ =0 then WSP (Y 0) (Ysa 0) (Ysd 0)
else if i = 1 then
n_OR (MAP X (SET_TO_LIST L))
else if i = 3 then
D_AND (n_OR (MAP X (SET_TO_LIST Ls)))
(n_OR (MAP X (SET_TO_LIST L3)))
else if i = 4 then
n_OR (MAP X (SET_TO_LIST L4))
else D_AND (X (2 x 4)) (X (2 x 1 + 1)))
(SET_TO_LIST ({0; 1; 3; 4} U L)) t) =

1 -
Normal
(product ({0} U L)
NI
real
a -
prob p
(DFT_event p (WSP (Y 1) (Ysa 1) (Ysd 1))
)))) x
a -
a -
Normal
(product Ly (Al. real (1 - CDF p (real o X [) £)))) x
a -
Normal
(product L3 (Al. real (1 - CDF p (real o X 1) £))))) X
Normal
(product Ly (Al. real (1 - CDF p (real o X I) t))) X
Normal
(product L
(\j.
1 -
real

(CDF p (real o X (2 x j)) t X
CDF p (real o X (2 x j + 1)) 1))

[PROB_sSEN_DFT]

FVp XY Ysa Ysd t L.
DISJOINT {0} L A FINITE L A L # {} A
indep_sets p

(Ai.
{rv_to_devent p
(Xi. if ¢ = 0 then WSP Y Ysa Ysd else X i) ¢ i})
{0} u L =
(prob p
(DFT_event p

(n_OR
(MAP (Xi. if ¢ = 0 then WSP Y VYsa Ysd else X i)
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(SET_TO_LIST ({0} U L)))) &) =
1 -
(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) x
Normal

(product L
(Ai. real (1 - prob p (DFT_event p (X i) £)))))

[PROB_sSEN_DFT_CDF|

FVp XY Ysa Ysd t L.
DISJOINT {0} L A FINITE L A L # {} A
indep_sets p
(Ai.
{event_set [(DFT_event p (WSP Y VYsa Ysd) t,0)]
(rv_to_devent p X ¢) i}) ({0} U L) A

(Vi. i« € L = rv_gtO_ninfinity [X i]) =

(prob p
(DFT_event p
(n_OR
(MAP (Ai. if 4 = 0 then WSP Y Ysa Ysd else X 1)
(SET_TO_LIST ({0} U L)))) t) =
]_ -
(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) X
Normal (product L (Ai. real (1 - CDF p (real o X %) 1))))

[PROB_sSEN_DFT_CDF_lem|

FVp XY Ysa Ysd t L.
DISJOINT {0} L A FINITE L A L # {} A

indep_sets p
(\i.
{rv_to_devent p
(Mi. if 4 =0 then WSP Y Ysa Ysd else X i) t i})

{0} U L) A (Vi. i € L = rv_gtO_ninfinity [X i]) =

(prob p
(DFT_event p
(n_OR
(MAP (i

(SET_TO_LIST ({0} U L)))) t) =

if i =0 then WSP Y Ysa Ysd else X 1)

1 -
(1 - prob p (DFT_event p (WSP Y Ysa Ysd) t)) x
Normal (product L (Ai. real (1 - CDF p (real o X %) t))))

[PROB_sSEN_DFT_spares]|

FVp XY Ysa Ysd t L1 Ls.
DISJOINT Ly Ly A FINITE Ly A Ly # {} A FINITE Ly, A

Ly #{} N (Vi. i € Ly = rv_gtO_ninfinity [X 1) A
indep_sets p
(Ni.
{rv_to_devent p
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(A1
if i € L; then WSP (Y i) (Ysa i) (Ysd i)
else X i) ti}) (Ly U Ly) =
(prob p
(DFT_event p
(n_OR
(MAP
(Ai.
if i € Li then WSP (Y i) (Ysa i) (Ysd 1)
else X i) (SET_TO_LIST (Iy U L)))) t) =
1 -
Normal
(product L,
(A
real
a -
prob p
(DFT_event p (WSP (Y 1) (Ysa 1) (Ysd 1))
t)))) x
Normal

(product Ly (Ai. real (1 - CDF p (real o X i) t))))

[Q_dSEN_lem3]

F Vp X Y Ysa Ysd t L1 L2 Lg.
disjoint_family_on (ind_set [{0}; Li; Lo; L3])
{0; 1; 2; 3} A FINITE Ly A FINITE L, A FINITE L3 A

0<t=

(DFT_event p
(n_OR

(MAP
(Aj.
n_AND
(MAP
OXE
n_OR
(MAP
(A\i.
if i = 0 then
WSP Y Ysa Ysd
else X 1)
(SET_TO_LIST
(ind_set
({0}; Lis Las Lzl 9))))
(SET_TO_LIST
(ind_set [{0}; {1; 2}; {3}1 500
(SET_TO_LIST {0; 1; 2})) ¢ =

DFT_event p

(n_OR
(MAP
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(\i.
if i =0 then WSP Y Ysa Ysd
else if 7 = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST L;)))
(n_OR (MAP X (SET_TO_LIST L»)))
else n_OR (MAP X (SET_TO_LIST L3)))
(SET_TO_LIST {0; 1; 2}))) ©)

[Q_dSEN_network_plus]
I—Vle L2 Lg L4LX Y Ysa Ysd t.
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
L3 # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
(Wi. i € L = DISJOINT {2 x i; 2 x ¢ + 1} {0; 1; 2; 3; 4}) A
disjoint_family_on
(ind_set
({0}; Li; Lo; Lsg; La;
{2xiliel}u{2xi+1| i€ L}
{0; 1; 2; 3; 4; 5} =
(DFT_event p
(n_OR
(MAP
(\i.
if i =0 then WSP Y Ysa Ysd
else if i = 1 then
n_OR (MAP X (SET_TO_LIST L;))
else if i = 3 then
D_AND (n_OR (MAP X (SET_TO_LIST L3)))
(n_OR (MAP X (SET_TO_LIST L3)))
else if i = 4 then
n_OR (MAP X (SET_TO_LIST L4))
else D_AND (X (2 x ©)) (X (2 x i+ 1))
(SET_TO_LIST ({0; 1; 3; 4} U L)) ¢ =
BIGUNION
{BIGINTER
{BIGUNION
{event_set [(DFT_event p (WSP Y VYsa Ysd) t,0)]
(rv_to_devent p X t) ¢ |
1 €
if o e {2xiliel}Uu{2xi+1]| e L} then
{a} else ind_set [{0}; Li; Lo; Ls; L4l a} |
a |
a €if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 5} |
Jo|
je{0; 1; 3; 4} U LP

[Q_dSEN_network_plus_lem1]
FVL Ly Ly Ly L X Y.
FINITE L; A FINITE L, A FINITE L3 A FINITE L4y A FINITE L =
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(n_OR
(MAP
(A
if i =0 then Y
else if i = 1 then
n_OR (MAP X (SET_TO_LIST Ly))
else if i = 3 then
D_AND (n_OR (MAP X (SET_TO_LIST ILs)))
(n_OR (MAP X (SET_TO_LIST Ls3)))
else if i = 4 then
n_OR (MAP X (SET_TO_LIST L4))
else D_AND (X (2 x 1)) (X (2 x i + 1)))
(SET_TO_LIST ({0; 1; 3; 4} U L)) =
nR_AND
(Ai.

if i =0 then Y
else if i = 1 then nR_AND X I,
else if i = 3 then
R_OR (nR_AND X [L5) (nR_AND X Lj3)
else if i = 4 then nR_AND X I,
else R_OR (X (2 x 7)) (X (2 x i + 1))
(0; 1; 3; 4}y U L)

[Q_dSEN_network_plus_lem2]

vaLl L2 L3 L4LX Y t.
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
Ly # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
(Vi. i € L = DISJOINT {2 x 4; 2 x ¢ + 1} {0; 1; 2; 3; 4}) A
disjoint_family_on
(ind_set
({0}; Lis La; Lz; La;
{2xilieLl}u{2xi+11]ie€lL}D
{0; 1; 2; 3; 4; 5} =
(DFT_event p
(n_OR
(MAP
(i
if 1 =0 then Y
else if i = 1 then
n_OR (MAP X (SET_TO_LIST L;))
else if i = 3 then
D_AND (n_OR (MAP X (SET_TO_LIST Ls)))
(n_OR (MAP X (SET_TO_LIST L3)))
else if i = 4 then
n_OR (MAP X (SET_TO_LIST L4))
else D_AND (X (2 x ) (X (2 x i+ 1))
(SET_TO_LIST ({0; 1; 3; 4} U L)))) ¢ =
BIGUNION
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{BIGINTER
{BIGUNION
{event_set [(DFT_event p Y ¢,0)]
(rv_to_devent p X t) i |
1 €
if c e {2xiliel}u{2xi+1]|4¢€ L} then
{a} else ind_set [{0}; Li; Lo; Ls; Li] a} |
a |
a €if j € Lthen {2 x j; 2 x j + 1}
else ind_set [{0}; {1}; {}; {2; 3}; {4}1 4} |
Jo|
j e {0; 1; 3; 4} U LP

[Q_dSEN_plus_lemi]

VL Ly L3 X Y.
FINITE Ly A FINITE L, A FINITE L3 =
(n_OR
(MAP
(M.
if i =0 then Y
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST Li)))
(n_OR (MAP X (SET_TO_LIST L3)))
else n_OR (MAP X (SET_TO_LIST Ls3)))
(SET_TO_LIST {0; 1; 2})) =
nR_AND
(\i.
if i =0 then Y
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else nR_AND X L3) {0; 1; 2})

[Q_dSEN_plus_lem2]

- Vp Ll L2 L3 X Y t.
disjoint_family_on (ind_set [{0}; Li; Lo; L3])
{0; 1; 2; 3} A FINITE Ly A FINITE L, A FINITE L3 A

0<t =
(DFT_event p
(n_OR
(MAP
(i
if © =0 then Y
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST I1)))
(n_OR (MAP X (SET_TO_LIST L»)))
else n_OR (MAP X (SET_TO_LIST L3)))
(SET_TO_LIST {0; 1; 2P)) t =
BIGUNION
{BIGINTER
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{BIGUNIDN
{event_set [(DFT_event p Y ¢,0)]
(rv_to_devent p X t) i |
i € ind_set [{0}; Li; Lo; Ls] a} |
a € ind_set [{0}; {1; 2}; {3}1 4} |
j €405 1; 2}H

[Q_SEN_network_nR_AND_DRBD_series]

vaLl L2 L3 L4LXt.
FINITE L, A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
L3y # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
(Vi. i € L = DISJOINT {2 x 4; 2 x ¢ + 1} {0; 1; 2; 3; 4}) =
(DRBD_event p
(nR_AND
(A
if i =0 then X 0
else if i = 1 then nR_AND X I,
else if i = 3 then
R_OR (nR_AND X [L5) (nR_AND X Lj3)
else if i = 4 then nR_AND X [,
else R_OR (X (2 x 9)) (X (2 x 1 + 1))
({0; 1; 3; 4 U L) t =
DRBD_series

(Mg,
DRBD_parallel
\a.
DRBD_series (Ai. rv_to_event p X t i)
((Aa.
if a =0 then {0}
else if a = 1 then [,
else if a = 2 then L,
else if a = 3 then L3
else if a = 4 then L,
else {a}) a))
(.

if 5 =0 then {0}

else if j =1 then {1}

else if j € L then {2 x j; 2 x 57 + 1}
else if j = 3 then {2; 3}

else {4}) j)) ({0; 1; 3; 4} U L))

[Q_SEN_network_nR_AND_DRBD_series_lemn|

I—Vle L2 L3 L4LX Y t.
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
Ly # {} N FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
(Vi. i € L = DISJOINT {2 x 4; 2 x ¢ + 1} {0; 1; 2; 3; 4} A
disjoint_family_on
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(ind_set
({0}; Li; Lo; Lsg; La;
{2xidilieLlyu{2xi+1]ielL}ll
{0; 1; 2; 3; 4; 5} =
(DRBD_event p
(nR_AND
(i
if i =0 then Y
else if 4 = 1 then nR_AND X I,
else if i = 3 then
R_OR (nR_AND X L5) (nR_AND X Lj3)
else if i = 4 then nR_AND X L4
else R_.OR (X (2 x ) (X (2 x ¢+ 1))
({0; 1; 3; 4} U L)) ¢t =
DRBD_series
Aj.
DRBD_parallel
\a.
DRBD_series
(A
event_set [(DRBD_event p Y ¢,0)]
(rv_to_event p X t) 1)
(1.

then
{i}
else
ind_set [{0}; Li; Lo; Ls; L4] )
a))
(g
if j € Lthen {2 x j; 2 x j + 1}
else
ind_set [{0}; {1}; {}; {2; 3}; {4}1 7
7)) ({0; 1; 3; 4} U L))

[Q_SEN_network_nR_AND_DRBD_series_one_spare]

I—Vle L2 L3 L4LX Y Ysa Ysd t.
FINITE Ly A Ly # {} A FINITE Ly A Ly # {} A FINITE L3 A
Ly # {} A FINITE Ly A Ly # {} A FINITE L A
DISJOINT {0; 1; 3; 4} L A
(Vi. ¢ € L = DISJOINT {2 x i; 2 x ¢ + 1} {0; 1; 2; 3; 4}) A
disjoint_family_on
(ind_set
({0}; Li; Lo; Lsg; La;
{2xilieLl}u{2xi+1]|ie€lL}D
{0; 1; 2; 3; 4; 5} =
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(DRBD_event p
(nR_AND
(\i.
if i =0 then R_WSP Y Ysa Ysd
else if 7 = 1 then nR_AND X I,
else if i = 3 then
R_OR (nR_AND X [L5) (nR_AND X Lj3)
else if i = 4 then nR_AND X [,
else R_OR (X (2 x 9)) (X (2 x 1 + 1))
({0; 1; 3; 4 UL t =
DRBD_series
(Aj.
DRBD_parallel
\a.
DRBD_series
(i
event_set
[(DRBD_event p (R_WSP Y Ysa Ysd)
t,0)] (rv_to_event p X t) i)

then
{i}
else
ind_set [{0}; Ly; Lo; Ls; L4l %)
a))
((AF.
if j € Lthen {2 x j; 2 x j +1}
else
ind_set [{0}; {1}; {}; {2; 3}; {411 D
7)) ({0; 1; 3; 4} U L))

[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 Ly Ls (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
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(DRBD_event p
(nR_AND
(\i.
if i =0 then R_ZWSP Y Ys_a Ys_d
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else R.WSP 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
a1 -
(1 - Normal (product Ly (Al. real (Rel p (X D) #)))) X
(1 - Normal (product Lo (A[l. real (Rel p (X DD £))))))

[Rel_DRBD_SEN_plusi]

FVYp XY Ys_a Ys_d Z Zs_a Zs_d t Ly Ly f_y f_z f_condY f_condZ
f_ysy f_zsz.
SEN_set_req p L1 Ly (ind_set [{0}; L1; 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) A
DISJOINT_WSP Y Ys_a Ys_d t A 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
Vy.
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
Vz.
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) A measurable CDF p (real o Zs_d) =
(prob p
(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_ZWSP Z Zs_a Zs_d) {0; 1; 2}) t) =
a -
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(pos_fn_integral lborel
\y.
indicator_fn {u | 0 < u A u < ¢t} y X f_y y X
pos_fn_integral lborel
Az.
indicator_fn {w | y < w A w < t} z X
f_condY y x)) +
pos_fn_integral lborel

\y.
foy y x
(indicator_fn {u | 0 < u A u < t} y X
CDF p (real o Ys_d) ¥)))) X
1 -
(pos_fn_integral lborel
My.

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.
foz y X
(indicator_fn {u | 0 < u A u < t} y X
CDF p (real o Zs_d) y)))) X
a -
(1 - Normal (product L; (Al. real (Rel p (X D) #)))) X
(1 - Normal (product Ly (A[l. real (Rel p (X DD £))))))

[Rel_DRBD_SEN_plus_broadcast]

FVp XY Ys_a Ys_dt L1 Ly Ls.
SEN_broad_set_req p Ly Ly L3 (ind_set [{0}; Ly; Lo; Ls1)
(ind_set [{0}; {1; 2}; {3}1) {0; 1; 2}
(event_set [(DRBD_event p (R_WSP Y Ys_a Ys_d) t,0)]
(rv_to_event p X 1)) =
(prob p
(DRBD_event p
(nR_AND
OXE
if i =0 then R_ZWSP Y Ys_a Ys_d
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else nR_AND X L3) {0; 1; 2}) t) =
Rel p (R_LWSP Y VYs_a Ys_d) t x
Normal (product Ls (A[l. real (Rel p (X D) 1)) x
a -
(1 - Normal (product L; (Al. real (Rel p (X D) #)))) X
(1 - Normal (product Ly (Al. real (Rel p (X DD £))))))
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[Rel_sSEN|

FVp XY Ysa Ysd t L.

DISJOINT {0} L A FINITE L A L # {} A
indep_sets p

(Ai.
{event_set [(DRBD_event p (R_WSP Y Ysa Ysd) t,0)]
(rv_to_event p X ) ¢}) ({0} U L) =
(prob p
(DRBD_event p

(nR_AND

(Ai. if ¢ = 0 then R_WSP Y Ysa Ysd else X i)
0} u L)) t) =

Rel p (R_WSP Y VYsa Ysd) t X

Normal (product L (Al. real (Rel p (X 1) ))))

[Rel_sSEN_spares|

FVp XY Ysa Ysd t Ly L.

DISJOINT Ly L, A FINITE Ly A Ly # {} A FINITE Ly A
Ly #{} A

indep_sets p
(Ni.
{if ¢ € Ly then
DRBD_event p (R_WSP (Y 4) (Ysa i) (Ysd i)) t
else rv_to_event p X t i}) (L; U L) =

(prob p
(DRBD_event p
(nR_AND
(i
if i € L; then R_WSP (Y ) (Ysa i) (Ysd 1)
else X i) (L1 U L)) t) =
Normal

(product L

(Ai. real (Rel p (R_WSP (Y ) (Ysa i) (Ysd i) t))) x
Normal (product Ly (A7. real (Rel p (X %) ©))))

[SEN_DRBD_DFT_broadcast_eq]

FVYLy Ly Ly Y Ysa Ysd X.
FINITE L; A FINITE L, A FINITE L; A

(Vs. ALL_DISTINCT [Y s; Ysa s; Ysd s]) =
(nR_AND
(\i.
if ¢ =0 then R_WSP Y Ysa Ysd
else if 7 = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else nR_AND X L3) {0; 1; 2} =
n_0OR
(MAP
(i
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if 2 =0 then WSP Y Ysa Ysd
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST L;)))
(n_OR (MAP X (SET_TO_LIST Lj)))
else n_OR (MAP X (SET_TO_LIST L3)))
(SET_TO_LIST {0; 1; 21)))

[SEN_DRBD_DFT_broadcast_event_eq]

FVp Li Lo Ly X Y Ysa Ysd t.
FINITE Ly A FINITE L, A FINITE L3 A
(Vs. ALL_DISTINCT [Y s; Ysa s; Ysd s]) =
(DRBD_event p
(nR_AND
(i
if ¢ =0 then R_WSP Y Ysa Ysd
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else nR_AND X L3) {0; 1; 2}) t =
p_space p DIFF
DFT_event p
(n_OR
(MAP
(M.
if i =0 then WSP Y Ysa Ysd
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST L1)))
(n_OR (MAP X (SET_TO_LIST Ly)))
else n_OR (MAP X (SET_TO_LIST Ls)))
(SET_TO_LIST {0; 1; 2}))) ©)

[SEN_DRBD_DFT_terminal_eq]

FYL Ly X Y Ysa Ysd Z Zsa Zsd.
FINITE L; A FINITE Lo A
(Vs. ALL_DISTINCT [Y s; Ysa s; Ysd s; Z s; Zsa s; Zsd s]) =
(nR_AND
(\i.
if i =0 then R_LWSP Y Ysa Ysd
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X Ly)
else R_WSP Z Zsa Zsd) {0; 1; 2} =
n_OR
(MAP
(M.
if - =0 then WSP Y Ysa Ysd
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST IL1)))
(n_OR (MAP X (SET_TO_LIST Ls)))
else WSP 7 Zsa Zsd) (SET_TO_LIST {0; 1; 2}
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[SEN_DRBD_DFT_terminal_event_eq]

FVp Ly Lo XY Ysa Ysd Z Zsa Zsd t.
FINITE L; A FINITE L, A
(Vs. ALL_DISTINCT [Y s; Ysa s; Ysd s; Z s; Zsa s; Zsd s]) =
(DRBD_event p
(nR_AND
(i
if i =0 then R_WSP Y Ysa Ysd
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X L)
else R_WSP Z Zsa Zsd) {0; 1; 2}) t =
p_space p DIFF
DFT_event p
(n_OR
(MAP
(i
if i =0 then WSP Y Ysa Ysd
else if i = 1 then
D_AND (n_OR (MAP X (SET_TO_LIST I1)))
(n_OR (MAP X (SET_TO_LIST Ly)))
else WSP Z Zsa Zsd) (SET_TO_LIST {0; 1; 2})))
)

[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 Ly A
Ly #{} AL #{}=
(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 L)
else R_ZWSP Z Zs_a Zs_d) {0; 1; 2}) t =
DRBD_series
Aj.
DRBD_parallel
\a.
DRBD_series
(i
event_set
[(DRBD_event p
(R.ZWSP 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}; Ly; Lo; {3}] a))
(ind_set [{0}; {1; 2}; {3}1 7)) {0; 1; 2}
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[SEN_plus_broadcast_nR_AND]

FVp XY Ys_a Ys_dt Ly Ly L3.
disjoint_family_on (ind_set [{0}; Li; Lo; L31)

{0; 1; 2; 3} A FINITE L; A FINITE L, A FINITE Lz A
Ly #{} N Ly #{} ANLs #{} =

(DRBD_event p
(nR_AND
(i
if ¢ =0 then R_WSP Y Ys_a Ys_d
else if i = 1 then
R_OR (nR_AND X L;) (nR_AND X L)

else nR_AND X L3) {0; 1; 2}) t =
DRBD_series

(Ajg.
DRBD_parallel
\a.
DRBD_series
i
event_set
[(DRBD_event p
(RLWSP Y Ys_a Ys_d) t,0)]
(rv_to_event p X 1) 1)
(ind_set [{0}; Li; Lo; L3l a))
(ind_set [{0}; {1; 2}; {3}1 j)) {0; 1; 2P

[SSEN_DRBD_DFT_eq]

FVLY Ysa Ysd X.

FINITE L A (Vs. ALL_DISTINCT [Y s; Ysa s; Ysd s]) =
(nR_AND (\:z. if 4 = 0 then R_WSP Y Ysa Ysd else X 1)
(o} u L) =
n_OR
(MAP (Mi. if ¢ = 0 then WSP Y Ysa Ysd else X i)
(SET_TO_LIST ({0} U L))

[sSEN_DRBD_DFT_event_eq]

FVp LY Ysa Ysd X t.
FINITE L A (Vs. ALL_DISTINCT [Y s; Ysa s; Ysd s]) =
(DRBD_event p
(nR_AND (Ai. if 4 = 0 then R_LWSP YV Ysa Ysd else X 1)
o} u L) ¢t =
p_space p DIFF
DFT_event p
(n_OR
(MAP (M. if 4 = 0 then WSP Y Ysa Ysd else X 1)
(SET_TO_LIST ({0} U L)))) )

[SSEN_nR_AND]
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FVp XY Ysa Ysd t L.
DISJOINT {0} L A FINITE L A L # {} =
(DRBD_event p
(nR_AND (Ai. if 7 = 0 then R_LWSP Y Ysa Ysd else X 1)
o0} u L) ¢t =
DRBD_series
(Ai.
event_set [(DRBD_event p (R_WSP Y Ysa Ysd) t,0)]
(rv_to_event p X ) i) ({0} U L))

[SSEN_nR_AND_spares]|

FVp XY Ysa Ysd t Ly Ls.
DISJOINT Ly Ly A FINITE Ly A L1 # {} A FINITE Ly A
Lo 75 {} =
(DRBD_event p
(nR_AND
(\i.
if i € L; then R_WSP (Y 4) (Ysa i) (Ysd ©)
else X 1) (Ly U L)) t =
DRBD_series
(\i.
if 1 € L; then
DRBD_event p (R_WSP (Y i) (Ysa i) (Ysd i) ¢
else rv_to_event p X t i) (L; U L))
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