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DRIVE_BY_WIRE THEORY

1 drive_by_wire Theory

Built: 17 December 2018
Parent Theories: AND_FDEP

1.1 Definitions

indep_vars_7_def
p
FVpMAO Al A2 A3 A4 A5 Aﬁ.

indep_vars_7 p M Ay Ay Ay Az Ay A5 Ag —
indep_vars p (Ai. M)

(\i.

if i = 0 then A

else if i = 1 then A,

else if i = 2 then A,

else if i = 3 then A3

else if i = 4 then Ay

else if i = 5 then Aj

else Ag) {0; 1; 2; 3; 4; 5; 6}

[UNIONL_def]

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

1.2 Theorems

[DFT_event_IN_events_p]

FVX pt.
random_variable (Az. real (X z)) p borel A
VWs. 0 < X s AN X s # PosInf) A0 <t =
DFT_event p X ¢ € events p

[drive_by_wire_top_event]

FVvBS TS PCCU SCCU_a SCCU_d BCU EF TF.
(D_AND SCCU_a SCCU_d = NEVER) A

(Vs.
ALL_DISTINCT
[BS s; TS s; PCCU s; SCCU_a s; SCCU_d s; BCU s;
EF s; TF s]1) =
(D_OR
(D_OR (D_OR (D_OR TF EF) (WSP PCCU SCCU_a SCCU_d)) BCU)
(D_OR TS BS) =
D_OR
(D_OR

(D_OR
(D_OR (D_OR (D_OR TF EF) BCU)
(D_AND SCCU_a (D_BEFORE PCCU SCCU_a)))
(D_AND PCCU (D_BEFORE SCCU_d PCCU))) TS) BS)
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[drive_by_wire_union_list]

FVYBS TS PCCU SCCU_a SCCU_d BCU SCU EF TF p t.

DFT_event p

(D_OR
(D_OR (D_OR (D_OR TF EF) (WSP PCCU SCCU_a SCCU_d))
BCU) (D_OR TS BS)) t =

union_list
[DFT_event p TF t; DFT_event p EF t; DFT_event p BCU t;
DFT_event p (WSP PCCU SCCU_a SCCU_d) t;
DFT_event p BS t; DFT_event p TS t]

[IN_REST]
F Ve s. 2 € REST s <= 1z € s A ¢ # CHOICE s

[IN_UNIUNL]
F VIl wv. v € UNIONL [ < ds. MEM s [ A v € s

[indep_vars_sets_drive_def]

F indep_vars_sets_drive [Ag; Ai; Ao; As; As; As; Ag; A7l p t <—
indep_vars_7 p lborel (As. real (Ag s)) (As. real (A; s))
(As. real (As 8)) (As. real (A4 s)) (As. real (As s))
(As. real (Ag s)) (As. real (A7 s)) A
indep_sets p
(\i.
{if ¢ = 0 then
PREIMAGE (As. real (4g s)) {u | u < t} N p_space p
else if ¢ = 1 then
PREIMAGE (\s. real (47 s)) {u | u < t} N p_space p
else if ¢ = 2 then

PREIMAGE

(As. (real (Ay s),real (As s),real (A4 s)))

{(y,za,zd) |

y<zaAza <tANO<yAy<tVaed<yAy<tin
p_space p

else if 7 = 3 then
PREIMAGE (As. real (45 $)) {u | u < t} N p_space p
else if i = 4 then
PREIMAGE (\s. real (4dg s)) {u | u < t} N p_space p
else
PREIMAGE (As. real (47 s)) {u | uw < ¢t} N p_space p})
{0; 1; 2; 3; 4; 5}

[indep_vars_sets_drive_ind]

FVYP.
(VAO A1 A2 Ag A4 A5 A6 A7 P t.
P [Ag; Ay Ao; As; Ayg; As; Ag; A7l p £ A
(Vvg. P [1 (FST w4) (SND 24)) A
(V7 vg. P [v7] (FST wg) (SND wg)) A
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Vg vi1 wig. P [vig; vl (FST wv13) (SND v13)) A
(Vs vir vie vio. P [wig; vi7; viel (FST vig) (SND wig)) A
(Vwas wag 23 22 Uzg-
P [vas; vag; va3; va2] (FST wag) (SND weg)) A
(Vg3 w32 131 30 V29 V34-
P [vss; v32; v31; v30; V29l (FST w3g) (SND w3g)) A
(Vg2 va1 v40 V39 U3g Uzr 43-
P [vaz; var; vao; v3g; vsg; v3r] (FST wg3) (SND w43)) A
(Vusa Us1 Uso V49 Vag V47 Use U3
P [uso; vs1; Uso; vag; vag; var; Usel (FST wvs3)
(SND ws3)) A
(Vs7 Uss Ves Usa Us3 Vs2 Usi V6o Use UsT Ugs -
P (vgr::ves::Vs5: :Usa: U3t Vg2t U1t U0 i Us6: & UsT)
(FST wgs) (SND wgg)) =
Vv v v9. P v v w9

[normal_real_mul]

F Yz y.
x # PosInf A z # NegInf A y # PosInf A y # Neglnf =
(Normal (real z X real y) =
Normal (real z) x Normal (real y))

[PREIMAGE_EXTREAL_REAL_3RV_WSP]

FYY X_a X_d p t.
Vs.
X_a s #PosInf A0 < X_asANO0O< X_ds A
X_d s # PosInf ANY s #PosInf AO <Y s) AOL ¢t =
(PREIMAGE (\z. (Y z,X_a z,X_d z))
{ ,za ,zd") |
y < za' A za’ < Normal t A 0 < ¢y A 3y’ < Normal t V
zd" < y" Ay < Normal t} N p_space p =
PREIMAGE (Az. (real (Y z),real (X_a z),real (X_d z)))
{(y,za,zd) |
y<zaAza <tANO<yAy<tVad<yAy<tin
p_space p)

[prob_drive_by_wire_initial?2]

FVYBS TS PCCU SCCU_a SCCU_d BCU EF TF p t f_pccu f_cond
f_sccu_pccu.
Vs.
ALL_DISTINCT
[BS s; TS s; PCCU s; SCCU_a s; SCCU_d s; BCU s;
EF s; TF s]) A
A1l _distinct_events p
[TF; EF; BCU; WSP PCCU SCCU_a SCCU_d; BS; TS]1 t A
0<tA
rv_gtO_ninfinity
[BS; TS; PCCU; SCCU_a; SCCU_d; BCU; EF; TF1 A
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random_variable (Az. real (SCCU_a z)) p borel A
(D_AND SCCU_a SCCU_d = NEVER) A
My.
cond_density lborel 1lborel p (As. real (SCCU_a s))
(As. real (PCCU s)) y f_sccu_pccu f_pccu f_cond) A
den_gtO_ninfinity f_sccu_pccu f_pccu f_cond A
indep_var p lborel (As. real (SCCU_d s)) lborel
(As. real (PCCU s)) A
cont_CDF p (As. real (SCCU_d s)) A
measurable_CDF p (As. real (SCCU_d s)) A
indep_vars_sets_drive
[BS; TS; PCCU; SCCU_a; SCCU_d; BCU; EF; TF]1 p t =
(prob p
(DFT_event p
(D_OR
(D_OR
(D_OR (D_OR TF EF) (WSP PCCU SCCU_a SCCU_d))
BCU) (D_OR TS BS)) t) =
CDF p (As. real (TF s)) t + CDF p (As. real (EF s)) t +
CDF p (As. real (BCU s)) t +
(pos_fn_integral 1lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu pecu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(\ pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
peccu X CDF p (As. real (SCCU_d s)) pccu))) +
CDF p (As. real (BS s)) t + CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (EF s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t -
CDF p (As. real (TF s)) t x
(pos_fn_integral lborel
(A peeu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .




Theorems DRIVE_BY_WIRE THEORY

f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
pecu x CDF p (As. real (SCCU_d 8)) pccu))) -
CDF p (As. real (TF s)) t CDF p (As. real (BS s)) t -
CDF p (As. real (TF s)) t CDF p (As. real (TS s)) t -
CDF p (As. real (EF s)) t CDF p (As. real (BCU s)) t -
CDF p (As. real (EF s)) t
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pceuw’ A peeuw’ < t}
pccu X CDF p (As. real (SCCU_d s)) pccu))) -
CDF p (As. real (FEF s)) t x CDF p (As. real (BS s)) t -
CDF p (As. real (FF s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (BCU s)) t X
(pos_fn_integral lborel
(A pecu
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peew X f_peeu pecu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pceu’ A peeuw’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) -
CDF p (As. real (BCU s)) t x CDF p (As. real (BS s)) t -
CDF p (As. real (BCU s)) t x CDF p (As. real (TS s)) t -
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peew X f_pecu pecu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ N sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +

X X X X
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pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pceuw’ A peeu’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t -
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pecu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu x CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (TS s)) t -
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t X
CDF p (As. real (BCU s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (EF s)) t X
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu peeu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
pecu x CDF p (As. real (SCCU_d s)) pecu))) +
CDF p (As. real (TF s)) t x CDF p (As. real (FEF s)) t x
CDF p (As. real (BS s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (EF s)) t x
CDF p (As. real (TS s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X f_pecu pecu X
pos_fn_integral lborel
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(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
pecu X CDF p (As. real (SCCU_d s)) pccu))) +
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t X
CDF p (As. real (BS s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t x
CDF p (As. real (TS s)) t +
CDF p (As. real (TF s8)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ <t}
peceu X f_peeu pecu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}
peeu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t +
CDF p (As. real (TF s8)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_pecu pecu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}
peeu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (TS s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (BS s)) t X
CDF p (As. real (TS s)) t +
CDF p (As. real (EF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
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(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu pecu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pccu X CDF p (As. real (SCCU_d s)) pccu))) +
CDF p (As. real (EF s)) t x CDF p (As. real (BCU s)) t x
CDF p (As. real (BS s)) t +
CDF p (As. real (EF s)) t x CDF p (As. real (BCU s)) t x
CDF p (As. real (TS s)) t +
CDF p (As. real (EF s)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu peeu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ N sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < peeuw’ A peeuw’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t +
CDF p (As. real (EF s)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_peeu peeu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ N sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < peeuw’ A peeuw’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (TS s)) t +

10
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CDF p (As. real (FF s)) t x CDF p (As. real (BS s)) t X
CDF p (As. real (TS s)) t +

CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu .

indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu pecu X

pos_fn_integral lborel
(A sceu_a.

indicator_fn

{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}

sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel

(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}

pceu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t +

CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu .

indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu pecu X

pos_fn_integral lborel
(A sceu_a.

indicator_fn

{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}

sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel

(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}
pceu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (TS s)) t +
CDF p (As. real (BCU s)) t x CDF p (As. real (BS s)) t X
CDF p (As. real (TS s)) t +
(pos_fn_integral lborel
(X pecu.

indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_peeu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}

sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel

(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}

11
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pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t x
CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_peeu pecu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
peccu X CDF p (As. real (SCCU_d 8)) pccu))) -
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t x
CDF p (As. real (BCU s)) t x CDF p (As. real (BS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t X
CDF p (As. real (BCU s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_peeu peeu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ N sccu_a’ < t}
sccu_a X f_cond pecu Ssccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < peeuw’ A peeuw’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu peeu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pecu Sccu_a)) +
pos_fn_integral lborel

12
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(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}
pecu X CDF p (As. real (SCCU_d s)) pccu))) X
CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (EF s)) t X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu pecu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | peccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < peeu’ A peeu’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_pecu pecu X
pos_fn_integral lborel
(A sceu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < peeu’ A peeu’ < t}
pccu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t x
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t X
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn

13
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{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pccu X
(indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu x CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (FEF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu peeu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
pecu x CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t -
CDF p (As. real (FEF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_peeu pecu X
pos_fn_integral lborel
(A sccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecuw’ < t}
pecu x CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (TS s)) t -
CDF p (As. real (FEF s)) t x CDF p (As. real (BCU s)) t x
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (EF s)) t X
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.

14
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indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecw’ < t}
pecu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < peeu’ A pecu’ < t}
pecu X CDF p (As. real (SCCU_d s)) pccu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t +

prob p
(DFT_event p TF t N DFT_event p EF t N
DFT_event p BCU t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t N
DFT_event p BS t) +

prob p
(DFT_event p TF t N DFT_event p EF t N
DFT_event p BCU t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t N
DFT_event p TS t) +

CDF p (As. real (TF s)) t x CDF p (As. real (EF s)) t x
CDF p (As. real (BCU s)) t x CDF p (As. real (BS s)) t X
CDF p (As. real (TS s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t X
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peeu X f_pecu peeu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel

15
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(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (T§ s)) t +
CDF p (As. real (TF s)) t x CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pecu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu x CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (T§ s)) t +
CDF p (As. real (FEF s)) t x CDF p (As. real (BCU s)) t X
(pos_fn_integral lborel
(A pecu .
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X f_pecu pecu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pecu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pccu sccu_a)) +
pos_fn_integral lborel
(A pecu .
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
pecu X CDF p (As. real (SCCU_d s)) pecu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t -
CDF p (As. real (TF s)) t x CDF p (As. real (FF s)) t X
CDF p (As. real (BCU s)) t x
(pos_fn_integral lborel
(A pecu.
indicator_fn {pccu’ | 0 < pecu’ A pecu’ < t}
peceu X f_peeu peeu X
pos_fn_integral lborel
(Asccu_a.
indicator_fn
{sccu_a’ | pccu < sccu_a’ A sccu_a’ < t}
sccu_a X f_cond pecu Sccu_a)) +
pos_fn_integral lborel
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(A pecu.
f_pccu pecu X
(indicator_fn {pccu’ | 0 < pccu’ A pecu’ < t}
pecu X CDF p (As. real (SCCU_d s)) pccu))) X
CDF p (As. real (BS s)) t x CDF p (As. real (TS s)) t)

[prob_drive_by_wire_PIE]

FVBS TS PCCU SCCU_a SCCU_d BCU EF TF p t.
Vs.
ALL_DISTINCT
[BS s; TS s; PCCU s; SCCU_a s; SCCU_d s; BCU s;
EF s; TF s]) A
A1l _distinct_events p
[TF; EF; BCU; WSP PCCU SCCU_a SCCU_d; BS; TS1 t A
0<tA
rv_gtO_ninfinity
[BS; TS; PCCU; SCCU_a; SCCU_d; BCU; EF; TF1 A
random_variable (Az. real (TF z)) p borel A
random_variable (Az. real (EF z)) p borel A
random_variable (Az. real (BCU z)) p borel A
random_variable (Az. real (SCCU_d z)) p borel A
random_variable (Az. real (SCCU_a z)) p borel A
random_variable (Az. real (PCCU z)) p borel A
random_variable (Az. real (TS z)) p borel A
random_variable (Az. real (BS z)) p borel =
(prob p
(DFT_event p
(D_OR
(D_OR
(D_OR (D_OR TF EF) (WSP PCCU SCCU_a SCCU_d))
BCU) (D_OR TS BS)) t) =
prob p (DFT_event p TF t) + prob p (DFT_event p EF t) +
prob p (DFT_event p BCU t) +
prob p (DFT_event p (WSP PCCU SCCU_a SCCU_d) t) +
prob p (DFT_event p BS t) + prob p (DFT_event p TS t) -
prob p (DFT_event p TF t N DFT_event p EF t) -
prob p (DFT_event p TF ¢t N DFT_event p BCU t) -
prob p
(DFT_event p TF t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t) -
prob p (DFT_event p TF t N DFT_event p BS t) -
prob p (DFT_event p TF t N DFT_event p TS t) -
prob p (DFT_event p EF t N DFT_event p BCU t) -
prob p
(DFT_event p EF t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t) -
prob p (DFT_event p EF t N DFT_event p BS t) -
prob p (DFT_event p EF t N DFT_event p TS t) -
prob p

17



DRIVE_BY_WIRE THEORY Theorems

(DFT_event p BCU t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t) -
prob p (DFT_event p BCU t N DFT_event p BS t) -
prob p (DFT_event p BCU t N DFT_event p TS t) -
prob p
(DFT_event p (WSP PCCU SCCU_a SCCU_d) t N
DFT_event p BS t) -
prob p
(DFT_event p (WSP PCCU SCCU_a SCCU_d) t N
DFT_event p TS t) -
prob p (DFT_event p BS t N DFT_event p TS t) +
prob p
(DFT_event p TF t N DFT_event p FF t N
DFT_event p BCU t) +
prob p
(DFT_event p TF t N DFT_event p EF t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t) +
prob p
(DFT_event p TF t N DFT_event p EF t N
DFT_event p BS t) +
prob p
(DFT_event p TF t N DFT_event p EF t N
DFT_event p TS t) +
prob p
(DFT_event p TF t N DFT_event p BCU t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t) +
prob p
(DFT_event p TF t N DFT_event p BCU t N
DFT_event p BS t) +
prob p
(DFT_event p TF t N DFT_event p BCU t N
DFT_event p TS t) +
prob p
(DFT_event p TF t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t N
DFT_event p BS t) +
prob p
(DFT_event p TF t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t N
DFT_event p TS t) +
prob p
(DFT_event p TF t N DFT_event p BS t N
DFT_event p TS t) +
prob p
(DFT_event p EF t N DFT_event p BCU t N
DFT_event p (WSP PCCU SCCU_a SCCU_d) t) +
prob p
(DFT_event p EF t N DFT_event p BCU t N
DFT_event p BS t) +
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prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event

EF t N DFT_event p BCU t N
TS t) +

EF t N
(Wsp PCCU SCCU_a SCCU_d)
BS t) +

EF t N
(WSp PCCU SCCU_a SCCU_d)
TS t) +

EF t N DFT_event p BS t N
TS t) +

BCU t n
(WSP PCCU SCCU_a SCCU_d)
BS t) +

BCU t n
(WSp PCCU SCCU_a SCCU_Ad)
TS t) +

BCU t N DFT_event p BS t N
TS t) +

(WSP PCCU SCCU_a SCCU_d)
BS t N DFT_event p TS t) -

TF t N DFT_event p EFF t N
BCU t N
(Wwsp PCCU SCCU_a SCCU_d)

TF t N DFT_event p EFF t N
BCU t N DFT_event p BS t) -

TF t N DFT_event p EF t N
BCU t N DFT_event p TS t) -

TF t N DFT_event p EF t N
(Wsp PCCU SCCU_a SCCU_d)
BS t) -

TF t N DFT_event p EF t N
(WSP PCCU SCCU_a SCCU_d)
TS t) -

TF t N DFT_event p EF t N
BS t N DFT_event p TS t) -

t N

t N

t N

t N

t N

t) -

t N

t N
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prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p

ARSI S TS| ESTS LS TS| 3

hS]

TF t N DFT_event p BCU t N

(WSP PCCU SCCU_a

BS t) -

TF t N DFT_event p
(WSP PCCU SCCU_a

TS t) -

TF t N DFT_event p
BS t N DFT_event p

TF t N

(WSP PCCU SCCU_a
BS t N DFT_event p

EF t N DFT_event p
(WSP PCCU SCCU_a

BS t) -

EF t N DFT_event p
(WSP PCCU SCCU_a

TS t) -

EF t N DFT_event p
BS t N DFT_event p

EF t N

(WSP PCCU SCCU_a
BS t N DFT_event p

BCU t N

(WSP PCCU SCCU_a
BS t N DFT_event p

TF t N DFT_event p

BCU t N

(WsSP PCCU SCCU_a

BS t) +

TF t N DFT_event p

BCU t N

(WSP PCCU SCCU_a

TS t) +

SCCU_d)

BCU t N
SCCU_d)

BCU t n
TS t) -

SCCU_d)
TS t) -

BCU t n
SCCU_d)

BCU t N
SCCU_d)

BCU t n
TS t) -

SCCU_d)
TS t) -

SCCU_d)
TS t) +
EF t N

SCCU_d)

EF t N

SCCU_d)

TF t N DFT_event p EF t N
BCU t N DFT_event p BS t N

TS t) +
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(DFT_event p
DFT_event p
DFT_event p

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event

prob p
(DFT_event
DFT_event
DFT_event
DFT_event

[WSP_PREIMAGE]

FYY X_a X_dpt.
{s |

ARSI S TS|

TF t N DFT_event p EF t N
(WSP PCCU SCCU_a SCCU_d) t N
BS t N DFT_event p TS t) +

TF t N DFT_event p BCU t N
(WSP PCCU SCCU_a SCCU_d) t N
BS t N DFT_event p TS t) +

EF t N DFT_event p BCU t N
(WSP PCCU SCCU_a SCCU_d) t N
BS t N DFT_event p TS t) -

TF t N DFT_event p EF t N

BCU t N

(WSP PCCU SCCU_a SCCU_d) t N
BS t N DFT_event p TS t))

Y s < X_a s N X_as <Normal t A0 <Y sAY
p_space p U
{s | X_d s <Y s ANY s < Normal t} N p_space p
PREIMAGE (\z. (Y z,X_a z,X_d z))
{(y,za,zd) |
y < za N za < Normal ¢t A 0 < y A y < Normal ¢
zd < y A y < Normal t} N p_space p

s < Normal t} N
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