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Our Learning Problem

In this example, ¢; is a disjunction node, and t4 is a conjunction node.

o A disjunction node is a node that can choose execution paths.
o A conjunction node is a node that passively receives messages from
multiple execution paths.

periodi : periods : periods
‘tl@tz@uitl@tg@uitl@@ ts|| ta| () @3 | 14

Learn node dependency from traces, but

¢ Whether a node is disjunction/conjunction is unknown.
¢ Sender /receiver /meaning of a message (transmitted on the bus) is

unknown. ,



Problem Definition (1)

Tasks. T is the set of tasks in the system (provided by the supplier).

Dependency function. d€ D : T x T — V, where

V = {H,%,%,H,%?,%?,H?}

¢ <—: if t; executes in a period,
it always depends on ts.

/ ‘\ o <»: t1 and ty always depend on

each other.

\/\/ o —': if t; executes in a period,
\ / it may or may not determine
to.

[ ) . .
\ | —y o <1 if t; executes in a period,
it may or may not depend on
o ||: t1 and ty are in parallel. t.

o —: if t1 executes in a period,

. . o «': t1 and ty may or may not
it always determines t5.

depend on each other. .



Problem Definition (2)

More-specific-than. Ty was defined as a lattice. Cp is the pointwise
order of Ty, (also a lattice). Vdi,dy € D

di Ep d2 & Vii,ta € T.(d1(t1,t2) Ev da(t1,12))

The abstracted learning problem. Given
o I (the set of instances),

o <D, Cpo > (the space of possible dependency functions), and

o M : D x 1 — boolean, or M : D x P(I) — boolean (the matching
function),

find D* C D s.t.

o Correctness:

vd* € D*.M(d*, )

o Completeness and optimality:

Vd € D.(M(d,I) = 3d* € D*.d* Cp d)



A Simple Example of the Algorithm
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A Simple Example of the Algorithm

pertod , pertods , periods
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di1r t1 ta t3 4 do1 t1  t2 i3 ta doo t1  t2 i3 ta
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A Simple Example of the Algorithm

pertod pertods , periods
do1 t1 t2 t3 4 dz1 t1 to2 t3 t4 dz1 t1 t2 13 {4
t1 N - | — t1 | T t1 N - || =
A | ta <~ || |
ts || ts <« || I | ts | I
ta <~ || | | ta <+~ || I ta <~ || | |
ms :t1 — t3 m3 :t1 — 14
dog t1 t2 13 4 dog t1 ta t3 4 doo t1 t2 13 4
tr |l = tr |l — = tr | = | =
to <~ || | - te <~ || | = te <« || |l -
=
ts || I ts <« || I | ts ||
ta |l <« | | ta |« | ta +— <+ | |
ms : t1 — t3 m3 :t1 — 14
dos t1 ta2 13 4 doz t1 to t3 t4 doz t1 to 13 4
tr | = tr ] = = tr N =
2 | U T (R I | te |l =
ts | ts <« || I | ts |l I
ta +— <+ | | ta <+~ <« | | ta < <+ | |
ms . t1 — t3 ms3 :t1 —> U4




A Simple Example of the Algorithm

pertod pertods , periods
dg1 t1 to t3 4 daog t1 ta2 13 4 daz t1 to t3 t4
tr || = | = tr N = tr ] - = =
te <« | 2 S | to <~ |
ts || | I = ts || | I = ts <« || I |
ta <+~ || <+ | tg +— <« <+ | ta <~ || I
dga t1 to2 t3 4 das t1 ta2 13 4 dag t1 to t3 t4
tr | T = = tu [ = = = "t | = = =
7 J | | I te «~— || ] = to <« || I
ts <« || | ts <« || | ts <« || | -
ta <+~ <« | | ta <~ <+ | | ta <+~ || <« |
da7 t1 t2 t3 4 dag t1 ta t3 4 dag t1 t2 t3 ta
tr || = = | tr |l = = tr ] — | =
te «~ || ] = 2 S | t2 <4l | "=
ts <« || || = ts <+~ || || = ts | Il | -
t4 I «~ <« | tgy <+ <+ <+ | ta <+~ <+ <+~ |




A Simple Example of the Algorithm

pertod pertods periods
Post-processing 1: test conditional dependencies
dg1 t1 ta tz3 ta dgg  t1  t2  tz3  ta daz t1  t2 t3  ta
t1 &—? =t =t | = = =
t2 Il ta2 ||l R [—
t3 I A A - B | [—
ta. <~ | <" | tg < <« <« | ta < | [—
dgg t1  t2 tz3 iy dgs t1  ta  tz iy dee t1  ta t3 14
tr || ] = - t1 || = =7 - t1 ] =" = =
t2 |l I = t2 = t2 | —
ts <« ts A t3 <« | -
ts <~ <« | | ta <~ <« | | ta <« || <« |
da7 t1 ta  tz3  t4 dag t1  t2  tz3 i4 dgg t1  ta t3 t4
tr | =" =" | tw | 1 - = u | =" =
ta |l = otz | = otz = [
D S~ FU R S S T O
ta || <7 <7 ty  — « <« ty <~ < o«
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A Simple Example of the Algorithm

pertod , pertods , periods

‘tl@tz@t4ét1@t3@t4ét1@@t3 tao| () M3 | 14
T

Post-processing 2: find redundant dependencies

11 to t3
| =7 =
— |
“
— |
t1 t2 t3
| | =
| | |
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A Simple Example of the Algorithm

pertod , pertods , periods

t1 t2 ts t4 daz t1 12 ts t4 das t1 12 3
T S e | [ P | S
«~ | I— t2 |l | - ta <+ I
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t1 t2 t3 t4 das t1 1o t3 t4
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«~ [ — ts <+ || | —
— <« ] | P |

dn t1 1o i3 ta
t1 || =7 =7 =
t2 <« | | =
3 <« | | W

tg <+ ' <7




Construct Dependency Graph from the Result

Original model

(@ —®

d(tl 9 t2

@ - -@

d(ta,ta)

d(ti,ta)

= — A d(t4,t2)

= — A d(t4,t1)

— 7 A d(tz,tl)

=«

2

&is disjunction; t4 is conjuncticy

Dependency graph
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Properties of the Algorithm

Theorem 1 (NP-hard). The problem of finding the set of most specific hy-
potheses for a given trace is NP-hard.

Theorem 2 (Correctness). “ The algorithm (with or without heuristics) guar-

antees correctness. l.e., if I is the set of instances in the trace, and D™ is the set
of hypotheses that the algorithm returns, then Vd* € D*.Vi € I.M(d*,1).

Theorem 3 (Optimality). The algorithm without heuristics guarantees opti-
mality. L.e., if I is the set of instances in the trace, and D" is the set of hypotheses
that the algorithm returns, then Vd* € D*.3d" € D.d' Cp d* AVi € I.M(d',1).

Lemma. If the algorithm returns the set of hypotheses D* with the bound set to
b, and d" is the hypothesis obtained with the bound set to 1, then d* = D™ (the
least upper bound of all the elements in D).

Theorem 4 (Convergence). If the algorithm converges to one hypothesis d7,
regardless of whether the bound is set or what the bound is, and if the algorithm
returns d> with the bound set to 1, then di = d5.

“Heuristics is not discussed here.
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