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System architecture

SIMCA MM GUI
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LAT: |48,17387 LON: |[16,348772 |
Type: |P2P Meter v
Parameter Range | Value

7 |billing reads [1..5] 1
7 |load profile reads 1 1
. |other actions (disconnect, alar... |[0..100] 1
GPRS codeset [1..4] 2
M2M gateway logins [1..10] 5
M2M gateway connections [1..10] 5
M2M gateway watchdog time [5..30] 30
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General purpose
modeling language

Syntax close to Java
OO0
bool, int, arrays

Equation/constraint
based semantics



kbase GPRSCell;
component P2PMeter ({

attribute int mdist,codeset,mRate;
constraints {

mdist = {1..3};

codeset = {1..4); Constraints

}
component FPC {

attribute int wvalue;

constraints (default) {

value = 1;

Behavior modes
}

constraints (x1l) {
value = {2..4};
}

constraints (unknown) {




component BTS ({

attribute int fpc;

constraints {

FRC £pcl; new instance of FPC

fpc = fpcl.value;

}

component Cell {
attribute int neededR, realR;
constraints {
BTS bl;
P2PMeter s[100];

realR = sum([s], mRate)/P2PNo; sum ConStraint

realR >= neededR;

} o 0
transition { e tranSItlon

forall ( P2PMeter ) {
if (mdist = 1 and codeset 2)
codeset.next = {2,3};

if (mdist = 3 and codeset Condiﬁonal
constraint

codeset.next = {2,1};



Semantics of SIMOL

kbase GPRSCell;

g

component P2PMeter { p2pmeter _mdist € {1,2,3}

constraints {

it = 1 3 ‘p2pmeter_coa’eset & {1,2,3,4}

codeset = {1..4};

) cell _s_1_ p2pmeter _diss € {1,2,3}

component Cell {

cell _s_2_p2pmeter _diss € {1, 2, 3}

P2PMeter s[100];

cell _s_100_ p2pmeter _diss € {1,2,3}



Semantics of SIMOL (Il)

kbase GPRSCell; —
component P2PMeter { p2pmeter _mdist € {1,2,3}

constraints { p2pmeter _codeset € {1, 2,3, 4}

mdist = {1..3};
codeset = {1..4};

}

component MyP2PMeter
extends P2PMeter { —

myp2 pmeter _mdist € {1,2,3}
constraints {
mdist = 1;

} myp2 pmeter _codeset © {1, 2,3, 4}

—

myp2 pmeter _mdist =1




Summary SIMOL

* Syntax close to Java

* Semantics represented as set of equations/
constraints

* I[mplementation:
—Mapping to MINION constraints



Reconfiguration engine

IMOA M2M GUI
[ J * Based on finding

Y

I] modes that allow
fulfilling the

requirements

e Use CSP solver
(Minion)




Underlying idea

* The component modes

component FPC ({

attribute int value; can be changed by the
constraints (default) { reasoning engine
value = 1;
) e Search for component
FoREE G modes such that there
value = {2..4}; . .« e .
} is no contradiction with
constraints (unknown) { req u | rements

}

* Reconfiguration as
Requirement: value = {4,5} dlagnOSIS




Formal definitions...

Definition 1 (Reconfiguration problem) A recon-

figuration problem can be defined as a tuple
(KB,COMP,MODES), where KB = SD U REQ
is the knowledge base comprising the model of the system

S D _and the reauirements RE() (()MP ic a set of sustem
con/Definition 2 (Mode assignment) Given a set of components

the COMP and a set of functional modes MODES. A mode

assignment M is a function M : COMP — MODES

maonina anch nnmnnunont tn nno nf ite mandoc 10 fne all
¢ ¢ Definition 3 (Reconfiguration) Given a reconfiguration
problem (KB,COMP, MODES). A mode assignment M
is a valid reconfiguration iff KB U {M (c)|c € COMP} is
satisfiable.




... Up to minimality

Definition 4 (Number of changes) Given a reconfiguration
M for a reconfiguration problem (K B, COM P, MODES).
The number of changes (NOC') of M is equivalent to the
number of modes in M deviating from the default modes,
ie, NOC(M) = |{M(c)lce COMP A M # default}|.

We say that a reconfiguration M is optimal with respect to
its NOC if it is minimal, i.e., there exists no other reconfigu-
ration M’ with NOC(M') < NOC(M)




Implementation

e Based on constraint solver MINION

* Algorithm close to model-based diagnosis



Algorithm 1 reconfig( K B, COM P, MODES,n)

Input: Search up to : problem
(KB COMF PO compute

Output: Al o 8iven cardina

cardinality n,‘

1: for: =0tondo
22 CM ={|{M(c)lce COMP AM # default}| =i}U
KB

S=P (CSolver(CM))

o constraint model

‘ If there is a olver
solution of size i,
return it.




SOME LESSONS LEARNED



Lesson 1

* Using the right reasoning engine in the right
way is the key!



Coding is essential

Reconfiguration performed with minion-0.14,
over 5 states (with VALORDER and

MAXIMISING function)
0o
250
—_ 200
)
S 150
E
= 100
S0
—aA
0 L—iir Ry —— —ar a
0 10 20 w 0 So 00
No. P2P Meters
NOCIM)2 —~o—0 ~B-1 —2-2 3 ] S [
Reconfiguration performed with minion-0.14,
over 5 states (with VALORDER )
25
0
"'é' 1%

w

B — e
20 40 &0 g0 100 120
No. P2P Meters

=
=

NOCIM)E g ) i ] e I} e 3 4 S 6



Single faults Double faults Triple faults
Circuit Tavg | NoSpin | NoSp Ty | NoSqin | NoSqu. Tavg | NoSpin | NoSp .
) 5] (s Logic gates
cl? 0.0052 2 2 0.0104 1 1| 0.0052 0 0
432 0.2340 11 38 0.3432 0 72 | 0.5668 0 18 €nco d € d
499 0.3328 2 2 1.1856 28 28 | 15.8527 523 523 us | N g t ru t h
c880 0.7020 0 0 24284 0 0| 264159 0 0
1355 | 27612 0 s| 65120 190 190| nal nal| na tables
c1908 9.2352 5 5| 109.2785 0 0 n.a. n.a n.a.
¢2670 20.8417 1 1| 21.1745 1 3 n.a. n.a. n.a.
3540 37.2582 15 2 n.a. 0 n.a. n.a. 0 n.a.
c531 138.3620 1 68 n.a. n.a. n.a. na. n.a. n.a.
c628 SR 0 1| 109.5279 0 109 n.a. 0 n.a.
77 10 117 n.a. 0 n.a. n.a. n.a. n.a.
Single faults Double faults Triple faults
Circuit Tavg | NoSpin | NoSpa Tag | NoSpin | NoSp Tavg | NoSqin | NoSpux
Logic gates - ‘*' L
d d cl? 0.0104 2 0
encode 432 | 0.0364 1 M t h 18
. c499 | 0.0468 2 O re a n 523
using c880 | 0.0624 0 . I 0
: c1355 | 0.1352 0 80 t. f t na
Integer c1908 | 0.3172 5 mes taster: 0
con St ra | N t S ¢2670 | 0.5252 1 0.5304 1 3| 479858 1 18
3540 | 0.4472 15 | 108.7845 0 274 0.234 0 n.a.
d | e Ct | y 68 na. na. n.a. n.a. n.a. n.a.
1 1.0348 0 109 n.a. 0 n.a.
117 na. n.a. n.a. n.a. n.a. n.a.




Lesson 2

Modeling is the key!

— Modeling is not that easy
— Modeling languages are hardly used

— Training is essential (but requires time and effort
on side of the industrial partners)



Lesson 3

* Bringing research into (daily) practice is hard

— Additional effort and money needed

— Both is hard to get (even in case industry is happy
with the obtained project results)



Conclusions

System architecture
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Algorithm 1 reconfig(K B, COM P, MODES,n)

Input: ‘ problem
(K B,comr Search up to Compute

n iven cardina .
?a:uip::ﬁ t;‘“ 08 < constraint model

1: fori =0tondo

2 CM = {|{M(c)|c € COMP A M # default}| = i}U
KB

3: S =P (CSolver(CM))

4: if S# 0 then ‘

5: return S

6: endif If thereis a olver

e solution of size i,

return it.

kbase GPRSCell;
component P2PMeter (
attribute int mdist.codeset.mRate;

constraints {

mdist = {1..3}; H
et = (1 4 Constraints

}
}
component FPC {
attribute int value;
constraints (default) {
P Behavior modes
constraints(xl) {
value = {2..4};
}
constraints (unknown) {

}

Coding is essential

Reconfiguration performed with minion-0.14,
over 5 states (with VALORDER and
MAXIMISING function)
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Reconfiguration performed with minion-0.14,
over 5 states (with VALORDER )
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