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(define-class COMPONENT (?x)
"A COMPONENT is a structure that can have parts and
connections. The concept of components as a defined in this theory is
a fundamental abstraction that applied in many engineering
domains. Component structures need not correspond to physically whole
objects such as standard parts from a catalog. The class of component,
as defined here, may also be used to represent nonphysical objects
such as modules in a software program, functions in a functional
description, and model fragments in a model library. This is a
primitive concept; what makes an object a component is how it is
connected and a part of other objects."

:def (Individual-thing ?x)

:axiom-def (and (domain-of component SUBCOMPONENT-OF)

(domain-of component CONNECTED-COMPONENTS)))

(define-relation CONNECTED-COMPONENTS (?a ?b)
""Connected-components is the most general binary connection
relation between components. If (connected-components A B), then A and
B must be components and neither can be a subcomponent-of the
other. Connected-components is symmetric; there is no information in
the direction of connection between two components. It is also
irreflexive; a component cannot be connected to itself."”

:def (and (component ?a) (component ?b)

(not (subcomponent-of ?a ?b)) (not (subcomponent-of ?b ?a)))
:axiom-def (and (irreflexive-relation connected-components)
(symmetric-relation connected-components)))
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Name: IHXa
Time: notsimultaneous /* 0 0000OO0O0O */
Ports:

symbol connected compd]  connected port

inl RX outa

outl Pla in

in2 P2a out

out2 ACa inl

heatl LOOPla HEAT out
heat2 LOOP2a_HEAT in

Qwl LOOPla FLOW  rst2
Qw2 LOOP2a FLOW  rstl

dpl LOOP1la DP rst2
dp2 LOOP2a_DP rstl
Parameters:
symbol  description causal port
specO]

Tlhot 1ry Coolant inlet TempO CE inl,heatl
Tlcold 1ry Coolant outlet TempO CE outl,heatl
T2cold 2ry Coolant inlet TempO CE in2,heat2
T2hot 2ry Coolant outlet TempO CE out2,heat2
Q12 Heat transported to CE heatl,

2ry coolant heat2
Hihx Heat transO resistancel CE
Flowl Flow rate of 1ry coolant CE owl
Flow2 Flow rate of 2ry coolant CE QW2

Plio Pressure drop of 1ry coolant CE dpl

P2io Pressure drop of 2ry coolant CE dp2

Constraints:
Q12 = Hihx * ((Tlhot + Tlcold)/2

- (T2hot + T2cold)/2)

Q12 = Flowl * (Tlhot - Tlcold)
Q12 = Flow2 * (T2hot - T2cold)
Plio = Flowl
P2io = Flow2

053 A00000000 (IHXa)OOOO
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Name: Pla
Time-Scale: not-simultaneous /* 00000000 */
Port:

symbol connected compdl  connected port

in IHXa outl

out Vla in

QW LOOPla FLOW  driver

dp LOOPla DP driver
Parameters:

symbol description causal port

specO]

Power  Power supply CE

Flow Flow rate CE QW

Pio Di&erence of pressure CE dp

between inlet and outlet
Tin Coolant TempO (inlet) CE in

Tout Coolant TempO (outlet) CE out

Constral
Power -rEfow * Pio

Tin = Tout

054 A000D0O0OOODOOOO (Pla)0DOO

Name: LOOPla_ HEAT
Time: not-simultaneous /7* 00000000 */

Port:
symbol connected compd]  connected port
in RX heata
out IHXa heatl

Parameters:
symbol  description causal port

specO]

Q01 Heat transported from RX CE in
Q12 Heat transported to IHXa CE out
Tlhot  Coolant TempO (hotleg) CE in,out
Tlcold Coolant TempO (coldleg) CE in,out

Constraints:
D(Tlhot) = Q01 - Q12

D(Ticold) = Qo1 - Q12
ot 2 T6: wmmmn [0]

055 A000000O0ODO0OCOOOO (LOOPlaHEAT)ODODOO
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0530000
RX | IHXa | ACb | Pla P2a
Q0 | Hihx | Hac | Power Power
+1 | -1 [-1 ] [-] [-]
Trx | (D+ | O+ 3+ | (D+ (2)+
A| Tihot | (D+ | @+ | (3)+ | (D+ (2)+
Ticold [ @+ | D)+ | W)+ | (O)- | 3+, (¥)?
T2hot | Q)+ | (D)- | O+ | (D- | B3)+.(5)?
T2cold [ Q)+ | (- B)+ | - | (H+,(6)?
T3hot | 3+ | (@)- | BO)+ | (@O- | (O)+,(6)?
B| Tihot | (D+ | @+ | )+ | (D+ (2)+
Ticold [ @)+ | B)+ | D+ | O+ | (D+,(8)?
T2hot | 2)+ | )+ | (O)+ | @)+ | (D+.(B)?
T2cold | )+ | (D+ | D+ | )+ | (D-.(6)?
T3hot | (3)+ | @)+ | (V- | B3+ | (D-,(6)?
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0

OO00DOO000CO00DOoObOO0O0O0oO0ODbDO b8,59,5.100000

0000 s 0000000000000000000 00000 pOO0O0O0S500 <v, b,
tf, ts, tv > 0000000 v(s,p) OO0 sO0OO0OO0OO0OOOO pOOoQ, b(s,p) O
00000000000000000000000  tf(s,p),ts(s,p),tv(s,p) DO OODOO0O
00000000 00, 00000 pO000000O0O causal(p) 000D OODODOOO
0000000 QOO0OD0 QO 0000000 sO, 0000000000000 0000
000 cs 0020000000000000000 s0 0000000 cmp0 DOODDOOO
00000 0000, sO 0000000 emp0 DO0O0D0D0O0O0D0O0O0O0ODOO0O0DOOOODOOO
Op 0000, b(s0,p)=True, O0OOO v(sO,p) DDDODO0O0O0DDOOO0OODOOOOOO
oooo, Q= [( [emp0],s0 )] ODOOO

Toplevel algorithm:
1 repeat
2 (cs, s) <- pop( Q);
3 if cs is not empty then begin
4 cmp <- pop_most_before( cs );
5 expand( (cmp,s), StateList );
% intra-component reasoning

6 cns <- neighboring_components( cmp );

7 for all s" in StatelList do begin

8 propagate_components(cmp, s*, cns, s"", cnp);
% inter-component reasoning

9 push( ( cs@cnp, s""), Q)

10 end

11  end

12 until Q is empty
058 0000000000000

Algorithm of propagate_components(cmp,s”,cns,s"",cnp);

1 duplicate s" to s"*

2 for all component c in cns do begin

3  for all parameter ap in cmp do begin

4 bp in ¢ corresponds to ap;

5 if exist bp and causal(bp) is C and then begin

6 v(s"",bp) <- v(s",ap); tv(s"",bp) <- tv(s",ap);
7 tf(s"",bp) <- tf(s",ap); ts(s"",bp) <- ts(s",ap);
8 if causal _time(c) = simultaneous

9 then tf(s"",bp)++; else ts(s"",bp)++;

10 end

11 if parameters of ¢ in s"" is not the same as in s”
12 then push( c, cnp)

13 end
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Algorithm of expand( (cmp,s), StatelList);
% elements of the queue ~(q" are states to be carried outO

O~NO O WN P

q <- [s]:
StatelList <- [];
repeat

s = pop( q);

for all constraints c in cmp do begin
duplicate s to s*
mtv(s,c) <- max{tv(s,p) | all p involved in c};
mts(s,c) <- max{ts(s,p) | all p involved in c};
mtf(s,c) <- max{tf(s,p) | all p involved in c};
undp <- [];
for all parameter p involved in c do begin
if causal(p) = C~E and b(s,p)
then v(s",p) <- v(s,p)
else if causal(p) = C~E and not b(s,p)
then assume v(s",p) <- [0]
else if b(s,p) and tv(s,p) = mtv(s,c) and
ts(s,p) = mts(s,c) then v(s",p) = v(s,p)
else begin b(s",p) = F; push( p, undp); end
evaluate(c,s",NewStateList);
% evaluate the constraintsO
if NewStateList = [] then invalid s;
else if count( undp ) > 0 then
for all ns in NewStateList do begin
for all p in undp do begin
tv(ns,p) <- mtv(s,c); ts(ns,p) <- mts(s,c);
tf(ns,p) <- mtf(s,c);
if c involves integration
then tv(ns,p) <- tv(ns,p) + 1
if tv(ns,p)=tv(s,p) and ts(ns,p)=ts(s,p)
and count(NewStatelList) > 1
and not v(ns,p)=v(s,p) then suspend ns;

end
if not suspended(ns) then push(ns, q) ... *
end
if ns is pushed at * then goto "next_s"
end
push( s, StatelList );
next_s:

until g is empty
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Name: turbine

Port:
symbol  connected component : port

in superheater : out
out condensor : in
gen generator : in
Qw QW : receiver

press press : receiver
Parameters:

symbol  description causal port
Spec.

n shaft revolution CE gen

gin inlet heat CE in

gout outlet heat CE out

flow QW rate CE QW

pin inlet pressure CE press

pout outlet pressure  CE press

e eéciency CE

Y velocity CE
Constraints:

n=ce> flow * v D)

v = (pi - po) * (gin - gout) (2)
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