04/26/10 17:39:49 1

kardio_dm.pl

 1: /* Files: model/model4.pl, model/heart4.pl, model/possible4.pl
 2:
 3:    kardio_dm.pl   deep model of the heart, 4th level of detail,
 4:                   standard Prolog, suitable for simulation
 5:
 6:    Copyright (c) 1989, Igor Mozetic. All rights reserved.
 7:
 8:    Author : Dr. Igor Mozetic
 9:             Austrian Research Institute for Artificial Intelligence
10:             Schottengasse 3
11:             A-1010 Vienna, Austria
12:             Phone: (+43 1) 533-6112
13:             Email: igor@ai.univie.ac.at
14:
15:    Updated: 6/29/1990
16:
17: The user agrees that this program and any derivative works are to be used solely
18: for academic purposes and are not to be sold, distributed, or commercially
19: exploited in any manner. As experimental, research software, this program is
20: provided free of charge on an "as is" basis without warranty of any kind. All
21: title, ownership and rights to this program and any copies remain with the
22: author. When publishing any results using this program, this will be properly
23: acknowledged and the following publications (whichever is relevant) will be
24: referenced:
25:
26:    Bratko, I., Mozetic, I., Lavrac, N. KARDIO: A Study in Deep and Qualitative
27:    Knowledge for Expert Systems. The MIT Press, Cambridge, MA, 1989.
28:
29: The following is a rational reconstruction of a major part of the heart model
30: described in the KARDIO book. A comparison to other representations, and
31: (some) relations to the original KARDIO model are in:
32:
33:    Mozetic, I. Diagnostic efficiency of deep and surface knowledge in KARDIO.
34:    Artificial Intelligence in Medicine 2 (2), pp. 67-83, 1990.
35:
36:    Mozetic, I., Pfahringer, B. Improving diagnostic efficiency in KARDIO:
37:    abstractions, constraint propagation, and model compilation.
38:    To appear in Deep Models for Medical Knowledge Engineering
39:    (E. Keravnou, Ed.), Elsevier, Amsterdam, 1992.
40:
41:
42: The following are domain specifications (domains are sorted):
43:
44: domains_arr(arr(SA, Atr, AV, Jun, BB, Reg, Ect)) :-
45:    domain( SA,  [quiet,sa,sad,sb,sr,st] ),
46:    domain( Atr, [aeb,af,afl,at,mat,quiet,wp] ),
47:    domain( AV,  [avb1,avb3,lgl,mob2,normal,wen,wpw] ),
48:    domain( Jun, [jb,jeb,jr,jt,quiet] ),
49:    domain( BB,  [lbbb,normal,rbbb] ),
50:    domain( Reg, [avr,quiet,vf,vfl,vr,vt] ),
51:    domain( Ect, [quiet,veb] ).
52:
53: domains_ecg(ecg(Rhythm, P, RateP, P_QRS, PR, QRS, Rate, EctP, EctPR, EctQRS)) :-
54:    domain( Rhythm,[irregular,regular] ),
55:    domain( P,     [abnormal,absent,changing,normal] ),
56:    domain( RateP, [between_100_250,between_250_350,between_60_100,
57:                    over_350,under_60,zero] ),
58:    domain( P_QRS, [after_P_always_QRS,after_P_some_QRS_miss,
59:                    independent_P_QRS,meaningless] ),
60:    domain( PR,    [after_QRS_is_P,changing,meaningless,normal,
61:                    prolonged,shortened] ),
62:    domain( QRS,   [absent,delta_LBBB,delta_RBBB,normal,wide_LBBB,
63:                    wide_LBBB_RBBB,wide_RBBB] ),
64:    domain( Rate,  [between_100_250,between_250_350,between_60_100,
65:                    over_350,under_60] ),
66:    domain( EctP,  [abnormal,absent] ),
67:    domain( EctPR, [after_QRS_is_P,meaningless,normal,prolonged,shortened] ),
68:    domain( EctQRS,[absent,delta_LBBB,delta_RBBB,normal,wide_LBBB,
69:                    wide_LBBB_RBBB,wide_RBBB] ).
70:
71: ********************************************************************************
72: */
73:
74: %%
75: %% File: model4.pl
76: %%
77: %  Model of the heart at the most detailed, 4th level.
78: %  Fast for simulation, slower for diagnosis,
79: %  can be used to generate a complete Arr-ECG relational table.
80: %  Non-redundant specification, relates 943 Arr to 3096 ECG, 5240 pairs.
81: /*
82: ?- sample_arr(4, Arr ), simulate( Arr, ECG ).

83: ECG = ecg(regular,abnormal,between_100_250,after_P_always_QRS,shortened,
84:           normal,between_100_250,abnormal,shortened,normal) ;
85: ECG = ecg(regular,abnormal,between_100_250,after_P_always_QRS,shortened,
86:           normal,between_100_250,abnormal,after_QRS_is_P,normal) ;
87: ECG = ecg(regular,abnormal,between_100_250,after_P_always_QRS,shortened,
88:           normal,between_100_250,absent,meaningless,normal) ;
89: no
90:
91: ?- sample_ecg(4, ECG ), simulate( Arr, ECG ).
92: Arr = arr(quiet,at,normal,jeb,normal,quiet,quiet) ;
93: Arr = arr(quiet,at,lgl,jeb,normal,quiet,quiet) ;
94: no
95:
96: ?- simulate( Arr, ECG ).
97: Arr = arr(sa,aeb,avb1,quiet,normal,quiet,quiet),
98: ECG = ecg(irregular,normal,between_60_100,after_P_always_QRS,prolonged,
99:           normal,between_60_100,abnormal,prolonged,normal) ;
100: Arr = arr(sa,aeb,avb1,quiet,lbbb,quiet,quiet),
101: ECG = ecg(irregular,normal,between_60_100,after_P_always_QRS,prolonged,
102:           wide_LBBB,between_60_100,abnormal,prolonged,wide_LBBB) ;
103:    ...
104: */
105:
106: sample_ecg(4, ecg(regular, abnormal, between_100_250, after_P_always_QRS,
107:    shortened, normal, between_100_250, abnormal, after_QRS_is_P, normal)).
108:
109: sample_arr(4, arr(quiet,at,lgl,jeb,normal,quiet,quiet)).
110:
111: mem( X, [X|_] ).
112: mem( X, [_|L] ) :- mem( X, L ).
113:
114:
115: simulate( Arr, ECG ) :-
116:    possible( Arr ),      % possible4.pl
117:    heart( Arr, ECG ).    % heart4.pl
118:
119:
120: %%
121: %% File: heart4.pl
122: %%
123: %  Deep model of the heart, 4th level of detail.
124:
125: heart( arr(SA, AF, AV, JUN, BB, VF, VEF),
126:        ecg(Rhythm, P, RateP, P_QRS, PR, QRS, Rate, EctP, EctPR, EctQRS) ) :-
127:    gen_sa_4( SA, ImpSA ),
128:    gen_atr_4( AF, ImpAF ),
129:    summ_4( ImpSA, ImpAF, ImpATR ),
130:    cond_ant_4( AV, ImpATR, ImpAV ),
131:    gen_jun_4( JUN, ImpJUN ),
132:    gen_reg_4( VF, ImpVF ),
133:    gen_ect_4( VEF, ImpVF ),
134:    summ_4( ImpJUN, ImpVF, ImpIV ),
135:    cond_ret_4( AV, ImpIV, ImpRET ),
136:    summ_4( ImpAV, ImpIV, ImpINV ),
137:    summ_4( ImpRET, ImpATR, ImpSV ),
138:    summ_4( ImpAV, ImpJUN, ImpHIS ),
139:    cond_bb_4( BB, ImpHIS, ImpBB ),
140:    summ_4( ImpBB, ImpVF, ImpVENT ),
141:    atr_ecg_4( ImpSV, P, RateP, EctP ),
142:    av_ecg_4( ImpSV, ImpINV, P_QRS, PR, EctPR ),
143:    vent_ecg_4( ImpVENT, Rhythm, QRS, Rate, EctQRS ).
144:
145:
146: %  Impulse generation.
147:
148: gen_sa_4( quiet, form(reg(sa_node, none,      zero),
149:                       ect(sa_node, no)) ).
150: gen_sa_4( sr,    form(reg(sa_node, regular,   between_60_100),
151:                       ect(sa_node, no)) ).
152: gen_sa_4( sb,    form(reg(sa_node, regular,   under_60),
153:                       ect(sa_node, no)) ).
154: gen_sa_4( st,    form(reg(sa_node, regular,   between_100_250),
155:                       ect(sa_node, no)) ).
156: gen_sa_4( sad,   form(reg(sa_node, irregular, between_60_100),
157:                       ect(sa_node, no)) ).
158: gen_sa_4( sad,   form(reg(sa_node, irregular, under_60),
159:                       ect(sa_node, no)) ).
160: gen_sa_4( sa,    form(reg(sa_node, irregular, between_60_100),
161:                       ect(sa_node, no)) ).
162: gen_sa_4( sa,    form(reg(sa_node, irregular, under_60),
163:                       ect(sa_node, no)) ).
164:

04/26/10 17:39:49 2

kardio_dm.pl

165: gen_atr_4( quiet, form(reg(atr_focus, none,      zero),
166:                        ect(atr_focus, no)) ).
167: gen_atr_4( wp,    form(reg(wandering, irregular, between_60_100),
168:                        ect(atr_focus, no)) ).
169: gen_atr_4( at,    form(reg(atr_focus, regular,   between_100_250),
170:                        ect(atr_focus, no)) ).
171: gen_atr_4( mat,   form(reg(wandering, irregular, between_100_250),
172:                        ect(atr_focus, no)) ).
173: gen_atr_4( afl,   form(reg(flutter,   regular,   between_250_350),
174:                        ect(atr_focus, no)) ).
175: gen_atr_4( af,    form(reg(fibflut,   irregular, over_350),
176:                        ect(atr_focus, no)) ).
177: gen_atr_4( af,    form(reg(fibrill,   irregular, over_350),
178:                        ect(atr_focus, no)) ).
179: gen_atr_4( aeb,   form(reg(atr_focus, none,      zero),
180:                        ect(atr_focus, uni)) ).
181:
182: gen_jun_4( quiet, form(reg(junction, none,    zero),
183:                        ect(junction, no)) ).
184: gen_jun_4( jb,    form(reg(junction, regular, under_60),
185:                        ect(junction, no)) ).
186: gen_jun_4( jr,    form(reg(junction, regular, between_60_100),
187:                        ect(junction, no)) ).
188: gen_jun_4( jt,    form(reg(junction, regular, between_100_250),
189:                        ect(junction, no)) ).
190: gen_jun_4( jeb,   form(reg(junction, none,    zero),
191:                        ect(junction, uni)) ).
192:
193:
194: gen_reg_4( quiet, form( reg(ventric, none,      zero), _) ).
195: gen_reg_4( vr,    form( reg(ventric, regular,   under_60), _) ).
196: gen_reg_4( avr,   form( reg(ventric, regular,   between_60_100), _) ).
197: gen_reg_4( vt,    form( reg(ventric, regular,   between_100_250), _) ).
198: gen_reg_4( vfl,   form( reg(ventric, regular,   between_250_350), _) ).
199: gen_reg_4( vf,    form( reg(ventric, irregular, over_350), _) ).
200:
201: gen_ect_4( quiet, form( _, ect(ventric, no)) ).
202: gen_ect_4( veb,   form( _, ect(ventric, uni)) ).
203:
204:
205: %  AV impulse conduction.
206:
207: cond_ant_4( AV, form(RegATR, EctATR), form(RegAV, EctAV) ) :-
208:    ant_reg_4( AV, RegATR, RegAV ),
209:    ant_ect_4( AV, EctATR, EctAV ).
210:
211: ant_ect_4( AV,   ect(Loc, no),  ect(Loc,  no) ).
212: ant_ect_4( avb3, ect(Loc, uni), ect(Loc,  no) ).
213: ant_ect_4( AV,   ect(_,   uni), ect(Cond, uni) ) :-
214:    ante_4( AV, Cond ).
215:
216:    ante_4( normal,normal ).
217:    ante_4( avb1,  delayed ).
218:    ante_4( wen,   prog_delay ).
219:    ante_4( mob2,  part_block ).
220:    ante_4( wpw,   kent ).
221:    ante_4( lgl,   james ).
222:
223: ant_reg_4( AV, reg(_,    Rhythm1, Rate1), reg(Cond, Rhythm2, Rate2) ) :-
224:    anterograd_4( AV, Cond,       Rhythm1,   Rhythm2,   Rate1,     Rate2 ).
225:
226: anterograd_4( normal,normal,     Rhythm,    Rhythm,    Rate,      Rate ) :-
227:    mem( Rate, [zero, under_60, between_60_100, between_100_250] ).
228: anterograd_4( avb1,  delayed,    Rhythm,    Rhythm,    Rate,      Rate ) :-
229:    mem( Rate, [under_60, between_60_100, between_100_250] ).
230: anterograd_4( wen,   prog_delay, regular,   irregular, Rate0,     Rate ) :-
231:    reduced_4( Rate0, Rate ).
232: anterograd_4( wen,   prog_delay, irregular, irregular, Rate0,     Rate ) :-
233:    reduced_4( Rate0, Rate ).
234: anterograd_4( mob2,  part_block, Rhythm,    Rhythm,    Rate0,     Rate ) :-
235:    reduced_4( Rate0, Rate ).
236: anterograd_4( avb3,  _,          _,         none,      Rate,      zero ) :-
237:    non_zero_4( Rate ).
238: anterograd_4( wpw,   kent,       Rhythm,    Rhythm,    Rate,      Rate ) :-
239:    non_zero_4( Rate ).
240: anterograd_4( lgl,   james,      Rhythm,    Rhythm,    Rate,      Rate ) :-
241:    mem( Rate, [under_60, between_60_100, between_100_250] ).
242: anterograd_4( normal,normal,     irregular, irregular, over_350,  Rate ) :-
243:    mem( Rate, [under_60, between_60_100, between_100_250] ).
244: anterograd_4( normal,normal,     regular,   irregular, between_250_350, Rate ) :-
245:    mem( Rate, [under_60, between_60_100, between_100_250] ).
246: anterograd_4( normal,normal,     regular,   regular,   between_250_350, Rate ) :-

247:    mem( Rate, [under_60, between_60_100, between_100_250] ).
248:
249:
250: %  Retrograd AV impulse conduction.
251:
252: cond_ret_4( AV, form(RegIV, EctIV), form(RegRET, EctRET) ) :-
253:    ret_reg_4( AV, RegIV, RegRET ),
254:    ret_ect_4( AV, EctIV, EctRET ).
255:
256: ret_reg_4( avb3, reg(Loc, _, _   ),        reg(Loc,   none, zero)  ).
257: ret_reg_4( _   , reg(Loc, _, Rate),        reg(Loc,   none, zero)  ) :-
258:    mem( Rate, [zero, between_250_350, over_350] ).
259: ret_reg_4( AV,   reg(Loc,   Rhythm, Rate), reg(Retro, Rhythm, Rate) ) :-
260:    mem( AV, [normal, avb1, wen, mob2, wpw, lgl] ),
261:    mem( Rate, [under_60, between_60_100, between_100_250] ),
262:    retrograd_4( Loc,      Retro ).
263:
264: ret_ect_4( AV,   ect(Loc, no),  ect(Loc,   no) ).
265: ret_ect_4( avb3, ect(Loc, uni), ect(Loc,   no) ).
266: ret_ect_4( AV,   ect(Loc, uni), ect(Retro, uni) ) :-
267:    mem( AV, [normal, avb1, wen, mob2, wpw, lgl] ),
268:    retrograd_4( Loc,      Retro ).
269:
270:    retrograd_4( junction, faster ).
271:    retrograd_4( junction, slower ).
272:    retrograd_4( junction, equal  ).
273:    retrograd_4( ventric,  equal  ).
274:    retrograd_4( ventric,  slower ).
275:
276:
277: %  Impulse conduction through bundle branches.
278:
279: cond_bb_4( BB, form(RegHIS, EctHIS), form(RegBB, EctBB) ) :-
280:    bb_reg_4( BB, RegHIS, RegBB ),
281:    bb_ect_4( BB, EctHIS, EctBB ).
282:
283: bb_reg_4( BB, reg(Loc,      none,   zero), reg(Loc,      none,   zero) ).
284: bb_reg_4( BB, reg(His_cond, Rhythm, Rate), reg(BB_cond,  Rhythm, Rate) ) :-
285:    non_zero_4( Rate ),
286:    bb_conduct_4( BB,     His_cond, BB_cond ).
287:
288: bb_ect_4( BB, ect(Loc,      no),  ect(Loc,     no) ).
289: bb_ect_4( BB, ect(His_cond, uni), ect(BB_cond, uni) ) :-
290:    bb_conduct_4( BB,     His_cond, BB_cond ).
291:
292:    bb_conduct_4( _,      kent,     kent       ).
293:    bb_conduct_4( normal, His_cond, normal     ) :-
294:       mem( His_cond, [normal, james, delayed, prog_delay, part_block, junction] ).
295:    bb_conduct_4( lbbb,   His_cond, lbb_block  ) :-
296:       mem( His_cond, [normal, james, delayed, prog_delay, part_block, junction] ).
297:    bb_conduct_4( rbbb,   His_cond, rbb_block  ) :-
298:       mem( His_cond, [normal, james, delayed, prog_delay, part_block, junction] ).
299:
300:
301: %  SV impulse projection on ECG (P).
302:
303: atr_ecg_4( form(Reg, Ect), P, Prate, EctP ) :-
304:    atr_reg_4( Reg, P, Prate ),
305:    atr_ect_4( Ect, EctP ).
306:
307: atr_reg_4( reg(_,  none, zero), absent, zero ).
308: atr_reg_4( reg(SV, _,    Rate), P,      Prate ) :-
309:    non_zero_4( Rate ),
310:    supra_vent_4( SV,        P,        Rate, Prate ).
311:
312: atr_ect_4( ect(_,  no),  absent ).
313: atr_ect_4( ect(SV, uni), P ) :-
314:    supra_vent_4( SV,        P,        _,    _ ).
315:
316:    supra_vent_4( sa_node,   normal,   Rate, Rate   ).
317:    supra_vent_4( atr_focus, abnormal, Rate, Rate   ).
318:    supra_vent_4( wandering, changing, Rate, Rate   ).
319:    supra_vent_4( flutter,   abnormal, Rate, Rate   ).
320:    supra_vent_4( fibflut,   abnormal, Rate, Rate   ).
321:    supra_vent_4( fibrill,   absent,   _,    zero   ).
322:    supra_vent_4( faster,    abnormal, Rate, Rate   ).
323:    supra_vent_4( equal,     absent,   _,    zero   ).
324:    supra_vent_4( slower,    abnormal, Rate, Rate   ).
325:
326:
327: % SV and AV impulse projection on ECG (P_QRS, PR).
328:

04/26/10 17:39:49 3

kardio_dm.pl

329: av_ecg_4( form(RegSV, EctSV), form(RegAV, EctAV), P_QRS, PR, EctPR ) :-
330:    av_reg_4( RegSV, RegAV, P_QRS, PR ),
331:    av_ect_4( EctSV, EctAV, EctPR ).
332:
333: av_reg_4( reg(_, _,  zero), _,             meaningless, meaningless ).
334: av_reg_4( reg(SV, _, Rate), reg(AV, _, _), P_QRS,       PR ) :-
335:    non_zero_4( Rate ),
336:    his_bundle_4( AV,      SV,        PR,          P_QRS      ).
337:
338: av_ect_4( ect(_,  no),  _,            meaningless ).
339: av_ect_4( ect(_,  uni), ect(_,  no),  meaningless ).
340: av_ect_4( ect(SV, uni), ect(AV, uni), PR ) :-
341:    his_bundle_4( AV,      SV,        PR,          _ ).
342:
343: his_bundle_4( delayed,         _,    prolonged,   after_P_always_QRS ).
344: his_bundle_4( prog_delay,      _,    prolonged,   after_P_some_QRS_miss   ).
345: his_bundle_4( part_block,      _,    normal,      after_P_some_QRS_miss   ).
346: his_bundle_4( james,           _,    shortened,   after_P_always_QRS ).
347: his_bundle_4( kent,       sa_node,   shortened,   after_P_always_QRS ).
348: his_bundle_4( kent,       atr_focus, shortened,   after_P_always_QRS ).
349: his_bundle_4( kent,       wandering, shortened,   after_P_always_QRS ).
350: his_bundle_4( kent,       flutter,   meaningless, meaningless    ).
351: his_bundle_4( kent,       fibflut,   meaningless, meaningless    ).
352: his_bundle_4( kent,       fibrill,   meaningless, meaningless    ).
353: his_bundle_4( normal,     sa_node,   normal,      after_P_always_QRS ).
354: his_bundle_4( normal,     fibrill,   meaningless, meaningless    ).
355: his_bundle_4( normal,     fibflut,   meaningless, meaningless    ).
356: his_bundle_4( normal,     fibflut,   meaningless, independent_P_QRS   ).
357: his_bundle_4( normal,     fibflut,   meaningless, after_P_some_QRS_miss   ).
358: his_bundle_4( normal,     flutter,   meaningless, after_P_some_QRS_miss   ).
359: his_bundle_4( normal,     wandering, normal,      after_P_always_QRS ).
360: his_bundle_4( normal,     wandering, changing,    after_P_always_QRS ).
361: his_bundle_4( normal,     atr_focus, normal,      after_P_always_QRS ).
362: his_bundle_4( normal,     atr_focus, shortened,   after_P_always_QRS ).
363: his_bundle_4( normal,     atr_focus, prolonged,   after_P_always_QRS ).
364: his_bundle_4( junction,   faster,    shortened,   after_P_always_QRS ).
365: his_bundle_4( AV,         equal,     meaningless, meaningless ) :-
366:    mem( AV, [junction, ventric] ).
367: his_bundle_4( AV,         slower,    after_QRS_is_P, after_P_always_QRS ) :-
368:    mem( AV, [junction, ventric] ).
369: his_bundle_4( AV,         SV,        meaningless, independent_P_QRS ) :-
370:    mem( AV, [junction, ventric] ),
371:    mem( SV, [sa_node, atr_focus, wandering, flutter, fibflut, fibrill] ).
372:
373:
374: %  VENT impulse projection on ECG (Rhythm, Rate, QRS).
375:
376: vent_ecg_4( form(Reg, Ect), Rhythm, QRS, Rate, EctQRS ) :-
377:    vent_reg_4( Reg, Rhythm, QRS, Rate ),
378:    vent_ect_4( Ect, EctQRS ).
379:
380: vent_reg_4( reg(_,    Rhythm, over_350), Rhythm, absent, over_350 ).
381: vent_reg_4( reg(VENT, Rhythm, Rate),     Rhythm, QRS,    Rate ) :-
382:    mem( Rate, [under_60, between_60_100, between_100_250, between_250_350] ),
383:    ventricles_4( VENT,       QRS ).
384:
385: vent_ect_4( ect(_,    no),   absent ).
386: vent_ect_4( ect(VENT, uni),  QRS ) :-
387:    ventricles_4( VENT,       QRS ).
388:
389:    ventricles_4( normal,     normal  ).
390:    ventricles_4( lbb_block,  wide_LBBB  ).
391:    ventricles_4( rbb_block,  wide_RBBB  ).
392:    ventricles_4( ventric,    wide_RBBB  ).
393:    ventricles_4( ventric,    wide_LBBB  ).
394:    ventricles_4( ventric,    wide_LBBB_RBBB ).
395:    ventricles_4( kent,       delta_LBBB ).
396:    ventricles_4( kent,       delta_RBBB ).
397:
398:
399: %  Impulse summation.
400:
401: summ_4( form(Reg1,Ect1), form(Reg2,Ect2), form(Reg,Ect) ) :-
402:    summ_reg_4( Reg1, Reg2, Reg ),
403:    summ_ect_4( Ect1, Ect2, Ect ).
404:
405: summ_reg_4( reg(_,   none,   zero), Impulse, Impulse ).
406: summ_reg_4( reg(Loc, Rhythm, Rate), reg(_, none, zero),
407:             reg(Loc, Rhythm, Rate) ) :-
408:    non_zero_4( Rate ).
409:
410: summ_ect_4( ect(Loc, no),  ect(_,   no),  ect(Loc, no) ).

411: summ_ect_4( ect(Loc, uni), ect(_,   no),  ect(Loc, uni) ).
412: summ_ect_4( ect(_,   no),  ect(Loc, uni), ect(Loc, uni) ).
413:
414:
415: %  Utilities
416:
417: reduced_4( Rate0,           Rate0 ) :-
418:    mem( Rate0, [under_60, between_60_100, between_100_250] ).
419: reduced_4( between_60_100,  under_60 ).
420: reduced_4( between_100_250, between_60_100 ).
421:
422: non_zero_4( Rate ) :-
423:    mem( Rate, [under_60,between_60_100,between_100_250,between_250_350,over_350]).
424:
425: %%
426: %% File: possible4.pl
427: %%
428: %  Constraints which eliminate physiologically impossible
429: %  and medically uninteresting arrhythmias at level 4.
430: %  Non-redundant (943 Arr), nonground (BB,Ect) specification.
431:
432: possible(arr(SA,   aeb,  AV,    quiet,BB,    quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]),
433:                                                               mem(AV, [avb1,lgl,mob2,wen]).
434: possible(arr(SA,   aeb,  avb3,  Jun,  BB,    quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]),
435:                                                               mem(Jun,[jb,jr,jt]).
436: possible(arr(SA,   aeb,  avb3,  quiet,normal,Reg,  quiet)) :- mem(SA, [sa,sad,sb,sr,st]),
437:                                                               mem(Reg,[avr,vr,vt]).
438: possible(arr(SA,   aeb,  normal,quiet,BB,    quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]).
439: possible(arr(SA,   aeb,  wpw,   quiet,normal,quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]).
440: possible(arr(SA,   quiet,AV,    jeb,  BB,    quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]),
441:                                                               mem(AV, [avb1,lgl,mob2,wen]).
442: possible(arr(SA,   quiet,AV,    quiet,BB,    quiet,Ect)  ) :- mem(SA, [sa,sad,sb,sr,st]),
443:                                                               mem(AV, [avb1,lgl,mob2,wen]).
444: possible(arr(SA,   quiet,avb3,  Jun,  BB,    quiet,Ect)  ) :- mem(SA, [sa,sad,sb,sr,st]),
445:                                                               mem(Jun,[jb,jr,jt]).
446: possible(arr(SA,   quiet,avb3,  jeb,  BB,    Reg,  quiet)) :- mem(SA, [sa,sad,sb,sr,st]),
447:                                                               mem(Reg,[avr,vr,vt]).
448: possible(arr(SA,   quiet,avb3,  quiet,normal,Reg,  Ect)  ) :- mem(SA, [sa,sad,sb,sr,st]),
449:                                                               mem(Reg,[avr,vr,vt]).
450: possible(arr(SA,   quiet,normal,jeb,  BB,    quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]).
451: possible(arr(SA,   quiet,normal,quiet,BB,    quiet,Ect)  ) :- mem(SA, [sa,sad,sb,sr,st]).
452: possible(arr(SA,   quiet,wpw,   jeb,  BB,    quiet,quiet)) :- mem(SA, [sa,sad,sb,sr,st]).
453: possible(arr(SA,   quiet,wpw,   quiet,normal,quiet,Ect)  ) :- mem(SA, [sa,sad,sb,sr,st]).
454: possible(arr(quiet,Atr,  avb3,  Jun,  BB,    quiet,Ect)  ) :- mem(Atr,[af,afl,at,mat,wp]),
455:                                                               mem(Jun,[jb,jr,jt]).
456: possible(arr(quiet,Atr,  avb3,  jeb,  BB,    Reg,  quiet)) :- mem(Atr,[af,afl,at,mat,wp]),
457:                                                               mem(Reg,[avr,vr,vt]).
458: possible(arr(quiet,Atr,  avb3,  quiet,normal,Reg,  Ect)  ) :- mem(Atr,[af,afl,at,mat,wp]),
459:                                                               mem(Reg,[avr,vr,vt]).
460: possible(arr(quiet,Atr,  normal,jeb,  BB,    quiet,quiet)) :- mem(Atr,[af,afl,at,mat,wp]).
461: possible(arr(quiet,Atr,  normal,quiet,BB,    quiet,Ect)  ) :- mem(Atr,[af,afl,at,mat,wp]).
462: possible(arr(quiet,Atr,  wpw,   quiet,normal,quiet,quiet)) :- mem(Atr,[af,afl]).
463: possible(arr(quiet,Atr,  AV,    jeb,  BB,    quiet,quiet)) :- mem(Atr,[at,mat,wp]),
464:                                                               mem(AV, [avb1,lgl,mob2,wen]).
465: possible(arr(quiet,Atr,  AV,    quiet,BB,    quiet,Ect)  ) :- mem(Atr,[at,mat,wp]),
466:                                                               mem(AV, [avb1,lgl,mob2,wen]).
467: possible(arr(quiet,Atr,  wpw,   jeb,  BB,    quiet,quiet)) :- mem(Atr,[at,mat,wp]).
468: possible(arr(quiet,Atr,  wpw,   quiet,normal,quiet,Ect)  ) :- mem(Atr,[at,mat,wp]).
469: possible(arr(quiet,aeb,  normal,Jun,  BB,    quiet,quiet)) :- mem(Jun,[jb,jr,jt]).
470: possible(arr(quiet,aeb,  normal,quiet,BB,    Reg,  quiet)) :- mem(Reg,[avr,vr,vt]).
471: possible(arr(quiet,quiet,normal,Jun,  BB,    quiet,Ect)  ) :- mem(Jun,[jb,jr,jt]).
472: possible(arr(quiet,quiet,normal,jeb,  BB,    Reg,  quiet)) :- mem(Reg,[avr,vr,vt]).
473: possible(arr(quiet,quiet,normal,quiet,normal,Reg,  Ect)  ) :- mem(Reg,[avr,vr,vt]).
474: possible(arr(quiet,quiet,normal,quiet,normal,Reg,  quiet)) :- mem(Reg,[vf,vfl]).
475: