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Table 1 Substitution rule of annotated variables.
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T =N HEB~NDORA, *x: BFEOEDK—IL
X2, Y7: MARERER X, ?Y : ADEGBHENK
X, Y: BROEK
(2) success C DFHEICHEIIL &%, CoOi

f#ichic (deval Dy --- Do) 2 3Hd 5 & Ci2{Dy, -+, Di}

Oz F7vavdnig. 12120 613 COFEMEICT

S72fRA | VRESEET. deval ZEMBL TG

DI CREE/ICVE 7 va vENS.

(3) suspended LIPIADEA, 5B Pro-
log DEKTEKTHY ' EHZTLTHRNE &,
CDBEBA SHREBHERE bRV ELET.

(V9o aviBig]l] V47 va vD%
BRI B 2 REHEAE S TET L,
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HHLERE2RE

:=(solve (Vd + Vr =
(resistor_state Vr I 10)
(diode_state Vd I S)).
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(a) M¥inZH

Ed1} :dioge_state vd 0 orrg := (deval (Vd <= 0)).
=¥z oz - H d2 diode_state 0 Id on) :- (deval (Id >= 0)).
THD. FEL TS success & 72 i fail Er]] (resistor_state Vr Ir R) := (Vr = Ir # R).
375 - - na» - el (X = Y) 1= (free_of_var (X = Y)),!!,(test_equ (X = Y)).
T AHERENIELE-12EE)VE Vs qu Ef R Y; (single var (X = Y)),('soive_equ X = 1)),
. n o4 : N RY = ?X >= ? := !1,(greater_or_equal X Y).
YRELTS. VX7 v v FHER2 [<=] (?X <= ?Y) :- 1!,(less_or_equal X Y).
(a)izd. N reduce RED-DDE]
(b) Uzrsesven—n
(1) (Vd + Vr = 10)

(solveiCs):-(reduce Cs nil).

(reduce nil Ws):-(monitor Ws).
(reduce (Ci{Cs) Ws):=
(suspendp C),!,

(resistor_state Vr I 10)

(diode_state Vd I S) S
~
ﬂ (d1] I:0 S=off \1[ [d2] Vd=0 Szon

(reduce Cs (CiWs)). (2) (Vd + Vr = 10) (5) (0 + Vr = 10)
(reduce (CiCs) Ws):- (resistor_state Vr 0 10) (resistcr_state Vr I 10)
(exec C Ds), (Vd <= 0) (I >= 0)
(append Cs Ds Cs1),
(append Cs1 Ws Cs2) Vrs ﬂ -
(reduce Cs2 nil). ﬂ (r) r=0 Le2] vr=10
. e (3) (Va +0 = 10) (6 K] 2
(a) N%7ia>Ti 3 (Vg :: 5 ) E;egisg?r_st te 10 I 10)
(monitor Ws):=- - -
(pick_equations Ws Equs Rest), ﬂ te2) vd=10 jl trl I=1
(solve_equations Equs),! = =
(reduce Re;t nil). v (4) (10 <= 0) (o= 0)
(monitor Ws):-(ans_oblist). ﬂ [<=] fail ﬂ [>=)
(b) Fw Vo Z7NTFH bl (€) nil
B2 y&rvavFERE ) ISR
Fig. 2 Reduction procedure of ADL/CRS. (e) VF7eavibg
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fget REIC L OFERAT 2. ZOREBERBLOVERY
DEBTHBE7L—b - A VREVADEBRE, H
RUBEVE S v a vDIODOEEEERD - T 3.

[fget FHEOME] v R F i3 AEKREI MY
V—bed YRAEZVAZEBT %Y X+ (koblist)
EWVWD F — 2 gD B, fget RERIRODIEELIT
5. (1) 7 L—4aBROEHTEE L BIFiows

(Zl—n) 1=

(frame (7 vV — & 4)
(Obj [(ako (7L =) (T VLV —LE))]
(Ray p)(RBy }))

(proc (HIREMH)---GRREH))
(Vv —2a8)=(XEEH

(T y b)) i=({Ro v PEIEED)
(2T vy M) 1= CLEER
(7L —LBR)::=

(fget (X7 V=22 P BR)-(FTY 27 FBR))
( ATV 227 V8K 1=
(GREITF) [(ako (7 Vv —144))]
(2o y FBR)-(Rv vy FBR))
GRINF) D= (TR0 IER
(R y rBHR) = ((Xa vy }£4)(Prolog DIF))
R4 7v—LFEHEIBROER

Fig. 4 Syntax of frame definition and reference.
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(fget!0bjs):-(match Objs Cs),
(devaliCs).

(match nil nil).

(match (ObjiObjs) Cs):-

(value *®*oblist Obl),
(search_obl Obj Obl Ins),
(frame_unify Obj Ins),
(match Objs Cs).

(match (ObjiObjs) Cs2):-
(make_instance Obj Ins Cs),
(frame_unify Obj Ins),
(value %®oblist Obl),
(set_onbt #%oblist (InsioObl)),
(match Objs Cs1),

(append Cs Cs1 Cs2).

B 5 fget Fix
Fig. 5 The fget procedure.
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%, unify %. Rbic fget FERT. R
value, set_onbt FF#hZFh, F—2EEDERHE,
BBZZTORETHB. %70, v 25 v I
F—ABERETINS.

[Frv—LoniERE] E6RIN3DMEE7 LV—A
ERANTEBLLELOTH 5. BAR(c)(1)D fget
A3E S 5 & (b)D series_cir, resistor, diode 7
L=t —EMESNOD 7L —Lb e 4 VAR VR
sl,rl,dl AR Eh 3. FAFCE7 V—aicgdEh
IHHERBEATEDT(2)IRYVF I3 vING.
(2)0 fget IHUEEANCTHFME 505, SER7
Vet s A VAR VAMTTRELETHDTARu » b
DD unify XhB3DATH 5. UTHR3 EEKKC
A ETS 5.

5. CRS o&REH

AETIE, ZIHEOBBH D Lf, CRS 0%
B e 20T B,

[HR - BEE] BECETFERTHE, ko
HAREROLRIHASTOO TS, T OEEE
HOBBAD—DI, JEHIRPHRILRIZ—MICIE
BEFER, RERXTHIEMEL, BIFMIIRE
BRIV ETHB. £, HEHMBOHE, —#
BNHETREOOT, Ek-BIEHE @izt o
—EREL, FERXERE, REXEROTRIET
3HE) RV, MERTHERAKERT A EMTD
T3, CRS T, (KEDHR « =& - RIEIZT
NTYEF I vay N—NZE->TRETE, &K -
BIAFEOERRAESTHS. BT (a)3—HOTHHE
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(frame tte

:=(solve (fget (0bj (volt V)

(s1 (ako series_cir)

(amp I)
= = I ®
(elecb d1)) (proc (P = I *# V)))
(r1 (ako resistor)
(resistance 10)) (fr?3§3d1°de
(d1 (ako diode)))) (ako tte)
Evolt vd)
amp Id)
(a) MEHEB (state S))
(proc (diode_state Vd Id S)))
(frame resistor
(d1 (ako diode) (00 ttey
(volt 0) (volt Vr)
(amp 1) (amp Ir)
Eg:z:g 2;)) (resistance R))
- .
(r1 (ako resistor) (proc (Vr = Ir * R)))
(volt 10)
(amp 1) (frame series_cir
(power 10) (Obj
(resistance 10)) (ako tte)
(s1 (ako series_cir) (volt V)
(volt 10) (amp I)
(amp 1) (ele_a Ea)
(power 10) (ele_b Eb))
(ele_a r1) (proc
(ele_b d1)) (V = Va + Vb)
(fget (Ea (ako tte)
(volt Va)
(amp 1))
(d) % (Eb (ako tte)
(volt Vb)

(amp I)))))

tte : two_terminal_element

{(b) 7v—s&H
(1) FHEMED

(fget
(s1 (ako series_cir) ® xRV
(volt 10) (d1 (z2ko diode)
(ele_a r1) (volt Vd)
(ele_b d1)) (amp 1Id)
(r1 (ako resistor) (power P3)
(resistance 10)) (state S))
(c¢1 (ako diode))) (r1 (ako resistor)
| (volt Vr)
""""""" (amp Ir)
(2) fHARMHES {power P2)
(P1 = I1 * 10) (resistance 10))
(10 = Va + Vb) (s1 (zko series_cir)
(fget f!.‘ﬁitﬂ?’
r1 zsg?ttsgg (power P1)
(amp I1)) (ele_a ri1)
(d1 (ako tte) (ele_b d1)
gvolt Vb)
amp I1))) 4 X
(P2 = Ir * Vr) @ xgy2l
(Vr = Ir * 10) (d1 (sko diode)
(P3 = Id * vd) (volt Vb)
(diode_state Vd Id S) (amp I1)
(power P3)
(state S))
----------- (r1 (ako resistor)
(3) WHEAMAKS (amp 113
(P1 = I1 * 10) (power P2)
(10 = Va + Vb) (resistance 10))
(P2 = I1 * Va) (s1 (ako series_cir)
(Va = I1 * 10) (power P1)
(P3 = I1 # yp) (ele_a ri)
(diode_state Vb It S) (ele_b d1))

(¢) 7v—20B 57 n i@

Bé6 7v—-oERBHEYL7Ya VBEOH
Fig. 6 An example of frame representation and its reduction process.
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(frame gear

(0bj (rpm N)
(pover_Kkw L)
(module M)
(no_of_teeth Z)
(material Mat))

(proc (gear_shape M Z D)

(lewis M Z N D L Mat)))

(frame gearsys
(0bj (reduction_ratio U)
(povier_kw L)
(driving_gear Ga)
(drived_gear Gb))
(proc (fget
(Ga (zko gear)
(module M)
(no_of_teeth Za)
(rpm Na)
(power_kw L))
(Gb (ako gear)
" (module M)
(no_of_teeth Zb)
(rpm Nb)
(power_kw L)))
(Nb = Na * U)
(reduction_ratio U Za Zb)))

(reduction_ratio ?U Za ?Zb):-1!!,

(Zb * U = Za),(13 < za),(Za < 101),

(13 < Zb),(Zb < 101).
(reduction_ratio U ?Za ?Zb):-!¢,

(zb * U = Za),(13 < Za),(Za < 101),

(13 < Zb),(Zb < 101).
(reduction_ratio ?U Za Zb):-!!,

(for Za 14 100),(Zb * U = Za),

(13 < Zb),(Zb < 101).

(gear_shape M ?Z D):-
(module M),
(D =M * 2Z),

(lewis ?M ?Z ?N ?D ?L Mat):-
(60000 * V = 3.141592 * D #* N),
(toothshape_coef Z Kz),
(velosity_coef V Kv),
(gear_material Mat _ _ Sigwb _ _),
(N #T = 9.74 % 10000 * L),
(M ## 3 & Ky ® 10 # 7 #% Kz * Sig =
2 % 1,25 & T % 10),
(Sig <= Sigwb).

(a) ERBEEY:
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(frame gear

(Obj (rpm N)

(power_kw L)

(module M)

(no_of_teeth 2)

(material Mat)

(tooth_width B)

(pitch_circle_diameter D)

(pitch_circle_force Fs)

(shaft_hole_diameter Ds)

(type Gt)

{shape Sp))

(proc (gear_shape M Z D B)
(lewis M Z N D L Mat Fs)
(wait (M Z Ds Mat Fs)
(select Gt (web_type arm_type))
(fget Sp

(ako Gt?)
(module M)
(no_of_teeth Z)
(teeth_width B)
(material Mat)
(pitch_circle_force Fs)
(shaft_hole_diameter Ds)))))

(wait Vars|Cs):-(free_of_var Vars),(devaliCs).

(b) ExPSRYIFHARILE

(X=Y) :- (free_of_variable (X=Y)),!!,

(approx_equal X Y).

(X=Y) :~- (single_variable (X=Y)),!, -.

(solve_equation (X=Y)).

(X=Y) :- (select_variable (X=Y) 2),

(solve_equation_with (X=Y) Z).

(e) HREMHEEE

(X=Y) :- (free_of_variable (X=Y)),!!,

(approx_equal X Y).

(X=Y) :- (single_variable (X=Y)),!,

(solve_equation (X=Y)).

(X=Y) :- (multiple_operator (X=Y)),

(decompose_equ (X=Y) Eql Eq2),
(deval Eql Eq2).

(d) —HETFANDGHE

7T Fus5L0fE
Fig. 7 Programming examples.

DFRHTF 0S5 6THD. COPTRAFELEEET
FzEEM S EER (=), R¥MEEEL (reduction_
EFIR (gear_shape), WO IFHE X
(lewis) 1433 TV 5. ¥, £V a2—n, WEH
¥lx#h#h, reduction_ratio, gear_shape, lewis
DEN—NMIZ X > TREL, HOMITEX D RBIEL
lewis DN —WIZ L > TFTF> T 5.

[ERBE ORI ] BERE ISR LIE (AR S D2t
HBEBLOTHOIHRNYTH 5. CRS TREMC
EBRAZINS T L& -> THBLORKREX T 5
TEWTEE. N7 (b)REEOEAZHAMNETTS
DERF-> THBROFZH]ZITTHOFATH 5.

CRMESX] REFRGEEIEFEAROHKT=F
N, EH¥OEMEF AR EIZFERINS. FIHO
M3, 6 3ZDFEOMTH 3.

ratio),

[f=#Eik] Sussman &3 HE v H LK< —
FHEEP W ARREL T3 ROMBEREEE LS
HTHL CERTEROMBETFEROERHEEE
BONEIEBIBLTENBTES (BT ()

:—(solve (X+Y=3) (Y=2%X))

CNIZRHFRRERIVE 7 v a v« v—WITIRD
g T IO, (HEEMLBThREAZBRIEY
3. (2)—EMFERRERMCEL. (3)SEHS
BRR-ERcoVTRL.

[T ARRRME] B0 OB EIC L
IERE A EROREE L TR A BEERE T4
L, L2k FUESTEETSHE 2RELTL
3. ZOFHERERNBEREIREEZESGDbECD
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CRS 3, WoDF—4B#E%Ed-> T 5. Ready-
Rt, Wait-Wt 22 h£h, REMIHERHEES,
AT 7chS suspend I MERUEELEE
L, #h&Fh dlist TXDEHRL TS, kclist,
*oblist {2 CRS &V &7 ¥ 3 ¥« v —ARIDKIEIC
FRINBZEBNF -4 BETHD, WERGES,
T—h e A VR A2 VY AELAERLT 3. Ready-
Rt, Wait-Wt, kclist 3%h&HFE D 7o 6 FETiE~
FraRMZE->TY —FINTNS.
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(solveiConstraints) :-
(append Constrajints Rt Ready), —
(sort Ready-Rt Sorted-St),
(set_onbt *clist Rt-Rt),
(reduce Sorted-St Wt-Wt).

(reduce Rt-Rt Wait-Wt) :-
(var Rt),!,(monitor Wait-Wt).
(Peduce (R}Ready)-Rt Wait-Ready) :=-
(set onbt *clist Wait-Rt),
off_flag,R,!&,
(value ¥*clist Rdy1-Rt1),
(find_mincost_cs Rdyi-Rt1 Rdy2-Rt1),
(reduce Rdy2-Rt1 Wt-Wt).
(reduce (RiReady)-Rt Wait-(RiWt)) :-
off_flagp,(reduce Ready-Rt Wait-Wt).

(monitor Wait-Wt) :-
(pick_equations Wait-Wt Equs Ready-Rt),
. (solve_equations Equs),!,
(reduce Ready-Rt Wt-Wt).
(monitor Wait-Wt) :- (ans_oblist).

(devaliCs) :-
(append Cs Rt Ready),
(devall Ready-Rt).

(fget Objs) :=-
(match Objs Cs=Rt),
(devall Cs-Rt).

(devall Cs-Ready) :=-
(value #clist Ready-Rt),
(sort Cs-Rt Sorted-St),
(set_onbt *clist Sorted-St).

*off flag R¥ 27 & 75 7 59PHREL, off_flagp
BFZANTE. VFIvay - — VEFH I BB
HINBECD7 5/ BRETIZELFALT fail
& suspend OXH%E LT3,

**1& [3hy P2 RV-20—FETHD, Br b/
v I VT )RR ERETS.
&R 1 CRS 4v427Y) 2DE
Fig. A. 1 Outline of CRS interpreter.
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