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F'rolos ToolKit version 1 (7 December 82) 

I. 1- count. ' -Next t'ile: filin 
Pl'ess:chunk+ 8 clauses 5 Predicates+ 
Pres.s:collec. 28 clauses 13 Predicates. 
Press:attrac. 10 cla•Jses 5 Predicates. 
Press:simP+aH 32 clauses :I r:-red:i c-ates .• 
Press:match+ 26 cla•Jses 9 Predicates. 
press: ir,t. 152.clauses 52 Predicates. 
Press:diff. 28 clauses 4 Predicates. 
Press:PolPak. 93 clauses 41 Predicates+ 
Press:Poltid. 8 clauses 5 Predicates .. 
Press:odds. 19 cla•Jses :i 3 Predicates. 
Press:weaknf. 7 clauses 3 Predicates. 
Press:words. 17 clauses 7 Predicates. 
Press:sPortr. 28 clauses 9 Predicates. 
Press:misc. 56 clauses 27 F·r·edicates. 

' 
Press:solve. 29 clauses 13 Predicates. - r:-ress:simeG. 12 clauses 8 predicates .. 

~ 
Press:sim. 45 clauses 2? Predicates. 
Press:ineG. 13 clauses 8 predicates. 
Press: j_solat. 19 clauses 7 Predicates. 
Press:factor. 5 clauses ... .~ Predicater..;. 
Press:Pol~. 38 clauses 17 Predicates. 
Press:tris.fac 96 clauses 36 Predicates. 
Press:nasl.. 14 clauses 3 Predicates. 
Press:homos.toP 44 clauses 19 Predicates. 
Press:homos.trs 152 cla1Jses 58 Predicates .• 
Press:los. 22 clauses 8 Predicates. 
Press: nast":1. 159 clauses t.9 Predicates. 
F-ress: isolat. a>: 63 clauses 1 Predicates. 
Press: ineGi s. a~-: 21 claus.es () Predicates. 
Press: col J.ec. a:-: 17 clauses :i Predicates. 
Press: at t rac. a:-: 1.2 clauses 1 Pr·edicates .. 
Press:homos.rew 63 clauses 4 Predicates. 
Press:facts. 1. 0 cla•Jses 7 Predicates. 
Press: ini t. 8 clauses 8 Predicates. 

-, py•ess:Prover. 22 cla•Jses 8 Predicates. 
,,....~ 

Press!maniP+ 6 clauses 4 Predicates. 
Press: homos. mr:;c 80 clauses 3 -· ' l Predicates. 
Press: r•Jne~-t. 16 clauses 13 Predicates .• 
Press:demo. 13 clauses 10 Predicates. 
Press:facile. 7 clauses 6 Predicates. 
mec:toP+Pl 3 clauses 3 r:,redicates. 
filin+ 1503 clarJses 570 Predicates. 
Ne~•tt file: •Jti U uti J. 
util!util.oPs 0 c 1 a1.1ses 0 Predicates. 
1Jti 1: ari th. ops 0 clauses 0 Predicates. 
util!files.Pl 7 cl-a•Jses 6 Predicates. 
•Jti 1: wri tef. Pl 62 clauses 21 Predicates. 
1Jtil!trace.Pl 11 clauses 7 Predjcates. 
•Jti 1 ! read in. Pl 24 clauses. 12 Predicates. 
•Jt i 1: 1 is t ro. P 1 27 clauses 14 Predicates. 
util!setrou.Pl 1. 8 clauses 8 Predicates. 
util:aPPlic.Pl 20 cla•Jses 8 Predicates. 
•Jti l !multi l • F-1 12 clauses 7 predicates. 
util:flasro.pl 1 clauses :i Predicates. 
util!struct.Pl 18 cla•Jses 6 Predicates. 
1Jtil :cm:;.sce.Pl. 4 clauses 3 F-redicates. 

.. ·~"~~ 
- _ __.py r ~- •. Mi - Mivt&~"~-~~-"d'.f,-,,~ :z;...£,,J. ....,,.:-.':... ~.-i.,·<;'.:£J»J..I' ~ ~ 



. ,. uti l: lons. Pl 261 clauses 
.uti 1 :tf dY. P-1 90 clauses 
util:edit+Pl 8 cla1..1ses 
•.Jti lt invoca. r:-l 19 clauses 
util:imisce+Pl 14 clauses 
util:uti1+ 597 clauses 
Next file: 
Grand total: 2100 cla•..1ses 

\~es i 
I 1-I 

PRESS (7 Dec 82) 

[Consultins Press:examJ 

Pres~:exam consulted 
~)~ 

;:"),r~S 
~._ _ _,,,~..,r..--.: rf- aeb < 1 > + 

5605 words 

83 Predicates. 
25 Predicates. 

4 Predicates. 
:i.2 Predicates. 

8 Predicates. 
226 Predicates. 

796 Prf?d:irates. 

2.60 sec. 

B<JJ.vins sec( 2 * ~d + tan(2 * x> = 3 for 

APPlwins substitution 
}·{*2= !·!1 

to • + 

sec( x * 2) + tan( x * 2) = 3 

sives: 
sec( xl> + tan( xl) = 3 

Rewritins eGuation in terms of sec( xi) 
sives sec( xl) + ( sec( xl) - 2 - 1) - (1 / 2) = 3 

Substitutins x2 for sec( x1) sives 
~-::: ~-{2 t ( ~-{2 '"' 2 t -1 ) '"' ( 1 /2) = 3 

-X'-.-/.,,.,,. 

Trwins to isolate 
in x2 + < x2'"' 2 

}·{2 ~ 2 + -1 

t -1) '"' (1/2) = 3 

x2'"' 2 + -1 = < x2 * -1 + 3) '"'? 
(bw Isolation) 

Pohmomial >{2 '"' 2 + ( ~-{2 * -:i + 3) ..... ? * -1 + -1 becomes 

x2 * 6. + -10 when in normal form 

APPlwins substitution 

to 

>{2 = sec( >,1"> 

• ♦ 

= < 5/3) 

s:i.ves : 
sec( xl) = (5/3) 



additive_ansles/3 

all_are_contained/2 

* PROLOG CROSS REFERENCE LISTING* 

PRESS Eauation Solvins Ssstem 

PRESS:COLLEC. exP_matchl/5 absent/2 

rew_rule/5 form/3 

PREbbiMAICH. decomP/2 ac_decomP/4 

PRESStMATCH. decomP/2 ac_decornP/4 recomp/? ac_recomF 
rf~ ~! t. C· fl /~ ;~ 

PRESS:MATCH, recomP/2 ac_recomP/3 

PREf.~S: HOMOG. TRG 
anazl/6 hYPer_find/6 

trissolve/5 checkPairs/S 

PRESS:POLPAK. Poly/3 add_Pols/3 times_pol~/3 

PRESS:POLPAK, map_add_Power/3 

aPcheckl/3 additive_ansles/3 

PRESS:INT, int_aPPls/3 all_are_contained/2 

PRESS:P□LPAK, tjr1e~s .list/? 

F' f;~ t:: t:; ~::; i t-i CJ tvJ f.) {3 ❖ ·rt=~: l3 
~~ r-t i::: :~: ./' t~t 

Pick_xean/4 listsolve/5 maximum/2 



assumed_Positive/1 

atom .... nc1m/ l 

binarY_to_list/5 

PRESS: HOMiJG I TF:G 
<user> anaz/6 findansle/3 anaz1/6 

f=: i:( t:: ~::: s ~ t·i c1 r~i (J c:i ❖ T f( G 
ansle_size/4 ansle_sizel/4 

PRESS:POLPAK. odd_anti_sYmmetric/1 
even_anti_ssmmetric/1 anti_ssmmetric/2 

aPcheckl/3 aPcheck2/2 

Pi c·f.: ... _::{t::~c-trr_,.l-i:f c:·c:tl 1 t::~c:·t._.~:=r11::._..:/:-_~ -f~:i. rici r·f .. 1s-~l;;_~ 

anaz/6 nasty_act/5 find_shlmbolsl/4 
attract_list/3 striP/3 set_dist/4 
ssmmetric/2 anti_ssmmetric/2 

PRESS:COLLEC, collect/3 attract/3 

siml/4 BPPls_sim2/6 

PRESS:NASTY. tris_nasts/2 exPon/2 Sood_fun/1 Pt~/l 

make_assumPtion_positive/1 

PRESS:ATTRAC, solve2/4 attract/3 

PRESS:PROVER. <user> maximuml/2 smaller/2 

andtodot/2 ortodot/2 binarw_to_list/5 
1 {-;.'a·::. t ..... c! Ct Ei .. l ~: 

PRESS:P□LPAK, POlY/3 binomial/3 

f> f-~ t:: f.)~::; t t·! CJ f-··i {J [i ~ !"1 :3 c; 
r·ei:-.;,_~ r•t..t 1 el·-:5 



cartesian_Product/4 

chsnse_the_varisble/5 

checktrivial_set/2 

calc/3 breakuP_bnds/3 

PRESS:POLPAK. sym_trsnsform/2 build_red/4 

find_int2/2 limits/5 

cartesian_product/4 

make_resions/3 cart_Prod/5 

PREf.:.f~ ~= HOMOG I TF~G 
<user> findtYPe_triS/2 

F~f~:E~:;E:; t !·-ffJf~iCJt:1 ❖ 1·r:LJ 
<user> findtYPe_hyper/2 

pr F~ t:: ::i ~; :; f·l CJ tf CJ (1 -:-l Ct Ft 
r1 () rf1 i:J ~;; 1 _.i~ t:: 

PRESS:CHUNK. solve2/4 

PRESS:CHUNK. solve2/4 

f> f;; f.~ f; ~:; ~ t·i () 1~---i C) (1 -:--r 1:;: G 
tanean/3 check_tan/2 

PREE)S: HONCH3. TRG 
c· {·1 e [:i.-:. .... t~ <::: r·1 _/ :;,~ 

sim2/6 trismethod/3 findtspe/2 anaz/~ 
half_anSle/5 findtspe_trig/2 
findtsPe_hsPer/2 actionl/5 
find_los_base/2 maximuml/2 onetest/2 

trissolve/5 checkPairs/5 

PRESS:NASTY. attract_list/3 checkPt/1 

PRESS:NASTY. attract_list/3 checkPta/1 

find_simPle_int/2 

·f:i.n,::-; __ J :i. m:i. -!:..!:,./ 4 



collert_intervals/3 

rollect_multiPliers/6 

cond_Pols_Print/4 

convert_functor/8 

F' F.: t.:: E; f; :~ t·t () i\iJ CJ G ❖ T f-~ {3 
tanexP_num/4 tanexp_denom/4 

PRESS:POLPAK, Scd_coeffs/2 coeff_list/2 

F; f;~ E: t~ f.) t C: Ct L. L. t:: c: ❖ t1 ~-( 

c· r:i 1 ·1 1-== c· t .... ·•• ?\ 

PRESS:COLLEC, solve2/4 rollect/3 

PRESS:INEQ. findmax/3 rollert_ans/3 

PRESS:INT. interval/3 rollect_intervals/3 

unattract_distribute/3 
rollert_multiP!iers/6 

less_than/2 ralr/3 

PRESS:C□LLEC, absent/2 list_cornpatible/2 

PRESS:INIT. interval/3 

PRESStPOLY, Pols_solve/4 

PRESS:MISC, Process_inPut/4 

PRESS:NASTY. looPinSl/1 

<user> Pick_xean/4 collect/3 attract/3 
linear_sin_cos/2 mod_anssizel/4 naslok, 
ansle_sizel/4 suitl/3 root_nasts/2 
exP_nasts/2 tris_nasts/2 rew_rule/5 
exactls_one_arS/4 filter/4 at_least_occ 
least_dom/4 laural/3 rePort_subs/2 



find_cammon/4 corresPond/4 

listsolvel/5 corresPondl/7 

corresPondl/7 corresPond2/6 

corresPondins_arsuments/4 

default_interval/1 

PRESS:MATCH. collect/3 attract/3 
corresPondins_arsuments/4 

PRESS:NASTY. nas_rule/3 cosatt/2 tanatt/2 

F: F~ t:: ::) ~; t !--i (J i"l! Ct t:J ❖ T t;: f3 
·<tJ~-e r· >· -=~(:t-i c::r·11. _/;5 

exPcc/4 cosexP/4 sinexP/4 

f=t f;! F.::~} t) t t·! CJ i~--1 () {3 ❖ ·r F~ {:} 
-::: iJ e. E,:r r· >· ~:: c· t. :L (:): 1"'1 J. ./ 5 

<user> action1/5 

PF:ESS; HOMOG. TRG 
·< t..J s i'f!.: r-:> ~::c· t. j_ c} r-2 l .. / !5 

<user> findtsPe_triS/2 

<user> findtsPe_hsPer/2 

PRESS:MATCH. collect/3 matchuP/3 attract/3 fa~torise 
linear_sin_cos/2 tris_normal_form/3 
unattract_distribute/3 multiPls_throust 
PrePd/2 mulbas_to_list/2 mstch/2 
exP_distrib/2 mul_distrib/2 weaknf/3 

find_int2/2 find_simPle_int/2 clean_up1 

PRESS:MISC. delete/3 

PRESS:POLPAK. Poleval/3 



utility anaz2/3 exp_nastY/2 

PRESS:DIFF. findmax/3 

PRESStPOLY, Poly_method/4 

diseuised_linear/1 

PRESS:S□LVE. solve1/4 

disJ_solve_list/4 PRESS:SOLVE, disJ_solve/4 disJ_solve_list/4 

PRESS:NASTY, nas_rule/3 multiPlY_throuSh/4 

PRESS:NASTY. dist ✓? dist1/2 

unattract_distribute/3 dist_multiPlY/3 

PRESS:SIMEQ, simsolvel/3 distribute/3 simsolve2/3 

;.::-1:i. ,,.,., __ l :i.n/:5 PRESS:POLPAK, factor_out/3 div_lin/5 

PRESS:FACTOR, factorise/4 div_list/4 

PRESS:POLPAK, maP_div_Power/3 

PRESS:SIM. modParse/3 dl_modParse/3 

Parse/3 dl_parse/3 

Parse2/3 dl_parse2/3 

PRESS:NASTY, parse4/4 dl_Parse4/4 

PRESS:NASTY. mult/3 

Pick_xean/4 listsolve/5 maximum/2 

disJ_solve/4 solve1/4 dottoor_set/2 

s.:i.m:!./4 

ut.:i.1 i -!:..H 



even_anti_symmetric/1 

exactlY_one_arS/4 

exP_distrib_list/3 

utility 

modcall/1 warn_if_comPlex/l add_ansle/1 
convert_functor/8 correct_sinl/4 
correct_cosl/3 exPss/4 exPsc/4 exPcs/4 
find_basesl/2 postids/2 root_nasts/2 
exP_nasts/2 least/3 sood_fun/1 
set_nasts_tspe/3 exPon_exP/3 
exPon_inv_exP/3 exP_member/4 isolax/4 
isolax/4 rew_rule/5 match/2 order/4 
less_than_eval/3 Pols/3 add_Pols/3 
denorml/3 div_lin/5 odd/1 even/1 
lea~t. pl/? sreat_el/2 lessone/1 moreone 

remove_neS_Powers/4 Pols_method/4 
t. r i i=;J•:::.c) l t..lt~~/~5 BCffl~.--;::r1~i 1 i::! /~ l (i ·:::.i.IIT!f:_"j i ·rt··~./ l (J 

derive/7 aPcheck2/2 checkpairs/5 anaz/6 
half_ansle/5 exPss/4 exPsc/4 exPcs/4 
exPcc/4 cosexP/4 coeffl/4 sinexP/4 
exPtt/4 tanexp_num/4 tanexp_denom/4 
calc_coeff/3 find_basesl/2 Postids/2 
set_nasts_tsPe/3 nes_exp/3 domult/4 
free_mult/3 merse/2 rew_rule/5 match/2 
calc/3 Pols/3 timesinsl/4 binomial/3 
denorml/3 factor_out/3 div_lin/5 
Polevall/4 suess_list/2 factors_of/3 
sym_transform/2 build_red/4 symmetric/; 
anti_sYmmetric/2 Scd/3 lcm/3 
rational_scd/3 rational_scd_list/2 rsl, 
fact/3 half_ansle_checkl/2 powered/3 
;:: f."J ~; C) 1 ./· :~ i:J r· 1?. ~::: f.;_ .. / .t.~ 

<user> actionl/5 check_tanl/2 isolax/4 
find_int2/2 even_sYmmetric/1 
even_anti_sYmmetric/1 

PRESS:POLPAK. pols_method/4 

PRESS:POLPAK, Poly_method/4 

PRESS:DIFF. dx/3 

PRESS:MANIP, Poly/3 

PRESS:MANIP. exp_distrib/2 exP_distrib_]ist/3 

PRESS:COLLEC. matchuP/3 

PRESS:NASTY. domult/4 exP_member/4 

PRESS:NASTY. nast~/2 exp_nastY_list/3 

PRESS:NASTY. trY_nasts_method/3 exP_nasts_list/3 



F:: f;: f.:~::):::; ! t·i O f··i C} (3 ❖ T F! G 
expsc/4 rew_rule/5 

f::f~E::f3f) t f·i(Jf~ji]{3? TF:fJ 
{?~~r-::➔ : . .,~ 4 t:■:r}~F-·c:·s~lI.4 r1::.=t-~t ..... -r-i.J1 e/~!5 

PRESS:NASTY, find_symbolsl/4 

PRESS:NASTY. nas_rule/3 

PRESS:NASTY, nas_rule/3 

PRESS:NASTY, expon_inv_exP/3 

f> f\~ f~ E) f3 ! t-f f) t~•i (j (3 ❖ .. r C) F1 

<user> findtYPe/2 

hYPexP/1 sPlit_casel/3 

PRESS :t HOMOG I TRG 
expsc/4 rew_rule/5 

expss/4 exPcs/4 rew_rule/5 

chanseunknown/3 reduced_term/3 

extreme_term/3 extreme_term/5 

coeffl/4 calc_coeff/3 

PRESS:ODDS, fact/2 fact/3 

PRESS:SOLVE. solvel/4 fact_solve/4 

PRESS:POLPAK, POlY_method/4 

PRESStFACTOR. solvel/4 

PRESS:WEAKNF, weaknf/3 filter/4 

PRESS:POLY. linear_method/2 

PRESS:POLY. find_coeffs/4 

find_attract_list/4 PRESS:NASTY, nasty_act/5 find_attract_list/4 

PRESS:LOG, find_loS_base/2 



·f :i. nd .... i nt/2 

find_simPle_int/2 

find_bases/2 find_basesl/2 

non_pos/1 non_zero/1 acute/1 obtuse/1 
non_reflex/1 find_int2/2 

find_int/2 find_int2/2 find_int_arss/4 

-f j_ nd .... i nt.2/2 

PRESS:NASTY, trs_nasty_method/3 find_s~mbols/4 

PRESS:NASTY. find_ssmbols/4 

F~Fi:t:Bf; ~ t·l{Jii·•!CJ(3 ❖ TF~l3 
f~rrc::~:/;: c:; 

PRESS:INEU. <user> solveinem/3 

PRESStHOMOG,TOP 
{·1 Ct !I! C) £=~ 1 ./ ~~:: 

f>F~E:f;E;: t·fCJi\ri(J(3 ❖ T f;:(3 
;-i~::;=-·e r .... ·f :i. r5cff·~:::--

PRESS: HOMOG. M::3C 
anaz/6 findansle/3 

Fi f( t:: ~==~ t:; t ~-i LJ f:t fJ (,: ❖ t•;:l f.:; C: 
~d 1 l (::= .•: • .-.. i;: c~ ·f· r:t 1-- rn ~/· ::.: 

t==; fi~ F.:: ~3 f.) t !··i Cl fz1 CJ (1 ❖ ti f.; C: 
t-1.::~ 1 ·f ·-· 2:r-1 ::=.:; 1 f:! ~·f !:i 



free_mult/3 

freeof/2 

freeof/3 

freauent_words/2 

scd/3 

scd_Powers/2 

r scdl/3 

sen_combine/2 

sen_combine/3 

senPolcase/3 

senssm/2 

set_bnds/4 

set_coeff/2 

set_dist/4 

set_members/3 

Sivesnes/3 

So/0 

anaz/6 coeffl/4 coet'T~/~ 

PRESS:NASTY. multiPls_throush/4 free_mult/3 

PRESS:HISC. solvel/4 safe_divisor/2 linear_sin __ cos/ 
collect_multiPliers/6 tristspe/3 
mod_anssizel/4 correct_sin/6 
correct_cos/5 naslok/4 dl_parse/3 
ansle_sizel/4 suitl/3 dl_psrse4/4 
rew_rule/5 dx/3 is_Pols/2 Pols/3 
contains/2 freeof/3 exPcasel/5 exP~ase2 
laura/4 dl_Parse2/3 

PRESS:MISC. freeof/2 freeof/3 

PRESS:WORDS. <user> 

PRESS:ODDS. scd_Poly/3 lcm/3 Scdl/3 rational_scd/3 

PRESS:ODDS, 

PRESS:P□LPAK, scd_Powers/2 Scd_Pols/3 

PRESS:POLPAK. PolY_hidden/3 

PRESS:ODDS, Scd_list/2 scdl/3 

PRESS:INT, int_aPPls/3 interval/3 

PRESS:INT, sen_combine/2 Sen_combine/3 

PRESS:H□MOG,MSC 

<user> anaz/6 

PRESS:H□MOG,TOP 

<user> findtYPe/2 

utility dx/3 arbint/1 identifier/1 

PRESS:INT, Set_bnds/4 

PRESS:INT, limits/5 set_bnds/4 

PRESS:TRIG,FAC 
<user> aPcheck/4 

PRESStNASTY, PrePdl/2 Set_dist/4 

PRESS:H□MOG,HSC 

coeff_exP/3 Set_members/3 

PRESS:NASTY. attract_list/3 

PRESS:NASTY. Posl/4 

PRESS:INEQ, <user> findmax/3 

PRESS:FACILE. <user> 



PRESS:SIM. trs_sort/3 

PRESStNASTY, nice_list/1 

PRESS:CHUNK. Sood_subterm/4 sood_subterm/3 

PRESStCHUNK, sood_subterm/2 sood_subterm/3 

PRESS:CHUNK, <user> chanseunknown/3 

F't-;~ESf.:;: }·t()fi0i3 ❖ i~tf.)f; 
find_common/4 onetest/2 sreat_el/2 

PRESStPOLPAK, Poly_method/4 

PRESS:HOMOG, TFW 

half_ansle_checkl/2 F'f{E::f;f.; :; tif:JfiCJl3 ❖ i~--JE;[: 
<user> half_anSle/5 

F; F: t~: f; :::; t i··i CJ ii CJ f3 ❖ i\•! E; 1:: 
.::1..1:::-E• !·> f1-== 1 ·f .... ,E~ris§l (-:.:_:l~5 

PF~E~f.:;E; t t·f!Jl?"i(J(i -: T(Ji::, 
:::. .i. h~ :;.: ./ l 1 f-1 c~ 1?1 c1 ~-~ /. t;_., 

<user> findtYPe/2 hsPexP/1 sPlit_case11 

<user> findtsPe/2 

undefined <user> 

ident_operators/2 PRESS:COLLEC, BPPlicable/3 

sim2/6 chansevar/4 chanse_the_variable, 

in/2 PRESStINT. <user> 

incline/3 PRESS:INIT, classifs/2 

initialize_loop_check/0 PRESStSOLVE, solve/4 

PRESS:WORDS. scan_term/3 insert_word/3 

PRESS:INT, find_int2/2 int_aPPlY_all/3 

PRESS:INT, int_aPPls/3 int_aPPls_all/3 

PRESS:NASTY, subintesral/2 



intermediates_in/2 

<user> intermediates_in/2 

classifs/2 collect_intervals/3 

trissolve/5 checkPairs/5 

PRESS:ISOLAT. maneuver_sides/3 

PRESS:ISOLAT. invert/2 

PRESS:POLPAK. solvel/4 is_Pols/2 simPlifs/2 

PRESS:ISOLAT. solvel/4 solve2/4 isolate/4 trs_isolate 

PRESS:POLY. Pols_method/4 

PRESSIISOLAT. isolate/3 isolatel/3 

remove_neg_powers/4 Pols_method/4 
attract_list/3 constant/2 

PRESSIFACILE. show/0 <user> redo/0 

PRESS/: HCHiOG • MSC 
<1..1 :::-& :· ::•• 2:r1c:=:2:~./ i::: 

PRESS:ODDS. lcm_list/2 lcml/3 

F~ESS:NASTY. member_match/3 

PRESS:MISC. collect/3 attract/3 

least_dom/2 least_dom/4 

finrl_ln~_ba~P/? find_bases/2 onetest/2 
·t f"' a-=--:.+. _up ·i/. ::1 

Positive/1 nesative/1 non_neg/1 non_Pos 
non_zero/1 acute/1 obtuse/] non_reflex/ 
sub_int/2 below/2 sPlitl/3 



lessone/1 

limits/5 

linear/1 

linear_method/2 

linear_sin_cos/2 

list_comPatible/2 

list_to_binar~/3 

listsolve/5 

listsolve1/5 

listtoset/2 

losf/1 

losmethod/4 

losocc/4 

looPinS/2 

looPinsl/1 

make_arblist/2 

make_arblistl/3 

PRESS:HOMOG,MSC 
<user> onetest/2 

PRESS:INT. find_limits/4 

PRESS I POLY. 

PRESS:POLY, Pols_method/4 

PRESS:TRIG,FAC 
solve2/4 linear_sin_cos/2 

PRESS:COLLEC, comPatible/2 list_compatibJe/2 

PRESS:HISC, dottoand/2 dottoor/2 list_to_binars/3 

PRESS:SIM, 

PRESS:SIM. 

utilits 

siml/4 listsolve/5 listsolvel/5 

listsolve/5 

modParse/3 dottoor_set/2 factorise/4 
Parse/3 remove_subsumed/2 onetest/2 
Parse2/3 

PRESS:HOHOG,TOP 
<user> findtspe/2 

PRESS:LOG, solve2/4 losmethod/4 

PRESSIH□MOG,MSC 

PRESS:NASTY, nasts_method/3 

PRESS:NASTY, looPinS/2 

PRESS:NASTY, remove_arbsl/3 

PRESS:NASTY, make_arblist/2 make_arblistl/3 

make_assumPtion_Positive/1 
PRESS:INT. find_simPle_int/2 

make_resions/3 

make_subl/3 

makenice/2 

map_add_Power/3 

PRESS:POLPAK, cond_pols_Print/4 remove_npS_Powers/4 
simPlifs/3 

PRESS:INT, 

remove_arbsl/3 rew/5 make_subl/3 

PRESS:HOMOG,TRG 
anazl/6 

PRESS:ISOLAT, isolate/3 

PRESS:POLPAK, remove_neS_Powers/4 Pols_method/4 
maP_add_Power/3 



..... / 

maPand/3 

map 1 i st/3 

PRESS:POLPAK. poJ.y_method/4 maP_div_Power/3 

PRESSIPOLPAK. make_poJ.y/3 maP_reify/3 

uti l i t,Y 

PF~ESSt TRIG. FAC 

solveinec-u'3 

findmax/3 aPcheck/4 findtwPe/2 anaz/~ 
findanele/3 anazl/6 find_common/4 
act.ion1/~i ret.J/5 

sim/3 maPmodParse/3 

maPunattract_distribute/3 
PRESS!TRIG+FAC 

marker __ fl iP/2 

match_arsuments/3 

ma}~imum/2 

ma~d.muml/2 

measure/2 

member/2 

memberchk/2 

• r-z m:i.n., ~, 

mor.L.anss j_ ze/ 4 

unattract_distribute/3 
maPunattract_distribute/3 

PRESS:INT. sub_int/2 sPlitl/3 

PRESS:HATCH. cond_poly_print/4 aPPlicable/3 
exp_match/5 exP_matchl/5 tristype/3 
try_factorize/4 try_factorize/3 
mod_anssizel/4 ansle_sizel/4 anazl/6 
tantYPel/2 check_tanl/2 PostidY/2 
rem_sub/3 member_match/3 exPon_exP1/3 
exPon_inv_exPl/3 nes_exP/3 
nes_exp_match/4 sinatt/2 cosatt/2 
tanatt/2 tris_inv/3 exP_member/4 merse/ 
ret.J_rule/5 match/2 match_arsuments/3 
cond_Print/3 exPcasel/5 exPcase2/3 
break/4 

PRESS:MATCH. match/2 match_arsuments/3 

PRESS:COLLEC. SPPlicable/3 

PRESSIPROUER. solveinea/3 

PRESS:PROUER. maximum/2 maximum1/2 

PRESS:INIT. find_simPle_int/2 classify/2 

utility trivial_set/2 Poly_method/4 checkPairs/ 
trisf/1 loSf/1 hwPerf/1 half_ansle/5 
anaz2/3 arctrisf/1 sinatt/2 cosatt/2 
tanatt/2 losocc/4 

PRESS:NASTY. rem_sub/3 member_match/3 

utility 

PRESS:NASTY, sinatt/2 cosatt/2 tanatt/2 

PRESS t I NEC~, 

PRESStHUG,FAC 



convert_functor/8 mod_anssize/4 

PRESS:ISOLAT. isolate/3 

PRESS:ISOLAT. isolatel/3 modcall/1 

mul_distrib_list/3 PRESS:MANIP. mul_distrib/2 mul_distrib_list/3 

PRESS:FACTS. solvel/4 exP_distrib/2 

PRESS:NASTY, domult/3 

ff1ul t .. ....-:.?:, PRESS:NASTY, multiPls_throush/4 mult/3 

collect/3 attract/3 simPlifs/2 

multiPle_offenders_set/3 

multiPls_throush/4 

PRESS:NAS1, solve2/4 

PRESS:NAS1, nasl/3 

PRESS:NASTY, nasts_act/5 

PRESStNASTY, subnasty/3 

PRESStNASTY. trY_nasty_method/3 

PRESS:NASTY, solve2/4 

nBtnum/1 

PRESS:NASTY. nes_exP/3 

PRESS:PR□VER, verifs/2 

PRESS:PROVER. nesation/2 

Sivesnes/3 isolax/4 



num,2ric./l 

ocif.".°f./ :L 

odd_anti_ssmmetric./1 

PRESS:COLLEC. ~ollect/3 attract/3 

Fa f;~ !:~ ~~ ~; t f··I CJ fo:f () t1 ❖ F{ f.~ l.:j 
ri=t--J./~5 

PRESS:NASTY. nasty_act/5 nice/1 

PRESS:NASTY. nice/1 nice_list/1 

nasts_act/5 Posl/4 

PF:Em.::: HOMOG. ME:c 
<user> find_common/4 

aPcheckl/3 non_add/2 

sPlit_case./3 non_trivial/1 

modcall/1 safe_divisor/2 non_zero/1 

PRE~S:NASTY, looPins/2 

l i"f. i "f i +.t .. : ~nod suhte~m/? mod_anssizei./4 
correct_sin./6 correct_cos/5 dl_Parse/3 
senPolY/2 ansle_size1/4 anazl/6 
find_bases1/2 Postids/2 root_nastY/2 
exP_nasts/2 exPon/2 rem_sub/3 sood_fun/ 
rew_rule/5 match/2 find_int2./2 Pols/3 
coeff_list/2 scan_term/3 Position./3 
term_size/2 exPcasel/5 exPcase2/3 
laural/3 dl_parse2/3 Powered/3 lessone/ 
moreone/1 break/4 

f:= F?F.:7t) ~ !--i CJ ~--~t (J l3 ❖ t--i f:~ C: 

uti lit-~,= 

.:;;:tom __ num./1 

chanseunknown/3 Sood_subterm./4 
sinsle_occ./2 mult_occ/2 nocc/3 

trissolve/5 odd_ssmmetric/1 
odd_anti_ssmmetric/1 

PRESS:POLPAK. Pols_method./4 

PRESS:POLPAK. pols_method/4 



PREBB:HOMOG.MBC 
~:;: r·r -:::= :~::~ ./ t"::, 

PREBS:FACILE. <user> 

PRESS:GPORTR. Prin/2 

PRESB:GPORTR. oPer/3 

PRESS:COLLEC. ops_to_find/2 ops_list/2 

PREBS:COLLEC. exP_matchl/5 ops_list/2 

disJ_solve/4 siml/4 

dl_modParse/3 multiPle_offenders_set/3 

action/6 tanean/3 

PRESB:NASTY, trs_nasts_method/3 

PRESSIINIT. interval/3 

Perform_rewrites/6 

invert/2 matchuP/3 

PRESB:SIMEQ. simsolvel/3 

PRESS:FACTS, mul_distrib/2 

PRESS:POLPAK. root/2 

PRESS:POLPAK. Poleval/3 Polevall/4 

PRESS:P□LPAK, pols_norm/3 Pols/3 

PRESS:POLY. Pols_method/4 

PRESS:POLY, pols_solve/4 Pols_method/4 

PRESStPOLPAK, sood_ean/2 Pols_solve/4 simPlifs/3 

PRESS:P□LY, solvel/4 Poly_solve/4 Pols_method/4 

PRESS:POLTID, Pols_solve/4 simPlifs/3 po]y_tids/2 

P'1':i.n/2 
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reduced_term/3 

rem_sub/3 

remove_arbs/2 

remove_arbsl/3 

remove_dis_duPs/2 

remove_neS_Powers/4 

remove_subsumed/2 

reorder_ean/3 

rePort/0 

report_0Tt1v 

rePort_subs/2 

rePort_subsl/1 

rew/5 

rewl/5 

rew_rule/5 

rsl/4 

root/2 

root_nastY/2 

roots/6 

safe_divisor/2 

scan_list/3 

scan_term/3 

secfind/1 

PRESS:HOMOG.MSC 
anaz/6 

PRESS:P□LPAK. map_reify/3 

PRESS:NASTY. remove_subsumed/2 rem_sub/3 

PRESS:NASTY. normstore/3 

PRESS:NASTY. remove_arbs/2 

undefined simsolve/3 

PRESS:P□LY, Poly_solve/4 

PRESS:NASTY. trs_nasts_method/3 

PRESS:SIM. siml/4 

PRESS:HOMOG.MSC 
rePort_subs/2 rePort_on/0 rePort_off/0 

PRESS:HOMOG.MSC 
<user> 

PRESS:HOMOG,MSC 
<user> 

PRESS:HOMOG.MSC 
chanse_the_variable/5 

PRESS:H□MOG,MSC 

report_subs/2 rePort_subsl/1 

PRESS:H□MOG,REW 

Perform_rewrites/6 

PRESS:HOMOG,REW 
<user> rew/~ rew1/5 

PRESS:H□MOG.REW 
rewl/5 rew_rule/5 

PRESS: □DDS, 

PRESS:POLPAK, Pols_method/4 

PRESS:NASTY, nasty/2 

PRESS:POLY, Poly_method/4 

PRESS:FACTOR, div_list/4 

PRESS:WORDS. scan_term/3 scan_list/3 

PRESS:WORDS, wordsin/2 freauent_words/2 scan_list/3 

PRESS:H□MOG.TRG 
<user> anaz2/3 



·,::-:i.m/1 

PRESS:HDMOG.TRG 

I 
Pick_xean/4 matchuP/3 exP_match1/5 
list_comPatible/2 

PRESS:P□LTID, simPlifs/2 

PRESS:FACILE, bse/0 

F" F;~ E: t:; S ~ 1-·i CJ i\~J O (·J ❖ jvj ~:; c; 
2=: r·1 ~:::: :,.~~ .. /· ,::;, 

<user> sim/1 sim/2 

PRESS:SIM. sim/3 

PRESS:SIM, aPPls_sim2/6 

undefined freeof/2 

PRESS:P□LTID. simPlifs_ans/2 sinsleton_method/3 
sumdiff/10 Pols_tids/2 Prove/1 

PRESS:POLTID, simPlifs/2 

PRESS:S□LVE, Process_answer/3 simPlifs_ans/2 

PRESS:SIMEQ, <user> 

PRESS:SIMEQ, <user> 

PRESS:SIMEQ. <user> simsolve/2 simsolve/1 siml/4 

PRESS:SIMEQ. simsolve/3 simsolve2/3 simi/4 

PRESS:SIMEQ, simsolvel/3 simsolve2/3 

PRESS:NASTY, nas_rule/3 sinatt/2 

<user> trismethod/3 

PR!:::::::;=:::: HOMOG. TRG 
<:1..t~E-1,"-.? r· :> ;:::rt;:::-::;,-:) ./·:·z, 



sinsle_occ/2 

sinsleton_method/3 

sinhp/3 

slope/2 

smaller/2 

solve/1 

solve/2 

solve/3 

solve/4 

solvei/4 

solve2/4 

solveinea/3 

some/2 

sPecial_atom/1 

SPlit/4 

SPlitl/3 

sPlit_case/3 

sPlit_casei/3 

sPlit_two_wass/3 

st/2 

sth/2 

striP/3 

striP_num/2 

sub_int/2 

subintesral/2 

sublist/3 

PRESS:MISC. solvel/4 sood_eGn/2 

PRESS:POLY. POlY_method/4 

PRESS:HOMOG.TRG 
<user> actionl/5 

PRESS:INIT. interval/3 

PRESS:PROVER, <user> maximumi/2 

PRESSISOLVE, <user> so/0 redo/0 

PRESS:SOLVE, <user> 

PRESS:SOLVE. <user> simsolvel/3 findbnd/3 findmax/3 

PRESSISOLVE. solve/1 solve/2 solve/3 

F~ESS:SOLVE, solve/4 disJ_solve_list/4 fact_solve/4 
solve2/4 subst_solve/5 

PRESS:SOLVE. solvel/4 

PRESSIINEQ. <user> min/3 

utility anaz2/3 maximuml/2 

PRESS:FACTS. Positive/1 non_nes/1 non_zero/1 

PRESS:INT. make_resions/3 sPlit/4 

PRESS:INT. sPlit/4 

PRESSIHOM□G,TOP 

PRESS:HOMOG.TOP 
sPlit_case/3 sPlit_casel/3 

PRESS:HOMOG.TRG 
<user> findtYPe_tris/2 

PRESSIHOMOG,TRG 
<user> findtYPe_hYPer/2 

PRESS:NASTY. nasts_act/5 

PRESS:WORDS. wordsin/2 freauent_words/2 striP_num/2 

PRESS:INT. in/2 all_are_contained/2 sPlitl/3 

PRESSINASTY. remove_arbs/2 subintesral/2 

utility Pick_xeon/4 intermediates_in/2 findmax/ 
linear_sin_cos/2 trismethod/3 
rePort_subs/2 



subnasty/3 

subs1/3 

subst/3 

subst2/4 

subst_mesS/3 

subst_solve/5 

subtract/3 

suit1/3 

suitable/3 

sumdiff/10 

ssm_transform/2 

SYmmetric/2 

takelos/3 

tanatt/2 

tanean/3 

tanexP_denom/4 

tanexp_num/4 

tanhP/3 

tantype/2 

tantYPel/2 

term_size/2 

term_size/4 

tidy/2 

PRESS:NASTY, try_nasty_method/3 subnasty/3 

PRESS:HOMOG.MSC 

utilits 

PRESS:INEQ, 

PRESS:MISC. 

PRESS:SIM, 

utilits 

PRESS:LOG, 

PRESS:LOG, 

PRESS:TRIG,FAC 

Perform_rewrites/6 remove_srbsl/3 subsl. 

subst2/4 chanse_the_variable/5 
nasty_act/5 normstore/3 dx/3 subst_mess 
subsl/3 

<user> findmax/3 

solve2/4 distribute/3 sim2/6 
subst_solve/5 sivesnes/3 chansevar/4 

listsolvel/S 

Pick_xean/4 

suitable/3 suitl/3 

losmethod/4 

PRESS:POLPAK, poly_method/4 

PRESSIPOLPAK. odd_symmetric/1 even_sYmmetric/1 
sYmmetric/2 

PRESS:LOG. losmethod/4 takelos/3 

PRESS:NASTY. nas_rule/3 

PRESS:HDMOG,TRG 

PRESS:HOMOG.TRG 
exPtt/4 tanexP_denom/4 

PRESS:HOMOG.TRG 
exPtt/4 tanexP_num/4 

PRESS:HOMOG,TRG 
<user> actionl/5 

PRESS:HOMOG,TRG 
anazl/6 tantYPe/2 

PRESS:H□MOG.TRG 
tantYPe/2 

PRESS:MISC. 

PRESS:MISC, 

utility 

extreme_term/3 extreme_term/5 term_size 

term_size/2 term_size/4 

solve2/4 process_answer/3 tid~/3 sim/3 
siml/4 listsolve/5 trs_sort/3 
dottoor_set/2 solveinea/3 subst2/4 



tids/3 

timesinsl/4 

trace/3 

trans/2 

tree_list/4 

tree_size/3 

tree_size/5 

tris_fac/3 

tris_inv/3 

isolate/3 cond_Pols_Print/4 
remove_neS_Powers/4 linear_method/2 
discriminant/4 roots/6 Pols_method/4 
collect/3 attract/3 
unattract_distribute/3 dist_multiPls/3 
trissolve/5 trs_factorize/4 
trs_factorize/3 add_ansle/10 sumdiff/10 
derive/7 convert_functor/8 trissolve1/5 
mod_anssizel/4 correct_sinl/4 
correct_cosl/3 chanse_the_variable/5 
Postids/2 nasts_method/3 
trs_nasts_method/3 nasts_act/5 nas_rule, 
sinatt/2 cosatt/2 tanatt/2 tris_inv/3 
multiPls_throush/4 normstore/3 merse/2 
isolax/4 isolax/4 rew_rule/5 zero/1 
diffwrt/3 dx/3 add_Pols/3 timesinsl/4 
div_lin/5 reifs/3 trans/2 Pols_tidY/2 
weaknf/3 zero_rhs/2 subst_mess/3 forml/: 
form2/3 

PRESS:SOLVE. Process_inPut/4 

PRESS:COLLEC. exP_matchl/5 tidy_ops/2 

PRESS:POLPAK. Pols/3 times_Poly/3 binomial/3 

PRESS:POLPAK. times_Poly/3 timesinsl/4 

utilits Print_the_answer/2 Pol~_method/4 
trissolvei/5 aPcheck/4 anaz/6 anazl/6 
looPinsl/1 div_lin/5 rePort_subs/2 
rePort_on/0 rePort_off/0 

disJ_solve_list/4 fact_solve/4 solve2/4 
Process_inPut/4 Print_the_answer/2 
simsolve/3 simsolve2/3 siml/4 sim2/6 
min/3 solveineG/3 findbnd/3 modcall/l 
mod_trace/1 cond_Pols_Print/4 
remove_nes_powers/4 roots/6 
warn_if_comPlex/1 Poly_method/4 attract 
div_list/4 trissolve/5 trhl_factorize/4 
trs_factorize/3 convert_functor/8 homos 
homosl/8 trs_nasts_method/3 nasts_act/5 
isolax/4 rew_rule/5 
make_assumPtion_positive/1 diffwrt/3 
arbint/1 cond_Print/3 subst_mess/3 
rePort_subsl/1 

PRESSIPOLPAK. ssm_transform/2 

PRFSRtWORD~, wordsin/2 freGuent_words/2 tree_list/4 

PRESS:ATl~AC. closeness/3 tree_size/5 

PRESS:ATTRAC. tree_size/3 tree_size/5 

PRESS:TRIG.FAC 
solve2/4 

PRESS:NASTY. sinatt/2 cosatt/2 tanatt/2 tris_inv/3 



tris_normal_form/3 

PRESS:NASTY, nasts/2 

PRESf.::~ TRIG. Fi:ic 

tristsPe/3 <user> findtYPe/2 tris_nasts. 
exr--on/2 attract_list/3 dl_Parse2/3 

t r· :i. i,f, __ f -::=C /'._?.; 

tris_fac/3 triSsolve/5 trissolvel/5 

convert_functor/8 

checktrivial_set/2 

PRESS:NASTY, nasts_act/5 

PRESS:NASTY, nasts_method/3 

reorder_ean/3 trs_sort/3 

uti lit':::: 

unattract_distribute/3 PRESS:TRIG,FAC 

UPdo1,,1n .... fl :i.P/3 

warn_if_comPlex/1 

t,Jr:i.t.ef/1 

tris_normal_form/3 
maPunattract_distribute/3 

suitable/3 suit:l./3 

PRESS:INT, set_bnds/4 

PRESS:PROVER, solvel/4 

PRESS:INT, vet/? 

PRESS:POLY, roots/6 

PRESS:WEAKNF, solvel/4 sood_ean/2 multiply_throush/4 

PRESS:WORDS, listsolvel/5 intermediates_in/2 nes_exP 
r (•:-! 111 Ct 1v' (~ -·· .:::: r-t:i fil .. / ::.~ ~=-:i. El} ..... 1 j_ ·f ~:$ /' ... 2 r·i i. i II! f.-:t ·t~ i c· ,/· :t 

trY_isolate/3 trans/2 

PRESS:P□LPAK, r--oly_method/4 Pols_norm/3 z_norm/2 



zero/1 PRESS:FACTS. solve1/4 

zero_rhs/2 PRESS:WEAKNF. weaknf/3 



l((/ 

cross_ref_file(xref). 
title('PRESS EGuation Solvins System'). 
l.J j_ dth ( 80 ) • 
~lobals_file(no>. 
uPdate_slobals(no). 

called(solve(EGn,X,Ans)). 
called(solve(EGn,X)). 
called(solve(Emn)). 
called(sim(Ec-ms,Unks,Ans)). 
called(sim(EGns,Unks)). 
~alled(sim(Emns)). 
called(simsolve(EGns,Unks,Ans)). 
called(simsolve(EGns,Unks)) • 

. ,,--1~~alled(s:i.msolve(EGns)) + 

• alled(solveineG(Emns,Unks,Ans)). 
-i:~aJ.J.ed(so),, 
called(ooPs). 
i:~alled(bt-.!e) • 
called( redo). 
Cl:J :r. J. ed ( T'ePO rt .. on) • 
calJ.ed(rePort_off>+ 
called(freGuent_words<ExP,Ans)). 

aPPlies(isoJ.ax(Posn,Old,New,Cond),Cond)+ 

Bernard Silver 
Updated: 27 July 82 



/* PRESS.OPS : Operator declarations for Press 

Updated: 12 Ausust 82 

t% The followins are now in UTILIARITH.OPS and are loaded into UTIL 

:- oP(500,wfx,C++,--J>. 
I- DP(400,wf~,[div,~od]). 
t- OP(300,xfw,Cl,~J). 

%% Since there is nothin• else this file is not currentlw used (in FILIN) 



/* FACILE I Some conveniences for PRESS 

~% Run Interpreted%% 

% Go from the terminal 

mo :- ttwnl, disPlaw('EGuationl '>, ttwflush, 
re~ad ( EGtJation), 
asserta( last_eGuation(EGuation) >, 
solve(EGuation). 

• L.a,,.,rence 
UPdatedl 3 APril 81 

% Show all the eGuations 

...-~"-how :-- ttwnJ., disPJ.aw("Ec-tr.J;;~tionst'), tt!.-ml, thmJ., 
last_eGuation(EGuation>, 
ttwPrintCEGuation)r ttYnl, 
fail. 

% Redo last eGuation 

r•do :- call( J.ast_eGuation(Ec-tuation) >, 
! ' 
solve (EG1Jation) + 

% Remove record of last eGuation 

IDPS :- retract( last_ec-tuation(_) >, 
disPlaw('(Ok, I''ve for~otten it!)'), ttwnl, 
! • 

% Leave Press, showina all the eGuations 

bwe : - J. <:>£h 
show, ttwnl, 
disPlaw('Goodbwe"), ttwnJ., 
halt. 

-------



/* INIT. : Add dummy definitions from MECHO database 

Used to allow better use of unknown(_,trace). 

~easure(_,_) :- fail. 

const(_) :- fail. 

auantitw(_) :- fail. 

incline(_~_,_):- fail. 

concavity(_,_) I- fail+ 

partition(_,_) :- fail. 

1r,.01JSht ( _) t •• fai]. • 

intermediate(_) I- fail. 

I 

Bernard Silver 
Updated: 31 May 82 



_.,......,_ 

/*TIME: Time some bits of Press 

timetest/1+ 

% Do the tests 

·t-imetest( j_) 

:- statistics(runtime,CStart:_J), 
t,j_ ( j_OOOO), 

statistics(runtime,CFinishl_J), 
Time is Finish-Start, 

Lawrence 
Updated: 7 APril 81 

ttYnl, disPlay('Time for test 1 is'), 
disPlaY(Time>, disPlay(' milliseconds'>, ttYnl. 

timetest(2) 
:- statistics(runtime,CStart:_J), 

t2( 10000) II 

statistics(runtime,CFinish:_J), 
Time is Finish-Start, 
ttwnl, disPlaw('Time for test 2 is '>, 
disPlaw(Time>, display(' milliseconds'>, ttwnl+ 

·U. met.est ( 3) 
:- statistics(runtime,CStartl_J), 

t3(10000), 
statistics(runtime,CFinishl_J), 
Time is Finish-Start, 
ttYnl, disPlaw('Tirne for test 3 is '), 
disPlaw(Time), disPlaw(' milliseconds'>, ttwnl. 

timetest(4) 

t,1(0) 

t1(N) 

t:H O > 

t2(N) 

:- statistics(runtime,CStartl_J), 
t4( 10000), 
statistics(runtime,CFinishl_J), 
Time is Finish-Start, 
ttwnl, disPlaw('Time for test 4 is '), 
disPlaw(Time), display(' milliseconds'>, ttwnl. 

% The thinss to be timed 

: .. _ ! . 

: ... N1 is N-·1, t:l.(N1). 

: -- ! • 

: _ .. Ni j_ s N-1, tas;k2(N), t2(N1) • 

task2(N) :-• calUoddnum<N> h ! • 
t.;~s;.k2 ( N) • 

--------



t3CN) :- Nl is N-1, task3(N), t3<N1>. 

ta1;;k3(N) :- eval(odd(N)), L 
task3(N). 

t4 ( 0) t-· ! • 

t4(N) :- Nl is N-1, task4(N), t4(N1). 

task4(N) t- mYlocalodd(N), ! • 
ta1;;fl..4(Nl • 

mYlocalodd(N) :- 1 is N mod 2. 
~ 

,........___ 



; PRESS.MIG 
; 

Load Press '<silence> 

This Junk allows for automatic loadins believe it or not 

.on error:backto death 
• ert•or ? 

/press 
/press auto 

.on oPerator:backto death 

.operator ! 
• sotc, cont 
death?! 
*,.'C 
t:'"'C 
,if ($a= "auto•> .let e1 = •error• 
! PRESS+MIC HALTED 
.mic return 
c~ont: i 

- to load Press (normal use> 
- used bw MAKSYS 

.let w = Sdate.ca-•,20J, d = Sdate.[1,•-•Jt" •+sw.[1,•-•Jt• •tsw.cu-•,4J 
~ +if ($d+C1J = •o•) +let d = $d.[2,20J 

j'- .....__ £ 

' .run uti1[400,444J '<revive> ; Must use UTIL 
* :- [fj_].j_nJ. 
* :- version(''Press Alsebra Swstem ('d) 
*CoPYrisht (C) 1981 DePt+ Artificial IntelliSence+ Edinbursh''). 
* r- assert.a( version_date('''d'') ). 
)!o: t- Ok+ 
.save PressC400,444J 

------------------



I* SOLVE 19.2+81 *I 
I* 5.4+81 Poly_solve *I 
l*weaknf added 27.4.81 loss added 19+8+81 nasty added 4.9.81*/ 
I* UPdatedl 27 June 82 

I*********************************************** SOLVE ONE EQUATION OR INEQUALITY 

************************************************I 
I* ToP Level Solve Procedure *I 

solve(EGn,X,Ans) :
·f'j.}.,v,~r(EGn,X), 
trace('\nSolvins %t for %t\n',CEGn,XJ,1>, 
t,idY(Ecm, Ecrnl), 
abolish(seen_eGn,1), 
assert((seen_eGn(_) :- fail)), 
cond-Print(EGn,EGn1>, 
solve1(EGn1,X,Ans1), 
remove_dis_dups(Ans1,Ans2>, 
Polw_form(Ans2,Ans>, 
trace('\nAnswer is: %e\n',CAnsJ,1), 
! ❖ 

l*eGuation does not contain X*I 
solve1(Ecm,X,Soln) t- freeof(X,Ecm), ! , 

simPlifwCEGn,Soln). 

I* Deal with disJunction *I 
solve1(ExP1#ExP2,X,Ans1tAns2> :-

! ' 

%Initialize LooPin~ Check 

% Remove duplicate answers 
% in disJunctive solutions 

solvel(ExP1,X,Ans1>, solve1(ExP2,X,Ans2). 

I* See if emn is factorizable*/ 
solve1(V1*V2=0, X, Ans) 1-

trace('\nFactorisins\n\n 
factsolve(V1,V2,X,Ans>, 
! + 

factsolveCV1,V2,X,Ans> :- freeof<X,Vl>, 
non_zero(Vl), 
trace('\nSolvins %t = O\n',CV2J,1>, 
solve1(V2=0,X,Ans>, 
! + 

factsolve(V2,V1,X,Ans> :- freeof(X,Vl), 
rron_zero <Vi), 
trace('\nSolvins %t = O\n',CV2J,1), 
solve1CV2=0,X,Ans>, 
! + 

factsolve(V1,V2,X,Ans> :- trace('\nSolvins %t = O\n',CV1J,1>, 
solve1(V1=0,X,Ans1>, 
trace('\nSolvins %t = O\n',CV2J,1>, 
solve1CV2=0,X,Ans2), 
tidw(Ans1*Ans2,Ans3), 
remove_false(Ans3,Ans>, 
! + 



/* If sin•le occurence of unknown then Isolate*/ 

solvel(ExP,X,Ans) :-
sinSleocc<X,ExP), 
! :, 
Position<X,ExP,Posn>, 
isolate(Posn,ExP,Ansl), 
remove_false<Ans1,Ans2), ¼Hack for false 

. tid!::! ( Ans2, Ans)+ 

I* Special Polwnomial Method *I 

solve1(L=R,X,Ans> 1-
Polw_norm<X,L+<-l>*R,Plist>, 
! ' 
make_PolwCX,Plist,Poll), 
tidw(Poll,Pol), 
cond_Print<L=R,Pol = O>, 
Polw_solve<X,Plist,Ans) • 

.,...-...t,ol!::! .. solve<X,PJ.ist :ff: QJ.ist, PAns :ff: QAns) :
! ' 
make_polw(X,Plist,Pol1), 
make-Pol!::!CX,Qlist,Qoll), 
tidw(Poll,Po12), 
tidw(Qoll,Qo12), 
trace('\nFactorisins into two Polwnomial eauations\n',1>, 
trace('\n %t = 0 \n and \n %t = O\n',[Po12,Qol2J,1), 
Polw_solve(X,Plist,PAns), 
Polw_solve(X,Qlist,QAns>. 

Polw_solveCX,Plist,Ans) :
Polw_method(X,Plist,Ansl), 
! , 
remove_false(Ansl,Ans>, 
trace('\n¼t is a solution\n',CAnsJ,1>+ 

/* Convert eGuation to weak normal form,all terms containins the 
.. ----:..:inknown are p1Jt on ·t.he left, all constants on the risht */ 

I ~· 

soJ.vel(Ean,X,Ans> :- weaknf(Emn,X,Emnl), 
solve2CEmn1,X,Ans>, 
! + 

I* Trw to Chanse the unknown to simPJ.ifw emuation */ 

soJ.ve2(Emn,X,Ans> :- chanseunknownl<Emn,X,Term>,!, 
chansevar(X,Term,Emn,Ans>, 
! ♦ 

I* APPlY Collection to reduce occurrences of unknown *I 

soJ.ve2(ExP=Rhs,X,Ans) 1-
colJ.ect<X,ExP,New), 
! , 
trace('\n¼t = %t\n',CNew,RhsJ,1>, 
solve1(New=Rhs,X,Ans). • 



/* APPlY Attraction to move occurrences of unknown closer tosether *' 
solve2(ExP=Rhs,X,Ans) :-

closeness(X,ExP,EC>, 
attract<X,ExP,New), 
closeness(X,New,NC>, 
EC>NC, 
! , 
trace('\n%t = %t\n',[New,RhsJ,1), 
solvel(New=Rhs,X,Ans). 

/* Tris factorization method*/ 

solve2(Emn,X,Ans> :
tris_fac(EGn,X,Newemn>, 
solvel(Newemn,X,Ans>, 
! + 

/* Try to remove dominatins functor *I 

solve2(Emn,X,Ans) :- nasl(Emn,X,Posn>, 
isolate(Posn,EGn,New>, 
findrhs(New,List>, 
checklist(freeof(X),List>, 
solvel(New,X,Ans>, 
! • 

'* TrY homosenization */ 

solve2(Emn,X,Ans) :
homo9(Ean,X,NeweGn,Term,V>, 
tidw(Newean,Newean1), 
solvel(NeweGnl,V,Vans>, 
subst_mess<V=Term,Vans,Uans>,. 
solvel(Uans,X,Ans>, 
! • 

/* Trw to take loss if eauation is in suitable form *I 

solve2(Emn,X,Ans) :- losmethod(Ean,X,New,Base>, 
t.idw(New,Newl), 
trace('\nTakins loss, base %t, sives \n\n%t\n',CBase,New1J,1>, 
solve1(New1,X,Ans),!. 

/* Trw to eliminate Nastw Functions *I 

solve2(Emn,X,Ans) :- nasty_method(Ean,X,Newem>, 
tidwCNeweG,NeweGn), 
solvel(NeweGn,X,Ans>, 
! + 

I* One and two arsument solve clauses for easw t.YPe-in+ *I 

solve<ExP) a- solve(ExP,x,A>+ 
solveCExP,Unk) :- solve(ExP,Unk,Ans>+ 



/* SIMEQ. t Maw 1.981. 

Alan IoJndw 
UPdated: 31 May 82 

Simultaneous Emuations Routines */ 

/*simultaneous solution with messases*I 
simsolve(Emns,Us,Ans> 

:- trace('Simultaneouslw solvins: %cFor %t+\n',CEmns,UsJ,1>, 
simsolvel(Emns,Us,Ansl), 
remove_dis_dups(Ansl,Ans>, 
trace('\nFinal· Answers are: %e', CAnsJ,1>, 

! . 

I* Solve conJunction of emuations *I 
simsolvel(EmnsA & EmnsB,CXIUnksJ, Ansl) :- !, 

Pick_xemn(EmnsA & EmnsB,X,XEmn,Rest>, 
solve(XEGn,X,Ans>, 
distribute(Ans,Rest,Emnsl), 
simsolve2(Emns1,Unks,Ans1). 

l*sin•le emuation*I 
m:i.msolvel(A=B, CUJ, Ans) :- ! , solve(A=B,U,Ans) + 

l*basd s case*/ 
simsolvel(true,CJ,true) :- !+ 

/*Pick eGuation to solve for x, and return the remainder*/ 
Pick_xemn(EmnC,X,XEmn,RestC> I- !, 

andtodot(EmnC,EmnL>, 
sublistCcontains<X>,EmnL,XEmnL>, 
subtract(EGnL,XEmnL,NonXRestL>, 
select(XEmn,XEGnL,XRestL>, 
aPPend(XRestL,NonXRestL,RestL), 
dottoand(RestL,RestC). 

//* Distribute Dr over And *I 
distributeCSubl t Sub2, ExP, Ans1 + Ans2) I- !, % disJunction case 

distribute(Subl,ExP,Ansl), 
distribute(Sub2,ExP,Ans2). 

distribute(Sub, ExP, Sub & Ans> :- !, 
subst_mess<Sub,ExP,Ans>. 

% conJunction or sinsle eGuation case 

/* Call simsolvel recursivelw and substitute back *I 
simsolve2(EGns1 t Emns2, Unks, Ans1 t Ans2) I- !, 

simsolve2(Erans1,Unks,Ans1), 
simsolve2(Erans2,Unks,Ans2). 

% Solve disJunction 

simsolve2(X=Ans1 & EGns, Unks, Ans3) :- !, % Discount already solved eauatic 
simsolvel(EGns, Unks, Ans2), 
trace( 1 Substitutins back in %t solution\n 1 ,CXJ,l>, 
distribute(Ans2,X=Ans1,Ans3). 

-------------~-~--------------------------



% Clauses for easw type-in 
simsolve(EGns,Unks) :- simsolve(EGns,Unks,Ans). 

simsolve(EGns) :- simsolve(EGns,Cx,wJ,Ans). 

/* Problem~;;. 
2+ Return Particular solutions; alternates on backtrackine. 
4. ReJect silJY answers as reGuired by Cardan+ (??) 

---------,-------------



SIM 
% SimPlifw simultaneous eGuations usins homosenization 
% Bernard Silver 12.9.81 
% Updated: 3) Maw 82 

% ToF, level 
% Find the offendins terms in each unknown 

sim(EQnsl,Unks,Ans) :- tidw<Eansl,EGns>, 
maPmodParse(EGns,Unks,Offends), 
simi(EGns,Unks,Offends,Ans), 
! + 

% If all the offendins sets are empty or contain onlw the unknown 
% use normal method (simsolve) 

simi(EGns,Unks,Offends,Ans) :- checktrivial_set(Unks,Offends), 
simsolve(EGns,Unks,Ans>, 
! • 

% Otherwise trw to use homosenization 

simi(Eans,Unks,Offends,Ans) 1-
trace('Simultaneouslw solvins: Zc For %t.\n',CEGns,UnksJ,1), 
aPPlY_sim2(EGns,Unks,Offends,New,Vs,Terms>, 
! !I 

tidw(New,Newj.), 
reorder_eGn(Vs,New1,New2), 
simsolvel(New2,Vs,Ans1), 
ortodot(Ansl,Dislist>, 
listsolve(Dislist,Vs,Terms,Unks,Ans2), 
dottoor_set(Ans2,Ans>, 
trace('\nFinal Answers are: Ze ',CAnsJ,1). 

% If homosenization fails trw simsolve 
sim1(EGns,Unks,_,Ans) :- simsolve1(EGns,Unks,Ans1>, 

tidw(Ansl,Ans), 
trace('\nFinal Answers are I ¾e',CAnsJ,1), 
! + 

BPPlw_sim2(Erans,CJ,CJ,Eans,CJ,CJ) :- !. 
aPPlw_sim2(EGns,CHlTJ,C01lT1J,New,CV11T2J,CTerm1lT3J) :

sim2(EGns,H,01,New1,V1,Term1), 
aPPlw_sim2(New1,T,T1,New,T2,T3), 
! • 

% sim2(EGns,Unknown,Neweauation,Identifier,Reduced_Term> aPPlies 
% homosenization to the set of eauations,homosenizins in Unknown 

sim2(Eans,X,CJ,Eans,X,X) :- !+ %Eans do not contain X 
sim2(EGns,X,EXJ,Eans,X,X) t- !. %Eans is alreadw homoseneous in X 
sim2(EGns,X,Y,EGns,X,X) :- checklist(PolwtwPe(X>,Y>,!+ 

%0nlw Polwnoruials 

% Chanse of Unknown case 
sim2(Eans,X,CAJ,New,V,A) :- identifier(V>,subst_mess(A=V,Eans,New>,!+ 

% Homoserd.ze 
sim2(EGns,X,Off,New,V,Term) I- homos1(EGns,X,New,Term,V,Off,Hom,sim), 

------------------



trace('\nHomosenizins eGuations in %t\n sives %c\n ✓ ,cx,HomJ,1>, 
trace('\nSubstitutins %t = %t sives ¼c\n',CV,Term,NewJ,1), 
! • 

% listsolve(ListofAns,Newunks,Reducedterms,Oldunks,Newans) 
% ListofAns is the list of answers in the Newunks returned by simsolvel. 
% listsolve now solves the substitution eGuations (of the form 
% Newunkl=Ansl & Reducedterml=Newunkl> jn terms of the Oldunks to sive 
% Newans 

listsolve([J,_,_,_,[J> :- !. 
listsolve(CAlTJ,X,Y,Z,CAllTlJ) :- andtodotCA,A2), 

listsolvel(A2,X,Y,Z,A3), 
dottoand(A3,A4), 
tj.dy(A4,A1), 
li-tsolve(T,X,Y,Z,Tl>, 
! • 

listsolvel(CJ,_,_,_,[J) :- !. 
listsolvel(CHlTJ,Vs,Terms,Unks,CAns:TailJ> :

wordsin(~,Words), 
corresPondl(Words,Vs,Terms,Unks,Id,Term,Unk>, 
subst_solve(Id,Term,H,Unk,Ans>, 
listsolve(T,Vs,Terms,Unks,Tail), 
! + 

% Solve substitution eGuation 

%No substitution needed 
subst_solve(X,X,Unk=Ans,Unk,Unk=Ans) :- !. 

% General case 
subst_solve(Id,Term,H,Unk,Ans> :- subst_mesS(Id=Term,H,New>, 

solvel(New,Unk,Ans>, 
! + 

% The offendinS set is trivial,ie it is emPtY or contains Just the unknown 
checktrivial_set(_,CJ) :- !+ 
checktrivial_set<X,CHITJ) f- trivial_set<X,H>,checktrivial_set<X,T>,! • 

....----trivial_set(_,CJ) :- !. 
trivial_set(Unklist,CXJ) :- member(X,Unklist),!. 

%Reorder eGuations so nicest occurs first 
reorder_eGn([XI_J,Old,New> :- try_sort<X,Old,New). 

% EGuation to be solved first should have onlw one 'Hasy' occurrence of X 
trw_sortCX,First&Rest,First&Rest) :- sood_eGn(X,First),!. 
try_sort(X,F&Rest,New) :- trw_sort(X,Rest,Newl),tidw(Newl&F,New), 
try_sort(X,F,F) :- !. 

%Occurrence is easy if it is a first order POlYnomial 
sood_eGn(X,Emn> :- sinsleocc<X,EGn), 

weaknf(EGn,X,Lhs=Rhs), 
POlY-norm(X,Lhs,[PolYand(l,_)I_J), 
! + 

% Multilist version of correspond/4 
% corresPond1(List,L1,L2,L3,T1,T2,T3) 



% List, Li,L2,L3 are lists,Ti is a member of List that also occt1r~ in Li. 
% T2 and T3 occur in the same Position in L2 and L3 as Ti does in Ll 

corresPondi(CJ,_,_,_,_,_,_) :- !,fail+ 
corresPond1(CHl_J,L1,L2,L3,H,T2,T3) t-

corresPond2<H,L1,L2,L3,T2,T3), 
! + 

corresPondl([_IHJ,Li,L2,L3,T1,T2,T3) :
corresPond1(H,L1,L2,L3,T1,T2,T3), 
! • 

corresPond2(H,CHl_J,CH1I_J,CH2l_J,Hi,H2) :- !. 
corresPond2CH,C_ITJ,[_IT1J,C_!T2J,H1,H2) :

corresPond2<H,T,Ti,T2,H1,H2), 
! + 

% Modified Parser,deals with & and =,and also reorders the exPrffssion 
maPmodParse(_,CJ,CJ) :- !+ 
maPmodParse(X,CHITJ,tHilT1J) :- modParse(X,H,Hi),maPmodParse<X,T,T1),!. 

modParse(A&B,X,Off) :- !,modParse(A,X,01),modParse(B,X,02>,union(Oi,02,0ff). 
~mor.:1Parse ( A=B, X, Ot'f) :- ! , modParse( A, X, 01), modParse ( B, X, 02), 1.mion (01, 02, Ot'f). 

-modParse(A,X,Off) :- Parse<A,Off,X),!. 

% These are needed to deal with disJunctive solutions from simsolve1 
dottoor_set(List,Ans) :- listtosetCList,L1),dottoor(L1,Ans1),tidY(Ans1,Ans),!. 

% EGuation doesn't need homosenization in X 
r--·ol':=!t':=!Pe(X,X) t- ! • 
PDlwt~Pe(X,X~N) :- inteser(N),!. 

%Clauses for easw type in 

sim(EGns) I- sim(EGns,Cx,wJ,Ans>+ 

sim(EGns,Unks) :- sim(EGns,Unks,Ans). 



~/ I* 

V :- prJbl.ic 

---

findbnd/3, 
gj_ ve:-rres/3, 
srJbst2/4. 

!******************************* 
MULTIPLE INEQUALITIES 

**********************************I 

/*FIND MINIMUM VALUE OF X FOR WHICH EXP IS TRUE*/ 
mirr(ExP,X,Minval) :- solveineG(ExP,X,X>=Mirrvsl), 

trace('Hence minimum value of %c is %c\rr',CX,MinvalJ,1>, 
! • 

/*SOLVE INEQUALITY CONJUNCTION*/ 
solveineG(ExP,X,Ans) :-

trace('Trwins to solve %c\n',CExPJ,1), 
t j_ dY ( E}·O"-", E}·{P 1. ) , 
fixvar(ExPl,X), maPand(findbnd(X),ExPl,Ansset), 
trsce('Isolatins %ton the lhs sives %c\n',CX,AnssetJ,1>, 
trace('Trwins to find maximum of: %c',CAnssetJ,3), 
! , 
msximum(Ansset,Ansl), tidw(Ansl,Ans>, 
trace('%t dominates the other ineGualities.\n',CAnsJ,1). 

!*SOLVE INEQUALITY*/ 
findbnd(X,true,true) :-!. 

findbnd<X,Inea,Ans) :-
solve(Inem,X,Ansl), Ansl= •• CProP,X,BndlJ, 
(intermediates_in(Bndl,CYJ> -> findmsx<Bndl,Y,CBndJ); 

Bndl=Bnd>, Ans=++CProP,X,BndJ, 
! ♦ 

findbnd(X,Inem,Ans) :-
trace('Unable to find bounds for %tin %t.\n',CX,IneGJ,2), !, fail. 

/*GET LIST OF INTERMEDIATES IN EXP*/ 
intermediates_inCExP,Inters> 1-

wordsin ( E,·{P, Words), subl ist (intermediate, Words, Inters.), 
! • 

/*FIND MAXIMUM VALUES OF EXPRESSION*/ 
findmax<ExP,X,Maxvals) :

diffwrt(ExP,EXP2,X), 
solve(ExP2=0,X,Soln>, 
collect_ans<X,Soln,Anslist), 
diffwrt(ExP2,ExP3,X>, 
sublist(SivesnesCX,ExP3>,Anslist,Maxarss>, 
maPlist<subst2(X,ExP>,Maxarss,Maxvals>, 
! • 

!*special substitution to suit maPlist*/ 
subst2<X,ExP,Ars,Val) :- substCX=Ars,ExP,Vall>, tidw(Vall,Val), !+ 



~ 
~ /*MAKE LIST DF ALTERNATIVE ANSWERS*/ 

w 
I 

collect_ansCX,true, CXJ) :- ! • 

collect_ans(X,false, CJ) I- !+ 

collect_ans<X,X=Ans,CAnsJ) :- !. 

collect_ans<X,ExP1iExP2,Anslist) l
collect_ans(X,ExP1,Anslist1>, collect_ans<X,ExP2,Anslist2), 
aPPend(Anslist1,Anslist2,Anslist>, 
! + 

/*SUBSTITUTING ANS FOR X IN EXP GIVES NFGATIVE RESULT*/ 
sivesnesCX,ExP,Ans> :-

subst_mess<X=Ans,ExP,ExPl), nesative(ExPl), 
! • 

·-------------------------



.~ 

l* I DENT. : Prove identities with PRESS 
Written 1+11+1981 

'* ToP level X is the Possible identity*/ 

Bernard Silver 
UPdatedt 12 May 82 

identitY(X) :- trace('\nTrwing to prove that\n%t\nis an identitY\n',CXJ,1), 
-t,j_d\:1(X,n, 

cond_PrintCX,Y>, 
abolish(seen_eGn,1), 
ident(Y), 
! • 

/* Recursive call toP level*/ 
identitwl(X) :- tidw(X,Y),cond_Print<X,Y),ident(Y),!. 

/* Base cases*/ 
ident(false) :- trace('\nExPression is not an identitw\n',1). 
ident(true) :- trace('\nExPression is an identitw\n',1). 
ident(A=A> :- trace('\nidenticallY true\n',1). %unifies 

• •. '/* Find words in e~•{Pression *l 
ident(X> :- wordsinCX,Words),ident1CX,Words),!. 

l* No words remainins,so fail *I 
identl(_,[J) I- trace('\nCannot show identitw\n',1),!,fail+ 
l* Try to solve as an eGuation with unknown X */ 
identl(X,CH:_J) :- ident2CX,H),!. 
l* Trw next word, if any*' 
identlCXvC_lTJ) :- identl(X,T),!. 

l* Put expression in weak normal form 8nd trw PRESS methods*/ 
ident2<X,Unk) :- weaknfCX,Unk,New),ident3CNew,Unk),!. 

ident3(A,Unk) :- occ(Unk,A,1>, ¼isolation 
PDSition(Unk,A,Posn), 
isolate(Posn,A,New>, 
tidy( NE•w, New1), 
cond_Print(New,New1>, 
terminate_ident(New>, 
! • 

ident3CL=R,X> :- Polw_normCX,LtC-1>*R,Plist>, %Polwnomial 

! ' 
make_Polw(X,Plist,Pol), 
cond_printCL=R,Pol=O>, 
POlY_solve(X,Plist,Ans>, 
ident(Ans). 

ident3(0ld=Rhs,Unk) ?- mult_occ(Old,Unk>, %collection 
collect(Unk,Old,New1>, 
tidY(New1=Rhs,New), 
trace('\n%t\n',CNewJ,1), 
identitwl.(New>, 
! • 

ident3(0ld=Rhs,X) I- mult_occ(Old,X), %attraction 
closeness<X,Old,EC>, 
attract(X,Old,New1), 
closenessCX,New1,NC>, 
E:C>NC, 
! ' 



tidY(Newl=Rhs,New), 
trace( 1 %c\n',[NewJ,l), 
icientitYl.(New). 

ident3(A=B,Unk) :- occ(Unk,A,N>, %chanse of unkown 
eval(N>l>, 
setof(T,sood_subterm<A,Unk,N,T>,Tset), 
extreme_term(Tset,>,T>, 
identifier(New), 
subst_messCT=New,A=B,NeweG), 
identitwl.<Newea>, 
! • 

ident3(0ld,Unk) :- tris_fac(OJ.d,Unk,New>, %tris methods 
trace('\n%t\n',CNewJ,l.), 
ident,i twl. (New), 
! + 

ident3(0ld,Unk) I- mult_occ(Old,Unk), %homosenization 
homos(Old,Unk,New,_,_), 
j, dent i 1:.yl (New> , 
! • 

ident3CEGn,X) :- mult_occ(Ean,X>, 
nasl.(Emn,X,Posn>, 
isolate(Posn,Ean,New>, 
findrhs(New,List>, 
checklist(freeof(X),List), 
identitYl.(New>, 
! • 

%nas1 

ident3(Emn,X) :- losmethod(Ean,X,New,Base>, %1.osmethods 
trace('\nTakins loss, base %t, Sives\n\n%t\n',CBase,NewJ,1>, 
i denti tYl. (New), 
! • 

ident3(Emn,X) :- nastw_method(Ean,X,Newea),identitY1(N•wea),!. %nasties 

/* Examine result of isolation */ 
terminate_ident(true) I- trace('\nExPression is identitY\n 1 ,1>, ! • 
terminate_ident(_) :- trace('\nExPression is not an identitY\n',1),!. 

-------------- ·----~-·-- ----------------



/* ISOLATION ROUTINES*/ 

isolateC[NlPosnJ,ExP,Ans> 
maneuver_sides(N,ExP,NewExP), 
isolatel(Posn,NewExP,Inter), 
tids(Inter,Ans), 

/*set term to be isolated on Rhs */ 

~mi,sneuVf.-!r .... ~.:-i c1f.-)'-s;.( l, E;-:;p, E::-;P) 

maneuver_sides(2,ExP,NewExP) : 

ExP=• .[Ssm,Lhs,RhsJ, 
i~vert(Ssm,Ssml), 
NewExP= •• ESsml,Rhs,LhsJ. 

%% Perform the Isolation%% 

isolatel(Posn,false,false). 
isolatel(Posn,true,true), 

isolatel(Posn,Ean11Ean2,Ans11Ans2) 
! , 
isolate1(Posn,Eanl,Ans1), 
isolatel(Posn,Ean2,Ans2), 

isolate1([J,Ans,Ans) :- !. 

/*expression can have isolax rule aPPlied*/ 

isolate1C[NlPosnJ,Old,Ans) :- !, 
isolaxCN,Old,New,Conditionl, 

UPdated: 7 SePtember 

modcall(Condition>, %Hack for non_zero 

/* Inversion of Predicates*' 



invert1(>=,=<) :- !. 

/* Overcomins non_zero, etc. condition*/ 

n·so,:ic·-::~11 ({~~~!:!) ·t-· ! ,rr1c:•c!c:.;;;l1 (1:~) ,rfr(Jc:!c~i:::11 (1J) -~ 

modcall(non_zero(X)) :- non_zero(Xl,!, 
modcall(non_zero(X)) :- eval(X=O>,!,fail, 
modcall(non_zero(X)) :- trace('\nAssumins %t is non-zero\n',[XJ,1),!, 
modcall(X) :- call(X),!. 

mod_trace(false> :- !. % Hack for ~alse rase 
mod_trace(ExP) :- trace('%c 



POLY 

Written as per note 82 in Mecho ~older 

UPdated: 8 September 82 

t Poly_solve is only called wnen it has been determined that the 
% eauation is a Polynomial eauation. 

i.e. a Precondition that the method is called is that is_Pols is true 

P01Y~solve(Ean11Ean2,X,Soln11Soln2,Rules-Diff) : 
PolY_solve(Ean1,X,Soln1,Rules-Inter), 
Poly_solve(Ean2,X,Soln2,Inter-Diff). 

Poly_solve(Lhs=Rhs,X,Soln,Cinfer,MultlRulesJ-Diff) :
Pols_norm(Lhs + -1*Rhs,X,Plist), 
Poly_tids(Plist,Qlist), 
CCt!-1C.°! .... F--Cr]. 1:::! ___ F· r j_ f"ii.:~ ( L.i-1·:::. ·f -- :t *:i:;!f°iS--, j{ :SQ l i ~=-t. !1 I r1·f er-) 7 

remove_neS_Powers(X,Qlist,Pols,Mult), 
Pols_methodCX,Pols,Soln,Rules-Diff). 

cond_Pols_Print(Pols,X,Plist,tidY(Poll)) : 
make_Pols(X,Plist,Poll>, 
t. i ci~= ( F;c:: l ~-== :> F1 c)1 :~) :! 

not match(Pol1,Pol2), 
! :} 
trace(',nPolsnomial 

remove_neS_Powers(X,Plist,Qlist,multiPls(Mult)) : 

N < 0, 

t❖! *·./ ~== 1 ( -.. i~-.. ! 7 i\f l ) :1 

map_add_Power(Nl,Plist,Glist>, 
make_polsCX,Glist,Pols), 
tids(X~Nl,Hult>, 

% Remove nesative Powe 

traceC 1 \nMultiPls thraush bY Xt to set ,n,n%t - O',[Mult,PnlsJ,1), 

remove_neS_Powers(_,Plist,Plist,nomult). 

/* ROUTINES FOR POLYNOMIAL EQUATIONS*/ 

/* Identities and unsatisfiable eauations */ 

PolB_method(_,[J,true,[identlDiffJ-Diff) :- !, % The Polsnomial has simPlifie 

Pols_methodCX,[PtermJ,Ans,[sinSle_termlDiffJ-Diff) 
! ! ,. 

sinsleton_method(Pterm,X,Ans). 

sinsleton_method(PolsandCO,A),_,true) :
s~i rn-F•· 1 :if·!::! ( 1:~, I-:!) , 

! ❖ 

% Polynomial simPlifie 
% to a sinsle term 



sinsleton_method(Polyand(O,_),_,false) :- !, 

sinSleton_method(POlYand(_,_),X,X - 0) :- !. 

/* LINEAR EQUATIONS*/ 

linE~i:~r(PDl1:,!),, 
! !1 

linear_method(Pols,Ans). 

linear([polsand(l,_)I_J) :- !. 

linear_method([polYand(_,A)ITJ,Ans) : 
f":i.r1i:Jl (1·· :! kJ) r 

findl([polsand(O,B)J,B) :- !. 
·f :r. ndl < [] l' o > : -- ! ., 

% Handles dissuised linesr alsn 

Poly_method(X,Pols,Soln,[auadratic/DiffJ-Diff) : 

trace('\nUsins auadratic eauation formula\n',1), 
find_coeffs(Pols,Al'B,C>, 
discriminant<A,B,C,Discr), 
rootsCX,A,B,C,Discr,Soln). 

auadratic([Polsand(2,_)I_J) :- !., 

find_coeffs([polsand(2,A)ITJ,A,B,C) : find2CT,B,C>. 

rootsCX,A,B,_,O,X = Root) :-

tidy(-B/C2*A>,Root>, 
trace('\nThe discriminant is zero, so the sinsle solution is %t - %t\n', 

[ :x: :z F;:t)Ot-], 1 ) ❖ 

roots(X,A,B,C,Discr,X = Rootl IX= Root2) :
warn_if_comPlex(Discr), 
tidy((-B + Discr-(1/2))/(2*A>,Root1), 
tidy((-B - Discr~(1/2))/C2*A>,Root2), 
trace('\nSolutions are %t = %t and %t - %t\n',CX,Root1,X,Root2J,1), 

warn_if_comPlex(Discr> 
i:?.r...i;~l([Iis1:·r- <: ())!, 

! !1 

trace('\nRoots are comPlex 1 ,_,l), 

Find2([polsand(1,B),Pol~and(0,C)J,B,C) :- !. 
·f i r·1d2 ( [ r-:•c:i 1 ~:::,::,::r1t".:-i ( l, t::)]? i:: 1 ()) t .... ! ❖ 
find2C[Po1Yand(O,C)J,O,C> :- !., 



(~~ 1../ ~::: J. ( ··-f•.! :1-t•:f ) !} 

map_add_Power(M,Plist,Qlist), 
Pols_method(X,Qlist,Ans,Rules-Diff). 

Pols_method(X,Pols,Soln,[linearlR~lesJ-Diff) :
dissuised_linear(Pols>, 
! 7 

linear_method(Pols,Ans), 
isolate(C1,1J,X-N=Ans,Soln,Rules-Diff). 

dissuised_linear([polsand(_,_),Polsand(O,_)J). 

~/* Dissuised Polsnomial eauations *' 
pols_method(X,Plist,Ans,Rules-Diff) :

Pols_hidden<X,Plist,N>, 

maP_div_Power(N,Plist,Qlist), 
Pols_method(X-N,Qlist,Inter,Rules-Laws>, 
isolate(E1,1J,Inter,Ans,Laws-Diff). % Masbe n~eds Pols_isolate 

scd_Powers(Pols,Gcd), 
(3c:-ci :::. l. :1 

! ❖ 

/* Sre~iol methods for reciprocal Polsnomial ~011ations 
i.e. those that remain unchansed (w.r.t. roots) 
when unknown is replaced bY 1/unknown 

~ Pols_methodCX,Pols,X = -1 I Ans,[divide(X t 1)/RulesJ-Diff) :-
~ odd_ssmmetric(Pols>, 

trace('\nPolsnomial is odd-symmetric so %t ~ 1 is a factor\n',EXJ,1), 

factnr_out(Pols,1,Plist), 
z_norm(Plist,Qols>, 
PDlY_method(X,Qols,Ans,Rules-Diff). 

Pols_method(X,Pols,X = 1 * Ans,[divide(X - l)lRulesJ-Diff) 
odd_anti_ssmmetric(Pols>, 
trace('\nPalsnomial is odd anti-ssmmetric so %t - 1 is a fsctor,n', 

z_norm(Plist,Gols>, 
Pols_method(X,QolY,Ans,Rules-Diff). 

even_anti_ssmmetric(PolY), 
trace('\nPolsnomial is even anti-ssmmetric so %t - land %t + l are both facto 

[;(]ri)!: 



\__,------ i, 

factor_out(Plist,1,Qlist), 
z_norm(Qlist,Qols), 
Pols_method(X,Qols,Ans,Rules-Diff), 

pols_method(X,PolY,Ans,Rules-Diff) :
even_symmetric(Pols), 
sym_transform(PolY,NewPols>, 
trace(',nPolYnomial is sYmmetric,n',1), 
! ~ 
PDlY_methodCXt1/X,NewPolY,Soln,Rules-Inter), 
tidY(Soln,NewEen>, 
Pols_solve(NewEan,X,Ans,Inter-Diff), 

I* Guess a root,usins intesers between 9 and -9 *I 

Pols_method(X,Pols,X = Root t Ans,[divide(X - Root)lRulesJ-Diff) :
suess_list(PolY,Candidates), 
memberCRoot,Candidates), 

! !} 

tracec',nBs inspection %t - %t is a solution,n',[X,RootJ,1), 

z_normCPlist,QolY), 
Pols_method(X,Qoly,Ans,Rules-Diff). 

% isolate hack until rnrle is reformed 
isolate(Posn,Een,New,[isolatelLJ-L) :- isolate(Posn,Ean,New), 



Updated: 30 Ausust 82 
% Clause removed 19.2.81, modified 28.4.81, 26,5,81, 10.9,81. 
% ~ub~t_m~s~ moved to Hise, rest made comPilable 12.9,81. 

chanseunknown/3, 
c~-h-t:~r~i£=;e:../.c:~ P ./-4, 
sood_subterm/4, % Just so that 'setof' can find it. 

chanseunknown(t, ~, ->, 
chanseunknownl<+, +, ->, 
chansevar(+, +, +, ->, 
sood_subterm(+, +, +, ->, 

sood_subterm(+, -), 
sood_subterm(+, +, -), 

/* There is a non-trivial BUG: 
chanse of unknown sometimes fails when it should aPParentls succeed, 
e,s. when solvins for x in the eauation 

s + x*<x+l)-(-1>*6 + <s+4>*x*<x+l)~(-1)*(-3) = 1 
(this is Problem d2hard in the Lewis set,) 
the lack of associativits in the simPle matcher, so that the subterm 
x*<x+ll~(-1) actualls appears onls once in this eauation. 
this will reauire extensive reworkins of sood_subterm/subterm, 

C chanseunknown(Ean, Var, Ans) determines whether there is a suitable subter 
% (Term) of Ean <which contains the unknown Var) for chansins the unknown. 
% The eauation is assumed to be in weak normal form. 

chanseunknown(Lhs=Rhs, Var, Term) 
occ(Var, Lhs, N>, N > 1, 
setof(Term, sood_subterm(Lhs, Var, N, Term>, TermSet), 
extreme_term(TermSet, >, Term),!, 

% chansevar Senerates a new variable NewVar and Performs the relevant 
% substitution. 

r :· t·1 .:::= r1 =~ e :.._ .. , -:::= r ( ·r E'! -r· rii =' r::: t~! ri 7 i .. ~ 1:-? t~.1 ~ J\J e v-1 f.:: G r1 ) :; 
j_ ci (~~ r1 t. :i. f'• :i_ f:! ·r· ( i~~ f~ fr.l ) ? 

subst_messCTerm=New, Emn, NewEan). 

% find Sood subterms for the chanse of unknown method. 

sood_subtermCExP, Var, N, Term) :
sood_subtermCExP, Term), 
occ(Var, Term, M>, H > O, 
occ(Term, ExP, L>, L > 1, 
N :i. f:i- L*M. 

% sood_subterm(Term, ExP) is true when Term is a non-atomic ~~bLerm 
This enables us to drop the urerm \= Varn reauirement in 

% sood_subterm/4. 

~ood_subterm(ExP, Term) :-
( atomic(ExP) ; number(ExP) 

sood_subterm<ExP, Term) 
f'"1.Jr1i:·t.c:ir· ( E::;{F-· ~ .... :J 

sood_subterm(N, ExP, Term). 



% Sood_subtermCN,E,T) <-Tisa Sood subterm of ExP's Nth arsumer 

sood_subterm(O, ExP, Term) :- !, Term - ExP. 
sood_subterm(N, ExP, Term) :-

arsCN, ExP, Ars>, 
sood_subterra(Ars, Term). 

sood_subterm(N, ExP, Term) :-
i~l ts i\!-·i:1 ! :] 
sood_subterm(M, ExP, Term). 



'* FACTOR : Method for factorisins eouations 

i ... eon 
lJ ;:-.·.-ci -:::: t. t~ !:i :~ 

t factorise assumes that the conditions necessary for factorisation 
% have been met, namely the risht hand side of the eouation is zero, 
% and the left-hand side is a multiPlication term. 

factorise(ExPr,X,Factors,Proof> ;-
decomP(ExPr,[*IListJ), 
listtoset(List,Listl), 
div_listCListl,X,Factors,Proofl. 

div_list([J,_,[J,[J) :- !. 

% Remove duPlicate eouations 

div_list([LhslLJ,X,Factors,[divCLhs)IDJ> :
safe_divisor(X,Lhsl, 

tracec•,nDividins throush bY %t',ELhsJ,1>, 
div_list(L,X,Factors,D>, 

div_list([LhslLJ,X,CLhslFactorsJ,D> 
div_list(L,X,Factors,D>, 

free_of(X,Term>, 
r'!Ci!l .... :~":1?.T"•C) ( ·r ;;:~ Pri!) 9 



i=.1 E, t. -·· c· c; e f· -f'~-./ :~~ , 
~-; :L r1i:~c:1·;._,/·2 :1 

I-: e r· ri -:::: r· ci f; i 1 1._.l t:-:.= r· 
Updated: 2 September 8~ 

/* Trs to solve tris eauations of the rorm A=O,where A contains nnlH 

sin and cos and terms in linear form */ 

tris_fac(A=C,X,New) : 
linear_sin_cosCA,X>, 
tris_normal_form<X,A,List>, 
triSmethodCX,List,TYPe), 
trissolveCX,List,C,TsPe,New), 

linear_sin_cos(A=B,X) :- !,linear_sin_cos(A,X>, 

linear_sin_cosCA+B,X) 

sublistCcontainsCX),List,[NewJ), 

linear_sin_cos<Z,X> :- freeof(Z,X),!. 

'----" 1:i.n,~ar .. _s:i.n .... cosCs:i.nC .... ) , .... ) : ! . 

linear_sin_cos(cos(_),_) 

tris_normal_form(X,A,List) : 
unattract_distribute(X,A,New>, 
decomP(New,[+INewListJ), 
maPtriStYPe(X,NewList,List). 

unattract_distribute<X,A,New) :-
decomP(A,C*IListJ>, 
! :' 
collect_multiPliersCX,List,1,Mults,[J,[RestJ), 
tids(Mults,NewMult), 
dist_multiPlY(NewMult,Rest,New). 

unattract_distribute(X,A,New) :
decomP(A,[t1New1J>, 

maPunattract_distribute(X,Nsw1,New2>, 
recomP(New,[+INew2J), 



unattract_distribute(_,A,A>. 

maPunattract_distribute(_,[J,[J). 

maPunattract_distribute(X,[HlNew1J,[HllNew2J) :
unattract_distribute<X,H,Hl), 
maPunattract_distributeCX,Newl,New2>. 

collect_multiPliers(_,[J,Acc,Acc,Acc1,Acc1> :- !. 

collect_multiPliers(X,[HITJ,Acc,Ans,Accl,Ansl> :
frt.?.ec:,f ( X, H>, 
! , 
collect_multiPliers(X,T,Acc*H,Ans,Accl,Ansl). 

collect_multiPliersCX,[HITJ,Acc,Ans,Accl,Ansl> :
collect_multiPliers(X,T,Acc,Ans,[HlAcclJ,Ans1J. 

__,, 

\.......,, 

dist_multiPlY(A,B+C,D+E) :- !,dist_multiPlY(A,B,D),dist_multiPlY(A,C,E). 

/* Put each tris term into the form tfCFun,Mult,Ans,Rest,Coeff) 
where Fun is the functor,Ans the ansle.Ana is of the form 
Coeff*Rest, where Rest contains the unknown,and Coeff is a number. 
Mult is the coeff of the tris term.es 2*sinC3*a*x> becomes 
tf(sin,2,3*a*x,a*x,3) */ 

maPtriStYPe(_,[J,[Jl :- !. 
maPtriStYPe(X,[HlTJ,[HllTlJ) :- triStYPe(X,H,Hl>,maPtriStYPe(X,T,Tl),!, 

tristYPe(Unk•X,tf<Fun,1,Ans,Rest,Coeff)) :- trisf(X>, 
functor(X,Fun,1>, 
BrS(l,X,Ans), 
mod_anssize(Unk,Rest,X,Coeff),!¼ 

triStYPe(Unk,A,tf(Fun,Y•Ane,Rest,Coeff)) :- match(A,X*Y>, 
tris.H'(X>, 
f· T'f.:H?.o·f < Unk, Y > , 
functor<X,Fun,1>, 
ar-s< :I. ,X,Am=n, 
mod_anssize(Unk,Rest,X,Coeff>,!+ 

/* Classify the eauation into three tYPesl Does it contain only two terms 
or does it contain onlY sin (or cos> terms whose aneles are in A<P¼•Dr 
is it a mixture of sines and cosines*/ 
trismethod(_,List,two(norm>> :- lensth(List,2>,!. 
trismethod(X,List,aP(A,D>> :- checklist(sincos(TYPe),List>, 

aPcheck<X,List,A,D), 
! ¼ 

trismethod(_,List,mixed(Sins,Cos>> I- sublist(sincos(sin),List,Sjns>, 
sublist(sincos(cos),List,Cos>, 
lensth<Cot=.,M), 
M>O, 
lenst,h(S:i.ns,N>, 
N>O, 



/* Ean is A=O where A is C*sin(X) + C*sin(Yl,or 
(..: !. C;f::-::; j_ rt ( ~::{) .. -c:::f::~:. i r1 ( y·) !J C! T' [:;f::(~(}S ( x:) -C:>i~:c•C)S. ( "-.{) 

trissolve(_,[tf<Y,N,Ansl,Rl,Col),tf(Y,M,Ans2,R2,Co2)J,O,two<X>,NPwform=O> : 
<M=N;eval(-H,N>>, 
add_ansle(Y,N,M,Ans1,Ans2,R1,R2,Co1,Co2,Newform), 
( )( ==rt CJ r rr1 ---)· 

trace< 1 ,nUsins trisonometric addition,n %t = o,n 1 ,[NewformJ,l); 
t. r·tf<-:-!) :i-

l ., 

/* Both terms have the same ansle */ 

derive(C,Y,Z,M,N,Ans,Newforml, 
tracec 1 ,n%t ,n 1 ,[NewformJ,l>, 
! ., 

/* Two terms have different functors and ansles,but same coeff */ 
trissolve(X,[tf(Y,M,Ans1,R1,Co1>,tf(Z,N,Ans2,R2,Co2)J,O,two(norm>,Newform) :

CM=N;eval(-M,N>>, 
((Y=sin,Z=cos) -> Hi=M,Nl=N; 
Y=cos,Z=sin,N1=M,Ml=N), 
convert_functor(X,H1,N1,Ans1,Ans2,R1,Co1,Newform), 
! ❖ 

trissolve(_,List,0,aP(A,D>,Newl) :- lensthCList,N>, 
CJC)cj ( f,.J) !I 
checkPairs(List,A,D,N,TermltTerm2>, 
tids(TermltTerm2=0,New>, 
trace< 1 ,nAddins in Pairs,n%t,n 1 ,[NewJ,1), 
trs_factorize(apcase,Term1,Term2,New1>, 

trissolve(X,List,O,mixed(Sin,CAJ),Final) :
trissolve(X,Sin,O,two(mixed),Newl=O>, 
inv_triStsPeCA,Term), 
tids(Newl +Term =O,New>, 
tracec 1 ,nAddinS sin terms ,n%t ,n~,[NewJ,1), 
try_factorize(addone,Newl+Term,Final>, 

trissolve(X,List,O,mixedC[AJ,Cos>,Final) :
trissolve(X,Cos,O,two(mixed),Newl=O), 
inv_tristsPeCA,Term>, 
tids(New1 +Term =O,New), 
tracec 1 ,nAddins cosine terms ,n%t ,n 1 ,CNewJ,l>, 
trs_factorize(addone,NewitTerm,Final), 
! ❖ 

trissolve(X,List,O,mixed(Sin,Cos),Final) :
trissolve<X,Sin,O,two(mixed),Newl=O>, 
trissolve<X,Cos,O,two(mixed),New2=0), 
tidY(Newl + New2 =O,New), 
tracec 1 ,nAddins sin terms and cos terms,n%t ,n 1 ,CNewJ,1), 



trw_factorize(addboth,New1fNew2,Final>, 
! ❖ 

% Do some factorization, to take the load off collection 
% This is hackw, should be done usins tf/5 representation, 

try_factorize(apcase,Term1,Term2,New) :
match(Terml,Fac*B>, 

match(Term2,Fac*C>, 
tidwCFac*<B+C>=O,New>, 
trace('\n%t\n',(NewJ,1), 

trw_factorize(apcase,Term1,Term2,New) :-

match(Term1,Term2*B>, 
not atomic(Term2), 
tidw(Term2*(Term1+1)=0,New>, 
trace('\n%t\n',CNewJ,1), 
! ❖ 

not atom:i.c(C), 
fff2::t.i:.:f··1 ( ~~ !1 C:Jf~f.::) ~ 

trace('\n%t\n',[F1=0J,1), 
! • 

trw_factorize(addone,A+B,Fl=O> : 

tidw(B*CCt1),F1), 
trace('\n%t\n',[F1=0J,1), 
! I 

try_factorize(addboth,A+B*G,Fl=O) :
rni~t.c~t--1 ( E::*{3 :1 C;{{Il) !1 

f"'iC)i:. c::-f:.1JIT1 :i. C ( [:) ~ 

rnat.c:·f·1 (A, c:::f;:t:::) ~ 

tidYCC*<D+E>,Fl>, 
trace('\n%t\n',CF1=0J,1), 
! ❖ 

/* Sum of two sines case *I 
add_ansle(sin,N,N,A1,A2,Rl,R2,Coeffl,Coeff2,New> : 

f:.:: • ..Ja 1 ( r~*::~~ :i f·--!J. J ~ 
sumdiff(Coeffl,Caeff2,A1,A2,R1,R2,Sum,Diff,Sum1,Diff1), 
correct_sin(Sum,Sum1,Newsum,Fac,R1,R2>, 
correct_cos(Diff,Diff1,Newdiff,R1,R2), 
tids(Fac*Nl*sin(Newsum>*cos(Newdiff),New>, 
! ❖ 

/* Difference of two sines cases*/ 
add_ansle(sin,N,M,A1,A2,R1,R2,Coeff1,Coeff2,New) :-

·-



?:?'--/ a 1 ( i:.~;t~:::: !} r~i l J :~ 
sumdiff(Coeffl,Coeff2,A1,A2,R1,R2,Sum,Diff,Sum1,Diff1), 
correct_sin(Diff,Diffl,Newdiff,Fac,Rl,R2), 
correct_cosCSum,Sum1,Newsum,R1,R2), 
tidY(Fac*Nl*sin(Newdiff)*cos(Newsum),New), 
l ❖ 

add_ansle(sin,N,M,A1,A2,R1,R2,Coeff1,Coeff2,New> : 
f.~ '--l ;.:: I ( f·,1 :::-() ) !1 

e:-4 r.~ 1 ( i~;t::2 :1 i-~~ l ) ~ 
sumdiff(Coeff2,Coeff1,A2,A1,R2,R1,Sum,Diff,Sum1,Diffl), 
correct_sin(Diff,Diffl,Newdiff,Fac,Rl,R2>, 
correct_cos(Sum,Suml,Newsum,Rl,R2), 
tidY(Fac*Nl*sin(Newdiff)*cos(Newsum),New>, 
! ❖ 

I* Sum of two rncinec 
add_ansle(cos,H,M,A1,A2,R1,R2,Coeff1,Coeff2,New) : 

e\12-1 ( i1;f::2 rr f:.!1 J !: 
sumdiff(Coeff1,Coeff2,A1,A2,R1,R2,Sum,Diff,Sum1,Diff1), 
correct_cos(Sum,Sum1,Newsum,R1,R2l, 
correct_cosCDiff,Diffi,Newdiff,Ri,R2), 
tidY(Nl*cos(Newsuml*cos(Newdiff),New>, 
! ❖ 

I* Difference of two rnsinps *I 
add_ansle(cos,M,N,Al,A2,Ri,R2,Coeffl,Coeff2,New) : 

t-:.1 ;../ .a J. ( i~,1 :::. () J , 
{~r..i~~ 1 ( f1I;½:::~~ :1 f"\11) :1 

sumdiff(Coeff2,Coeff1,A2,A1,R2,R1,Sum,Diff,Sum1,Diff1), 
correct_sin(Sum,Sum1,Newsum,Fac1,R1,R2), 
correct_sin(Diff,Diffi,Newdiff,Fac2,R1,R2), 
tids(N1*Facl*Fac2*sin(Newsum>*sin(Newdiff),New>, 
l ., 

add_ansle(cos,H,N,A1,A2,R1,R2,Coeff1,Coeff2,New) : 
t:I '··"'i 25: 1 ( j\j :::-(} ) ~ 

ei../ a 1 ( f·~;t=:2 !1 t:.J :t ) , 
sumdiff(Coeff1,Coeff2,A1,A2,R1,R2,Sum,Diff,Sum1,Diff1), 
correct_sin(Sum,Sum1,Newsum,Fac1,R1,R2), 
correct_sin(Diff,Diffl,Newdiff,Fac2,R1,R2>, 
tidYCN1*Fac1*Fac2*sin(Newsum>*sin(Newdiff>,New>, 
! ❖ 

I* Find the half_sum and half_difference of two ansles *I 

/* Ansles are of the form A*R and B*R,A and Bare numbers *I 
sumdiffCPlusCA,O),Plus<B,0),_,_,R,R,Sum,Diff,Sum1,Diff1) :- eval(CA+B)/2,Suml) 

eval((A-B)/2,Diffl), 
tidY(Sum1*R,Sum), 
tids(Diffl*R,Diff), 

I* General case *I 
sumdiff(_,_,A1,A2,_,_,Sum,Diff,Sum,Diff) : tidsC(Al+A2)/2,Sum1>, 

tids((A1-A2)/2,Diffll, 
pols_form(Sum1,Sum), 
POlY_form(Diffl,Diff), 



/* EBuation is M*sin(Ans>+N*cos(Ans> =O,so tan(Ans>=-N/M */ 
derive(O,sin,cos,M,N,Ans,tan(Ans) = Kl :- eval(C-N)/M,K),!, 
derive(O,cos,sin,N,M,Ans,tan(Ans> = K) :- eval((-N)/M,KJ,!. 

where beta is arctan(N/M) 
/*At Present this is the best Place for this rule as: 
Should onls be used as a collection rule when there are onls 2 terms 
If homosenization is used on the seneral case,the simPlifw routines 
set overloaded, *I 

derive(C,sin,cos,M,N,Ans,New - C> :- eval((M-2+N-2)~(1/2),R), 
eval(arctan(N/Ml,Beta), 

-derive(C,cos,sin,N,M,Ans,New - Cl : eval(CM-2+N-2)-(1/2),R>, 
eval(arctan(N/M),Beta), 
tidsCR*sin(Ans+Beta),New>, 

/* Convert cos(X) to sin(90-X) *I 
convert_functorCX,M,M,Ansl,Ans2,Rl,Co1,NewE> :

tidw((90-Ans2),Newans>, 
tids(M*<sinCAnsl) + sin(Newans>>=O,New), 
trace(',nRewritins Ccos(X) = sin(90-X)\n%t\n ✓ ,[NewJ,1>, 

mod_anssizelC~,NR,Newans,NC>, 
triSsolvel(X,[tf(sin,M,AnSl,Rl,Col),tf(sin,M,Newans,NR,NC>J,Col,NC,New! 

convert_functor(X,M,N,Ans1,An~2,R1,Co1,NewE) :
f£i r •. / a 1 ( fv} :::-() ) :! 

tids((90-Ans2>,Newans>, 
tidY(M*(sin(Ansl) - sin(Newans))=O,New), 
trace('\nRewritins (cos(X) = sin(90-X)\n%t,n',[NewJ,1), 
mod_anssizel(X,NR,Newans,NC), 
trissolve1<X,Ctf(sin,M,Ansl,R1,Co1),tf(sin,N,Newans,NR,NC>J,Co1,NC,New 
! ❖ 

convert_functorCX,N,M,Ans1,AnS2,R1,Co1,NewE) :-
t:i ,.,./ .:::: 1 ( 1--'i:> ()) r 
tidwC(90-Ans2>,Newans>, 
tids<M*(sinCNewans> - sinCAnsl))=O,New>, 
trace(',nRewritins (cos(X) = sin(90-X),n%t,n',[NewJ,1), 
mod_anssizel(X,NR,Newans,NC>, 
trissolvelCX,CtfCsin,M,Newans,NR,NC>,tf(sin,N,Ansl,Rl,Co1>J,Co1,NC,Ne~ 

% Check eBuation has not become trivial 
trissolve1CX,List,Coeff1,Coeff2,true) 

tids(Coeff1,NewC), 
tids(Coeff2,NewC>, 
! ' 
traceC',nEmuation collapses to O = o,n',1). 

tri~solvel<X,List,_,_,Ans) :- triSsolveCX,List,O,two(norm),Ans). 

% Find the coefficient and remainder of the ansle 



mod_anssize(X~U,T,Ans) ars(l,T,Z),mod_anssizel(X,U,Z,Ans),!. 

mod_anSsizelCX,U,Z,Plus(N,Bl)) 
c: C) r1 i:~ -::=: :i. r1 s. ( }( :, r--=1 ) ;.t 

·f ·p f!.: (•:-:= J:) ·f ( )( , k~ ) ~ 
mod_anssizelCX,U,A,PlusCN,C>>, 
t. :L cj~:! ( J3 .. ~C; :e= k3 l) 7 

! ❖ 

mod_anssizel<X,U,Z,Plus(N,0)) :- match(Z,N*Ul, 
r·11.Jrr1(Jf.~ "f' ( r~) !! 

cont..a:i.n~.(X,U) :, 
! • 

mod_anssizel(X,Z,Z,Plus(l,0)) :- not number(Zl,containsCX,Z),!. 

sincos(sin,tf(sin,_,_,_,_)) 
sincos(cos,tf(cos,_,_,_,_)) : !. 

checksin_cosl([J) :- !. 
checksin_cosl([sin(_)/TJ> 
checksin_cosl([cos(_)!TJ) 

:- checksin_cosl(T>, !. 
:- checksin_cosl(Tl, !. 

aPcheckCX,List,A,D> :- maPlist(set_coeff,List,Newlist>, 

trace('\nAnsles are in arithmetic Prosression \n',1), 
! ❖ 

aPchecklCL,PlusCA,Ol,diffCD,0)) :- non_add(L,Li), 
SCJ'f-t. ( L.l !1 [:~if)]) !1 

apcheck2C[AISJ,D), 
! ❖ 

,, _,, aPch,:,~ck :!. CL, F· ~: IJ~. C ~ ~ ~ :.~ '::i:1. ff ( 0, D) ) 
~,.o rt• .. L. J. , L r-:1 ; ;::, ..I .J , 

aPcheck2([AISJ,D>, 

aPcheck2CCJ,_) :- !. 
aPcheck2(CNJ,_) :- !. 
apcheck2CCH,H11TJ,D> :- evalCH1-H,Dl,aPcheck2C[H11TJ,D), !. 

non_add([J,[J) :- !. 
non_add([plusCX,O>:SJ,[XITJ) :- non_add(S,T),!. 

additive_ansles([J,[J,_) :- !. 
additive_ansles([Plus<X,A>J,[AJ,X> :- !. 
additive_ansles([pl1..1s(X,A),Plus(X,B>:SJ,[AITJ,X) 

additive_ansles([Plus<X,B)ISJ,T,X>, 

checkPairs(List,A,_,1,Term> :
member(tf(T,C,Z,Y,A),List), 
inv_trist~Pe(tf<T,C,Z,Y,A>,Term), 
! • 

checkPairs(List,Plus(A,O),diff(D,O),N,NewltTail) :
member(tfCT,C,Z,Y,PlusCA,0)),List), 



eval<A+<N-l>*D,X>, 
member(tfCT,C,Zl,Y,Plus(X,O>>,List>, 
add_an•le(T,C,C,Z,Zl,Y,Y,Plus(A,O>,Plus<X,O>,Newl>, 
eval C A+IhU), 
evalCN-2,Nl>, 
checkPairs(List,Plus<U,O),diff(D,0),Nl,Tail), 
! • 

checkPairs(list,Plus(A,Al),diff(O,D>,N,Newl+Tail) :
member(tf(T,C,Z,Y,PlusCA,A1)),List), 
eval(A1+<N-1>*D,X>, 
member(tfCT,C,Z1,Y1,PlusCA,X>>,List), 
add_an•leCT,C,C,Z,Zl,Y,Yl,Plus<A,Al>,Plus<A,Xl,Newl>, 
eval ( Ai+I);.t.,'), 
evaJ. ( N-·2, Ni), 
checkPairs(list,PJ.us<A,V>,diff(O,D),Nl,Tail>, 

~nv_triStYPe(tf(sin,C,Zl,_,_),C*sin(Zl)) :- !. 
Jinv_triStYPe(tf(cos,C,Zl,_,_),C*cos(Zl>> :- !. 

% Get sisns risht 
correct_sin(Sum,Sum,Sum,Unk,Unk) :- freeof(Unk,Sum>,!. 
correct_sin(_,Sum,X,F,Unk,Unk) :- number(Sum),correct_sinl(Sum,F,X,Unk),!. 
correct_sin(_,Sum,Sum,l,_,_) :- !. 

correct_cos(Sum,Sum,Sum,Unk,Unk) :- freeof(Unk,Sum>,!. 
correct_cos(_,Sum,X,Unk,Unk) :- number(Sum),correct_cosl(Sum,X,UnkJ,!. 
correct_cos(_,Sum,Sum,_,_) I- !. 

correct_sinl(Sum,1,New,Unk> :- eval(Sum>O>,tidw(Sum*Unk,New),!. 
correct_sinl(Sum,(-1),New,Unk) :- tidw(-1*Sum*Unk,New),!. 

correct_cosl(Sum,New,Unk> :- eval<Sum>O>,tidw(Sum*Unk,New>, !. 
correct_cosl(Sum,New,Unk> :- tidwC-l*Sum*Unk,New),!. 



( 

/ 

Created: May 1981 
*.I 

findrhs./2, 
nas:l./3. 

Ber-nard Silver 
UF•dated I 24 Feb r1Ja ry 82 

% This method is similar to isolate,it it used to solve eauations where 
% all occurrences of the unknown are dominated by a function other than=,+,* 
% es sin<x-2+x+1>=(1/2). Should also remove multiPlicative cons~ants. 

% ToP level 
% If eauation is of the risht type find the Position of the dominatins 
% function and Pre-Pare to isolate it 
nas1(L=R,X,C11PosJ) :- L= •• CFunclArssJ, 

naslok(Func,Arss,X,Pos>, 
! . 

- naslok(+,_,_,_) ·:- !,fail+ 
naslok<*,CA,BJ,X,[1J) :- contains(X,A),freeof(X,B>,!. 
nas1ok<*,CB,Al,X,C2J) :- contains(X,A>,freeofCX,B>,!. 
naslok<*'-'-'-> I- !,fail. 
naslok(J.os,C?),BJ,X,ClJ) :- contains(X,A),freeof(X,B>, ! . 
nas1okClos,CB,AJ,X,[2J> I- contains<X,A>,freeof<X,B>,!. 
naslol'-.(los,_, __ ,_) :- ! ,fail. 
nas1ok<-,CA,BJ,X,£1J> :- contains(X,A>,freeof<X,B>,!. 
nas1ok(-,CB,AJ,X,[2J) :- contains<X,A>,freeof<X,B>,I. 
naslok(-,_,_,_) :- !,fail. 
naslok(_,_,_,[1J> :~ !. 

% rtef ensi ve checlt.. :f. ns, make sure t.hst no unknowns occur on t.he r i i!!ht hand 
% side of the isolated eaustion 

findrhs(AtB,P) :- !,findrhs<A,C),findrhs(B,D>,aPPend(C,D,P). 
findrhs(A=B,CBJ) I- !. 



/* HOMOG.TDP : 

Bernard Silver 
Updated: 2 SePtember 

1% HOMOGENIZATION ROUTINE 
% NOTE: Reauires eauation is in 
% weak normal form 

% Solve case of Homosenization with m~ssa~es 

homos(Ean,X,New,Term,V,Off) :
homosl<Ean,X,New,Term,V,Off,Homean,solve), 
trace('\nRewritins eauation in terms of %t\nsives %t\n',[Term,HomeanJ,. 
trace('\nSubstitutins %t for %t sives\n %t\n 1 ,CV,Term,NewJ,l). 

% ToP Level of Homosenization ProPer 

homoslCEan,Unk,Newean,Term,V,Offend,Homean,Flas) : 
findtYPe(TYPe,Offend), 
trace('\nOffendins set is %t\n',[OffendJ,2), 
anazCTYPe,Ean,Unk,Offend,Term,FlaS), 
trace('\nReduced term is %t\n',[TermJ,2), 
Perform_rewrites(Term,Offend,Homean,Unk,TYPe>, 
chanse_the_variable(V,Unk,Homean,New). 

% Eauation can have Homosenization aPPlied to it 
multiPle_offenders_set(Ean=Rhs,Off,X) :

parse(Een,Off,X), 
lensth(Off,N), 

% Rewrite the offenders set and oo~ain new Homosenized eauation 
Perform_rewrites(Term,Offend,Homean,Unk,TYPe) : 

rewCTerm,Offend,Sub,Unk,TYPel, 
subsl(Ean,Sub,Homeon). 

% Now chanse the variable, rePortinS substitutions if neccesars 

chanse_the_variable(V,Unk,Homean,New> : 
rePort_subs(Unk,Sub), 
identifier<V>, 
subst(Term=V,Homean,Newea>, 
tidY(Newea,Neweon). 

% Find the offenders set (ie the terms which Prevent the Parsins 
% of Eon as a rational eauation > (Assumes Eon has been tidied 
% so no/ or - occurs) 

ParseCEan,Set,Unk) :- dl_Parse(Ean,Setl-[J,Unk),listtoset(Setl,Set). 

dl_Parse(A+B,L-L1,Unk) :- !,dl_Parse(A,L-L2,Unk),dl_Parse(B,L2-L1,Unk • 
dl_parseCA*B,L-Ll,Unk) : !,dl_parse(A,L-L2,Unkl,dl_ParseCB,L2-Ll,Unk • 



dl_Parse(Unk,CUnklLJ-L,Unk) :- !. 
dl_Parse(A,L-L,Unk) :- freeof(Unk,A),!. 
dl_Parse(A,[AlLJ-L,Unk) :- !. 

% Find the tYPe of the offendinS set 

findtYPe(triS,L) :- checklist(trisf,L), !, 
findtspe(los(_),L) :- checklistClosf,L),!. 
findtsPe(senPol,L) :- maPlist(senpols,L,L1>,rational_scd_list(L1,N),!,N ,= 1. 
findtYPe(exP,L) :- checklistCexPP,L>,!. 
findtYPe(hsPer,L) :- checklist(hsPerf,L>,!. %Just hsPerbolics 

checklist(hsPexP,L),!. %HsPerbolics and exponentials 
findtsPe(mixed,_) :- !, 

% Recosnizers for each tsPe 

trisf(X) :- member(X,[sin(_),cos(_),tan(_),sec(_),cosec(_),cot(_)J),!. 
1of;;f·(X) :-•· m.~mber(X:1f.:loi.,H ___ , ___ )]), ! • 
hsPerfCX) :- memberCX,Esinh(_),cosh(_),sech(_),tanh(_),coth(_),cosech(_)]),!, 
t;:-~::{~P( .... ••••• .... ) ~--· ! ❖ 
t:-:s::{}':.~}'."--j_ ( ;:?_. .. _ -- ) t -·· ! -:,, 

hYPexP(X) :- (eXPPi(X);hYPerf(X)),!. 
31?.1-1::.:•c:i 1 ~::! ( J( :1 l ) :t .... ~:::t-<:)rlt ( )() :1 ! ❖ 

atom<X>,number<N>, ! • 

% Find which terms are hsPerbolic and which are exponential in hsPer_exP ~d~~ 

sPlit_case(L,ExP,HYP) 

sPlit_casel([J,[J,[J) 
sPlit_casei(CHIT],f.:HIA],B) 
SPlit_casel([HITJ,A,[HIBJ) :- hsPerf(Hl,!,sPlit_case1CT,A,B), 

ncin .... tr:i.v:i.al ( [ J) :-·· ! , 
non_trivial([[]l_J) :- !,fail, 
non_trivial([_lTJ) :- !,non_trivial(T), 

;-~ ~fr:~ t.o C~t)OCJ·:::.1: r·eCiiJC(~;cj t.r:.? r·ffl ❖ ~f r·£=iIJff1E:r!t~S Crf· -::::11-~.-:.: -d !"t: 

% TYPe of offenders set, Eauation, the Unknown, the offenders set 
% the reduced term, and a flas to show if the Problem is a sim or solve one 

% Tris case, find the scd of all ansles that occur, then choose functor 

anaz(tris,Ean,Unk,Offend,Term,_) :
findansle(Unk,Offend,AnSle), !, 
anaz1CEan,Ansle,Offend,Term,Unk,_). 

% Exponential case where terms are of the form a~f(x) where a is the same 
% for all members of the offendins set. We find the '~rd' of the f(x) 

maPlist(exPcasel(Base,Rest,Unk),Offend,NewList), 
form(Rest,NewList,Power>,!. 



anaz(exP,_,Unk,Offend,Base-Power,_) :
maPlist(exPcase2(Unk>,Offend,Newlist>, 
coeff_exP(NewList,Base,Rest), 
forml(Unk,Rest,Power), 
! ❖ 

% Normal los case dealins with terms like los(x,4) and loS(2,x) in the 
% offenders set. 

anaz(los(_),_,Unk,Offend,Term,_) :
maPlist(laura(Ars2,Unk),Offend,Newlist), 
onetest(NewList,Arsl>, 
losocc(Ars1,Ars2,X,Offend). 

% Other los case where the loss are converted to base 10. 

anaz(loS(10),_,Unk, □ffend,los(10,Term),_) :
checklist(laural(Unk,Term),Offend), 
! ❖ 

% The seneralized Polynomial LD~~ 

anaz(senPol,_,Unk,Offend,U,_) : 
maPlist(senPolcase(Unk),Offend,Listl), 
sisned(list1,P>, 
rational_scd_list(Listl,N>, 
evalCP*N,Nl>, 
form4(Unk,N1,U), 
! ❖ 

% HYPerbolics., Find the scd of all the 'ansles' as in tris case 

anaz(hYPer,EGn,Unk,Offend,Term,FlaS) :
findansle(Unk,Offend,Ansle>, 
hYPer_find(Ean,Unk,Offend,Term,Ansle,FlaS),!. 

$ 

% Both exponentials and hYPerbolics, find scd of all angles and Powers" 

anaz(hYPer_exP,_,Unk,Offend,e-Term,_) :
SPlit_ca5e(Offend,ExP,HYPer), 
maPlist(ansle_size(Unk,Rest),HYPer,Ansle), 
maPlist(exPcasel(e,Rest,Unk),ExP,NewList>, 
aPPend(AnSle,NewList,Newlist1), 
rational_scd_listCNewlist1,Gcd), 
forml(Rest,Gcd,Term), 

% Choose reduced_term usin~ simPlicitY metric 

anaz(_,_,Unk,Offend,T,_) :-
trace( 1 Choosins reduced term via simPlicitY metric',2>, 

reduced_term(Offend,Unk,T), 



Public 
anazl/6, 
ansle_size/4, 
cc/2, 
cch/2, 
cosecfind/1, 
cosechP/3, 

cosfind/1, 
coshP/3, 
COSP/3, 
cothP/3, 
cs/2, 
csh/2, 

eXPCS/4, 
exPsc/4, 
exPss/4, 
exPtt/4, 

h~Per_find/6, 
secfind/1, 
sechP/3, 
secp/3, 
sinfind/1, 
sinhP/3, 
st/2, 
sth/2, 
tanhP/3. 

% Find Scd of anSles in offendins set 

Bernard Silver 
UPdated: 5 SePtember 82 

findansle(Unk,Offend,Ansle) :
maPlist(ansle_size(Unk,Rest),Offend,List>, 
form(Rest,List,Ansle), 
! ❖ 

ansle_size(Unk,Rest,Term,Coeff) : 
arS(1,Term,Ars>, 
ansle_sizelCUnk,Rest,Ars,Coeff), 

ansle_sizel(Unk,Rest,ArS,Coeff) :
matchCArs,A+B>, 
contains(Unk,A>, 
freeof(Unk,B), 
ansle_sizel(Unk,Rest,A,Coeff>, 

ansle_sizel(Unk,Rest,Ars,Coeff> :
match(Ars,Coeff*Rest>, 
number(Coeffl, 
contains(Unk,Rest), 
! • 

ansle_sizel(Unk,Rest,Other,1) :-



not number(Other), 
contains(Unk,Other>, 
matchCOther,Rest), 
! ❖ 

% Find the reduced term 
% First,see if offendins set contains onlB cos I sin,or cpc I tan, 
% or cot & cosec.If so eliminate (ie choose the other as reduced term) 
% the one that occurs to onls even Powers,if this haPPens 
% Flas indicates whether sim or solve is the toP level 

anazl(Ean,Ans,Offend,R,X,Flas> :
findtYPe_tris(TsPe,Offendl, 
action(TsPe,R,Ean,Ans,X,Flas>, 
! ❖ 

% Same race for h~Perbolic functions 

hsPer_find(Ean,Unk,Offend,Term,A,Flas) :
findt~pe_hsPerCT~Pe,Offend), 
action<T~Pe,Term,Ean,A,Unk,Flas>, 
! ❖ 

!. %If first clause fails use e~A as reduced te 

% See if eauation needs tan(R) as a reduced term because eauation contains 
% the correct functions. 

% Otherwise,choose as reduced term the term that occurs most often 

anazl(Ean,Ans,Offend,R,_,_) :
find_common(Offend,Ean,Rl,Ans>, 

! ' 
m.;,,!~.en ici-.;; ,:: R:!. ,, F;) • 

% If no term occurs more than once,choose accordins to an order of nire~ess 

J anaz1(_,Ans,Offend,R,_,_) :- anaz2CAns,Offend,R),(R=tan<Ans) -> ! ;true). 

% If resultins eauation can't be solved trs tanChalf_ansle) method,when 
% this method is applicable 

E$r"i i::=:-:.~ :t ( -·· , 1~~ i-15.~, (J--f•·f· er:cJ r t.i:::r·1 ( F;!) , x:, .... ) t --
ma P list ( anS le_ size ( X, Rest), Of fend, L 1 >, 
( (rr1-:::t.1::i-1(1~=-ir15.=J:-rf.:j;f~F:1:-:-:,-::;t.) ,r1t.JITit,e-r·(f"·l)) ;i\.:\=l), 
half_ansleCM,Ll,Ans,R,Rest>, 
trace('\nTr~ins tan half-ansle method\n',1), 
! <-

% Check to see if tan(x/2) method misht work 

half_ansle<M,List,Ansle,Ansle,_) :-
IY:!Vi:~1 (2;f::M,N), 
memb•:? r ( N, Li 1;;.t) , 

checklist(half_ansle_checkl(M),List>, 
! ❖ 

half_ansle(M,List,_,Al,Restl : 



checklist(half_ansle_check2(M),List>, 
form2(M,Rest,A1), 
! ., 

% Check to see if a term occurs more than once in the eauation 

find_common(L1,Een,R,Ans) :
maPlist(nocc(Ean),L1,L2>, 
Sreat_el(L2,Ans), 
Ans>l, 
corresPond(R,L1,L2,Ans>, 
ars(l,R,x), 

% Check for sin_cos etc Pairs 

findtspe_tris(sin_cos,Offend> :
memberchk(cos(X),Offend>, 
memberchk(sin(Xl,Offend), 
checklist(cs(X),Offendl, 
! ❖ 

findtsPe_triS(cosec_cot,Offend) :
memberchk(cosec(X),Offend), 
memberchk(cot(X),Offend), 
checklist(ccCX),Offend), 
! • 

findtspe_tris(sec_tan,Offend) :
memberchk(sec(X),Offend>, 
memberchk(tan(X),Offend), 
checklist(st(X),Offend>, 

% Hsperbolic cases 

memberchk(cosh(X),Offend>, 
memberchkCsinh(X),Offend), 
checklist(csh(X),Offend), 
! ❖ 

findtspe_hsPer(cosech_coth,Offendl : 
memberchk(cosech(Xl, □ffendl, 

memberchk(coth(Xl,Offend>, 
checklist(cch(X),Offend>, 

findtspe_hsPer(sech_tanh,Offend) :
memberchk(sech(Xl,Offend>, 
memberchk(tanh(X),Offend), 
checklist(sthCX),Offend), 
! . 

action(TsPe,R,Een,Ans,X,Flas> 
Parse2(Ean,X,Offend>, 
actionl(T~Pe,R,Offend,Ans,Flas>, 

% If one of Pair occurs onls to even Powers eliminate it 



actionl(sin_cos,sin(A),Offend,A,_) :
maPlist(cosP(AJ,Offend,Ll>, 
checklist(even,Ll>, 

action1Csin_cos,cos(A),Offend,A,_) :- !. 

actionl(sec_tan,tan(A),Offend,A,_) :
maPlist(secP(A),Offend,Ll>, 
checklist(even,L1>, 
! • 

actionl(sec~tan,sec(Al,Offend,A,_) I- !. 

actionl(cosec_cot,cot(A>,Offend,A,_) :
maPlistCcosecP(A>,Offend,Ll>, 
checklist(even,Ll>, 
! • 

% HYPerbolic cases 
actionl(sinh_cosh,sinh(A>,Offend,A,_) : 

maPlist(coshP(A),Offend,Ll>, 
checklist(euen,Ll>, 
! . 

actionl(sinh_cosh,cosh<A>,Offend,A,_) :
maPlist(sinhP(A),Offend,Ll>, 
checklist(even,Ll>, 
! • 

action1Csinh_cosh,sinh(AJ,_,A,sim) :- !. %Only for sim case 

actionl(sech_tanh,tanh(A),Offend,A,_) 1-
maPlist(sechP(AJ,Offend,Ll), 
checklist(even,Ll>, 
! • 

• J actionl(sech_tanh,sech(A>,Offend,A,_) : 
maPlist(tanhP(A),Offend,L11, 
checklist(even,Ll>, 
! ~ 

actionl(sech_tanh,tanh(A),_,A,sim) :- !. %Only for sim case 

action1(cosech_coth,coth(A),Offend,A,_) :
maPlist(cosechP(A),Offend~Ll), 
checklist(even,Ll>, 
! • 

actionl(cosech_coth,cosech(A),0ffend,A,_) :
maPlist(cothP(A),Offend,Ll), 
checklist(even,Ll>, 
! ❖ 

actionl(cosech_coth,coth(A),_,A,sim> :- !. %Only for sim case 

% Check for tan case 
tantBPe([J,_) :- !. 



tantwPel(tan(_),_) :- !, 
t.-::~i-1t-b~!:.:•i:..~1. ( c:·c:it~ ( .... ) 5! _ .. ) t .. " ! -:-

tantwPel ( sec C X >, Y > 

tanean(Ean,X,AnS) 

check_tan(CJ,_) :- !, 
check_tanCCHlTJ,Ans) :- check_tan1(H,Ans>,!,check_tan(T,Ans>, 

check_tanl(tan(_),_) :- !, 
chc➔ ck_.:!.:.i:~rd. <cot<··->!' __ > r--· i • 
check_tan1(sec(Ans>-N,Ansl> :- inteserCN>,even(N),match(Ans,AnS1),!, 
check_tanl(cosec(Ans)~N,Ans1> :- inteserCN>,even(N),matchCAns,AnS1),l, 

% Choose reduced term in order of niceness 

anaz2(Ans,Offend,sin(Ans>> 
member(sin(Ans),Offend>, 
memberCcosec(Ans),Offend), 
! I 

anaz2(Ans,Offend,cos(Ans)) ❖ -., 
member(cos(Ans>,Offend), 
member(sec(Ans),Offendl, 
! •:• 

anaz2(Ans,Offend,cos(Ans>> : 
member(cos(Ans),Offend>, 
member(cos<X>,Offend), 
ci :i t .. f. ( J( Y F1i-1::.:.~) , 

anaz2(Ans,Offend,sin(Ans)) member(sin(Ans>,Offend),!, 

anaz2CAns,Offend,cos(AnS)) :- member(cos(Ans),Offend}, !, 

anaz2(Ans,Offend,cos(Ans>> :- member(sec(Ans>,Offend),!, 

anaz2(Ans,Offend,sin(Ans)) :- member(cosec(Ans>,Offend),!, 

anaz2(Ans,Offend,sin(Ans>> :- some(sinfind,Offend),!. 

anaz2(Ans, □ffend,cos(Ans>> some(cosfind,Offendl, !, 

anaz2CAns,Offend,sin(AnS)) :- some(cosecfind,Offend),!, 

anaz2(Ans,Offend,cos(Ans>> : some(secfind,Offend),!, 

anaz2(Ans,_,tan(Ans>> ! • 



% HhlPerbolic cases 
c·si·-i ( x: ~ ':::-:Lrif1 ( )·~) ) t--- ! ❖ 
csh(X,cosh(X)) :- !, 
cchCX,cothCX)) :- !, 
cch(X,cosechCX)) :- !. 
sth<X,sech(X)) :- !, 
·:::. t.f-r ( }( ~ t.-::::rif-1 ( :x:) ) t .... ! ❖ 

-,;;.:i.nf':i.nd(£,.:i.nC .... )) :-- ! • 

secfind(sec(_)) :- !. 
cosecfind(cosec(_)) ! I 

% Recosnize Powers of tris functions in the eauation 
cosP(Ans,cos(Ans>-N,N) :- inteser(N),!, 
cosPCAns,cosCAns),1) :- !. 
\::-c,s.}~:-( .... 5,f -··, ()) : ··- ! ❖ 
secP(Ans,secCAns>-N,N> :- inteser(N),!. 
secP(Ans,sec(Ans>,1> :- !. 
secP(_,_,0) :- !. 
cosecPCAns,ccsec(Ans>-N,N> :- inteser(N),!. 
cosecPCAns,cosec(Ans>,1) :- !, 

% RecoSnize Powers of hhlPerbolic functions in the eauation 
coshP(Ans,cosh(Ans>-N,N> :- inteser(N),!, 
coshP(Ans,cosh(Ans),1) :- i. 
c:-c;~.t-JF· ( -·· !' -·· !1 (;) t .... ! ❖ 
sinhP(Ans,sinh(Ans>-N,N> :- inteser(N),!. 
sinhPCAns,sinh<Ans),1) :- !, 
~:;:i.rti-1P( .... :1 __ , ()) : .... ! ❖ 
sechP(Ans,sech<Ans>-N,N> :- inteser(N),!, 
sechp(Ans,sech(Ans>,1> :- !, 
~;ec·f-fF.-( ___ !1 .... 1()) !-·· ! ❖ 
tanhP(Ans,tanh(Ans>-N,N> :- inteser(N),!, 
tanhP(Ans,tanh(Ans),1) :- !. 
·t .. i::~r~iflF·· ( -~ .'J __ !1 i:)) t .... ! -:-

cosechP(Ans,cosech(Ansl,1> :- !, 
cosechp(_,_,0) :- !, 
cothPCAns,coth<Ans>-N,N> :- inteserCN),!, 
cothP(Ans,coth(Ans>,1> :- !. 
c;c:1t.t1F .. (_ .. ,_ ... ;r()) '.;-- ! -:-

makenice(cosec<X>,sin(X)) :- !. 
maken:i.c1::-!(I::-ec:·(X) ,co£,.(X)) :--· ! , 
makenice(cot<X>,tan(X)) :- !• 

% expss(P,Q,X,T) expresses sinCZ> in terms of sin(X) where Z/X=Q/P 
% exPcs exPresses cos(Z) in terms of sin(X) etc. The 4 
% functions are more or less mutually recursive, but exPcc does 
% not dePend on the others, thoush thes call it 



% Where Q/P is odd a simPle series expansion can bP aPPlied 
exPss(P,Q,X,A) :- eval(Q/P,N>,eval(N mod 2,1),!,sinexP(sin(X>,N,0,A). 

% sin(Y) = sin((Y-3*X> + 3*X> = sin(3*X>*cos(Y-3*X> + cos<3*X>*sin(Y-3*X> 
% We can now express each of these 4 terms in terms of sin(X) as 
% a recursive step, The 4 terms are A,B,C and D below. 

eval(Q-3,Q1), 
exPss(P,P1,X,A), 
exPcs(P,Ql,X,B), 
exPcs(P,P1,X,C), 
exPss(P,Ql,X,D), 

% Similarls for sin in terms of cos 

eval(Q-3,Ql), 
exPscCP,Pl,X,A), 
exPcc(P,Ql,X,B>, 
exPcc(P,Pl,X,C>, 
exPsc(P,Ql,X,D), 

% cos in terms of sin 
exPcs(P,P,X,(l-sinCX>-2>-cl/2)) :- !, 

evalC3*P,P1>, 
eval(Q-3,Ql), 
exPcs(P,Pl,X,A), 
exPcs(P,Ql,X,B), 
exPssCP,Pl,X,C), 
exPss(P,Ql,X,D), 
! • 

% Series exists for rn~ in terms of cos 
exPccCP,Q,X,Y> :- eval(Q/P,N),cosexp(cos<X>,N,O,Y>,!. 

% Base case, series complete 
cosexPCA,N,R,X) :- evalC2*R,R1),evalCR1+1,R2>,CN=Rl;N=R2),caeffl(A,N,R,X),!, 

% Recurse 
cosexP(Xl,N,R,X-CY>> : coeffl(Xl,N,R,X),eval(Rtl,Rl),!,casexP(Xl,N,Rl,Y), 

% Produce the coefficients for the series, vers usls 



coeffl(Fans,N,R,X*<ZZ>> :
fact<R,Rl), 
eval(N-2*R-1,N1), 
eva1CN-R-1,N2), 
eval(N1+1,N3), 
fact(N2,Z2>, 
fact(N3,Z3), 
eva1((2MN1*N*Z2)/(R1*Z3>,X>, 
form4(Fans,N3,ZZ>, 

% The sin exPansion for odd Q/P is ver~ similar to cos cos series 
sinexP(X,N,A,B*CZ)) :- eval((-1)~((N-1)/2),B),cosexP(X,N,A,Z),!, 

(m < n) 
% Tan Produces a numerator and denominator series. 

exPtt<I,J,X,(Z)/CY)) :-
eval(J/I,N), 
tanexp_num(tan<X>,N,1,Z), 
tanexP_denom(tan(Xl,N,O,Y), 

% Obtain numerator 
tanexP_num(A,N,R,X) :- eval(Rt1,R1),CN=Rl;N=R>,coeff2(A,N,R,X), !. 
tanexP_num(A,N,R,X-(Y)) :-

coeff2(A,N,R,X), 
evalCR+2,R1), 
! ' 
tanexP_r~m(A,N,R1,Y), 

% Obtain the denominator 
tanexp_denom(A,N,R,X) :- eval(Rt1,R1>,<N=R1;N=R),coeff2(A,N,R,X>,!. 

coeff2(A,N,R,X), 
eval(Rt2,R1), 
! ' 

% Different coefficients from the other JL,·icJ 

calc_coeff(N,R,X> :-
factCR,Rfact), 
fact<N,Nfact>, 
eval(N-R,P>, 
fact(P,Pfact), 
eval(Nfact/(Pfact*Rfact>,X>, 
! I 



I* LOG 

llV 
tdf?C l ar,,~tions% 

t··· Public 

Written bY Bernard Silver 19.8.81 
UPdated: 23 March 82 

I* The los method is called by solve2. It solves eauations of the 
form a-f<x>*b-s(x>*•••*y-z(x) = a1-fl(x)*b1-s1<x>*•••*P1-ml<x> 
where a,b,c,al,bl do not contain the uhknown,x, 

For examPle the AEB ouestion: 
4-(2*x+1>*5-cx-2)=6-c1-x> 

1s solved by takins loss base 4 and solvins the linear eauation *I 

/*The eauation is in weak normal form.The method can be used onl~ if the 
eauation is of the forms: 

- 1) A+B=O where A and B do not have+ as the dominant functor 
or 2)A=B,B is free of the unknown and A is as above *I 
losmethod<A+B+C=O,_,_,_) :- !,fail. 
losmethod(A+B=O,X,New,Base) :- PostidY(AfB=O,N),losmethod(N,X,New,Base),1. 
losmethod(AtB=C,_,_,_) :- !,fail. 
losmethod(A=B,X,New,Base> :- suitableCA=B,X,Base>,takelos(Base,A=B,New>,t, 

I* Havins satisfied the above conditions now check that the terms in A and B 
are of the correct twPe 
suitable(A=B,X,Base) :-

su :i. t :l. ( B,, X, L 1) !' 

1.m:i.on(L1,L2rL), 
find_los_base<L,Base>, 
r ., 

suit1CA,X,[J) :- freeof(X,A>,!. %If the term is free of x then it is ok 
I* A*B is suitable if both A and B are,ie each is of the form c-o 
where C :i.s free of x and D contains x *' 
suit1CA*B,X,L> :- suitl<A,X,L1>,suit1CB,X,L2>,union<L1,L2,L),!. 

___ ·;:;1.1i t:I. < ~1~'B, X, Cf.-iJ > :-- fi-eeof ( X, A), corrt.ains ( X, B>;, ! . 

I* The base to take loss to is the smallest of the numbers a,b,c etc if these• 
are intesers,if they are all intesers or 1/inteser use the smallest inteser, 
otherwise use base 10 *' 
find_los_base<L,Base) :- checklist(inteser,L>,least_el(L,Base>,Base \==1,!. 
find_los_base(L,Base> :- find_bases<L,Base),!. 
find_los_base(_,10> :- !. 

find_bases<L,Base) :- find_bases1<L,List>,least_el<List,Base>. 

find-bases1C[J,[J) :- !. 
find_bases1([HITJ,CHlRJ) :- inteeer(H),find_bases1(T,R>,!. 
find_basesl(CHITJ,CIIRJ> l-

n1 .. m1b€;; r ( H) , 

evalCnumer(H)=l), 
eval(dencm<H>,I>, 
find_bases1CT,R>, 

/* Clauses to take the loss *' 



takelos(Base,A=B,C=D> :- !,takelos(Base,A,C>,takelos(Base,B,D). 
1,takeloS(Base,A,C),takelos(Base,B,D), 

takelos<Base,A-B,B*C> :- !,takelos<Base,A,C>. 
takelos<Base,A,los<Base,A)> ;- !, 

PostidY(AtB=O,N) :
m.;:~t-r.:-h(A,C*D>, 
number<C>, 

evaJ. <-·C,C1), 
t. :i. d~~ < B=D*C 1 , N > , 

PostidY(AtB=O,N) :- match(B,C*D>, 
r11.Jmber(C), 

t~•r,1al (C:<:(>), 
ev.-:d. ( -C, C:l.), 
tidy(A=D*C:l.,N>,!, 

PostidY(AtB=O,N) :- tidY(A= -1*CB),N),!, 



tdeclarations% 

:- Public 

%end% 

NASTY 

findbase/2, 
sood_fun/1, 
invert_exP/2, 
nasts/2, 
nasts2/2, 
nasts_method/3, 
nice_at/1, 
Pt/1, 
Pta/1, 

CODE 

14.9.81 
UPdated: 6 September 82 

,~ Nasty in the context of the code and comments means a term u~x where 
x is a rational non-inteser and u is ansthins,Here offendins term means 
the same as it does in homosenization *I 

/* Has eauation been seen before *I 
nasts_method(Ean,X,Ans> 

looPinsCEan,X), 
tids(Ean,Eani), 
trs_nasts_method(Eanl,X,Ans), 

/* Trs to deal with non-rational nasts functions *I 
❖ 

• try_nasts_method(Ean,X,Newean) 
Parse4(Ean,X,U,other>, 
subnastsCX,U,V>, 
find_ssmbolsCEan,V,SYmbols,Posns>, 
nasts_act(Ssmbols,Posns,Ean,X,Newea), 
tids(Newea,Newean), 
! ~ 

/* Clear rational functions *I 
try_nasts_method(Ean,X,Newean) :

Parse4(Ean,X,U,nes>, 
exp_nasts_list(X,U,V>, 
remove_subsumed(V,Termlist>, 
multiPls_throush(Ean,Termlist,Newean,X>, 
tids(Newean,New>, 
traceC 1 \nClearins of rational functions\rt\n%t\n 1 ,[NewJ,l), 
! . 

I* The isolate rasP 

nasts_act(Ssmbols,[Posnl_J,Ean,X,New) :
nice(Ssmbols>, 
aPPend(Posn,[lJ,Posnl), 
Position(Term,Ean,Posnl), 
trace('\nTrsins to isolate %t\n in %t\n 1 ,[Term,EanJ,l>, 
trs_isolate(Posnl,Ean,New), 
! • 



try_isolate(Posn,Eon,New) : isolate(Posn,Eon,New>,!. 
try_isolate(_,_,_) :- writef('\nFailed to isolate\n'),!,fail. 

I* The cancellins Pair case *I 
/* Left to tidy at Present */I 
I* Eventualls we will need rul~s to cancel sin(arcsin(x)) etc */ 

\ 
/* Attraction ras~ */ / 

nasts_act(Ssmbols,Posns,Eon,X,New> : 
find_attract_list(Symbols,N,L,TYPe), 
nmember(Posn,Posns,N>, 
striP(Posn,L,NewP), 
Position(Term,Eon,Newp), 
nas_rule(Term,Nterm,TsPe), 
subst(Term=Nterm,Eon,Newl), 
t. i ci':::! ( f\!e1;..1 l. ~ r\,ei~.1) , 

trace('\nAttractins nasty functions\n%t\n',[NewJ,1), 
! • 

dl_Parse4(A,Unk,L-L,_) : freeof(Unk,A),!, 
dl_parse4<A=B,Unk,L-L1,T) :- !, 

dl_Parse4(A,Unk,L-L2,T), 
dl_Parse4(B,Unk,L2-L1,T). 

dl_Parse4<A*B,Unk,L-L1,T> :- !, 
dl_Parse4(A,Unk,L-L2,T), 
dl_Parse4(B,Unk,L2-L1,T). 

dl_Parse4<A+B,Unk,L-L1,T) :- !, 
dl_Parse4CA,Unk,L-L2,Tl, 
dl_Parse4(B,Unk,L2-L1,T). 

dl_parse4(A~B,Unk,X,other) :- inteser(B),B > O,!,dl_Parse4(A,Unk,X,other). 
dl_Parse4CA,_,[AILJ-L,_) :- !, 

I* See if any of the terms found are nast~ rather than offendins 

nasthl~X,TJ :- exp_nast~(X,Yl,!, 
nastY<X,Y> : tris_nastY(X,Y>,!, 

root_nastY(X,U~N) :- contains<X,U),number(N),not inteser(N),eval(N>O),!. 

I* Nesative exponent nasty*/ 
exP_nasty(X,U~N) :- contains(X,U),number(N),eval<N<O>,di~f(X,U),!. 

e::-~~--Hrt.ast~~:! .. -1 i ~;t. ( ___ :1 [] ~ []) ! -- ! ❖ 
exP_nast~_list(X,[HlRestJ,[HIRestVJ) :~ 

e};:p .... r:-::=E-t-~:t ( )( !11--f) , 

exP_nast~_listCX,Rest,RestV), 
exP_nasts_listCX,[_lRestJ,RestV) :

exP_nast~_list(X,Rest,RestV), 



/* Find the functions dominatins,and the Positions of,the nasty 
find_symbols(_,[J,[J,[J) :- !. 

functions 

find_symbolsCE,[HlTJ,CH11T1J,CH21T2J) :- find_symbolsl(E,H,H1,H2>, 
find_symbols(E,T,Tl,T2), 

find_symbolsl(Eon,X,Y,B> 
poslCX,Eon,A,B>, 

! ❖ 

poslCX,X,[J,[J) :- !. 
POSl(X,E,[OPILJ,[NIPos]) : 

E=.,[Qpl,ArslArssJ, 
set_ops(OP,0P1,E>, 
nmemberCT,[ArslArssJ,N), 
F.-c:is 1 ( )( :1 T, i._ :1 f='c:rs~) !] 

! ❖ 

set_ops(exPCArsl),_,E) :- E=.,C~,_,Arsll_J,!, 
Set_ops(OP1,0Pl,_) :- !. 

exPonCX,X) :- arctriSf(X),!. 
exPon(X,X) :- triSf(X),!, 

/* Remove terms form list if thes are subsumed bs others,ie 
if u--N and u~-M,M>N both occur keeP only u--M */ 
remove_subsumed([J,_) :- !, fail, 
remove_subsumed(V,Termlist) :-

listtosetCU,List>, 
rem_sub(List,Termlist,[J), 

rem_sub([J,Termlist,Termlist) 
rem_sub([HIRestJ,Termlist,Acc) 

member_match(H,Acc,NewAcc>, 
! !' 

rem_sub(Rest,Termlist,NewAcc). 
rem_sub([H/RestJ,Termlist,Acc) 

match(H,u·····N), 
number( N) :1 

rem_subCRest,Termlist,cu-NIAccJ>. 

member_match<H,CJ,_) :- !, fail. 
member_match(H,[U~NlRestJ,[U-KIRestJ) :-

1 f~C::s. t. ( t~~t, f·:J !' f·\) ~ 

member_match(H,[Term/RestJ,[TermlNewRestJ) :
member_match(H,Rest,NewRest). 

1 f:?. 3 •:::. t. ( t·~! :1 r:1 7 i\! ) 
1 t?. F:: ,;;; t. ( i\! , i~t ? j~:1 J -:. 

/* Is the function dominatins li~~ nice,ie can isolation be used */ 
n:i.c0.>([::!) : ! • 



nice([ListlRestJ) :
n:ic£? .... 1:i.st(!...:i.~;t), 

! ' 
r .. 1 :i. c·e ( F~es. t..) -:-

nic-0~_li·::;t.([J) :--· !. 
nice_list([FunlRestJ) :

!.:$ C:1 C) t.:1 .... ·f· f.J f"'i ( t::· f..l r1 ) !! 

nice_list(Rest). 

/* Isolatable functions (need to add orctriS mtr) */ 
~..:Jt1C)Cf ___ ·ft.Jrt (-}·) : ! ❖ 
:~1C)CtC} .... ·f1.Jf'i ( :::: ) t ! -:-

uaod_fun<X> :- arctrisf<X>,!. 
sood_funCexP(N)) :- number(N),not inteserCN>,eval(numer(N)=l),!. 

/* Is the function dominatins list attractable*/ 
find_attract_l:i.st([J,_,_,_) :- !,fail. 
find_attract_listC[HITJ,1,M,TsPe) :- attract_listCH,M,TYPe),!. 

find_attract_list(T,N1,M,TYPe), 
N is. N1.+:!., 
! I 

j_ f"I t. f.~ ~-~ (,::_: r· ( i~~ ) !' 

1-::~·:::~ t. ( f?}::!=~ ( l:1 J r -r) :-i 

set_nasty_tsPeCM,N,TYPe>, 
BPPend(Tl,[exp(M)J,T), 
C· {1 {-? C· i-:. F~ t" ( ·r :t ) !1 

1 i?rt :=:.~ t. !-1 ( T :-; I·{ ) :-= 

attract_list([XITJ,K,tris) : triSf(X),checkPta(T),lensth(T,K>, !. 

set_nasty_type(H,N,rootCM>> : eval(:!./N,M),!. 
set_nasts_tsPeCM,N,nesrootCM>> :- eval(l/N,-:!.*M),!. 
set_nasty_type(M,N,nes(M)) :- eval(M<O>,!, 

arctris?CX) :- member(X,[arcsin(_J,arccos(_),arctanC_)J),!, 
/* Attraction Rules (mans to be added) */ 

nas_rule(A~2 ,ExP,root(N)) :- dist(A,A1),tidY(A1,A2),exPon_exPCA2-2,N,ExP),!. 
nas_rule(A-2,ExP,neSroot(N)) :-

t. :i. C! ~~ ( l~~j :t 7 ~i ;.~~ ) , 

exPon_inv_exPCA2-2,N,ExP), 

nas_rule(sinCX),ExP,triS) sinattCX,ExP), !. 



nas_rule(cos(X>,ExP,triS) : cosattCX,ExP),!. 
nas_rule(tan(X>,ExP,triS) :- tanatt(X,ExP),!. 

~xPon_exp(Qld,N,New) :- eval(N=(1/2)),exPon_exP1(0ld,N,New),!. 

exPon_inv_exP(Old,N,New> :- evalCN=(-1/2)),expon_inv_exPl(Old,N,New>,!. 

exPon_exPl(A-2,N,C-2 + 2*C*D-N + D) :- matchCA,D-NfC),!. 
exPon_exPi(A-2,N,C-2 + 2*C*E*D-N f D*E-2) :- matchCA,C+E*D-N>,!. 
exPon_exP1(A-2,N,C-2*D> :- matchCA,C*D-N>, !. 

exPon_inv_exPl(A-2,N,c-2 + 2*C*D-N + n-c-1)) : match(A,D-N+C>, !, 
exPon_inv_exPi(A-2,N,c-2 + 2*C*E*D-N + n-c-l>*E-2) :- match(A,C+E*D-N),!. 
exPon_inv_exPl(A-2,N,c-2*D-<-l>> :- match<A,C*D-N>, !. 

nes_exPCA-2,N,A-2> :- wordsinCA,Ll,L=[J,!. 
nes_exP(A~2,N,X*Y> :- match<A,B*Cl,!,nes_exP(B-2,N,X>,nes_exP(C-2,N,Y>. 
nes_exP(A-2,N,B-E+2*C*B-N +c-2> :-

match(A,B1+C>, 
nes_exP_match(Bl,F,B,N>, 
eval(2*N,E>, 

nes_exP_matchCExP,1,B,N> :- match(ExP,B-N),!. 
nes_exP_match(ExP,F,B,N) : match(ExP,F*B-N>, !. 

sinatt(X,ExP) :- match(X,C-l>*Y>,sinatt(Y,El>,tid~((-l)*El,ExP),!. 
sinattCA+B,ExP) :-

tris_inv(sin(A>,X,Fl>, 
triS_inv(cos(A>,Y,F2), 
tris_inv(sin(B>,Z,F3>, 
tris_inv(cos<B>,W,F4), 
member(cancel,[F1,F2,F3,F4J), 
merse<X*W,Xl>, 
merSe(Y*Z,X2), 
tidB(Xl + X2,ExP), 
! ❖ 

cosattCX,ExP) : matchCX,Y*C-1)),cosatt(Y,ExP), !. 
cosattCA+B,ExP) :-

tris_inv(sin(Al,X,Fl), 
tris_inv(cos(A>,Y,F2), 
tris_invCsin<B>,Z,F3), 
tris_inv(cos(B),W,F4>, 
member(cancel,[F1,F2,F3,F4J), 
merSe(W*Y,Xl), 
merse<Z*X,X2>, 

! . 

tanatt(X,ExP) :- matchCX,Y*C-1)),cosattCY,ExP1),tidB((-1)*ExP1,ExP),!. 
tanatt(A+B,ExP) :-

tris_inv(tan(A),X,F1>, 
tris_inv(tan(Bl,Y,F2>, 
member(cancel,[F1,F2J), 
merse<X*Y,Z>, 
tidB((XtY)/(1-Z>,Exp), 
! • 



tris_inv(sin(arcsinCX>>,X,cancel :- !. 
tris_inv(sin(arccos<X>>,Y,cancel 
trie_inv(sin(X),sin<X>,no> :- !. 

tris_inv(cos(X>,Y,F> :- matchCX,<-1>*Z>,tris_inv(cos(Z),Y,F),!. 
tris_inv(cos(arccos<X>>,X,cancel) :- !. 
t. r· :t 3 .... i r·1\.J ( c:·c)~; ( .:::: r·c·-=; i r! ( ;:{ J ) , ·y, c;:::1-1ci;:: J. ) ❖ .... t. :i ,j~::: ( ( J. --;-;::--··:~) ---~ ( l .~····:~~) , ~t) , ! ,j, 

trie_inv(cos(X),cos<X>,no) :- !. 

tris_inv(tan(X),Y,F> :- match(X,<-1>*Z>,tris_invStanCZ>,W,F),tidY((-1)*W,Y),!. 
trie_inv(tan(arctan(X>>,X,cancel) :- !. 
trie_inv(tan(X),tan(X),no) :- !. 

I* striP(L,M,Li) holds when removins the last M elements from list L 
~J:t1-.Ji:.-!-=:~ li~;t. L.l ;f::_/· 

striP(L,N,L1) :- aPPend(Ll,List,L),lenSth(List,N),!. 

I* Do the multiPlication tb rationalize *' 
multiPlY_throush(Lhs=Rhs,List,New,X) ;

di!:,.t(Lh·::;,,E::{P), 
decornP(ExP,[flLJ), 
rnult(List,L,NewL), 
recomP(NewLhs,[flNewLJ), 
free_mult(List,Rhs,NewRhs), 
weaknf(NewLhs=NewRhs,X,Left=Risht>, 
tidY(Left=Rieht,New), 
! • 

dist(Old,New> : prepd(Old,New1),distl(New1,New),!. 

distlCAtB,C+D> :- !,distl(A,C),dist1CB,D>,!. 
dist1(CA+B>*C,Y + Z> :- !,dist1CA*C,Y),dist1CB*C,Z>, 
dist1(C*(AfB),YtZ) :- !,dist1(A*C,Y),dist1CB*C,Z). • 
distlCC*CA+B>*D,YtZ) : 

PrePd(X,Y) :- decomP(X,[*ILJ), PrePdiCL,Yl,!, 
'- F··T·f.~r---·c)(}<,X:) :t-- ! ❖ 

eet_dist([J,_,_,_) :- !,fail. 
eet_dist([AfBITJ,Prod,Acc,A+B> :- !,appendCT,Acc,Prod1),recomP(Prod,[*IProd1J) 
set_dist([HlTJ,Ans,Acc,Plus) :- !,aPPendC[HJ,Acc,Newacc), 
set_distCT,Ans,Newacc,Plus). 

multCTermlist,CJ,[J) : ! • 
multCTermlist,[HlRestJ,[NewHlNewRestJ) :

domult(Termlist,H,NewH>, 
mult(Termlist,Rest,NewRest). 

domult(Termlist,H,NewH) :
mulbas_to_listCH,Mullist>, 
domultCTermlist,Mullist,NewH,l). 



domult([J,Arss,Term*Acc,Acc) :
! ' 
recomP(Term,[*IArssJ). 

domult([U-NIRestJ,Arss,Prod,Acc) : 
exP_memberCU,Arss,NewArss,K>, 
£:=\_.I.:~ 1 (I·(-··!·~!} iVi) !l-

domu l t (Rest, NewA rss, Prod, U-M*Acc), 

mulbas_to_list<H,Mullist) :- decomPCH,[*IMullistJl, !. 
mulbas_to_list<H,[HJ), 

i:!!:<{i"• .... m1,?mbi~rCU, [HlR•?~;;tJ,REJ~:-t,1) :-·· mi:,:t.ch(H,U>, ! • 
exP_memberCU,CHIRestJ,Rest,K> :- match(H,U-K>,eval(K<O>, !. %fix??? 
exP_member<U,[HIRestJ,[HINewRestJ,K> :-

free_mult(list,0,0) :- '· 
~ ·f Y--(~t~'---l"fll.J 1 t. ( [] ~ ·rt-? r·rfi !!- Te Y'"i"fi) ; --· ! ❖ 

free_mult([U-NlRestJ,Term,NewTerm) :-
r~:iJ,,./ {:!: 1 ( ····!·-.i !I f1) f 

free_mult(Rest,U~M*Term,NewTerm). 

looPins(Ean,X> :- normstore(Ean,X,Ean1),looPinS1(Ean1),!. 

looPinSl(Eanl) :- seen_eanCEan1), 

trace('\n*****LOOPING*****'nI have seen eauation before,n',1), 
trace('\nTracins\n',1), 
c~c:rr1cf .... 1.:-r-.:?-c:·e :1 

·fa:i. :i.. 

:i.ooPins1CEan1) : asserta(seen_ean(Ean1>>, ! , 

normstore(Ean,X,Ea) :- subst(X = unk,Ean,Ean1), 

! ' 
remove_arbs(Ean1,Ean2), 
t. :i.(:!~.:! ( E:c-::r1:~~, f~1:t) -=-

I* Remove arb:i.trars intesers *' 
remove_arbs(Ean1,Ean2) :

wordsin(Eanl,Words), 
sub:i.ntesral(Words,Word), 
remove_arbs1(Ean1,Word,Ean2), 
! • 

r-r:?.IT!C1t./t? .... i:~r-i:,s-l ( ){ ~ [] ~ )() t ! ~ 

remove_arbs1(X,H,Y) :- make_arb:i.ist<H,Z),make_sub:i.(H,Z,Yl),subsl(X,Yl,Y),!. 

make_arblist<H,Z) :- make_arblistlCH,Z,1), !. 

make_arblist1C[J,CJ,_) :- !. 
make_arblist1C[HlTJ,[arb(N)IT1J,N> :- Mis N+1,make_arb:i.ist1CT,T1,M),!. 



f;,,:i. l. 

/* Merse roots in Products */ 
merSe(A,X) :- eval(i/2,N>,match(A,B-N*C-N),tidY(B*C,Y),tidY(Y-N,X),!, 
merse(A,X) :- eval(i/2,N),match(A,Z*B-N*C~N),tids(B*C,Y>,tidY(Z*Y-N,X),!. 
rt11=."1 r-~f(·? ( 1-=1:} !'.\) t -·· ! -:-

% Converted sublists etc 

subnasty(_,[J,[J) :- !. 
subnastY(X,[HITJ,[HlTiJ) : nastY(X,H),!,subnastY(X,T,Tl). 
subnastsCX,[_ITJ,Tl) :- subnasts<X,T,Tl),!. 

·,;,.ub:i.nte:;::;r,~J.C[J,[J) :--· !. 
- sub:i.ntesral([HITJ,[HlTlJ) : :i.ntesral(Hl,!,subintesral(T,Tll. 

1sub:i.ntesral([_ITJ,Tl) :- subintesral(T,Tl),! • 
~ 

checkPt([J) :- !, 
checkPt([HITJ) : Pt(H),checkPtCT>, !. 

checkPta([HITJ) : Pta(H),checkPta(T),!. 



I* SIMP.AX: SimPlification axioms for TIDY 

~: PUBLIC 
:- Public simPlify_axiom/2. 

~'{. MODES 

:- mode simPlify_axiom(+,-). 
% Loss 
simPlify_axiom(loscu,u-v>,V>. 
simPlifw_axiom(los<A,1),0). 
simPlifw_axiomcu-1os<U,V>,V>. 

% Normalize sauare roots 
simPlify_axiom(smrt<U>,u-number<+,C1J,E2J)). 

% Tris cancellins Pairs 
- ~s:i.1r1F,lify_a:dom(cos(arccos(X)) ,X>. 

·~imPlifw_axiom(arccos(cos<X>>,X>. 

simPlify_axiom(arcsin(sin(X)),X). 
simPlify_axiom(sin(srcsin(X>>,X>. 

simPlify_axiom(tanCarctanCX>>,X>. 
simPlify_axiom(srctan(tan(X)),X). 

simPlifw_axiom(sec(arcsec<X>>,X>. 
simPlify_axiom(arcsec(sec<X>>,X>. 

simPlifw_axiom(cosecCarccosec(X)>,X>. 
simPlify_axiom(arccosec(cosec<X>>,X>. 

simPlifw_axiom(cot(arccot<X>>,X>. 
simPlifw_axiomCarccot(cot(X>>,X>. 

% HwPerbolic cancellins Pairs 
~',,,-. ;i1Y1Pl i f!.~ ... a>dcrnr( sirrh ( arcsinh ( X)), X). 

-~imPlifw_axiom(arcsinh(sinhCX>>,X>. 

simPlifw_axiom(cosh(arccoshCX>>,X>. 
simPlifw_axiom(arccosh(coshCX>>,X>. 

simPlifw_axiom(tanh(arctanh(X>>,X>. 
simPlify_axiom(arctanh(tanh<X>>,X>. 

simPlifw_axiom(sech(arcsech<X>>,X>. 
simPlifw_axiom(arcsech(sech(X>>,X>. 

simPlifw_axiom(cosech(arccosech(X)),X). 
simPlifw_axiom(arccosech(cosech(X)>,X>. 

simPlifw_axiom(coth(arccoth<X>>,X>. 
simPlifw_axiom(arccoth(coth<X>>,X>. 

Be1·nard Silver 
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% Common tria cases 
simPlifw_axiom(sin(arccos<X>>,<1-x-2,-c112>*<1-x-2>-c112>•<-1>>. 



---

simPlifw_axiom(cos(arcsin(X>>,<1-XM2)M(1/2)t(1-XM2)-(1/2)*(-1)>+ 

simPlifw_axiom(arcsin(cos(X)),90-X>+ 

simPlifw_axiom(arccos(sinCX>>,90-X>. 



ISOLAT+AX 
Updated: 10 Ausust 82 

:--- F,1_1blic 

I* AXIOMS FOR ISOLATION*/ 
I* FIRST ARGUMENT IS THE VARIABLE ISOLATED*/ 

I* unarw minus*' 
isolax( 1 , -U=V, U= -l*V, true>. 

'* Plus *I 
isolax( 1 , U+V=W, U=W+<-l>*V, true>+ 
isolax( 2, V+U=W, U=W+C-l>*V, true). 

I* multiPlication *' 
isolax( 1 , U*V=W, U=W*Vl , non_zero(V) > :- tidw(1/V,V1>+ 
isola>,< 2 , V*U=W , U=W*Vl , non ... zero(V) ) :- tidw( 1/V, V1 > • 

,.,----..._~ losarithms *I 
1~olax( 1 , loS(U,1>=0, U=N, arbint(N) >. 
isolax< 1 , los(U,V>=W, U=v-w1 , non_zero(W) > :- tidw(1/W,W1>+ 
isolax< 2 , los<U,U>=W, V=u-w, true > • 

isolax( 1 , u-o = K, U=N, arbint(N) > :- K=l,!. 

isolaxC 1 , u-o=N,false,true) :- eval(N\= -1>, 
trace( 1 \nThe eGustion %t-o = %t has no real roots\n',CU,NJ,1>, 
trace('\n%t-o must eGual 1+\n',CUJ,1>, 
! ♦ 

isolax< 1 , u~N = O, false, true> t- nesative<N>, 
trace('\n%t-%t = O has no real roots, zt-zt can not be O\n 1 ,CU,N,U,NJ,i), 

! ♦ 

1solax( 1 , u~N=V, false, true> :- nesative<V>, 
i r1tes.h?T' < N > , 
even(N), 
tidw(1/N,N1), 
trace('\nThe eGuation %t~¾t = %t has no real roots\n',CU,N,VJ,1>, 
trace('\nas zt-zt is not real\n',CV,N1J,1>, 
! • 

isolax( 1 , u-A=V, U=V-Al , not number<A> > :- tidw(1/A,A1). 

isolax< 2, u-v=W, false, true> :- Positive<U>, 
eval(W=<O>, 

trsce('\n%t-zt = Zt has no Peal roots, %t-zt must be> O\n',CU,V,W,U,VJ,i>, 
! ♦ 



isolax< 2, u-v=W, V=los(U,W> , true> • 

I* sine *I 
isolax( 1, sin(U)=V,false,true) :- (evalCV>l);eval(V< -1>>, 
trace('\n¼t=%t has no real roots, sin must lie in C-1,1]\n',CsinCU),VJ,1), 

! • 

isolax( 1 ,sinCU)=V,U=arcsinCV>, acute(U>>. 

isolax( 1 ,sinCU)=U,U=arcsin(V)tU=180t(C-1>*arcsinCV>>, non_reflex(U)). 

isolax( 1 , sin(U>=V, U=N*180t <-1>-N*arcsin(V) , arbint<N> > • 

I* cosine it:/ 
isolax( 1, cos(U)=V,false,true> :- (eval(V)l);eval<V< -1>>, 
trace('\n%t=%t has no real roots, cos must lie in C-1,1J\n',Ccos(U),VJ,1>, 

! + 

isolax( 1 ,cos(U)=1,U=360*N,arbint<N>>. 
,---. 

aolax( 1 ,cos(U)=V,U=arccos(U), non_reflex(U)). 

isolax( 1 , cos(U)=V, U=2*N*180tarccos(V) # 
U=2*N*1B0+ <<-l>*arccos(V)) , arbint(N) ) • 

I* tanserd:. *I 
isolax( 1 , tan(U>=V , U=N*180tarctan(V) , arbint(N) > • 

I* cosecant i1v 
isolax( 1 , cosec(U)=V, U=N*180t (-1>-N*arccosec(V) , 

arbintOO ) • 

I* secant itV 
isolax( 1 , sec(U)=V, U=2*N*180tarcsec<V> # 

U=2*N*180+ <<-l>*arcsec(U)) , arbint<N> > . 

I* co'l',ansent *I 
isolax( 1 , cot(U>=V, U=N*180tarccot<V> , arbint(N) ) • 

,.--...__ 

~ inverse sine *I 
1solax( 1, arcsin(U)=V,false,true) :- (eval(U)l);eval(U< -1>>, 

tid~(V,Vl), 
trace('\n%t=%t has no real roots, sin must lie in C-1,1J\n',Carcsin(U),V1J,1), 

! ♦ 

isolax< 1 , arcsin(U)=V, U=sin(V) , true> • 

/*-inverse cosine *I 
isolax( 1, arccos(U)=V,~alse,true) :- (eval(U)l);eval(U< -1)), 

tid~(V,Vl>, 
trace('\n%t=%t has no real roots, cos must lie in C-1,1J\n',Carccos(U),V1J,1>, 

! ♦ 

isolax( 1 , arccos(U)=V, U=cos(V) , true> + 

I* inverse tan~ent *I 
isolax( 1 , arctan<U>=V, U=tan(V> , true> • 

/*inverse cosecant *I 



isolax( 1 , arccosec(U)=V, U=cosec(V) , true> + 

I* inverse secant *I 
isolax< 1 , arcsec(U)=V, U=sec(V) , tru~ > • 

I* inverse cotsnsent *I 
isolax< 1 , arccot<U>=V, U=cot<V> , true) • 

I* sinh *I 
isolax< 1, sinh(U)=V, U=lo~Ce,X>,true> :- tidw<V+<v-2+1>-<112>,X>,!. 

I* cosh *I 
isolsx( 1, cosh(U)=V,false,true) :- eval(V<1>, 

t,id\::!(V,Vl), 
trace('\n%t=%t has no real roots, cosh must be>= 1\n',Ccosh(U),V1J,1), 

! + 

isolax( 1, cosh(U)=U,U=loS(e,X) * U=loS(e,Y>,true> :
tidY(Vt<v-2-1)-(1/2),X), 
tidY(V-cv-2-1)-(1/2),Y), 
! + 

I* tanh *I 
isolax( 1, tanh(U)=V,fslse,true) :- (evsl(V=< -l)levsl<V>=l>>, 

tidw(V,V1>, 
trace('\n%t=%t has no real roots, tanh must lie in (-1,1)\n',Ctanh<U>,V1J,1>, 

! + 

isolax( 1, tanh(U)=V,U=loS(e,X)*(l/2),true) :- tidy((ltV>*<1-V)- -1,X),!. 

I* cosech *I 
isolax( 1, cosech(U)=V,U=los<e,X>,non_zero<V>> :

tidy( :I.IV, VU, 
tid\::!(Vit(Vi-2+1>-(1/2),X>, 
! + 

I* sech *I 
~sola~d j_, sech ( U) =V, false, tr1.Je) :- ( eval ( V=<O); eval ( V>1)), 

tidw(V,Vl), 
• trace('\n%t=%t has no real roots, sech must lie in (0,lJ\n',Csech(ll),V1J,1), 

! • 

isolax( 1, sech(U>=Vi,U=los(e,X) t u,1os<e,Y>,non_zero(U1)) :
tidY(l/Vl,V>, 
tidY(V-cv-2-1)-(1/2),Y), 
tidw<v+cv-2-1,-c112>,X>, 
! . 

I* cot-h *I 
isolax( 1, coth(U)=V, false, true> :

((eva1CV>O>,eval<V<1));(eval<V<O>,eval<V> -1>>>, 
tid~(V,Vi), 

trace('\n%t=%t has no real roots, coth can not lie in (-1,1)\n 1 ,rcoth(U),V1J,1>, 
! • 

isolax( 1,coth<U>=Vi,U=lo~(e,X)*(1/2),non_zero(V1)) :
-1:.id~( :L/V,Vl), 



tidw((l+V>*(l-V>- -1,X>, 
! • 

I* inverse sinh *I 
isolax< 1,arcsinh(U)=V,U=sinh<V>,true). 

I* inverse cash *I 
isolax( 1, arccosh(U)=V,false,true) :- evaJCU<l>, 

t.idw(lhUl>, 
trace('\n%t=%t has no real roots, cosh must be>= 1\n',Carccosh(lJl>,VJ,1), 

! . 

isolax( 1,arccosh(U)=V,U=cosh(V),true). 

I* inverse tanh *I 
isolax( 1,arctanh(U)=V,false,true) :- (eval<U>=l);eval(U=< -1>>, 

tidw(U,Ul), 
trace('\n%t=%t has no real roots, tanh must lie in <-1,1)\n',Carctanh(U1),VJ,1>, 

! + 

~ 

• solax( 1,arctanh<U>=V,U=tanh(V),true). 

I* inverse sech *I 
isolax( 1, arcsech(U)=V,false,true> :- eval<U>O>,eval(U=<l>, 

t :i. dw ( U, U 1 ) , 
trace('\n¾t=%t has no real roots, sech must lie in C0,1J\n',Carcsech(U1),VJ,1), 

! ♦ 

isolax( 1, arcsech(U>=U,U=sech<V>, true). 

I* inverse cosech *I 
isolax( 1, arccosech(U)=V,U=cosech(V), true>. 

I* inverse coth *I 
isolax( 1, arccoth<U>=V, false, true) :

((eval(U>O>,eval(U<l));(eval(U<O>,eval(U> -1>>>, 
tidy(U,Ul>, 

trace('\n%t=%t has no real roots, coth can not lie in (-1,1)\n',Carccoth(U1>,VJ,1), 
! + 

:r:sola~d 1, arccoth(U)=U,U=coth(V), true>. 



INElUS+AX 
% modified 2.3.81 
/*ISOLATION AXIOMS FOR>= *I 
I* multiPlication *I 
isolax( 1 ,U*V>=W, U>=W*Vl,Positive(V)) S- tidw(1/V,V1). 

isolax( 1 ,U*V>=W, U =< W*Vl, nesative(V)) :- tidw(l/V,Vl>+ 

isolax( 2 , V*U>=W, U>=W*Vl, Positive(V)) I- tidw(l/V,Vl). 

isolax( 2, V*U>=W, U =< W*Vl, nesative(V)) :- tidw(l/V,V). 

I* addition *I 
:i sol a~d 1 , u+ V>=W, U>=W+ (-1) *V, t r1.1e) + " 

isolax( 2, V+U>=W, U>=W+C-l)*V, true) + 

I* sine *I 
isolax( 1 ,sin(U)>=V,U>=arcsin(V),acute(U)). 

,.------._ I* tansent *I 
isolax( 1 , tan(U) >= V, U >= arctan<V>, acute(U)). 

/*ISOLATION AXIOMS FOR> *I 
I* multiPlication *I 
isolax( 1 ,U*V>W, U>W*Vl,Positive(V)) t- tidY(1/V,V1>+ 

isolsx( 1 ,U*V>W, U < W*Vl, nesative(V)) I- tidw(l/V,Vl). 

isolax( 2 , V*U>W, U>W*Vl, positive(V)) t- tidw(1/V,V1). 

isolax( 2, V*U>W, U < W*~1, nesative(V)) :- tidY(l/V,Vl>. 

I* additj.on *I 
isolax( 1 ,U+V>W,U>W+C-l>*V,true>+ 
isolax( 2 , V+U>W, U>W+<-l>*V, true). 

I* sine ifV 
isolsx< 1 ,sin(U)>V,U>arcsin(V),acute(U)). 

,--..,I* tansent JI{/ 

':isolax( 1 , tan(U) > V, U > arctan<V>, acute(U)). 

I* sauare root *I 
isolax< 1 ,u-K>V,U>v-2,true> :- eval<K=:=1/2),!. 

I* Isolation Axioms for< *I 

I* multiPlication *I 

isolax( 1 ,U*V ( W, U < W*Vl, Positive(V)) :- tidY(l/V,Vl). 

isolax( 2, V*U < W, U < W*V1, Positive<V>> :- tidY(1/V,V1). 

isolax( 2, V*U < W, U>W*Vl, nesative(V)) :- tidw(1/V,V1). 



,,,,,,....__ 

I* COLLEC.AX 19+2+81 *I 
I* AXIOMS FOR COLLECTION*/ 
I* FIRST ARGUMENT IS THE VARIABLES COLLECTED*/ 
I* ALL COLLECTION AXIOMS APPLY TO TERMS DOMINATED BY+ OR *I 

:-• p1 .. 1bl ic collax/3+ 

colla>c( w , U*W+V*W ' (U+V>*W ) ¼ 

col la}•t ( w , w+v,w ' <V+U*W ) • 

col.lax( w , w+w , 2*W ) • 

crJl la:d LJ&V , (U+V>*<U+ (-1*V>> ' U .... 2+ :--1*(V .... 2) ) • 
colla>c( w ' W'"'U*W'V ' W'"'(U+V) ) • 

colla,-c( w ' W*W'V , W'(V+U ) • 

co J. J. a,., ( w ' w,w ' W'2 ) • 

col la}<( u ' sin(U)*cos(U) ' sin<2*U>* (1/2) ) ♦ 

coJ.la>c( u , cos(U)'"'2+ -illc( sin ( U) '"'2) , cos(2*U) ) • 

col.lax( U, sin(U)*cos(V)tcos(U>*sin(V) , sin(U+V) ) + 

collax( U&V, sin(U>*cos(V)+ -l*(cos(U)*sin(V)) , sin(U+ (-l*V)) > • 

col.lax( U, cos(U)*cos(V)+ -l*Csin(U)*sin(V)) , cos<U+V> > • 

collax( U, cos(U)*cos(V)+sin(U)*sin(V) , cos(U+ (-i*V)) ) • 

collax( U , los<U,X) + loS(U,Y> , loS(U,X*Y> > + 

coJ.lax( U , A*loS(U,X) + B*loSCU,Y),loSCU,X,...A*Y .... B) ). 

-/--.. col.la~-(( LJ, A*los<U,X) + los<U,Y), los(U,X,...A*Y> ) • 



,~,-..:...,.-

ATTRAC+AX 
I* New axioms added 17+9+81 *I 
I* AXIOMS FOR ATTRACTION*/ 

19+2+81 

I* FIRST ARGUMENT IS THE SET OF THE VARIABLES ATTRACTED*/ 

:- Public 

attrax( U & V, A*los<W,U>+los<W,V>,los(W,U-A*V> > + 

attrax< U & V, U*losCW,V> , loscw,v~u, > . 

attrax< U & V, los<W,V>*losCU,W) , losCU,V> > • 

at t 1• a x ( U & V, U=V, U+<-l*V>=O) • 

attrax( U & V, U>V, U+<-l*V>>O > + 

sttrax( U & V, U>=V, Ut<-l*V>>=O) + 



,;.,---, .. 

/* H0M0G+REW *I 
I* Written bw Bernard Silver Jan 1981 *I 
¾ Updated: 30 June 82 

:-- Public 
rew/5, 
rewl/5+ 

/* Trw to rewrite each of the terms in the offendins set as a 
. function of the reduced term *I 

rew<X,L,Subs,Unk,TwPe) :- newtwPe(TYPe,New>, 
maPlist(rewl(New,X,Unk),L,Ll), 
make_subl(L,Ll,Subs), 
! • 

% Kludse for stoPPins recursive·calls of rew-rule 
% in mixed case, and for settins the los ~ase risht 

newtwPe(mixed,_) :- !. 
newtwPe(loS(X),loS) :- X \== 10+ 
newtwpe(C,C) :- ! + 

rewi(_,X,_,X,X) t- !. 
rewl(Twpe,A-B,Unk,0ld,New) :- !,rew_rule(TYPe,A,...B,0ld,New,Unk). 
rewl(TYPe,X,Unk,A,...B,C,...D) :- rewi(TYPe,X,Unk,A,C),rewi(TwPe,X,Unk,B,D),!. 
rewl(Twpe,X,Unk,0ld,New) :- rew_rule(TwPe,X,0ld,New,Unk),!. 

I* rew_rule(TYPe,Term1,Term2,ExP,Unk) Sives ExP as a rewrite of Term? in terms *I 
I* of Termi,where Unk is the unknown, and the rule is for twPe TwPe *' 
I* Special cases *I 
rew_rule(_,X,Y,X,_) :- matchCX,Y>,!+ 

rew_rule(_,_,Y,Y,Unk) :- freeof(Unk,Y),!. 

I* Generalized Polwnomial Rewrite rules *' 
rew_rule(senPcl,X-M,X,CX-M>-K,X> :- number<M>,!,eva1(1/M,K>. 

I* HYPerbolic Rewrite rules *I 
rrew_rule(T,e'"'X,sinh(Z), ( (e'"'X),...K-(e"'X),...(-K) )/2,_) :- (T = hwPer;T = hYPer_e~•~P), 

breakCX,Z,P,Q), 
eval ( Q/P, 10, 
! • 

rew_rule<T,e-x,coshCZ>,<<e,...X)'"'Kt(e-x>-c-K>>l2,_) :- CT = hYPer;T = hwPer_exP>, 
break(X,Z,P,Q), 
eval ( Q/F', !·,), 
! ♦ 

rew_rule<r,e-x,tanh<Z>,<<e-x>-K-<e-x>-c-K>>*<<e-x>-K+<e-x>~<-K>>- -1,_) :
<T = hwPer;T = hwPer_exP), 
break.CX,Z,F',Q), 
eval(Q/F',K), 
! ♦ 

rew_rule(T,e-x,sech(Z),((e-x>-K+<e-x>-<-K>>- -1*2,_) :
CT = hwPer;T = hwPer_exP>, 
break(X,Z,P,Cn, 
eval(Q/P,K>,!+ 



-----

rew_rule<T,e-x,cosech<Z>,<<e-x>-K-<e-x>-c-K>>- -1*2,_) :
<T = hYPer;T = hYPer_exP), 
break(X,Z,F',Q), 
eval(Q/F',K),!. 

rew_rule<r,e-x,coth<Z>,<<e-x>-K~(e-x>-<-K>>*<<e-x>-K-ce-x>-c-K>>- -1,_) :
<T = hYPer;r = hYPer_exp), 
break(X,Z,F',Q), 
eval(Q/P,K>, 
! + 

rew_rule(T,sinh(X>,cosh<X>,<1 + sinh(X)-2)-(1/2),_) :
(T = hYPer;T = hYPer_exP),!. 

rew_rule(T,cosh(X),sinh<X>,<cosh(X)-2 - 1)-(1/2),_) :
(T = hYPer;T = hYPer_exP),!. 

rew_rule(T,sech(X),tanh(X),(1 - sech(X)-2),...(1/2),_) :
(T = hYPer;T = hYPer_exp),!. 

rew_rule(T,tanh(X) ,sech(X), ( 1 - tanh(X)-2)-(1/2),_) :-
<T = hYPer;T = hYPer_exP),!. 

rew_rule(T,coth(X),cosech(X),(coth(X)-2 - 1)-(1/2),_) :
(T = hYPeriT = hYPer_exP),!. 

rew_ruleCT,cosech(X),coth(X),(1 + cosech(X)-2)-(1/2),_) :
(T = hYPer;T = hwPer_exP),!. 

I* ExPonential Rewrite rules *I 
rew_rule<T,A-B,A-c,A-B,_) :- (T = exP;T = hYPer_exp),match<B,C>,!¼ 

rew_rule<T,A-B,v-z,X*Y,Unk> :- <T == exp;T == hYPer_exP>, 
match(Z,C*D+E>, 
! , 
rew_ruleCT,A-B,v-cc•ri>,X,Unk>, 
rew_ruleCT,A-B,v-E,Y,Unk). 

,----..,rew_ rule ( T, A"'B, A'"'Z, A'"'C*A-lh X) :- ( T = exp; T = hYPer_e>ff,), 
match<Z,BtC>, 
freeof(X,C),!. 

rew_ruJ.e<T,A-e,A-z,cA-B>-c,x> :- <T = exP;T = hYPer_exP), 
match(Z,B*C), 
freeo-f(X,C),!. 

rew_rule(TYPe,A-B,c-ri,c-E*Z,X> :
number<A>, 
nr.1mber(C), 
match ( D, }HE) , 
freeof(X,E), 
rew_rule<exP,A-B,c-B,Z,X>, 
! ♦ 

TYPe 

rew_rule(T,A-B,A-c,cA-B>-D,_) :- (T = exp;T = hYPer_exP>, 
match(B,E*F>, 

·--------- ------



number(E), 
match(C,G*F), 
number(G), 
eva:l(G/E,D), 
! f 

/* Trisnometric Rewrite rules *I 
rew_rule(T,sin(X),sin(Z),V*cos(C) + Vl*sin(C),U) :- T 

ma:tc~h C Z, B + C) , 
contains(U,B), 
freeof(U,C), 
rew_rule(tris,sin(X>,sin(B>,V,U>, 
rew_ruleCtris,sin<X>,cos(B),Vl,U>, 
! + 

rew_rule<T,sin(X),cos(Z>,V*cos(C) - Vl*sin(C),U) :- T 
match(Z,B + C), 
contains(U,B), 
freeof<U,C>, 
rew_rule(tris,sin(X>,sin(B),Vl,U>, 
rew_rule(tris,sin(X),cos<B>,V,U>, 
! + 

rew_rule(T,cos(X),sinCZ>,V*cos(C) + Vl*sin(C),U) :- T 
match(Z,B + C), 
conta:ins(U,B>, 
freeof(U,C), 
rew_rule(tris,cos(X),sin<B>,V,U>, 
rew_rule(tris,cos(X),cos(B>,Vl,U>, 
! f 

rew_rule(T,cos(X),cos(Z),V*cos(C) - Vl*sin(C),U) :- T 
ma:tch<Z,B + C>, 
conta:ins(U,B), 
freeof(U,C), 
rew_rule(tris,cos(X),cos(B),V,U), 
rew_rule(tris,cos(X),sin<B>,Vl,U>, 
! + 

,,.,--.rew_r1.1le(tr:i.s,sin(X) ,cos<Z> ,V,_) :- break(X,Z,F',Q), 
absol(Q,Ql), 
exPcs(P,Ql,X,V>, 
! + 

rew_rule(tris,s:i.n(X),sinCZ>,I*<V>,_) :- brea:kCX,Z,F',Q), 
abso l ( C~, Q 1 > , 
eval(s:i.Sn(Q),I), 
expss<P,Ql,X,V>, 
! + 

rew_rule(tris,cos(X),sin(Z>,I*(V),_) :- break(X,Z,F',Q), 
absol (ChCH), 
eval(sisn(Q),I>, 
exPsc(P,Ql,X,V>, 
! • 

rew_rule(tris,cos(X),cos<Z>,V,_) I- breakCX,Z,P,Q>, 
absol(Q,Q1), 
exPcc(P,Ql,X,V), 

tris, 

triEh 

tris, 

tris, 



! • 

rew_rule<T,tsn<X>,tsn(Z>,<V + tsn(C))/(1 - tsn<C>*V>,U> :- T 
match(Z,B + C>, 
contains<U,B), 
freeof<U,C>, 
rew_rule(tris,tan(X),tan<B>,V,U>, 
! + 

rew_rule(tris,tsn<X>,tan(Z>,I*<V>,_) :- bresk<X,Z,P,Q>, 
absol(Q,Q1), 
eval(sisn<G>,I>, 
exPtt(P,Ql,X,V), 
! • 

I* Tan hslf-snsle Rewrite rules *I 
rew_rule(tris,tan(X),sin<Z>,2*tsn<X>*<1+tan(X)-2)-(-l),_) 1-break(X,Z,P,Q), 

eval(Q/P=t=2),!. 

rew_rule(tris,tsn(X),cos<Z>,<1-tan(X)-2>*<1ttanCX>-2>-c-1>,_) :-break<X,Z,P,G>, 
eval(Q/P=t=2>,!+ 

I* Reciprocal function Rewrite rules 
rew_rule(T,X,tsn<Z>,A*B- -1,Unk) :- T 

rew_rule(tris,X,sin<Z>,A,Unk), 
rew_rule(tris,X,cos<Z>,B,Unk>, 
! + 

tris, 

rew_ruleCT,A,secCZ>,<B>- -1,Unk) :- T == tris, 
rew_rule(tris,A,cos(Z),B,Unk>, 
! + 

rew_rule(T,A,cosec(Z>,(B)- -1,Unk) :- T -- tris, 
rew_rule(tris,A,sin(Z>,B,Unk), 
! • 

rew_rule(T,A,cot(Z>,<B>- -1,Unk) :- T == tris, 
rew_rule(tris,A,tanCZ>,B,Unk>, 
! + 

I* Losarithmic Rewrite rules *' 
rew_rule(los,los(X,Y>,losCY,X>,los<X,Y>- -1,_) :- !+ 

rew_rule(loS,loS(X,Y>,losCZ,Y>,N*los(K,Y),_) :- Powered(X,N,Z),!. 



--

rew_rule(loS,loS(X,Y),loS(X,Z),N*loS(X,Y),_) :- Powered(Y,N,Z), lo 

rew_rule(los,los(X,Y),loS(Z,X),N*loS(X,Y)- -1,_) :- Powered(Y,N,Z),!. 

Z Reduced term is los base 10 
rew_rule(los(10),loS(10,X),1oS(X,10),16s(10,X)- -1,_) :- !. 

rew_rule(los(10),loS(10,X),loS(A,X>,Term,Unk) l-
n1_1mber( A), 
tidw(losC10,X)/losC10,A),Term>, 
! + 

rew_rule(loS(10),loS(10,X),loS(X,A>,Term,Unk) :
number(A>, 
tidw(loS(lO,A>*<loS(lO,X>- -1),Term), 
! • 

/l!C Failure *I 
rew_rule(_,X,Y,_,_) :- !, 
• trace('\nFailed to find a rewrite for %t\n in terms of %t\n',CY,XJ,2), 

f•ai 1. 



Miscellaneous facts for PRESS 

:- Public sPecial_atom/1, 
comm1..1tat:i.ve/1, 
associative/1 ❖ 

Bernard Silver 
UPdatedt 30 Maw 82 

/* MODES (Defined as used now, maw need chansins later) *I 

:- mode special_atom<+>, 
commutat :i. ve ( + > , 
associatj.ve(t). 

% Special atoms are Positive, and therefore non_nes and non_zero ----pecial_atom(e) t- !. 

% Properties of functions 
commutative<+> I- !+ 
commutative<*> :- ! ❖ 

associative<+> I- !+ 
associative<*> :- !. 



INIT.MEC 

Various initialisations for MECHO. 

const(s>+ 
const.(zero). 

/*SEMANTIC INFORMATION*/ 

muantitw(reactionG1)+ 
QIJarJ°I:. j_ tY ( IYII.JG) • 

crnanti t!,d vcci) • 
Gt1cmt:i.ty(velm1). 
c-want:i. t!:t ( t.mO). 
GUarrt.:i. t!:11 ( ·t.Gl) ♦ 

• Gl.liimt :i. tY < tm2) • 
Gu ant :i. tY ( tm3) • 
Gu ant :i. t!:t ( dGO) • 

--::·, GUarrt. i t,!:I ( dl~ 1 ) • 
r IJBl"1tj_ t~ ( dG~?) ~ 

a1Jant :i. t!:I ( dm3) • 
m1.1ant :i. t!:1 < amO) • 
G• .. 1ant:i.t\.-1(aml). 
GUantitY(aG3)+ 
mu anti t.!:I ( vc-t) • 
GtJarrt. i t!:I ( hm 1 ) • 
mu ant :i. tw ( hm2) • 
mu.;mtit!:l(hra). 
rau;:.mt. i t!:11 ( rG) • 
m1J;;mt i t'::I ( tm) • 
l"Rliimt:i. t!::! ( aG) • 
m•Janti ·t.y ( ansG). 
c-t1J arrt. :i. 1~Y ( dG) • 
Gl . .lcmtit.Y(IT1G) • 
m1Jamtiti:l(m<.~l). 
ciucmti i.:.!:1 ( mG2) • 
GtJant :i. ti:1 ( t,snm) • 

r muant:i.tH(l1m). ---./ l.tant :i. tY ( YG) • 

incline(s3,tm,cc>. 
incline(s4,wm,bot). 
ansle(tPl,ansm,semi>. 

/*ttnknowns*/ 
iSOUSht (hi) + 

sousht(v). 
soush·t. (a) • 
int.ermediate(y). 
siven(1•). 
siven(m2). 

measure(reactionml,reactionl). 
measure<mum,mu). 
measure(vcm,vc). 
measure(velm1,vell). 
measure(tmO,tO), 
measure(tml,tl) • 
measure(tm2,t2). 
measure(tG3,t3). 
measure(dmO,dO>. 
measure ( dm1, d1.). 
measure(rJC'l2,d2). 
measure(dG3,d3). 
measure(amO,aO). 
measure(am1,a1), 
measure(am3,a3). 
measure(vm,v). 
measure(hm1,h1). 
measure< h<:t2, h2). 
meas1J re ( hc:t, h > • 
measure (re~, r). 
measure ( tc~, t). 
measure(aG,a). 
measure(ansmran:s). 
measure(dm,d). 
measuT'e (mm, m) • 
measure(mm1,ml). 
measure(mrn2,m2). 
measure(tsnm,tsn). 
measure(llm,11), 
meas1Jre(Y<.HY). 

slo?e(s3,risht). 
slo?e(s4,risht). 
Partition(semi,Cs1,s2J), 
sloPe(sl.,left). 
sloPe(s2,risht). 
sloPe(dome,left). 

concavit!::!(s3,stline). 
concavitH(s4,stline). 

concavitY(sl,rieht). 
concavitw(s2,rieht). 
concavit~(dome,rimht). 

sousht(h2). 
sousht(h). 

SOIJSht ( t) • 
sousht(H). 

SOIJ:Sht ( d) • 
intermediate(ans>. 
siven(S), 

SOl.!Sht ( 1 ) • 
intermedj.at.e(m). 
s:i.ver,(m1). 



POLPAK *I 

I* Polwnomial arithmetic Packase 

:- mode 

Gathered tosether by Leon 23.2.81 
Extra methods added 3.4.81 
Guessins roots bw remainder theorem bY Bernard 

Last UPdated: 30 March 82 

ev~n-anti_swmmetric/1, 
factor_out/3, 
suess/2, 
make_.Pol w/3, 
odd_anti_swmmetric/1, 
odd_swmmetric/1, 
Polw/4, 
Polw_form_coeff/2, 
poJ.w_norm/3, 
reifw/3, 
swm_method/3, 
z_norm/2. 

addnorm(+,+,?>, 
add_Polw<+,+,1), 
all.owed_suess<+,?>, 
anti_swmmetricC+,+>, 
binomial<+,+,?>, 
buil.d_red(+,+,+,?>, 
denorm<+,?), 
denc> rm1 ( +, +, rn , 

div_linC+,+,+,+,?>, 
even_anti_swmmetric<+>, 
factors_of(t,1,?>, 
factor_out(t,+,?>, 
set_coeff_factor<+,?>, 
set_.cs(+, ?) , 
s1Jess<+,?>, 
suess;.1(·h+,+>, 
make_polw(+,t,?), 
maP_reifw<+,+,?>, 
maPPolw_form_coeff(t,1>, 
maPPDlY_form1<+,?>, 
odd_anti_swmmetric(t), 
odd_swmmetric<+>, 
Pbas_add(t,+,?,T,T,T,T>, % can Probably better than this 
Pba~.Lnorm ( +, T), 
Poleval.(+,+,?>, 
Poleval.1<+,+,+,?>, 
Pt"> l. Y ( +, +, T,?) , 
Polw_form_coeff(+,T>, 
Pol.w_norm<+,+,?>, 
reifw(t,+,?>, 
swm_method(t,1,1>, 
swm_reduce(t,1,?), 
swmmetric(+,+>, 
times<+,+,?>, 

• 



times_norm<+,+,T>, 
timesinsl<+,+,+,T>, 
trans(+,T), 
z_norm(+,T). 

/* Put Polynomials in normal form (succeeds onlY for Polynomials) *I 

Poly_norm(X,Polw,PbaS2) :- !, 
Polw(X,PolY,PbaS,PolY), 
maPPoly_form_coeff(PbaS,Pbasl>, 
z_norm<Pbas1,Pbas2>. 

/* Tidy coefficients *I 

POlY-form_coeff(polYand(N,E),POlYand(N,El)) :- Poly_form(E,El). 

/* Forms bas of coefficients *I 

Polw<X,X,CPolwand(l,l)J,FlaS) t- !. 
-----

~olw<x,x-N,CPolwand(N,l)J,polY) :
l.rd:.eser(N), !. 

PolwCX,x-N,CPolYand(N,l>J,simP> f
inteser<N>, !. 

Polw(X,<X-N)-(-1),[polwand(Nl,l)J,Flas> :
l.nteser(N), !, eval(-N,NU. 

poJ.w(X,E,CPolwand(O,E)J,FlaS) f
t'reeof<X,E>, ! • 

Polw<X,S+T,Ebas,Flas) :

! ' 
PDlY(X,S,SbaS,FlaS), Polw(X,T,TbaS,FlaS), 
add_Polw(SbaS,TbaS,Ebas). 

-------oJ.w(X,S*T,Ebas,FlaS) :- ! , 
PolwCX,S,Sbas,FlaS), Polw<X,T,Tbas,Flas>, 
times(Sbas,Tbas,Ebas>. 

palw(X,S-N,Ebas,FlaS) :
inteaer(N), 
eval<N > 0), 
! , 

PDlY(X,S,SbaS,FlaS), 
binomial(Sbas,N,Ebas>. 

Polw(X,E,CPolwand(O,El)J,simP) f- !, 
E== •• C:SwmlArssJ, 
maPPolw_form1(Arss,Arss1>, 
El== •• CSwmlArSslJ. 

!*-Add two coefficients bass *I 



add_Polw(S,T,Sum) :
Pbas_norm(S,Snorm), 
Pbas_norm<T,Tnorm), 
addnorm(Snorm,Tnorm,Sum>, 
! + 

addnormCCJ,T,T> :- !+ 

addnormCS,EJ,S> :- !. 

addnorm([polwandCN,E>lPJ,EPolwand(M,F)lQJ,[polwand(N,E>lYJ> :
eval(N > M), 
addnorm(P,CPolwand(M,F)lQJ,Y), 
! • 

addnorm([polwand<N,E)lPJ,CPolwand(M,F)lQJ,CPolwand<N,Y>lZJ) t
eval ( N = M), 

. .,,.....___ 
addnorm(P,Q,Z), 
tidw(E+F,Y), 
! • 

addnormC[Polwand(N,E>lPJ,CPolwandCM,F>lGJ,Cpolwand(M,F)IYJ) :
addnorm(Q,Cpol!=!andCN,E> lPJ,Yh ! • 

/* MultiPlY two coefficient bass */ 

times(CJ,Bas,CJ) :- !. 

times(S,T,Prod> :
Pbas_norm(S,Snorm), 
timesnorm(Snorm,T,Prod), 
! • 

,,--.. :i.mesnorm<S, [polwand<N,E> J ,X> i- tj.mesinsJ. CS,N,E,X), ! • 

timesnormCS,CPolwand(N,E)lRJ,X) :
timesinslCS,N,E,Y), 
timesnorm(S,R,Z>, 
addnorm(Y,Z,X>, 
! • 

timesinSl([polwand(M,FJJ,N,E,CPolwandCX,Y)J) :
eval(M+N,X), 
tj.dwCF*E,Y), 
! + 

timesinSJ.(CPolwand(M,F)lRJ,N,E,CPolwand(X,Y)lZJ) :
timesinslCR,N,E,Z), 
evalCMtN,X>, 
tj,dw(F*E,Y) • 

%N < M 



~ 
::==:::.::: :::::::::: 
:=:::::::::::::::: 

1 =.::::::::: Ill< Binom:i.a::1 en-:Pansion of coefficient bas *I 

binamial(Bas, 0, CPolwandCO,i)J) :- !. 

b:i.nomial(Bas, 1, Bas) :- !+ 

binomial(Sbas, N, Ebas) :-
! , 
eval(N-1,Ni), 
binomial(Sbas,Ni,Ebasi), 
timesCSbas,Ebasi,Ebas>. 

I* Put Polwnomial bass into a normal form *I 

Pbas_normCCJ,CJ) :- !. 

------

Pbas_normCCPolwand(N,E)lRJ,Pnorm> :
inteser(N), 
Pbas_norm<R,CPolwand(M,F)ISJ), 
ird: .. eser ( M), 
Pbas_add(N,M,E,F,S,Pnorm), 
! • 

Pbas_addCN,M,E,F,S,CPolwand<N,E),polwand(M,F)lSJ) t- eval(N > M), !. 

Pbas_add(N,M,E,F,S,CPolwand(N,Y)lSJ) :- N = M, tidw(EtF,Y>, !+ 

Pbas_add(N,M,E,F,S,CPolwand(M,F>,Polwand(N,E)ISJ). 

% Remove anw terms with zero coefficient 

z_,norm([polwand(N,O) IRJ,Pnorm) :- z_norm<R,Pnorm), ! • 

z_norm(CPolwandCN,A>IRJ,[polwand(N,A)IPnormJ> :- z_norm<R,Pnorm>. 

I* Put in normal form,undo the effect of z_norm *I 

denorm([polwand(O,A)J,CPolwand(O,A)J) :- !. 
denorm([polwand(N,A)lRJ,Cpolwand(N,A)lRiJ) :- denormi(N,R,Ri>,!. 

denorm1(0,_,[J) :- !+ 
denorm1CN,CPolwandCL,B)IRJ,CPolwandCL,B)IR1J) :- eval(N-1 =I= L),denormi<L,R,Ri>, 
denorm1CN,R,CPolwandCM,O>IR1J) :- eval(N-1,M),denorm1(M,R,R1>,!. 

I* Code to factor out the linear factor x+B *I 

factor_out([polwandCN,A)lPlistJ,B,Qlist> :

! ' 
eval(N-1,M), 



div_linCPlist,M,A,B,Qlist). 

div_lin(CJ,-1,O,_,[J) :- !. 

div_lin(CJ,-1,_,_,_) :- !, trace('Division error \n',1>+ 

div_lin(CPolYand(N,C)lPlistJ,M,A,B,CPolYandCM,A)lQlistJ) t-
eval(N < M>, % The sparse casR 
! , 
eval(M-1,M1), 
tidw(A*B* -1,A1), 
div_lin(CPolYandCN,C)IPlistJ,Ml,Al,B,Qlist). 

div_lin(CPolwand(N,C)IPlistJ,M,A,B,CPolYand(M,A)IQlistJ) :-
eval(N = M>, % N should never be srester than M 
! ' 
eval(M-l,M1), 
tidY(C - A*B,A1), 
div_lin(Plist,M1,A1,B,Qlist). 

/* Evaluate the Polynomial represented by Plist,at Val to Sive Ans */ 
,r---...·olev .. 11 (PU.st,Val ,Ans) I- Poleva11 <Plist,Val ,O,Ans), ! + 

Polevsll(CPolYand(_,A)IRJ,V,Res,Ans) :- eval(Res*V+A,X), 
PD1eval1(R,V,X,Ans>, 
! + 

Polevsll(CJ,_,Ans,Ans) I- !. 

/*Trw to Suess roots by aPPlYins remainder theorem */ 

suess(Plist,Root) :- denorm(Plist,Plist1>, 
set_coeff_factor(Plist1,M>, 
last(Polwand(O,K>,Plisti), 
:Scd2(CM,KJ,K1>, 
eval < 1-(/Ki, K2), 
allowed_suess(K2,List>, 
suess1CList,Plist1,Root>,!. 

% Find the scd of all the coefficients, check that its not 0 
set_coeff_fsctor(List,Gcd) :- set_cs(List,Coefflist), 

.~ scd2 < Coeffl i st, Gcd >, 
eval < Gcd\== Oh 
! • 

i~et,_cs ( C: J, CJ ) :- ! • 
aet_cs([poJ.yand(_,L)ITJ,CLlTlJ> :- number(L),set_cs(T,Tl>,!. 

% If Plist has an inteser root then root is a factor of constant term 
% divided by the scd of all the coefficients. 

factors_of(K,CJ,10) t- !. 
factors_of(K,CM,HITJ,M> :- eval(K/M,N), 

j_ nt.eSet' ( N), 
eval(-M,H), 
eval <M+1'M1 >, 
factors_of(K,T,Ml>, 
! • 

factors_ofCK,T,M) :- eval(Mtl,M1),factors_ofCK,T,Ml),!. 



/* UsinS list of Possible roots see if any are roots*/ 

suess1(CJ,_,_) :- !,fail+ 
suessi(CNI_J,Plist,Root) :- Poleval(Plist,N,Ans>, 

eval(Ans == 0), 

! ' 
Root == N. 

suessi([_ITJ,Plist,Root) :- suessi(T,Plist,Root>,!. 

I* Reconstitute bas of coefficients into polynomial *I 

make_PD1Y(X,Bas1,Poly) :- !, 
maPreifw(X,Basi,Bas2>, 
recomP(PolY,CflBas2J>. 

I* reifY coefficient and Power into Product*' 

reifw(X,Polwand(O,E),E) :- !. 
,:--..._ 

reifw(X,PolwandC1,E>,E*X> I- !+ 

I* Method for standard reciprocal eGuations */ 

swm_method<X,CPolwa~d(N,A)IPlistJ,Polw) 1-
swmmetricCN,CPolyand(N,A)IPlistJ>, 
! V 

swm_reduce<X,[Polwand(N,A)IPlistJ,PolY). 

I* Reduce symmetric Polynomial to one with half the desree *I 

swm_reduceCX,CPolwand(N,A)IPlistJ,NewPoly) :-
eval(N/2,M), 
build_red(M,O,Plist,Qlist), 
trans([PolwandCM,A)IQlistJ,Rlist), 
make_polw(Xtl/X,Rlist,NewPolw>, 
! • 

build_red<M,M,_,[J) :- !+ 

build_red(M,K,CPolYand(N,A)IPlistJ,CPolYand(Ml,A)IQlistJ) 1-
eval (M-K--1. ,Ml.>, 
eva1((2*M-K>-l.,N>, 

! ' 
eval(Ktl,Ki), 
build_red(M,Kl,Plist,Qlist). 

build_red(M,K,Plist,CPolwand(M1,0)1QlistJ) :
eval(M-·K-1,Mi>, 
eval(Kti,Kl), 
buiJ.d_red<M,Kl,Plist,Qlist). 

% Special code which holds for the auartic case 

------------------------- - -



tr~ns([Polwand<2,A>,Polwand(1,B>,PolwandCO,C>J, 
[polwand(2,A),Polwand(1,B),Polwand(O,D)J) I- tidw(C-2*A,D>,!. 

trans(Plist,Plist) I- writef('Relevant reduction code not written'),fail+ 

/* Test if Polwnomial is swmmetric or anti-swffimetric *I 

odd_swmmetric(CPolwandCN,A)lPlistJ> 1-
odd(N),swmmetricCN,CPolwand<N,A>lPlistJ>. 

odd_anti_swmmetric([polwandCN,A>:PlistJ> 1-
odd(N),anti_swmmetric(N,CPolwand(N,A)·lPlistJ). 

even_anti_swmmetric(CPolwand(N,A)lPlistJ) :
even(N),anti_swmmetricCN,[Polwand<N,A)lPlistJ>. 

swmmetric(N,[Polwand(L,A)lPlistJ) :
aPPend(Qlist,CPolwand(M,A>J,Plist>, 
eval(M+L,N>, 

! ' 
swmmetric(N,Qlist). 

anti_swmmetric(N,CJ) :- !+ 
anti_swmmetric(N,tPolwand(L,A)lPlistJ) :

aPPend(Qlist,tPolwand<M,B>J,Plist), 
eval(MtL,N), 
evaH-A,B) ~ 

! ' 
anti_swmmetric<N,Qlist). 

% Converted maPlists etc 
maPPolw_form1(CJ,CJ) :- !. 
maPPolw_form1([HlTJ,[H1lT1J) I- Polw_forml(H,Hl),maPPDlY_forml(T,Tl),!. ,,..---~~ 

maPreifw(_,[J,CJ> :- !. 
mapreifwCX,CH:TJ,CH1lT1J) :- reifw(X,H,Hl),maPreifw(X,T,Tl>,!+ 

maPPolw_form_coeff(CJ,CJ) :- !. 
maPPolw_form_coeff(CHlTJ,CH11T1J> I- Polw_form_coeff(H,Hl>, 

maPPolw_form_coeff(T,T1>, 
! + 

----------



P0L.YIS 

%dee la1·at.:i.ons% 

half_Polw/3, 
Polw_form/2, 
PoJ.y_form:L/2+ 

·'****************************** POLYNOMIAL NORMAL FORM 
******************************! 

I* Use·Polwnomial form for simPlificat.ion (always succeeds) *I 

Poly_form(t.rue,true). 
poJ.y_form(false,false). 

Polw_form(ExP,Polw) I- !, 
Pclw_forml(ExP,New>, 

,,,,,........___ tidw (New, Poly). 

I* Look for terms to simPlifw *I 

poJ.w_forml(ExP,Polw) 1-
E~-u=•·=. + t:Swm l ArssJ, i sPred ( Swm), ! , 
maPlist(Polw_forml,Arss,PArss), 
Polw= •• t:SYmlPArssJ. 

I* APPlY to term *I 

Polw_forml(ExP,Polw) I- !, 
wordsin(ExP,Vars), 
sublist.(mult_occCExP),Vars,Varsl>, 
polw_form(Vars1,ExP,Polw). 

I* Test for Predicate or losical connective *I 

. LSPred( &) + 

i SPred C:·). 

isPred(:11:) • 
isPred(>=>• 

isPred(=). 
isPred(·O. isPred(=<>. 

I* Put term in Polwnomial normal form with respect to list of variables*/ 

Polw_form([VarlVarsJ,ExP,Polw> :- !, 
Polw(Var,ExP,Ebasl,simP>, 
maPl:i.st(half_polw(Vars),Ebas1,Ebas2>, 
make-Polw(Var,EbaS2,PolY)+ 

haJ.f_polw(Vars,Polwand(N,El), Polwand(N,E2)) t- !, 
Polw_form(Vars,E1,E2>. 

-------



,.., 
,r,, Press:Weaknf+ 

------

% Author: Bernard Silver 28.4.81 
% Put expression into weak normal form for collection, attraction, &c. 

:- Public weaknf/3, 

:- modr~ 

zero __ rhs/2, 
filter/4+ 

weaknf(t, +, ->, 
zero_rhs(+, -), 
filter<+, +, -, -). 

weaknf(EGn, Var, New> :
zero_rhs(Eran, Mid), 
decomPCMid, c+:BasJ>, 
filter(Bas, Var, Lhs, Rhs), 
tidw(Lhs=Rhs, New), !+ 

weaknf(Emn, Var, New=O) :- zero_rhs(EGn,New),!. 
% Put an emuation Lhs=Rhs into the form New=O+ 

zero_rhs(Lhs=O, Lhs) :- !+ 
zero_rhs(Lhs=Rhs, New) :- tidw(Lhs-Rhs, New>. 

sPlit a sum bas into Lhs, holdins all elements containins Var, 
and Rhs, holdins all the elements not containins Var. We are 
free to use 1 - 1 in Rhs, as it will be tidied before use+ 

filter(CHeadlTailJ, Var, Head+More, Rest) :
contains(Var, Head>, !, 
filter(Tail, Var, More, Rest>+ 

filterCCHeadlTailJ, Var, More, Rest-Head) !- !, 
filter(Tail, Var, More, Rest). 

filter(CJ, Var, O, 0). 

-----------------



F'ress:Match. UPdatedt 14 March 82 

%===================================================================-=--% 
% Pattern Matcher 24.2.81 % 
%======================================================================% 

:- p1.1bl i C· 

corresPondins_arsuments/4, % 
decomP/2, 

(rePlaces an!=!1) 

mat,ch/2, 
r~~comP/2, 

... c - Cl f IS'. 

:-- mode 
corresPondins_arsuments(t,-,-,->, 
d~~COffiP ( f, '?) l' 

ac_decomPC+,+,T,T>, 
ac_op(f,T,T,T,->, 

recomr--:.-( T, +) , 

ac_recomPC+,+,T>, 
match<+,rt>, 

match_arsuments<+,+,+>, 
sPJ.it_two_ways(+,T,T>. 

rePl-ce OldA by NewA in one elment of Old, sivins New. 

corresPondinS_arsuments(COldAlTailJ, OldA, CNewAlTailJ, NewA>+ 
corresPondins_arsuments(CHeadlTailJ, OldA, CHeadlRestJ, NewA) 1-

correspondins_arsuments(Tail, OldA, Rest, NewA>. 

%------------------------------------------------------------------------% 
/n 

_1~~% 

~ -/% 

decomP(Term, List) and recomP(Term, List> are Seneralisations of univ, 
i•.e. Term=•• List, treatins the four known associative commutative 
oPerators as function symbols havins any number of arsuments< 

They are called in the Patterns 
decomp(Old, [QplQldsJ>, 
anw1(<foo>, Olds, News>, 
recomPCNew, COPlNewsJ), 

var(Qp) 

in collect and attract, and elsewhere in the form 
decomp(Qld, C+l_J) tris_fac,multiPlw_throush,weaknf 
recomP(New, C+l_J) make_PolY+ 

ac_op(Qp, X, Y, X OP Y, Idn) means that OP is known to be a commutative 
associative operator, that X OP Y =•• COP,X,YJ, and that Idn OP x· =·X 
i.e. Idn is the identity of OP, All four operators ha~e an identitY+ 
The fifth clause is a hack for 1/(X*Y>, but is still true. 

ac_op(f, X, Y, X+Y, 0) :- ! • 
ac_op(*, x, Y, Y*X, 1) :-
ac .. oP < & , X, Y, X&Y, t r1.1e) :-
c~C-.DP(:fl:, X, Y, X:ff:Y, false) :-
%%ac_or:, ( *, Xr'N, Y,....N, ( Y*X) ,...N, 

deccmP(Term, COPIArssJ) :
functor(Term, OP, 2), 

! + % note reversal! 
! • % conjunction 
! + % disj1_mction 
1) t- ! ♦ 



ac _op< OP, _, _, _, _) , ! , 
ac_decomP(Term, Op, Arss, CJ). 

%%decomP((X*Y)-(-1>, C*lArssJ> :-
%% ac_decomp((X*Y>-<-1>, *' Arss, CJ). 
decomP(Term, List) :-

Te1·m =•. List+ 

ac_decomi=-(Term, OP, CTermlRJ, R> :
var(Term), !+ 

ac_decomP(Term, OP, L, R> :
ac_op(Qp, X, Y, Term, _), ! , 
ac _decomP ( X, OP, L, M) , ! , 
ac_decomi=-(Y, OP, M, R). 

ac_decomP(Term, Oi=-, CTerm:RJ, R>+ 

recomP(Term, COPIArssJ) :
ac_op(Qp, ·-' _, _, _), ! , 
ac_recomP(Arss, OP, Term) • 

.• -------.. recomP(Term, List) :-
Term=•• List+ 

ac_recomP(C[JlArssJ, OP, Term) :- !, 
ac_recomP(Arss, OP, Term). 

ac_recomP(CExPJ, OP, Term) :- !, 
Term = E>ff•• 

ac_recomP(CExPIArssJ, OP, Term> :- !, 
ac_op(Qp, E}-~P, Mid, Term, _), ! , 
·ac_recomP(Arss, OP, Mid). 

ac_recomP(CJ, OP, Term> :-
ac_op(OP, _, _, _, Term>. 

si=-ecial hack 

%------------------------------------------------------------------------% 

---! 

% match two terms, usins the associativity and commutativity of+ and*• 

match(Lhs, Rhs) :-
functor(Lhs, OP, 2), 
ac .. oP (OP, Arsl, Ars2, Rhs, _), ! , 
decomP(Lhs, COPIOldsJ), !,c; C't. 

sr--,1 j_t,_ two_wa'::ls( Olds, cc~ J, 
recomP < D1, COP r~1 J), 
recomP(D2, C0Pr~2J), 

CC~s2J), 

match(D1, Ars1), 
match(D2, Ars2>. 

match(Lhs, Lhs) 1-
atomic(Lhs), !. 

% atoms match themselves 

match(Nes, -1*Pos> :
number(Nes), 
eval.(Nes < 0), 
eval(-Nes, Pos>, 

match(-1*Pos, Nes> :
! . 

numbe T' ( Nes) , 
eval(Nes < 0), 
eval(-Nes, Pos), !. 

% 
% 
% 

% 

hack 1•ound the representation 
nesstive numbers 
rationals are around now! 

can"t hsPPen if' Lhs is tidied 

Df 

first 



match(Lhs, Rhs) :-
functor(Lhs, Functor, Aritw>, 
functor<Rhs, Functor, Aritw>, !, 
match_arsuments(Aritw, Lhs, Rhs). 

match_arsuments(O, Lhs, Rhs> :- !. 
match_arsuments<N, Lhs, Rhs) :

ars<N, Lhs, LhsNth), 
ars<N, Rhs, RhsNth), 
match(LhsNth, RhsNth), 
Mis N-i, 
match_arsuments(M, Lhs, Rhs). 

sPlit_two_waws(CHeadlTailJ, A, B> :
sPlit_two_waws(Tail, Ai, B1>, 
( A= CHeadlAiJ, B = Bi 

B = CHeadfBiJ, A= Al 
) ♦ 

sPlit_two_waws(CJ, CJ, CJ). 

I* Obsolete Code 
%------------------------------------------------------------------------% 
% aPPlY Proc to some member of Old to Set New. 
% This belonss is some utility file, not her~. 

~nwi(Proc, [OldlOldsJ, CNewlOldsJ) :-
aPPlY(Proc, tOld,NewJ>. 

anwi(Proc, COldfOldsJ, tOldlNewsJ> :
anwl<Proc, Olds, News). 

% rewrite Old into New usins Rule+ 

rewrite(Rule, Old, New> :
functor(Old, OP, 2), 
ac .. oP(OP, Ar:!iii, Ars2, Lhs, _), !, 
deCOIT1P(OJ.d, [Qp l Olds]) "I ! , 
aPPlY(Rule, tLhs,RhsJ), 
sPlit_two_waws(Olds, [CilCsiJ, CBlBsiJ), 
sPlit_two_waws(CBlBs1J, Cf2lCs2J, Rest), 
recomP(Di, COP,C1lCs1J>, 
recomP(D2, tOP,C2lCs2J), 
match(Di, Arsi>, 
match<D2, Ar:!ii2), 
recomPCNew, tOP,RhslRestJ). 

rewrite(Rule, Old, New) :
functor(Old, Functor, Aritw>, 
functor(Lhs, Functor, Anitw>, 
BPPlY(Rule, CLhs,NewJ), 
match(Old, Lhs). 

% aPPlY Proc recursively to Old to set New. 

recurse(Proc, Old, New) :-
Old=•• CFunctorfOldArssJ, 

% 

% other operators 



New=•• CFunctorlNewArssJ, 
maPlist(Proc, OldArss, NewArss), !. 

% aPPlY Proc to Old directly to set New. 

trw_rewriteCProc, Old, New) :-
r~PP1Y(Proc, COld,NewJ), ! • 

trw_rewrite(Proc, Old, Old). 

% apply Rule to Old (as often as Possible) to set New. 

trw_rewrite2(Rule, Old, New) :
rewrite(Rule, Old, E,-,P), ! , 
trw_rewrite2(Rule, ExP, New>. 

try_rewrite2(Rule, Old, Old). 

% select a Pair of numbers X and Y from list L, residue R. 

PairintCL, X,Y, R> 1-
select(X, L, S), inteser(X), % 
select(Y, S, R>, inteser(Y). % 

END of obsolete code. */ 

number(X) 'f'r 
number(Y) ?1 

%------------------------------------------------------------------------% 
% Given a Term, discover all the constants, atoms, and functors occurins 
% in it. The Term is known to be sround. 

functors_in(Term, List> :
functors_in(Term, L, CJ>, 
sort CL, U.st). 

functors_in(Term, CTermlRJ, R) :
atom ( Term) , ! • 

functors_in(Term, CAbsolRJ, R) :
number (Term), ! , 
eval(abs(Term>, Abso). 

functors_in(Term, CHeadlLJ, R> :
functor(Term, Functor, Arity), 
functor(Head, Functor, Aritw>, !, 
functors_inCAritw, Term, L, R). 

functors_in(O, Term, R, R) :- !+ 
functors_in(N, Term, L, R> :-

ars(N, Term, Arsument>, 
functors_in(Arsument, L, M>, 
K is N-1, ! , 
functors_inCK, Term, M, R). 



✓• 

I/* INT : Finds int.et•vals of terms in PRESS 

Alan Bundy 19+12.79 
Revised version 14 ❖ 3~80 
Further revised 26.3.81 
Cosmetics by Lawrence 18 June 81 
(Couple of small fixes since then> 
Added clauses for Positive etc for 
special atoms like Pi and e 

Al.an £{1.indY 

UPdated: 30 Maw 82 

t'* EXPORT ~I</ 

I* IMPORT *I 
I* 

:-•· mode 

vet/2, 
POSitive/1, 
nesative/1, 
r,on_nes/1, 
nor,_Pos/1, 
non_zero/1, 
acute/1., 
obtuse/iv 
non_ refle>~/1, 

less_than/2, 

fir,d_int/2, 
int_appJ.y/3. 

error/3 

membe1·chk/2 

number/1 
eval/1. 
eval/2 

meas1.1re/2 
GH.Janti tY/1 
ansle/3 
incJ.ine/3 
concaviti:1/2 
sloPe/2 
Partition/2 

SPeci al _atom/j_ 

vet<+ll?), 
Positive(+), 
nesative(+), 
r,or,_nes ( t) , 

non_pos(t), 

X Used ir, a \t 

% Exported for convenience 

from UTJ:LtTRACE 

from UTILISETROU 

t'rom LONG 

from notional Mecho dateb~se 

from ARITH:FACTS 



non_ze1·0 ( +) , 

acJJte<+>, 
obtJJse<+>, 
non_refle>~(+), 

Data st1•uct1.1res 

<:interval> 
<boundarw> 

Sen_combine(t,f), 
combine(+,t,f), 
in(+,+>, 
SIJb_int(t,+), 
below<+,+>, 
disjoint(+,+>, 
overlaP(+,+>, 
marker_fliP(f,f), 

defaJJlt_interval(f), 
find_int<+,1>, 

find_int2(t,-), 
find_int_arss<+,-,->, 
find_simPle_int<+,->, 

make_assJJmPtion_Positive<+>, 

int_aPPlw(+,+,->, 
int_aPPlw_all(+,+,->, 
all_are_contained(+,+>, 
make_resions(t,+,->, 

SPlit(t,t,t,-), 
SPlit1(+,+,-), 

cartesian_Prod1Jct(t,+,-,T>, 
cart_Prod(t,+,+,-,T), 

find_limits(t,t,+,->, 
clean_1Jp( + ,->, 
limits(t,+,+,+,1>, 
set_bnds<+,+,+,->, 

UPdown_fliP(t,t,-), 
set_bnd<+,+,->, 

order(+,+,T,f>, 
less_than(+,+>, 
calc(+,t,'?), 

breakuP_bnds<+,-,->, 
comb(t,f>, 

mono<+,1,1), 

classj.fw(t,-), 
interval(+,-,->, 
collect_intervals<+,+,->, 
G1Jad(t,t,t,f)+ 

has form 
has form 

i(LMarker,Bottom,ToP,RMarker) 
b(N,Marker) 

where: 
Bottom, ToP, N are <numbers> 
LMarker, RMarker, Marker are one of <oPen,closed} 



An interval ranses between Bottom and ToP and is oPen or closed at 
the ends dePendinS on LMarker (for Bottom) and RMarker (for Top). 

A boundary is an end of an interval+ There are operations defined 
over these boundaries which are then used to help define the 
operations over intervals+ Note that the notion of a boundary does 
NOT involve anw specific end of an interval (ie Top/Bottom>. Thew 
are a seneralisation over all such ends. 

t% @@@ - marker CtoP of code) 

!****************************************! 
I* Use interval information - top level *I 

!****************************************! 
% Check that solution is admissible 

vet(true,true). 
----·. 

vet(false,false). 

vet(A&B,A1&B1> :- vetCA,Al), vet(B,81). 

vet(AIB,A11B1) :- vet(A,Al>, vet(B,81). 

vet(A=B,A==B) :-
find_int<A, IntA>, find_int(B,IntB>, 
overlaP(IntA,IntB), 
! + 

% X is Positive, nesative, acute, etc. 

Positive<X> I- atom(X),special_atom(X),!. %Hack fore and Pi 

.,..-,·osi tj,ve( X) t- find_int(X, i ( L, B, T ,R> >, less_ than( b CO, closed), b Ohl)>• 

nesative(X) :- find_int<X,i(L,B,T,R>>, less_than(b(T,R>,b<O,closed)). 

non_nes<X> :- atom(X),special_atom<X>,!. %Hack fore and Pi 

non_neS(X) I- find_int(X,i(L,B,T,R>>, less_than(b(◊,oPen),b(B,L)). 

non_Pos<X> :- find_int<X,i(L,B,T,R>>, less_than(b(T,R),b(O,oPen)). 

%ad hoe Patch (replaces ne~ative(N) 

non_zero(X) :- atom(X),special_atom<X>,!+ % Hack fore and Pi 

non_.zero ( X) : -
find_int(X,i(L,B,T,R)), 
( less_than(b(O,closed),b(B,L>> ; less_than(b(T,R>,b<O,closed)) >, 
! + 

ac1Jte(X) :-



find_int<X,i(L,B,T,R>>, 
less_than(b(O,oPen),b(B,L>>, 
less_than(b(T,R),b(90,oPen>>. 

obt1.1se ( X) : -

find_int<X,i<L,B,T,R>>, 
less_than(b(90,oPen),b(B,L)>, 
less_than(b(T,R),b(180,oPen)). 

non_reflex<X> :
find_int<X,i(L,B,T,R>>, 
less_than(bCO,oPen),b(B,L>>, 
less_than(b(T,R),b(180,oPen)). 

l*****************************************I 
/* ManiPulatins Intervals *I 
f*****************************************I 

% Combine a list of intervals bw sweePin~ list and 
Z accumulatins the combined intervals+ 

sen_combine([FirstintlRestintsJ,Result) 
:- sen_combine<Restints,Firstint,Result). 

sen_combine([J,Result,Result). 

sen_combine(CintlRestintsJ,Acc,Result) 
:- combineCint,Acc,NewAcc), 

sen_combine(Restints,NewAcc,Result>. 

% Combine x and w intervals 

combine(i(Lx,Bx,Tx,Rx>, i(Lw,Bw,Tw,Rw>, i(L,B,T,R>> :
order(b(Tx,Rx),b(Tw,Rw>,_,b(T,R>>, 
order(b(Bx,Lx),b(Bw,Lw>,bCB,L>,_). 

% Number N is contained in interval 

inCN,iCL,B,T,R>> :- !, 
sub_int(i(closed,N,N,closed>,i<L,B,T,R>>. 

% x interval is contained in second interval 

sub_int(i(Lx,Bx,Tx,Rx),i(L,B,T,R)) :-
marker_fliP(L,Li), marker_fliPCR,R1>, 
less_than(b(B,Li),b(Bx,Lx>>, less_than(b(Tx,Rx),b(T,R1)), 

% x interval is wholly below Y interval 

below(i(Lx,Bx,Tx,Rx),i(Lw,Bw,Tw,Rw>> :-
less_than(b(T:-{,fb~) ,b(Bw,Lw) >, ! ¼ 

% x and Y intervals are disJoint 

----------- -------



--

dis.Joint ( IntX, Int Y) :- below ( IntX, Int Y), ! • 
disJt1int(IntX,IntY) :- below(IntY,IntX), ! • 

% x and w intervals overlap 

%% overlaP(IntX,IntY) :- \t disJoint(IntX,IntY). 

C:)YerlaP ( IntX, Int Y > :- di sJoint, ( IntX, Int Y), ! , fai 1. 
over l aP ( __ , _) + 

% oPen and closed are DPPosites 
% (this is how to fliP them) 

marker_fJ.ip(open,closed) t- !. 
marker_fJ.iP(closed,oPen). 

/****************************************I 
~I* X lies in closed or oPen interval *I 

!****************************************! 

% Worst case default for intervals 

default_interval(i(open,nesinfinitw,infinitw,oPen)). 

% Let's trw to do better. 

find_int(X,Interval) 
:- find_int2CX,Result>, 

Interval= Result. 
% guarantee mode<+,-> 

% Catch variables (shouldn 1 t be there!) 

find_int2(V,_) 
1,_ \ ; ..... var(V), 

! , 
error('Interval Packase Siven veriablel %w1 ,[VJ,fail). 

% :Base cases 
% Numbers have Point intervals 
% Swmbols (atoms) have various special cases 

find_int2(X,i(closed,X,X,closed)) :- number(X), !. 

find_int2<X,Interval) :- atom<X>, !, find_simPle_int(X,Interval). 

% 6Pecial case normalisation 

% Convert -c-1> to 1/ 

find_int2(X-(-1), Int) :- !, 
find_int2(1/X, Int). 



¾ Deal with exPonentials to even Power 

find_:i.nt2(X'"'N, i(L,B,T,R)) :
even ( N), ! , 
find_int(abs(X), i(Lx,Bx,Tx,Rx>>, 
calc(-,Cb(Bx,Lx),b(N,closed)J,b(B,L>>, 
calcC-,[b(Tx,Rx),b(N,closed)J,b(T,R>>. 

¾ Convert cosecant to sine 

find_int2(csc(X), Int) I- !, find-int2(1/sin<X>, Int). 

¾ Convert secant to cosine 

find_int2(sec<X>, Int) :- !, find_int2(1/cos<X>, Int>. 

¾ Convert cotansent to tansent 

find_int2(cot(X), Int) :- !, find_int2(1/tan(X), Int>. 

- % 
¾ 
¾ 
¾ 
% 

General case 
Recursively find intervals for arsuments and 
then int_aPPlY to sort this out. This will use 
monotonicity of F to calculate interval of Term 
from arsuments. 

find_int2(Term,Int) :
find_int_arss(Term,F,IntList>, 
int_aPPlY(F,IntList,Int), 
! • 

¾ If the seneral case fails 

find_int2Csin(X), i(closed,(-1),1,closed)) :- !. 
find_int2(cosCX>, i(closed,(-1),1,closed)) :- !+ 

find_int2CX,Default) :- default_interval(Default). 

Z Find a list of intervals corresPondins to the 
¾ arsuments of Term+ Also return the functor+ 

find_int_arss(Term,Fn,IntList> 
:- functor(Term,Fn,AritY>, 

find_int_arss(l,AritY,Term,IntList). 

find_int_arss<N,Max,Term,CintlintRestJ> 
:- ars(NvTerm,Ars>, 

find_int2(Ars,Int>, 
N:t. is N+:t., 
find_int_arss<Nl,Max,Term,IntRest). 



% Find the interval for a simPle sYmbol 
% This involves lookins to see if we know 
Z anwthing special about the symbol which wjll 
X help us. 
% Ad hoe Patch for sravitY - ProPer solution means 
% allowins eGuations between Guantities and defining 
¾ ~ as measure(g,32,ft/sec-2). • 
% Otherwise trw to classify swmbol (if it is an an~le) 
X Otherwise assume all Guantities are Positive 
% (possibly extreme?) 
% If there is no useful info we must use the dPfBult. 

find_simPle_int<s,i(open,1,infinitY,oPen)) :- !. 

find_simPle_int(X,Int) :- classifw(X,Int>, !. 

find_simPle_int(M,i(oPen,O,infinitY,oPen>> 1-
measure(Q,M), Guantity(Q), 

! ' 
make_assumPtion_positiveCM>. 

% Make and remember assumption 

make_assumPtion_Positive(X) :- assumed_Positive<X>, !. 

make_assumPtion_positive(X) 
:- assert( assumed_Positive(X) ), 

trace('I assume Zt Positive.\n 1 ,CXJ,1). 

l*************************************************************I 
I* Find interval of function from intervals of its arsuments *I 
l*************************************************************I 

% SimPle case 

int_sPPlw<F,Resion,Int) :-
mono(F,Is,Mono>, 
all_are_contained(Resion,Is>, 

' 
! ' 
find_limits<F,Resion,Mono,Int). 

% Comp 1 e:-, Case 

int_aPPlY(F,Resion,Int) :-
mono(F,MResion,Mono>, 
make_resions(Resion,MResion,NewResions>, 
int_aPPlY-all(NewResions,F,IntervalSet>, 
! , 
sen_combine(IntervalSet,Int). 

Z int_aPPlY all intervals in a set (list> 



int_apply_all(CResionllRestJ,F,CintllIRestJ) 
:- int_aPPlY(F,Resion1,Int1>, 

int_apply_all(Rest,F,IRest>. 

% All the arsument intervals are sub intervals of 
% the corresPondins monotonic intervals for the 
% f1Jnction (from mono). (ie maPlist s1Jb ... int down 
% the two •arsument• lists>. 

all_are_contained<CJ,CJ). 

all_are_containedCCArSintlArSRestJ,CFintlFRestJ) 
:- sub_int(Arsint,Fint>, 

all_are_contained(ArsRest,FRest). 

~ 

Z Given the list of actual intervals and the list 
% of monotonic intervals for the function build 
% a set of similar interval lists, derived from the 
% actual interval list, but such that each element 
% of each list in the set is wholly insidP or outside 
% its corresPondins monotonic function interval+ 
% This amounts t.o case sPl i ttins the ar.-t1.1al. interval 
% list into a set of intervals for more tractable 
% (sub) resions in the nD space. 
% Implemented by sPl.ittins lists to form a list of 
% sets and tav..ins the nD cartesian Prod1.1ct. Note 
% that both sPlit/4 and c~rtesian_product/4 perform 
% order reversals - which cancel each other out. 

make_resions(Resion,MResion,NewResions> 
:- sPlit(Resion,MResion,CJ,ListOfSets>, 

cartesian_productCListOfSets,CJ,NewResions,CJ). 

% Given the list of actual intervals and the list of 
% monotonic intervals for the function, we build 
% a list of n sets, where n is the aritY of the 
% function (ie the lensth of the lists) and where 
% each set contains intervals which are wholly inside 
% or outside the correspondins monotonic function 
% intervals, such that the intervals in each set 
% would combine to form the corresPondins actual 
% interval. 
% The combinins Property follows from the way we sPlit 
% UP the actual intervals. 
% The sets Produced at the moment will only ever have 
% number of members m such that: 1 =< m =< 3. 
% The followins special representations are used for 
% these cases: 
% sinSleton(A) 
% Pair(A,B) 
% triPle<A,B,C) 

----------------------



% In fact the code will currently never Produre sets 
% of 3 elements (triPles>, but I <Lawrence) think 
% this is Probably a bug so have left the option, and 
% this comment, around til we see. 
% Note that the list of sets built will be jn reverse 
% order compared with the •arsument• lists. This js 
% is implemented bw an extra accumulator arsument 
% (should be CJ to start with) onto which each Set 
% is Pushed. 

sPlit(CJ,EJ,Result,Result)+ 

sPlit([Ar•IntlArSRestJ,[FintlFRestJ,Sofar,Result) 
:- sPlitl(Arsint,Fint,Set), 

sPlit(ArSRest,FRest,CSetlSofarJ,Result). 

% Intx wholly within Int 

sPlitl(Intx,Int,sinsleton(Intx>> :
sub_int(Intx,Int>, ,,-...._ 

,--... 

! + 

% Intx and Int overlap with Intx lPftmost 

sPlit1(i(Lx,Bx,Tx,Rx>, i(L,B,T,R>, Pair(j(L,B,Tx,Rx>,i<Lx,Bx,B1,L1)) > :
marker_fliP(R,Rl), marker_fliP(L,L1>, 
marker_fliP(Lx,Lx1>, 
cor1·ect(B,B1), 
less_than(b(Tx,Rx>,bCT,R1>>, 
\+ less_than(b(Tx,Rx>,b<B,L>>, 
less_than(b(Bx,Lx1),b(B,L>>, !+ 

% 
% 
% 
% 
% 
% 
r. 
% 
% 
% 
% 
r. 
% 

Given a list of n sets Produce the a set of the 
elements from the nD cartesian Product of the sets. 
The incomins sets are represented with special 
functors as there are onlw a few special cases (see 
split). The resultins Product set is represented as 
a list. Each element will itself be a list (of n 
intervals) where the order of this element list will 
be the reverse of the order in which the items 
were found in the orisinal list of set.s, 

The imPlementation involves an accumulator for the 
(Partial) element beins built and useR the 
difference list technimue to build the final set 
of elements (rePn as a list>. 

cartesian_product(CJ,Element,CElementlZJ,Z)+ 

cartesian_Product(CFirstlRestJ,PartialElement,ProductSet,Z> 
I- cart_Prod(First,Rest,PartialElement,ProductSet,Z>+ 

\ 

cart-Prod(sin•letonCA>,Rest,PartialElement,PSet,Z) 
:- cartesian_Product(Rest,CAIPartialElementJ,PSet,Z>+ 

cart_Prod(PairCA,B),Rest,PartialElement,PSetO,Z> 



:- cartesian_Product<Rest,CA:PartialElementJ,PSetO,PSetl), 
cartesian_Product(Rest,CB:PartialElementJ,PSetl,Z). 

cart_Prod(triPle(A,B,C>,Rest,PartialElement,PSetO,Z> 
:- cartesian_product(Rest,[AIPartialElementJ,PSetO,PSetl), 

cartesian_Product(Rest,CBIPartialElementJ,PSetl,PSet2>, 
cartesian_Product(Rest,CC!PartialElementJ,PSet2,Z>. 

Z Calculate Bottom and ToP of Interval 

find_limits<F,Resion,Mono,Int> :
limits(bottom,F,Resion,Mono,b(B,L>>, 
limits(toP,F,Resion,Mono,bCT,R>>, 
clean_up(iCL,B,T,R>, Int). 

% Hack to clear UP various funnies 

__,_clean_uP(i(_,undefined,_, __ ), Int) :- ! , default_interval(Int) + 
' :lean_up(i(_,_,undefined,_), Int) :- !, default_interval(Int). 

clean_up(i(L,B,O,R), i(L,B,-CO>,R>> :- !+ 
clean_up(Int, Int). 

1:urrect(O,·-(O)) t- ! • 

----

correct(B,B) :- !+ 

Z Calculate limit for a Particular bounder~ 

limits(ToPBot,F,Resion,Mono,Boundarw> 
:- set_bnds(Mono,ToPBot,Resion,BoundarwList>, 

calc(F,BoundarwList,Boundarw>. 

Z Form a boundarw list from an interval list 
Z siven various details - uP+down x toP+bnttom. 

' set_bnds([J,_,CJ,[J). 

~et_bnds(CMonolMRestJ,ToPBot,CintlIRestJ,CBndlBRestJ) 
:- uPdown_fliP(ToPBot,Mono,NewMono), 

set_bnd(NewMono,Int,Bnd), 
set_bnds(MRest,ToPBot,IRest,BRest>. 

t.JPdown_. f l i P ( to-P, UD, UD) • 
uPdown_fliP(bottom,uP,down) :- ! • 
uPdown_fliP(bottom,down,uP>+ 

Set_bnd(uP, iCL,B,T,R>, bCT,R)). 
set_bnd(down,iCL,B,T,R), b(B,L>>+ 



I* ManiPulatins Boundaries *I 
l*****************************************I 

% Put boundaries in order 

Z Boundaries are identical 
order(Bnd,Bnd,Bnd,Bnd) :- !+ 

Z One of Mis is closed 
order(b(N,M1),b(N,M2),b(N,closed),b(N,closed)) :- !+ 

Z Numbers are different, Ni smallest 
order(bCN1,M1),b(N2,M2),b(N1,M1),b(N2,M2)) :-

eval(Ni < N2>, !+ 
% N2 is smallest 

order(b(N1,M1),b(N2,M2),b(N2,M2),b(N1,M1)). 

Z Orderins of boundaries 
Z (assumes intervals are consecutive) 

,,,-, ess_ than ( b ( X, M}-0 , b ( Y, MY) ) : -
comb([Mx,MwJ,M), 
less_than_eval(M,X,Y>+ 

less_than_eval(closed,X,Y> :- eval( X < Y >. 

Z APPlY Function F to a boundary list 
X Do this bY combinins the boundary markers and 
Z aPPlYins F to the numbers. 

calc<F,BoundarwList,b(X,M>> :
breakuP_bnds(BoundarwList,Markers,Numbers>, 
comb(Markers,M), 
Term=•• [FINumbersJ, 
eva~J. ( TertTuX), 
! + 

breakup_bnds(Cb(N,M)IRestJ,CMIMRestJ,CNINRestJ> 
:~ breakuP_bnds(Rest,MRest,NRest). 

Z Combine boundary markers 
Z Result= open if anw of the inPuts is open 

comb(MarkerList,ResuJ.t) :- memberchk(oPen,MarkerList>, !, Result= oPen. 

comb(_,closed). 



l**********************************************I I* Monotonicitw of Functions in each Interval *I 
!**********************************************/ 
I* unarY minus *I 
mono(-, Ci(closed,nesinfinitY,infinitY,closed)J, CdownJ). 

I* addition *I 
mono<+,Ci(closed,nesinfinitw,infinitY,closed), 

i(closed,nesinfinitY,infinitw,closed)J, [up,upJ). 

I* binarw minus*/ 
mono(-,Ci(closed,nesinfinitw,infinitY,closed>, 

i(closed,nesinfinitw,infinitY,closed>J, CuP,downJ>. 

I* absolute value *I 
mono(abs,Ci(closed,nesinfinitw,-(0),closed)J, CdownJ). 
mono(abs,Ci(closed,O,infinitw,closPd)J, [upJ). 

I* multiPlication *I 
mono<*,Ci(closed,O,infinitw,closed>, i(closed,O,infinitw,closed>J, 

[UP f IJp]) ❖ 

mono<*,Ci(closed,O,infinitw,closed), i(closed,nesinfinitw,-(0),closed)J, 
Cdown,upJ). 

mono<*,Ci(closed,nesinfinitw,-(0),closed), i(closed,O,infinitw,closed)J, 
CuP,downJ). 

nono<*,Ci(closed,nesinfinitw,-(0),closed), i(closed,nesinfinitw,-<O>,closed)J, 
Cdown,downJ). 

I* division *I 
mono(/,Ci(closed,O,infinitY,closed), i(closed,O,infinitY,closed)J, 

[up,downJ). 
mono(/,[i(closed,O,infinitw,closed>, i(closed,nesinfinitw,-<O>,closed>J, 

Cdown,downJ). 
mono(/,[i(closed,neainfinitw,-(0),closed), i(closed,O,infinitw,closed)J, 

[IJP, UP])• 
mono(/,[i(closed,nesinfinitw,-(0),closed), i(closed,nesinfinitw,-(0),closed)J, 

Cdown,1JpJ). 
,,..,---. 

/* exponentiation *I 
monoc-,Ci(open,O,infinitw,closed),i(closed,O,infinitY,closed)J, 

[IJP,UP]) + 

nonoc-,Ci(oPen,O,infinitw,closed),i(closed,nesinfinitw,-(O),closed)J, 
C down, 1Jp J > . 

/* J.osar:i.t,hm *I 
mono(lo•,Ci(closed,O,infinitY,closed),i(closed,O,infinitw,closed)J, 

Cdown,1.1F,J). 

/ll< sine *I 
mono(sin,Ci(closed,(-90),90,closed)J,CuPJ). 
mono(sin,Ci(closed,90,270,closed)J,CdownJ>. 
mono(sin,Ci(closed,270,450,closed)J,[uPJ). 

/* cosine *I 
mono(cos,Ci(closed,0,180,closed)J,CdownJ). 



mono(cos,[i(closed,180,360,closed)J,[uPJ). 

I* tansent *I 
mono(tan,Ci(oPen,(-90),90,oPen>J,CuPJ). 
mono(tan,ti(oPen,90,270,oPen>J,CuPJ). 
mono(tan,[i(open,270,450,oPen>J,CuPJ). 

/* inverse sine *I 
mono(arcsin,Ci(closed,C-1>,1,closed)J,CuPJ). 

I* inverse cosine *I 
mono(arccos,[i(closed,(-1),1,closed>J,CdownJ). 

I* inverse tansent *I 
mono(arctan,Ci(oPen,ne:Sinfinitw,infinitw,open>J,CuPJ). 

I* inverse cosecant *I 
mono(arccsc,Ci(closed,nesinfinitw,(-1)rclosed)J,[downJ>. 
mono(arccsc,Ci(closed,1,infinitw,closed)J,CdownJ). 

I* inverse secant *I 
....--,1ono ( arcsec, C i (closed, ne:Sin-finj. tw, <-1 >?closed> J, [1.1pJ). 

mono(arcsec,[i(closed,1,infinitw,closed>J,[uPJ). 

I* inverse cotansent *I 
mono(arccot,[i(closed,ne:Sinfinitw,-(0),open>J,CdownJ>. 
mono(arccot,Ci(oPen,O,infinitY,closed)J,[downJ). 

l*************************************************I I* Calculate Interval of An:Sle from Curve TwPe *I 
l*************************************************I 

% 
% 
% 
% 

r----._ % 
r. 
% 
r. 

We classify a swmbol usin:S semantic information 
from the <Meche> database. Calls which are to 
this database (notionallw, Press does not really 
share the same obJect-level database> are marked 
as such+ 

This method is only aPProPriate if the sYmbol is an 
<ansle>, and tries to find the interval of the 
ansle usinS seneral PrinciPles about curve twPes. 

classifw(Ansle, Int) 1-
measure<Q, Ansle >, 
ansle(Point, Q, Curve ) , ! , 
interval(ansle, Curve, Int ). 

classifw(Ansle, Int > :-
measure(Q, Ansle >, 
incline(Curve, Q, Point ) , ! , 
interval(incline, Curve, Int ). 

% database 
% database 

% database 
% database 

% Find interval from curve shaPe 

:r. For simPle curves 



interval(AI, Curve, Int) :
concavitw(Curve, Conv >, 
sloPf:~(Curve, Slope ) , ! , 
rauad(AI, Slope, Conv, Int ). 

:>.: database 
:>.: database 

% For complex curves 
interval(AI, Curve, Int) :-

?ar"!:-i tion(C1Jrve, Clist >, ! , 
collect_intervals(Clist, AI, Rlist>, 
sen_combine(Rlist, Int ). 

% database 

% Collect UP a list of intervals for all the Parts 
% of a Partitioned curve. 

collect_intervals(CJ,_,[J). 

collect_intervals(CFirstlRestJ,AI,CFirstintlRestintJ) 
I- interval(AI,First,Firstint>, 

collect_intervals(Rest,AI,Restint). 

% Information about Properties of simPle curves 
% The interval depends on both the slope and the 
% concavitB+ 

Guad(ansle,left,risht,i(closed,0,90,closed)) :- ! • 
Guad(incline,left,risht,i(closed,90,180,closed)) I- !. 

Guad(ansle,risht,risht,i(closed,90,180,closed)) I- !. 
muad(incline,risht,risht,i(closed,180,270,closed)) :- !. 

muad(ansle,left,left,i(closed,180,270,closed)) I- !. 
muad(incline,left,left,i(closed,270,360,closed)) I- ! • 

muad(ansle,risht,left,i(closed,270,360,closed)) :- ! • 
muad(incline,risht,left,i(closed,0,90,closed)) :- !. 

r~:uad(ansle,left,stline,i(oPen,180,270,oPen)) :- !. 
ciuad(incline,left,stline,i(open,270,360,oPen)) I- !. 

muad(ansle,risht,stline,i(oPent270,360,oPen)) :- !, 
rauad(incline,risht,stline,i(open,0,90,oPen)) I- !. 

muad(ansle,hor,stline,i(closed,270,270,closed>> :- ! , 
Guad(incline,hor,stline,i(closed,O,O,closed)) :- ! . 

Guad(ansle,vert,stline,i(closed,180,180,closed)) :- !. 
rauad(incline,vert,stline,i(closed,270,270,closed)) :- !. 

I* JOBS TO !10 

write s~mbolic version for finding max/mins 

use monotonicitw in>>= etc Isolation rules 

I--- - ------- ------------- -------



,y , .. Press:Diff. Updated: 12 SePt 81 

%======================================================================% 
% Differential Calculus 19.2.81 % 
%==================================================================·===:% 
:- Public diffwrt/3. 
:- mode 

diffwrt(t, -, +>, 
dx ( +, - , t), 

exactlw_one_ars<+, +, ->, 
exactlw_one_ars<+, +, +, ?). 

diffwrt(ExP, Ans, Var) :-
trace('Differentiatins ¾c with respect to %t\n', tExP, Ver], 1>, 
dx(ExP, Der, Var>, 
tidw(Der, Ans>, 
trace(' 

------...,.:hdE~-ff•, 0, X) !-

,,---.._ 

freeof(X, ExP), !+ 

dx ( X, 1 , X) : - ! • 

dxcx-N, N*X'"'M, X) :
freeof(.X, N), 
tidw<N-1, M), ! + 

dx( E>{P'"'X, ExP'"'X*loS(e,Exp)'"'(-1), 
freeof(X, E~·{P), ! • 

dx(los(e,X>, X'"' (-l), X) :- ! • 

thdtan(X), sec(X)'"'2, X) :- ! • 

d~-: ( cot ( X) , -l*cosec(X).,...2, X) t -· 

dx(sec(X)" sec(X)*tan(X), X) :-

dx(sin<X>, cos(X), X) :- !+ 

dx(cos<X>, -l*sin<X>, X> :- !+ 

dx(AtB, DA+DB, X> :- !, 
dx (A, DA, X) , ! , 
dx ( B, DB, X) + 

X> :-

! + 

! • % is this a Sood waw to sew it? 



freeof(X, C>, ! , d>, (A, DA, X). 

dx<A*C, DA*C, X) :-
freeof(X, Ch ! ' d>, (A, DA, X) • 

,.:b, ( A/C, DA/C, X) I-
freeof(X, C), ! , d}dA, DA, X). 

dx(C/A, -1*C*DA/A~2, X) :-
freeof(X, C), ! , d>,CA, DA, X). 

dx(A*B, A*DB + B*DA, X) I- !, 
dx (A, DA, X) , ! , d>, ( B, DB, X > . 

dx(A/B, <B*DA + -i*A*DB)/B-2, X> 1- !, 
dx (A, DA, X) , ! , d}< ( B, DB, X) + 

dx(ExP, ExP1*ArS1, X> :
exactlw_one_arS(X, ExP, Ars>, 
ArS \== X, ! , 
senswm(var, T), 
subst(Ars=T, ExP, Mid), 
subst ( T=Ars, Midl, E}<Pl), ! , 

dx(Mid, Midi, T), 
dx(Ars, Arsl, X>. 

% check that there is exactly one arsument of ExP containins Term, 
% and return that arsument as Ars. 

exactlw_one_ars(Term, ExP, Ars) 1-
functor(ExP, _, N>, 
exactlw_one_ars<N, Term, ExP, Ars). 

exactlw_one_ars(O, Term, ExP, Ans> I- !, nonvar(Ans). 
exactlw_one_ars<N, Term, ExP, Ans) 1-

ars(N, ExP, Ars>, 
contains(Term, Ars>, ! , 
Mis N-1, Ars = Ans, !, 
exactlw_one_ars(M, Term, ExP, Ans). 

exactlw_one_ars<N, Term, ExP, Ans) :
Mis N-1, 
exactlw_one_ars<M, Term, ExP, Ans). 



I* PROUER 19+2+81 *I 
I******************************** 

THEOREM PROUERS 
********************************I 

/*FIND MAXIMUM OF SET*/ 

maximum(IneoC,AnsC) :
andtodot(IneaC,IneGL), 
maximuml(IneaL,AnsL>, 
dottoand(AnsL,AnsC), 
! + 

maximumi(CJ,CJ) t- !. 

maximum1([IneGJ,CineGJ) :- !+ 

maximuml(CinealRestJ,Ans) 1-
some:-~(smaller( Inea) ,Rest), ! , 
maximuml(Rest,Ans). 

-~~-ITta}d.muml ( C IneG l RestJ, EI neGJ) :-
checkl ist ( bisser ( Inea), Rest>, !+ 

maximuml(CinealRestJ,CinealAnsJ) :
maximum1(Rest,Ans>, !+ 

l*INEQl DOMINATES INEG2*/ 
smaller(Inea2,Inea1) :- biSSer(Inea1,Inea2>, !+ 

bisser<X>=Y,X>=Z> :- Prove<Y>=Z>, !+ 
bisser<X>Y,X>Z> I- ProveCY>=Z>, !+ 
biSSer(X>Y,X>=Z> :- Prove<Y>=Z>, !+ 
bisser<X>=Y,X>Z> :- Prove<Y>Z>, !+ 

I* Prove simple ineaualities etc*/ 

r-•rove(X>=Y) :- Polw .. form(Xt(-l*Y> , E), non .. nes<E>, ! • 

prove<X=\=Y> :- Polw_form(Xt(-l*Y), E>, non_zero(E), !. 

I* SimPlifw formulae into true or false if Possible*/ 

simPlif!::!CF,true) :- Prove CF), ! + 

simPlifw<F,faJ.se) :- nesation<F,NF>, Prove<NF>, !+ 

simPlifw(F,F> :- !+ 

I* Nesation of formula *I 
nesation<F,NF> :-• nesation1CF,NF>, ! + 

nesation(F,NF> :- nesationl(NF,F>, ! • 

nesation1(A=B,A=\=B>. 
nesationl<A>=B,B>A>. 



% Press:Misc. UPdated: 30 June 82 
% Basic utilities for Press. Written by Alan Bundy 31.8.80+ 
% additional routines by Leon Sterlins, Richard O'Keefe, and Bernard Silver 

% flas<tflas,_,1) has been moved to Press:Filin. 

% convert lists to conJunctions and vice versa. 

:- Public dottoand/2, 
:- mode dottoand<+, ->, 

andtodot/2. 
andtodot(+, -). 

dottoand(CJ, true) :- !. 
dottoand([HeadlTailJ, Head & Rest) :

dottoand(Tail, Rest). 

andtodot(true, CJ) :- !+ 
andtodot(Head & Rest, CHeadlTailJ) :- !, 

andtodot<Rest, Tail). 
andtodot(ExP, CExPJ). 

% Same for disJunctions 
,.-:- Publ:i.c ortodot/2, r..fc,t,toor/2. 

I- mode ortodot(+,->,dottoor<+,->. 

ortodot(false,CJ) :- !+ 
ortodot<A+B,CAITJ> :- ortodot(B,T),!. 
ortodotCA,CAJ> :- !+ 

dottoor([J,false) :- !+ 
dottoor(CAJ,A) :- !+ 
dottoor(CAlBJ,At-T) :- dottoor<B,T),!. 

% Occurrence clauses. 

:- Public freeof/2, sinsleocc/2, contains/2, mult_occ/2, mult-Occ/2+ 

freeof(Term, ExP) :- occ(Term, E:!-!?' 0)' ! + 

sinsleocc(Term, ExP) :- occ(Term, E:•{P, 1), ! • 
contains(Term, ExP) :- occ(Term, E~·{P' Nh N :::• O, ! • 

1-✓7,.11 t_Qcc (Term, ExP) :- occ(Term, Exp, Nh N :::• 1, ! ♦ 
fuult_occ ( ExP, Term) :- mult_Occ(Term,ExP>+ 

% Above steF- to rationalise 
% arsument order in mult_occ call~. 

% test whether ExP is a least dominatins expression of Term, i,e. 
% whether ExP contains at least two occurrences of Term directly. 

:- Public least_dom/2. 
:- mode least_dom<+, +>, least_dom(+, +, +, +>. 

least_dom(Term,ExP) a
functorCExP,OP,_), 
commutative(Op), 
associative(OP), 
! , 
decomP(ExP,COPIArgListJ>, 
bas_mult_occ(Term,AraList). 

bas_mult_occ(Term,CArslArsListJ> :-
contains(Term,Ars>, 



-¥ (:~ntains(Term,Arsl ... ist), 
! • 

bas_mult_occ(Term,C_lArsListJ) :- bas_mult_occ(Term,Ar9List). 

least_dom(Term, ExP) :-
functor(ExP, _, N>, 
least_dom(N, O, Term, ExP). 

least_dom<N, 2, Term, E}·{P) :- ! ♦ 
J.east_dom(O, K, Term, E>{P) :- ! ' fail. 
least_domCN, K, Term, E~·{P} :-

ars(N, E>{P, Ars), 
contains(Ter~, Ars>, 
M is N-1 , L is K + 1, ! , 
least_dom(M, L, Term, ExP). 

least_dom(N, K, Term, Exp) :
M is N-1, ! , 
least_dom(M, K, Term, ExP>• 

¾ 
/~¾ 

Position(Term, ExP, Path) is true when Term occurs in ExP at the 
Position defined bw Path. It maw be at other Places too. 

:- Public Pdsition/3+ 
I- mode Position(?, +, ?), Position(+, ?, +, T>+ 

Position(Term, Term, CJ). 
POsition(Term, EXP, Path) :-

( var(ExP) ; atomic(ExP) ; number(ExP) 
Position(Term, ExP, Path> :-

functor(ExP, _, N), 
position(N, Term, ExP, Path). 

position(◊, Term, ExP, Path) :- !, fail+ 
Position(N, Term, ExP, CNlPathJ) :

ars(N, ExP, Ars>, 
position(Term, Ars, Path). 

position(N, Term, ExP, Path) :-
M is N-1, ! , 
Position(M, Term, ExP, Path). 

) , ! , fai 1. 

% senerate intermediate variables, or arbitraY inteser tokens. 

:- Public arbint/1, 
:- mode arbint<->, 

arbint ( Var) :-

identifier/1. 
identifier(-). 

SensYm(n, Var), 
assert(intesral(Var>>, 
trace('\n\tLettins %t denote an arbitrary inteser', CVarJ, 1), !. 

identifier(Var) :-
sensYm C >~, Var) , 
assert(intermediate<Var>>, !. 

% fix the variable to be isolated if it has not already been fjxed. 

:- Public fixvar/2, 
:- mode fixvar(+, 

ok/1+ 
'f)., ok ( t) + 



fixvar(ExP, Var) :-
var(Var), 
wordsin<ExP,Words), 
member(Var, Words), 

% Whw not drop this test? 

ov..(Var), 
check and< contains ( Var), E~•:P), ! • 

fixvar(ExP, Var) :
nonvar( Var). 

CJ Id Var) : ·-
\t call(const(Var>>, 
( call(sousht(Var)) 
A .,, call(Siven(Var)) 
) ' ! + 

% corresPond(X, Xlist, Ylist, Y) is true ~hen the Position of X and Xlist 
% and the Position of Yin Ylist <which is as lons as Xlist) are the same+ 

I- Public corresPond/4+ 
.--...:•- mode correspond(?, +, +, 1). 

corresPond(X, CXl_J, CYl_J, Y) :- !. 
corresPond<X, [_lTJ, [_lUJ, Y) :

corresPond<X, T, U, Y). 

% the lists must be given 

~ cond_Print(Old,New> Prints New unless it matches Old. 

:- Public cond_Print/2+ 
:- mode cond_Print<+, +>. 

cond_Print(Old, New) :-
calJ.(match(Old, New>>, !+ 

cond_print(OJ.d, New) :-
trace('\nTidwins to %t\n', CNewJ, 1). 

% aPPlw a substitution, tidw the result, and Print a message • 

.,,.........._t -· Pub 1 j_ c subst_messV3. 
- : - mode subst_mesg ( +, +, - ) . 

subst_mess<Substitution, Old, New> :
subst(Substitution, Old, Mid>, 
tid'::l(Mj.d, New>, 
trace('APPlwins substitution Zc\n to 

CSubstitutj.on, Old, NewJ, 1), ! • 

% Find the smallest (if C =<>or Sreatest (if C =>>term in P list of 
% terms, where comparison is bw the size of a term. 

:- Public extreme_term/3+ 
:- mode extreme_term<+, +, ->, extreme_term<+, +, +, +, ->. 
:- mode term_sizeC+, ->, term_size<+, +, +, -). 

extreme_term(CHeadlTailJ, C, Term> :-
term_size(Head, Size), 
extreme_term(Tail, Head, Size, C, Term> ❖ 



extreme_term([HeadlTailJ, Hold, Sold, C, Term> :
term_size(Head, Size>, 
compare ( C, Size, Sold), ! , 
extreme_term(Tail, Head, Size, C, Term). 

extreme_term([HeadlTailJ, Hold, Sold, C, Term> :
extreme_term(Tail, Hold, Sold, C, Term>. 

extreme_term(CJ, Term,_, _, Term). 

term_size(Term, 1) :-
( var(Term) ; atomic(Term) ; numberCTerm) 

term-size<Term, Size) :-

% Flatten list 

functor(Term, _, N>, 
term_size(N, Term, 1, Size>+ 

term_size(O, ExP, Ans, Ans) :- !+ 
term_size(N, ExP, Ace, Ans) :

arSCN, ExP, Ars>, 
term_sizeCArs, Size>, 
Nxt is Acc+Size+1, Mis N-1, !, 
term_size(M, ExP, Nxt, Ans). 

:- Public flatten/2+ 

:- mode flatten(t,-),flatten<+,?,t). 

flatten(X,Y> :- flatten<X,Y,CJ),!. 

·flatten(CJ,X,X). 
flatten(CHITJ,L1,L3) :- flatten(H,L1,L2>, 

flatten(T,L2,L3>+ 
flatten<X,CXIZJ,Z). 

% Delete all occurrences of X from list Y to set list Z 
:- Public delete/3+ 

:- mode delete<+,+,-). 

r-----i::ie l ete L., CJ, [ J) :- ! • 
- deleteCH,CHITJ,T1) :- delete<H,T,T1>,!+ 

delete(H,CXITJ,CXIT1J) :- delete<H,T,T1>,!+ 

) ' ! • 

% Remove false from a set of disJunctions, hack to replace bus in Tidw 

:- Public remove_false/2, remove_dis_dups/2+ 

:- mode remove_false<+,->, remove_dis_dups(+,->. 

remove_false(Term,Ans) :- decomP(Term,C*lListJ>, 
delete(false,List,New>, 
recomP(Ans,CtlNewJ>, 
! ♦ 

remove_false<X,X> :- !. 

% Remove duPlications in a disJunction 



ortodot(AIB,List>, 
listtoset(List,Listl>, 
dottoor(Listl,X). 

r•emove_dis_duPsCX,Y) :- tidw<X,Y>. % For cases that fall throu~h 



,,......_ 

t- Public wordsin/2, freauent_words/2. 

:-- mc,de 
wordsir, ( +, --) , 
freGuent_words(+, ->, 

scan_term(t, ?, ->, 
insert_wordC?, +, ->, 
scan_list<+, 1, ->, 

tree_list<T, +, +, ->, 
striP_num<+, ->. 

% wordsin(Term, List) 

UPdated: 21-APr-81+ 

% finds all the words (atom) which occur at least once in Term, and returns 
% them in List. Furthermore, the words are in descendins order of freGuencY+ 
¾ E+S+ wordsin<x*x+x•w+w-2+z-7, Cx,w,zJ). 
% The order is suPPosed to be heuristic+ 

wordsinCTerm, List) :-
scan_term(Term, Some, Tree>, 
tree_list(Tree, 1, CJ, Pairs), 
kewsort(Pairs, Inorder>, 
striP_num(Inorder, List). 

% freGuent_words(Term, List) 
% finds all the words (atoms) which occur more than once in Term, 8nd returns 
¾ them in List. Furthermore, the words are in descendins order of freauencw. 
% E.s. freGuent_words<x•x+x*w+w-2+z-7, tx,wJ). 

~reGuent_words(Term, List> 1-
scan_term(Term, Some, Tree>, 
tree_list(Tree, 2, CJ, Pairs>, 
kewsort(Pairs, Inorder), 
striP_num(Inorder, List). 

scan_term(SimP, Old_Tree, Old_Tree) :
var(SimP), !. 

scan_term(SimP, Old_Tree, Old-Tree) l-
n1.1mber(SimP), ! ~ % was inteser(SimP) 

scan_term(Atom, Old_Tree, New_Tree) 1-
atom(Atom>, ! , 
insert_word(Old_Tree, Atom, New_Tree>. 

scan_term(List, Old_Tree, New_Tree) :-
List = [_ I _J, ! , 
scan_list(List, Old-Tree, New_Tree). 

scan_term(Term, Old_Tree, New_Tree> :-
Term = +. [Functor I ArssJ, ! , 
scan_list(Arss, Old-Tree, New_Tree>. 

insert_word(t(C, W, L, R>, W, t(D, W, L, R>) t- ! , 
( var<C>, D = 1 
; inteserCC>, Dis Ct1 
) ' ! + 

insert_word(t(C, X, L, R), W, t<C, X, M, RJ) t-· 
W @< X, ! , 
insert_word(L, W, M). 

insert_word(t(C, X, L, R), l.,J, t(C, X, L, S)) t-· 
w @> x, ! , 
insert_wordCR, W, S). 

---------.-. -----~--.--· 



scan_list(CHeadlTailJ, Old_Tree, New_Tree> :
scan_term(Head, Old_Tree, Mid_.Tree), ! , 
scan_list(Tail, Mid_Tree, New_Tree). 

scan_list<CJ, Old_Tree, Old_Tree). 

tree __ list ( Tree, Thresh, Accum, Accum) :-
var(Tree), ! • 

tree_list(t(N, X, L, R>, Thresh, Accum, Answer> :
N < Thresh, 
tree_list(L, Thresh, Accum, Sofar>, !, 
tree_list(R, Thresh, Sofar, Answer). 

tree_list(t(C, W, L, R>, Thresh, Accum, Answer) :
tree_list(L, Thresh, Accum, Sofar>, 
Key is -C, ! , 
tree_list(R, Thresh, CKew-WlSofarJ, Answer). 

striP_num([Kew-WordlRestJ, CWordlMoreJ> :- !, 
striP_num<Rest, More>. 

striP-numCCJ, CJ> •. 

I' 

-.-.·----------



/* GPORTR: First stab at a •eneral all level Portraw handler. 

RichardtLawrence 
UPdated: 26 Julw 

This was Richard's code for his rational stuff. 
Eventuallw I must fix these Problems bw havins the 'Print' 
routine in the interpreter actually descend level by level 
takins oPerators into account and callin• Portray at each 
level to see whether the users wants to handle it. 
NB: this has now been done. Whw.is SPortr still around? 

The followins ma•ic numbers aPPear in Put(N) calls: 
32 = 5Pace, 40 = R(H, 41 = B)R, 44 = ■ ,a, 91 = aca, 93 = DJU< 

The masic number 1000 also appears; this is the Prioritw of','. 

---.t - r-,ub 1 i c 
r-,ortr'a'!:J/j_. 

t - ITlt')de 

port1·aw(?), 
Prine+, +>, 

Prin<+, +, +>, 
P rnf < +, +, +), 
r~·rna<+, +, +>, 
P rnP ( +, +, +, +) , 
r:--rtntaj_l(t), 
oPer<+, ?, 1), 

oPer<+, +, ?, ?). 

¼ TOP level 

Portraw<Term) 1-
Prin(lOOO, Term). 

% Print a term takins account of surroundins 
Y. operator Priorities. 

Prin(Prio, 
( 

Term) :
var(Term} 
atom(Term) 
Term = '$VAR·· (N) 

) If ! ' 
writeG(Term). 

Prin(Prio, Term) :- /*G'*/ 
Portraw_number(Term>, 
! • 

_N stYle of variables 
ordinarw atoms 
Al stYle of variables from numberver~ 

¾ if a number 

I* Other user-Provided PortraYal methods should be called her~ */ 

---------- ------------------



Prin(Prio, Cl-leadlTailJ) :- ! , 
p1.1t(91)' 
Prin(1000, Head), 
Printai 1 ( Tai 1). 

% list. 
% ·c· 

Prin(Prio, Term> i- % Postfix operator 
functor(Term, Functor, 1>, 
oPer(Functor, LP, 0), ! , 
PrnP(Prio, LP, 0, 40), 
Prna(LP, Term, 1), 
Prnf(Functor, O, 1), 
PrnP(Prio, LP, O, 41). 

Prin(Prio, Term) :- % Prefix operator 
functor(Term, Functor, 1), 
oPer(Functor, O, RP), ! , 
PrnP(Prio, 0, RP, 40), 
Prnf(Functor, 1, O>, 
Prna(RP, Term, 1), 
PrnP(Prio, O, RP, 41). 

Prin(Prio, Term> :- % infix operator 
functor(Term, Functor, 2), 
oPer<Functor, LP, RP), 
LP > O, RP> O, !, 
PrnP(Prio, LP, RP, 40), 
Prna(LP, Term, 1), 
Prnf(Functor, O, O>, 
Prna(RP, Term, 2), 
PrnP(Prio, LP, RP, 41). 

Prin(Prio, Term) :-
functor(Term, Functor, N>, 
writeG(Functor>, 
Prin(O, N, Term). 

% Print one arsument of a term 

Prna(Prio, Term, ArsNo> 1-
ars<ArsNo, Term, Ars>, 
Prin<.Pt•io, Ars). 

Prnf("',"', -·' _) :- !, 
write(;, ✓,. 

P rrrf ( ; ; ; , _, _ > : - ! , 
write< "' ; "' > + 

% Print a functor with spaces 

Prnf(Functor, L, R) t
Prnp(L, 1, 1, 32), 
write(Functor), 
PrnP(R, 1, 1, 32). 

% Print the arsuments of a term 

Prin(O, N, Term) :-
pi.1t ( 40)' 
Prna(1000, Term, 1>, 
Prin(l, N, Term). 

Prin(N, N, Term) :- ! , 
p1.1t ( 41) • 

Prin<L, N, Term) :
Mis L.t1, 



write ( ., , ,· ) , 
Prna(1OOO, Term, M), ! , 
Prin(M, N, Term). 

% Print a Parenthesis if' the Priorities 
% around the operator reGuire it+ 

PrnP(Prio, LP, RP, Char> :-
Prio >= LP, Prio >= RP, ! ,, 

PrnP(Prio, LP, RP, Char) 1-
p1.1t (Char) • 

% Print the tail of a list, beins 
% careful about Partial instantiation 
% at the end. 

Printail(List) t-
nonvar(List), List = CHeadlTailJ, ! , 
write(-', -'), 
Prin( 1000, Head), ! , 
Printail(Tail). 

Printail(Tail) !-
Tail\.== CJ, 
p1.1t ( 124)' 
Prin(1OOO, Tail), !, 
Printail([J). 

Prirrtail([J) :-
Put(93). 

a I H 
I 

Z Check for operators. Return left and risht 
% Precedences. These are Richard's conventions+ 
Z Note that Prefix/Postfix ops have O for their 
% other Precedence. 

DPer(OP, Left,Risht) 1-
current_op(Prec, TYPe, DP>, 
oPer(TwPe, Pree:-, Left, Risht). 

oPer( ·f'~-(, Pree, O, Pree). 
oPer( fw, P1·ec, o, Pree)+ 
OPer(Nf ' Pree, Pree, 0). 
oPer(yf ' Pree, Pree, 0). 
OPer(Nf>:, Pree, Pree, Pree). 
OPe r ( ~<f Y' Pree, Pree, More) I- More is Pree+!. 
ope r ( y-f~-,, Pree:-, More, Pree) :- More is Pree+i. 



/* HOMOG.MSC : 

absol/2, 
breav../4, 
e}•{Pcase 1./5, 
e}•tPcase2/ 4, 
fact/2, 
form/3, 
form1/3, 
form2/3, 
f'orm4/3, 
Scd1./2, 
Scd2/2, 
senPolcase/3, 
sreat_el/2, 
half_ansle_check1/2, 
half'_ansle_check2/2, 
laura/4, 
J.aura1/3, 
least_el/2, 
lessone/1, 
losocc/4, 
make_subl/3, 
moreone/1, 
nes22/1, 
nocc/3, 
onetest/2, 
parse2/3, 
Powered/3, 
reduced_.term/3, 
rePort_subs/2, 
sisned/2, 
s1Jbs1/3 + 

Bernard Silver 
Updated: 8 Ausust 82 

% Various functions for recosnizins certain forms 

% The exponential case with all of'fendins terms 
% of' the f'orm a-f'(x>, a the same in all terms. 

exPcase1CA,B,x,A-z,c> :- atom_num(A),match<Z,C*B+D>,number<C>,freeof'CX,D>,!. 
e}•tPcase1 <A,B,X,A,.,.Z, 1) :- atom_num(A) ,match(Z,B+C> ,f'reeof (X,C), ! • 
exPcasel(A,B,x,A-z,c> :- atom_num(A),match<Z,C*B>,number<C>, !. 
exPcase1CA,B,X,A-B,1). 

¾ The other exPonential case 
exPcase2CB,A,.,.Y,set(A,Z>> :- number<A>,match(Y,Z*B+C>,number<Z>,freeof'(B,C>, !. 
exPcase2<B,A-Y,set(A,1)) :- number(A),match<Y,B+C>,freeof(B,C>, !+ 
exPcase2(B,A,.,.Y,set(A,Z>> :- number(A>,match(Y,Z*B>,number(Z>, !. 
exPcase2CB,A-B,setCA,1)). 

% Check is the tan(half-ansJ.e) method can be used 
half_ansJ.e_check1(M,M> :- !. 
haJ.f'_anSJ.e_checki(M,N) :- eval<2*M,N),!. 



half_ansle_check2CM,M> :- !. 

denPolcase<X,X,1> :- !. 
senPolcasecx,x-N,N> :- !+ 

% Standard los case 
lauraCB,X,losCA,B),A) :- freeof(X,A),!. 
lauraCA,X,losCA,B>,B> :- freeof(X,B),!. 

% Convert to los base 10 case 
laurai(Unk,Term,los(A,Term>> :

number(A), 
contains(Unk,Term>, 
! • 

laural(Unk,Term,los(Term,A>> :
number(A), 
contains(Unk,7erm>, 
! + 

,,,,----.~~oeffMMexP(L,M,N> :- set_members(L,Ll ,L2), 
Scd2(L:L,M), 
scd2(L2,N), 
! + 

set_members(CJ,CJ,CJ) :- !. 
set_members([set<A,B>lTJ,EAlXJ,CB:YJ) :- set_members<T,X,Y>,!. 

onetest(K,A) :- checklist(moreone,K),least_el(K,A>,!. 
onetest(K,A> :- checklist(lessone,K>,sreat_el<K,A>,!+ 
onetest<K,A> :- listtoset(K,CAJ>,!+ 

losocc<A,B,loS(A,B),L) :- member(los<A,B>,L>,!. 
losocc<A,B,los<B,A>,L> :- member(loS(B,A>,L>,! + 

% These form functions Put terms tosether Prettilw,so l*A is A for example 

form(Unk,K,Z) t-scd2(K,Gcd),absol(Gcd,Gcd1),!,form1(Unk,Gcd1,Z). 

r---form1 (Unk,A,Res) :- tidw(A*Unk,Res), ! • 

form2CM,Rest,Res> :- eval(M/2,N),tidw(Rest*N,Res),!. 

form4CM,O, l) :MM ! + 
·form4(A,:l.,A) :- ! • 
form4(A,N,A-N) :- !+ 

% This recosnizes numeric expressions es 3~(1/2),on which number fails 
numeric(X) I- wordsin(X,L>,L=CJ,!+ 

i:d,om_num(X) :- atomic(X), ! + 
atom_num<X> :- numeric(X>,!+ 

% Parser for tris method 
Parse2(A&B,X,L) :- Parse2(A,X,L1),Parse2(B,X,L2>,union(L1,L2,L>,!. 
parse2(A=B,X,L) :- Parse2(A,X,Ll),Parse2CB,X,L2),union(L1,L2,L),!. 
parse2<A*B,X,L) :- Parse2(A,X,Ll),parse2(B,X,L2),union(Ll,L2,L>,!+ 
parse2<A+B,X,L) :- Parse2(A,X,L1),Parse2<B,X,L2>,union(L1,L2,L),!. 
parse2(A~N,_,cA-NJ> :- inteser<N>,<tri•~<A);hwPerf(A>>,!. 



Parse2(A~N,X,L> :- number(N),Parse2(A,X,L>,!. 
Parse2CA,X,CJ> :- freeof(X,A>,!+ 
Parse2(A,X,CAJ) :- !+ 

% Find the •smallest• term in the offenders set 

reduced_term([UnkJ,Unk,_) :- !,fail+ %Unk can't be the reduced term 
reduced_termCCAJ,Unk,A) :- !. 
reduced_termCL,Unk,A) :- extreme_term<L, <, A>, % return the smallest 

! , 
A\= Unk. 

% Make a list of the rewrites found,and substitute them into 
Y. the expression 

subs1(ExP,CJ,ExP) :- !. 
subs1(ExP,CHlTJ,E1) :- subst(H,ExP,E2),subs1(E2,T,El),!. 

make_subl(CJ,CJ,CJ> :- !. 
make_subl([XlRJ,CXlR1J,R2) :- !,make_subl(R,R1,R2). 
make_subl([HdlRJ,CHlfR1J,CHd=H1lR2J) :- make_subl(R,R1,R2>, !+ 

·,,-...._ r. List the r-ewrites used, j_f desired 

rePort_subs<X,List> :- report, 
! ' 
sublistCcontains(X),List,New), 
trace('\nRewrites used are:\n',1), 
rePort_subsl(New>+ 

rePort_subsi(CJ) :- !+ 
rePort_subsi(CL=RlTJ) :- trace('\n %t -> ¼t\n',CL,RJ,1),rePort_subsl(T),!. 

% Turn on the rePortins 
rePort_on :- rePort,trace('\nRePortins is alreadw on! Nothins done\n',1),!. 
rePort_on :- asserta((rePort :- !>>,trace('\nRePortins turned on\n',1),!. 

% Turn off rePortins 
report_off :- rePort,retract((rePort :- !)),trace('\nRePortins turned off\n',1),! 

r---"'ePort_off :- trace('\nRei::·01·tir,s is not or·,! Nothir,s done\n',1), !+ 

% Find the smallest and larsest elements of a list of numbers 
least_el(CHdJ,Hd> :- !+ 
least_el(CHdlTlJ,Ans) :- least_eltTl,Lwr),(eval(Hd < Lwr) -> Hd=Ans;Lwr=Ans),!. 

Sreat_el(CHdJ,Hd) :- !+ 
sreat_el(CHdlTlJ,Ans) :- Sreat_el(Tl,HSr),CevalCHd>Hsr) -> Hd=Ans;H~r=Ans>, !, 

% Powered(A,B,C) if A-B=C,A not eGual 1 
Powered(l,_,_) :- !,fail+ 
Powered(A,1,A) :- !. 
Powered(A,N,A-N) :- number(N>,!+ 
Powered(A,B,C> :- number(A>,number(C),eval(los<A,C>,X>,!,number(X>,B=X. 

nocc(EGn,A,N> :- occ(A,EGn,N),!. 

lessone(A) :- number<A>,eval(A < 1),!. 



moreone(A) :- number(A),eval(A > 1>,!+ 

r. Absoltrt.e~ value 
absol(X,Xl) :- eval(sisn<X>*X,Xl),!. 

% Given terms A and B breakCA,B,I,J) finds I and J 
Z so that A=I*Y,and B=J*Y,if this is Possible 

break(A,B,1,1) :- matchCA,B),!. 
break(A,B,1,C) :- number(A),number(B),eval(B/A,C),!. 
break(A,B,1,Jl) :- match<A,I*Y>,number(I),match(B,Y*J>,number(J),eval(J/I,Jl>,!. 
breakCA,B,1,J) :- match(B,J*A>,number(J),!. 
break(A,B,J,1) :- match(A,J*B),number(J),!. 

% Factorial function 
fact ( 0, 1) : -- ! • 
fact<N,M) :- eval(N>O>,eval(N-1,Nl),fact(Nl,Ml>,eval(Ml*N,M>,!+ 

% Find the least common multiple of a set of intesers 
lcm(CAJ,A) :- ! + 
l.c~m< CA,B l TJ ,X> :- scdCA,B,Z> ,eval ( <A*B>/Z,Y>, lcm( CY I TJ ,X>, ! + 

% Find the Sreatest common divisor of a list of intesers 
scdl(CAJ,A) :- !. 
gcdlCCHITJ,X) :- ScdlCT,Y>,scdCH,Y,X>,!. 

% Find the Sreatest common divisor of a list of rationals 
Scd2CL,X> :- listtoset<L,L1),Scd3(L1,X),!. 

~-~cd3 ( r. A J, A) t - ! • 
scd3(CHlTJ,Y) :- Scd3(T,X>, 

eval(numer<H>,H2), 
eval(denom(H>,Hl), 
Scd_calc(H2,H1,X,Y>, 
! + 

acd_calc(A,B,C,C) :- eval(A/B,C>,!+ 
scd_calc(A,B,X2,X3> :-eval(numer(X2>,C>, 

eval(denom(X2),D), 
r'"' lcm(CB,DJ,Z), 

eval((Z/B)*A,Zl), 
eval(CZ/D)*C,Z2>, 
scdCZ1,Z2,Y), 
eval(Y/Z,X3>, 
! + 

% If all numbers on a list are nesative then sisned(list,-1>, 
¾ else sisned(list,1) 

sisned<L,-1> :- checklist(neS22,L),!. 
sisned(_,1) :- ! • 

nes22(Num) :- eval(sisn<Num>=l= (-1>>,!~ 



% Arith:Odds+ U?dated: 12 Sept 81 
% odd and even natural numbers, and Author: Alan Bundw 
% scd calculations+ Now Just an interface to Lons+ 

:- p1Jbl :i.c nat,num/1 + :-
:- PubU.c odd/1.+ : .... 
:- Public even/1.. :-
:- Public Scd/3+ :-
: .... P•Jblic oddr,um/ 1. + :-

natn•Jm ( X) : -

inteser<X>, X > o. 

odd(X) :-
eval (odd(X)). 

even(X) :-
eval ( even(X)). 

scdCX, Y, Z> t·· 
eval(scd(X,Y), Z>+ 

,Jddnum(X) :-
1. is X mod 2 ❖ 

mode natnum(t). 
mode odd(+). 
mode even(+). 
mode scd(t, +, - ) .• 
mode oddn•Jm ( +) + 



I* RUNEX 
Commands to run test examples. 
The examples are found in the 

UPdatedt 20 APril 82 

files testex+Prb, mecho.prb, lewis.Prb 
and exam in the area extras. 

run !- (present(testex) ; ['extrasltestex.Prb'J), !, 
checklist(stats, CloSeGn(Al>, exPeGn(A2), trisean(A3>, 

neSPo1YeGn(B1),homosemnCB2),chunkemn(B3), 
invloSeGn(C1>,nastYeGn(C2),cosaPemn(C3),acbsemn(C4), 
taklosecm ( C5 >, 
coseGn(D1>,smrteGn(D2),Pow2emn(D3),GuarteGn(D4)J). 

smallrun :- (Present(testex) i C'extras:testex.Prb'J>, !, 
checklist(stats,tlosemn(A1), exPeGn(A2), triSeGn(A3)J). 

mechorun !- (present(mecho)r Present(init) ; 
C'extraslinit.mec','extraslmecho+Prb'J), !, 
checklist(stats, EsimPPUll(Al>, n14(A2), car(A3>, 

~- Pulltab(A4>, tower1(A5), stvineG(A6>, conJinem(A7>, 
dome(A8), bloc(A9>, train(A10), looP(A11)J). 

lewisrun :- (present(lewis) ; ['extras!lewis+Prb'J), !, 
checklist(stats, Ca1CX1), b1(X2>, a2(X3), b2CX4>, a3(X5), 

b3(X6), a4(X7), b4(X8), a5(X9), b5(X10), a6(X11), 
b6(X12), a7(X13), b7(X14), a1hard(X15), a2hard(X16>, 
blhard(X17), b2hard(X18), c1hard(X19), c2hard(X20), 
d1hard(X21), d2hard(X22)J). 

aebrun :- examcheck,aebrunsol,!. 

lonrun I- examcheck,lonrunsol,!. 

dlonrun I- examcheck,dlonrunsol,!+ 

oxfrun I- examcheck,oxfrunsol,!+ 

,,--, 

hiShrun :- examcheck,hiShrunsol,!. 

~"' roe am run :- examcheck,eurorun,!+ 

exam:- Present(exam>,!, 
writef('\nextras:exam is alreadw loaded, nothins done\n'>• 

exam I- write~('\n[Consultins extras:examJ\n'),consult('extras:exam'),!. 

examcheck :- Present(exam),!. 
examcheck I- writef('\nCConsultins extraslexamJ\n'),consult('extras:exam'),!. 

stats(Problem> t- Problem=++CName,ArsJ, statistics<runtime,_), 
call(Problem), !, statistics(runtime,E _, TimeJ), 
trace('\n%t took %t milliseconds and Produced answer %P\n\n', 

tName,Time,ArsJ, 0). 

stats<Problem) I- statistics(runtime,C _, TimeJ>, 
trace('\nSorrY I could not Prove %t and I sPent %t not doin~ it \n\n', 

[Problem, TimeJ, O>+ 



.l* TEST. : 

Be1•mn•d Si 1 ver 
Updated: 30 June 82 

% Problems for demonstration of Press 

text(l) :- writef('\nThis Problem comes from the London 1978 A level exam.\n 
We are asked to find the value(s) of for which 

losC2,x> + 4.los<x,2> = 5+\n\n'>• 

text(2) :-
writef( '\nThis Problem is from the A.E.B. A level exam of 1971.\n 

We are reGuired to find the value(s) of x such that 
cos<x> + 2.cos(2.x> t cos(3.x) = O.\n\n'>• 

te~d, ( 3) : ... 
writef('\nThis Problem is from the A.E.B. 1971 A level P~Per.\n 

The muestion asks for the value(s) of x which satisfy 
4-x - 2-cx+l> - 3 = O.\n\n'>• 

,,,------._te}d:. ( 4) ? -
writef('\nThis Guestion demonstrates the basic methods of PRESS+\n 

The Problem is to find the value(s) of x that satisfy 
loS(e,x+l> + los(e,x-1) = 3+\n\n'>• 

basic:- examPle4. 

examPlel :- text(l),demol,ttwnl. 

examPle2 :- text(2),demo2,ttwnl. 

examPle3 :- text(3),demo3,ttwnl+ 

examPle4 :- text(4),demo4,ttwnl. 

demol :- solve(los(2,x> + 4*los<x,2> = 5). 

demo4 :- solve(los<e,x+l) + los<e,x-1> = 3). %1oSeGn 

%aeb(7) 

%aeb(6) 

- -- - ---. - - -·- - _.-...--- ---- - - ·- - . -----------.- ----------·-------------- -------~--



/* SCORE. ; 

Bernard Silver 
UPdatedl 3 Jul~ 82 

PRESS solves the followine Proportion of Problemsl 

A LEVEL 
--------·---- .. --

Sim.He ec~ua:t ions S:i.m. eGn+ ·i otal 
A,;E+B• 23 out of 28 6 ou-t, of 8 29 out of· 36 

London 32 out of 35 •") .,_ out of 3 :~4 01.Jt of 38 

London ri. 9 out of 10 NIA 9 01.Jt of :i.O 

0}-~ford 2 out of 2 0 out of 1 2 out of ..., 
,!, 

.,----r0Tf~L. 66 out of 75 8 out of 12 74 01Jt of 87 

0 LEVEL 
---------

SinsJ.e eauat i ems Sim. ee:tn. Total 
O~d'ord 7 01..1t of 8 2 01.1t of 2 9 out of 1.0 

SCOTTISH HIGHER 
----------------

Sinsle em1Jat :i. ons Sim+ emn. Total 
5 out of 5 3 out of 3 8 out of 8 

ALL PROBLEMS __ .. ___________ 
Sin!!.He emuations Sim. eGn+ ·1 otal 

78 01.Jt of 88 ,--, :1.3 oui~ of 17 91. 01.Jt 01'' :I. ()5 

'-- 88.5% 76.5% 86.67% 



/*GOALS 
A Selection of Alsebra Problems 
Alan Bundy 10.5.79 
Updated and modified bw Leon Sterlins 24.2.81 
Chansed 14.4~81 */ 

/*TOP LEVEL RUN*/ 

smallrun :- checklist(stats,[loSeGn(A1), exPeGn(A2>, triSeGn(A3)J), 

run :- checklist(stats, [loSeGn(A1), exPeGn(A2>, triSeGn(A3>, 
neSPolwemn(B1), aeb4(B2>, homoSeGn(B3), 
chunkeGn(A4), % lon10(B5), 
simPPull(A5>, nl4CA6), car(A7), simPeGns(AB>, 
p1Jlltab(A9), tower1 (A10), 
stvineG(A11>, conJineG(A12>, 
dome(A13), bloc(A14>, train(A15>, nastwean<A16), 
looP(A17)J). 

tmPrun :- checklist(stats, CloSeGn(A1>, exPeGn(A2>, trisean(A3>, 
neSPo1Yean(B1),homoSeGn(B2),chunkean(B3>, 

,,.,,......__ simPeGns (Cl>, simPP•Jl 1 < C2), nl4 ( C3), Pull tab( C4), 
stvinea(D1),train(D2), 
POW2eGn(E1),GuarteGn(E2)J). 

/*Run Problem with statistics*/ 

stats(Problem> I- Problem= •• [Name,ArsJ, statistics(runtime,_), 
call(Problem), !, statistics(runtime,E _, TimeJ), 
trace('\n%t took ¾t milliseconds and Produced answer %e\n\n', 

[Name,Time,ArsJ, O>. 

stats(Problem) :- statistics(runtime,C _, TimeJ), 
trace('\nSorry I could not Prove %t and I spent ¾t not doins it \n\n', 

[Problem, TimeJ, 0). 

loaean<Ans> I- solve(los(e,x+l> + los(e,x-1) = 3, x, Ans). 

-t, r i i'ieGr1 (Ans) : -
solve(((2-(cos(x)-2>*2-(sin(x)-2))-sin(x))-cos(x) = 2-(1/4), x, Ans). 

neSPolYemn(Ans) :- solve(i/x-2 = 1/x, x, Ans>. 

chunkeGn(Ans) S- solve(cos<x>-2 + b*cos(x) = c, x, Ans). 

coseGn(Ans> :- solve(cos(x-45) = sin<2*x> , x , Ans>. 

- -- --------- --------



sGrteGn(Ans) t- solve(sGrt(5*x - 25) - sGrt<x-1) = 2, x, Ans). 

/*SIMULTANEOUS EQUATIONS*/ 

/*trivial test emuations*I 
simPemnsCAns) :- simsolve( 

a=b & b=c & c=l & true', Ca,c,bJ , Ans). 

/*simple Pullew*I 
simPPull(Ans) :- simsolve( 

ml*~*cos(180) + (l*tsn + 0) = m1*(a1*1> & 
m2*S*1 + (cos<1BO>*tsn + O> + O = m2*<a1*1> & 
true, Etsn,a1J, Ans). 

/*Pullew and table with friction*/ 
.~ Ptrlltab(Ans) :- simsolve( 

m1*s*cos(270) + <l*tsn + (cos(-270)*reaction1 + 1*mu*reaction1 + 0)) 
t O = ml*Cal*l> & 

m2*•*1 + (cos(180>*tsn + O > + O=m2*Ca1*1> & 
m1*S*1 + (cos(270)*tsn +(reaction!+ cos(270)*mu*reactionl + 0)) + 0 

= ml*Ca1*cos(270)) & 
true, 

Creactionl, tsn, all , Ans>. 

/*natural lansuase Problem four*/ 
n14(Ans) :- simsolve( 

v-2=0-2 + 5*(60*6◊)-2 / (1760*3>*2000/1760 & 
true, CvJ, Ans>. 

l*simPle car Problem*/ 
car(Ans) I- simsolve( 

1760*3*d0=0*60*t + 1/2*a*60*t-2 & 
V = 0 t a*60*t & 
true , Ct, vJ , Ans). 

/*tower P21 no13 Palmer & Snell*/ 
towerl(Ans) :- simsolve( 

v = vell + 32*t2 & 
d2 = vell*t2 + 112*32*t2-2 & 
true, Cvell, vJ , Ans>. 

/*train Problem P18 Palmer & Snell*/ 
train(Ans> :- simsolve( 

tO = tlt(t2t(t3t0)) & 
45/60 = 0 + 2-(-1)/6◊-2*t1 & 
45/60*t2 = d2 & 
0 = 45/60 + (-2)/6◊-2*t3 & 
7 = dlf(d2t(d3t0)) & 
dl = O*tl + 1/2*2-(-1)/6◊-2*t1-2 & 
d3 = 45/60*t3 t 1/2*(-2)/6◊-2*t3-2 & 
true , CtO, tl, t2, t3, d2, di, d3J , Ans>~ 

/*tower to determine value of ~*I 
tower2(Ans> I- simsolve( 



v = 0 + aO*tO & 
vc = 0 + i'Ji*t1 & 
V = VC tailf(t2 & 
to= t1 + ct2 + o> & 
d2 = vc*t2 + 1/2*a1*t2-2 & 
di= O*tl + 1/2*al*tl-2 & 
true , Cv, vc, al, to, t1, aOJ , Ans). 

/*INEQUALITIES*/ 

stvineG(Ans) :- solveineG(x > 1/(1+sin(y)-2), x, Ans). 

conJineG(Ans) :- solveineGC2*S*h1>0 & 2*s*(h1-h2>>=0 & 
2*s*Ch1-h2))0 & 2*Slf((h1-h2>>=0 & true, X, Ans). 

% Press cannot solve Problems involvins real(E-K) as it once used to, 
% to here are temporary formulations which avoid that Pattern+ 
% bloc fails because fixvar can't find a suitable variable, while 
% loop sets almost to the end and can't find the maximum. 

----s1 oc (Val) :- ( X=hl; X=h2), sol veineG ( 
sGrtC2*S*h1}) 0 & 
2*S*(h1-h2) >= 0 & 
sGrt(2*S*(h1-h2)) > 0 & 
2*S*(h1-h2-h3*tan(t)) >= 0 & true, X, Val). 

¾bloc(Val) :- solveineG(sGrtC2*S*h1))0 & real(sGrt(2*S*(h1-h2))) & 
% sGrtC2*S*Ch1-h2)))0 & real(sGrt(2*•*<h1-h2-11*tan(t)))) & true, 

Iot1P(Val) :- rrd.n( 
2*s*h-2*s*r >= 0 & 
SGrt(2*S*h-2*S*r> > 0 & 
2*S*h-4*S*r >= 0 & 
2*S*h - 2*s*r*<l+sin(anS)) >= r*S*sin(ans> & 
SGrt(2*S*h - 4*S*r> > 0 & 
2*s*h - 2*s*r*<1+sin(ans>> >= r*s*sin(ans> & true, h, Val). 

%1ooP(Minval) :- min(real(sGrtC2*S*h-2*S*r>> & sGrt<2*S*h-2*s*r>>O & 
% real(sGrt<2*s*h-4*s*r>> & <2*s*h-2*s*r*<1+sin(ans>>> >= r*•*sin(ans) S 

r.:r. SGrt ( 2*S*M-4*S*r) >O & 
~ C2*s*M-2*•*r*<1+sin(ans>>> >= r*s*sin(ans) & true, h,Minval). 

/*CURRENT PROBLEMS*/ 



I* some O level Problems*/ 

siml I- simsolve< w-2*x=O & 3*x-2+x*w+w-2=144, Cx,wJ , Ans>. 

sim2 :- simsolve( x+w=101 & x-w=1 , Cx,wJ , Ans). 



Bernard Silver 
Updated: 3 Julw 82 

*/ 
I* A-Level Guestions ssthered tosether bw Bernard 21.4.81 *I 
:- assert((present(exam))). 

/* AEB exam muestions */ 

/* June 1971 PaPer2*1 %solved 
aeb(l) :- solve(sec(2*x> + tan<2*x> = 3). 
/* Show first that sec(2x>+tan(2x)=(1ttaD(x))/(1-tan(x)) */ 

I* Nov 1971 PsPerl *I 

aeb(3) :- simsolve<3*xM2 + 15*x*w - 56*w-2 + 56 = 0 & 
2*x-2 + 9*x*Y - 33*w-2 + 28 = O,Cx,wJ,X). 

I* Told to solve bw eliminatins the constant terms *' 

I* Nov 1972 PsPerl *' 

%s<:>lved 

%scJlved 

%solved 

%solved 

%solved 

aeb<8> :- simsolvecx-3 = 9*w & 4-c2•x> = 3-cx+w>,Cx,wJ,X>+ 
I* Find the non-zero values of x & w *I 

aeb(9) :- solve<2*sin(x) + cos<x> = 1). 

aeb(10> :- solve(2*sin(x) + cos(2*x> = 1). 

%solved 

%solved. 

%solved 

seb(11) I- solve(25*cos(x)-2 - 4*sin(x)-2 - 20*cos<x> - S*sin(x) = 0). 
I* First show that left-hand side csn be expressed as the difference of 
two sGuares *I 

I* June 1973 PaPerl *I 

%solved 

aeb(13) :- solve(los<e,2*x-5) + loSCe,x-3> = 2*los<e,2*x-1> - lcs<e,2>>. %solved 

aeb(14) I- solve(cos(6*x> + sin(6*x> + cos<4*x> + sin<4*x> = 0). %solved 

aeb(15) I- solve(cos(2*x> + 3*sin(x) + 1 = 0). %solved 

aeb(16) :- solve((cot(2*x> + cosec<2*x>)-2 = sec<2*x>>. 

-.- ------------------------. -- -- - . . -- -



/* Show first that (cot<x> + cosec(x))~2 = (1 + cos(x))/(1 - cos(x)) *I 

aeb(17) !- solve(sin<2*x> + sin(3*x> + sin(5*x> = O>. 

aeb(18) :- sim(cosh<x> - 3*sinh(y) = 0 & 
2*sinh(x) + 6*cosh(y) = 5,Cx~yJ,X>. %solved with sim 

/* June 1974 PaPerl *I 

aeb(19) :- solve(3*sin(x) + 4*cos(x) - 1). 

I* Nov 1974 PaPer1 *' 
aeb(20) :- solve(sin(150-x) = 2*sin(x-30)). 

aeb(21) :- solve(5*cos<2*x> - 2*sin(2*x> = 2>+ 

I* 20 & 21 make one complete auestion *' 

I* June 1975 PaPer1 *I 

aeb(22) :- simsolve(loS(16,x*y) = 7/2 & 
loS(4,x)*loSC4,w) = -B,Ex,yJ,X>+ 

%solved 

%solved 

%solved 

I* Show first that los(16,x*w> = 112,1os(4,x) + 1/2*los<4,Y) *I 

I* PaPer2 *' 

aeb(24) :- solve((1-tan<x>>*<l+sin(2*x>> = 1 + tan(x)). 

aeb(25) :- sim(2*cosh(y) - 7*sinh<x> = 3 & 
cosh(y) - 3*sinh(x)-2 = 2,Cx,wJ,X). %solved with sim 

I* Nov 1975 PaPer1 *' 

aeb(26) I- solve(los(x,8) + los<8,x) = 13/6). 

,.,.....___ ,. 

%solved 

aeb(27) :- solve(sin<x> - sin<4*x> t sin(7*x> = 0). %solved 

aeb(28) :- solve(sin(3*x> = 2*cos(2*x>). 
I* Verify that x=30 is a solution.Find seneral solution *I 

I* June 1976 PaPeri *I 

aeb(29) :- simsolve(los<w,x> = 2 & 
loS(2,x) + loS(2,w) = 3,Cx,wJ,X). %solved 

aeb(30) :- solve(7*sin(x> - 24*cos<x> = 15). 

aeb(31) :- sim(cos(x) + cos(y) = 1 & 
sec(x) + sec(y) = 4,Cx,YJ,X>. %solved with sim 

meb(32) I- solve(cos(x) + cos(3*x> + cos<5*x> = 0). 

------------------ - -- --- ----- ---------- -· ---

%solved 

%solved 

%solved 

%solved 



/* Nov 1976 PaPerl */ 

aeb(33) :- simsolve<a*loS(4,128) - b*los<S,2> = 6 & 
loS(2,a) + (1/3)*loS(2,b-3) = 2*loS(4,6),Ca,bJ,X>+ %solved 

aeb(34) :- solve(2*sec(x) + 3*sin(x) = 4*cos(x)). 

aeb(35) :- solvecx-3 - 9*x + 4 - 0). 
/* aeb(35) Sives substitution x = 2*3-(1/2)*cos(y) *I 

I* June 1978 S PaPer *I 

aeb(36) :- solve(cos<5*x> = cos(2*x>>. %solved 

I* London rauestions *I 

I* Jan 1976 PaPer1 *I 

lon<l> :- solvec10-cx - 3> = 2-c10 + x>>. 
; ____ _ 

lon(2) :- solve(cot<2*x> = 2 + cot(x>>+ 

lon(3) :- solve(cos(3*x> - 3*cos(x) = cos<2*x> + 1). 

lon(4) :- solve<9*cosh(x) - 6*sinh<x> = 7). 

/* June 1976 PaPer1 *I 

lon(5) :- solve(sin<x> + sin<2*x> = sin(3*x>>. 

lon(6) :- solve<2*tan<x> + sec(2*x> = 2*tan(2*x>>. 
I* Whole muestion *I 

%solved 

%solved 

%solved 

%solved 

%solved 

lon(7) :- solve(los<x,45) + 4*1os(x,2> - (1/2)*1os<x,81) - los(x,10) - 3/?). 
%solved 

/-----(* ,Jan 1977 PaPeri *I 

lon(9) :- solve<B*cos<x> - 15*sin(x) = 3). 

/* June 1977 PaPerl *I 

lon(11) :- solveC2*sin(x) + cos(x) + 2 = 0). 
I* lon(11) asks ~or tan(x/2) substitution *I 

lrJn(l.2> 

lon(13) :- solve<8*sin(x) + 15*cos(x) = 17/2). 

\ I* Special PaPer *I 

%solved 

%solved 

%solved 

%solved 

%solved 

:Y.1::.olved 



I* Jan 1978 PaPerl *I 

lon(15) :- solve(losC2,x> + 4*1os<x,2> = 5). 
I* Whole auestion *I 

lon(16) :- simsolve(2*x + 6*w + z = 0 & 
( - l>*x + 2*w - z = 10 & 
4*x + 3*Y + z = 1,Cx,w,zJ,X>+ 

I* June 1978 PaPer2 *I 

1on(17) :- solve<5*cosh(x) - 3*sinh<x> = 5). 

I* Jan 1979 PaPerl *I 

, lon(18) :- solve(3*cot(2*x> + 7*tan(x) = 5*cosec(2*x>>. 
------

I* PaPer2 *I 

lon(19) :- solve(sin<2*x> = sin(x)). 
I* Whole auestion *' 

%solved 

/* June 1979 PaPerl *I 

1on(20) :- solve(sin(x) - 7*cos<x> + 5 = 0). 
I* lon(20) sussests tan(x/2) method *I 

I* June 1980 PaPerl *I 

lon(22> :- solve(sin(3*x> = sin<x>-2>. %solved 
I* First expand sin(3*x> in the normal waw *I 

'\_;-- ... 

lon(23) :- solve<4*cos(x) + sin(x) = 1>+ %solved 
I* Must use tan(x/2) method *I 

lon(25) :- solve(los(2,<x+4>> = 2 - los<2,x)). %solved 

%solved 

%solved 

%solved 

%solved 

%solved 

lon(26) :- solve(6M(1/2)*cos(x) - 2-c1/2)*sin(x) = 2). %solved 
I* siven that a.cos(x> - b.sin(x) = 2.cos<x+Pi/6) *I 

I* Special PaPer *I 
lon(27) :- solve<2*cosh<2*x> + sinh(x) = 2). %solved 

¾solved 

lon(28) :- sim(sinh<x>•cosh(w) = 3 & cosh(x)*sinh(y) = -1, Cx,wJ,X). 
%solved with sim 

/* Jan 1981 PaPer 2 *I 



1on(29) :- solve(sin<x> = cos(a>>+ %solved 
/* Solve for x, x and a are both in desrees */ 

I* June 1981 Paperl *I 

lon(30) :- solvece-(los<e,x)) + los<e,e-x) = 8). %solved 

1on(31) :- solve(sin(2*x> + sin(x) = 0). %solved 

1on(32) :- solve(2*cosh(x) - 2*sinh(x) = 3>+ %solved 

lon(33) :- solve(2-(2/x) = 32)+ %solved 

lon(34) :- solve(los(x,2)*los<x,3) = 5). %solved 

lon(35) I- solve(x-3 - 2*x-2 - 4*x + 8 = 0). %solved 
I* Theory of eGuations twPe Guestion. 

First we must find a relation between b,c and d which 
... ·-,olds when the roots of ~-{,...3 + b.~-("2 +c.~-!+ d = 0 are in G.P. 

Then we solve the eauation above and verify that the roots are in 
G+P+ Note we do not Prove that this relation holds impljes 

roots in G+P+ *I 

lon(36) :- solve(4*x-3 - 24*x-2 
/* Given that roots are in A.P. 
I* Special PaPer *I 

+ 18 = 0). %solved 

lon(38) :- simsolve(tan(y) + 2*sec(y) = 2*x & x*cot(w) - 2*cosec<w> = 3, 
Cx,wJ,X). 

/* Additional Maths *I 

nxf(1) :- simsolve<3*x + Y = 5 & 

oxf(2) :- solve(B*cos(x) - sin(x) - 4). %solved 

oxf(3) :- simsolve(2*x + 3*Y = 5 & 
%solved 

/* Autumn 1977 PaPer2 *I 

%solved 

oxf(5) :- solve(sec(x> - 1/sec(x) = sin(x)). %solved 

%s.olveci 



I* Summer 1978 PaPerl *I 

%solved 

cxf<7> :- solve<4*cot<2*x>•cosec<2*x> + sec(x)-2,cosec(x>-2 - 8/3). 
I* For oxf(7) the solver was asked to show ·first: 
a) cosec(x)-2 + sec<x>-2 - sec(x)-2*cosec<x>-2, 
b> cosec<x>-2 - sec(x)-2 = 4*cot(2*x>,cosec<2*x> *I 

I* Autumn 1978 PaPerl *I 

oxf(8) :- solve<3*tan<3*x> - tan(x) + 2 = 0). %solved 
I* Show first that tan(3*x> - (3*tan(x) - tan(x)-3)/(1 - 3*tan(x)-2) *I 

I* Summer 1979 PaPer2 *I 

%solved 

oxf(10) :- solve(sin(3*x> = 4*sin(x)). 

I* Summer 1977 PaPerl *I 

oxf(11) :- simsolvec2•x-2 - 3*x*w + 2*Y-2 = 8 & 
4*x-2 - 5*x*w + 2*Y-2 = 4,Cx,wJ,X). 

I* Summer 1979 PsPerl *I 

I* London Syllabus D A level *I 

I* Jan 1978 PaPer2 *I 
,;,----, 

dlon(l) :- solve(150*cos<x> + 80*sin(x) = 51). 

I* June 1978 PaPer2 *I 
dlon(2) :- solve<2*e-x - 2*e-c- x> = 3). 

%solved 

%solved 

%sc)lved 

%solved 

dlon(3) :- solve(3*cos(x) + 2*sec(x) + 5 = 0). %solved 

%solved 

I* Question asks for values of cos(x) and tsn<x>-2,rather than x *I 

dlon(4) :- solve(sin(x) + 7,cos(x) = 5). %solved 
I* Questions 3 and 4 make one complete Guestion *I 

I* Special PaPer *I 

%solved 

I* Jan 1979 PaPer2 *I 

dlon(6) :- solve(sin<2*x> = cos<x>>. %solved 



/* June 1979 PaPer2 *I 

dlon(7) :- solve(sin(5*x> + sin<3*x> = 0). %solved 

dlon(8) :- solve(cos<x> + cos(x +a>+ cos(x + 2*a> ~ 1 + 2*cos(a)). 
I* Find the smallest Positive x,•iven that O <a< 90 *I 

dlon(9) :- solve(sin(30 + x) = cos(45 + x>>. %solved 

dlon(lO) :- salvecx-3 - 3*x-2 - 3*x + 1 = 0). %solved 
I* First show tan(3x> = (3tan<x> - tan(x),.,.3)/(1 - 3tan(x)-2) and then deduce 
that roots of above emuation are tan(15),tan(75) and tan(135) *I 

I* Scottish Hisher Mathematics *I 

I* 1977 PaPer2 *I 

hish(l) :- solve(lO*cos<x>-2 t sin(x) - 7 = 0). %solved 

,,..,---....,ish(2) :-- simsol.ve(}-{ + 3*Y = 4 & >~-2 + 3*x*Y + 5*Y,.,.2 -· 6*~{ = O,t~-{,YJ,X). 
;!sol. ved 

I* 1978 PaPer2 *I 

hish<3> :- simsolve<2*x - 3*Y t 1 = 0 & 2•x-2 t 3*Y-2 + 3*x + y = 4,Cx,yJ,X>. 
%solved 

hish(4) :- solve(sin(5*x> + sin(x) = 3*cos<2*x>>. %solved 

I* 1979 PaPer2 *I 

hish(5) t- simsolveC4*x + Y - z = 12 & 3*x - Y + 3*z = 0 
& 5*x - 3*Y + 2*z = -1,cx,y,zJ,X>. %solved 

I* 1981 PaPer2 *I 

hiSh(8) :- solve(9%6-C2*x> - 10*6,.,.x + 1 = 0). %solved 
I* To be solved by factorizins 9%a-c2,x> - 10,a-x + 1 and settinM 8·to 6 *I 

I* Timins clauses *I 

timeProb(Prob) I- statistics(runtime,_), 
call(Prob>,!,statistics(runtime,C_,TimeJ), 
trace( 1 \n%t took %t milliseconds\n',CProb,TimeJ,O). 

timeProb(Prob) :- statistics(runtime,C_,TimeJ), 
trace( 1 \nCould not solve Problem %t,the attempt took %t milliseconds 
,n 1 ,[Prob,TimeJ,O>+ 

runaeball :- aebrecurse<i>,!+ 

runlonall :- lonrecurse(l),!. 



runoxfall :- oxfrecurse<1>,!+ 

rundlonall :- dlonrecurse(l),!. 

runhishall :- hishrecurse(1),!. 

aebrecurse(37) :- trace('\nAEB run comPlete\n',O>,!+ 

aebrecurse(N) :- timeProb(aeb(N>>,eval(N+l,M),aebrecurse(M),!. 

lonrecurse(39) :- trace('\nLondon run comPlete\n',O>,!. 

lonrecurse(N) :- timeProb(lon(N>>,eval<N+l,M>,lonrecurse<M>,!. 

oxfrecurse(14) :- traceC'\nOxford run comPlete\n',O),!. 

oxfrecurse(N) :- timeProb(oxfCN>>,eval<N+l,M>,oxfrecurse(M),!. 

dlonrecurse(ll) I- trace('\nLondon D run comPlete\n',0),!. 

1':llonrec1.1rse<N> :-• t.imeProb(dlon(N) > ,eval(N+1 ,M> ,dlonrecurse(M), ! , 

hishrecurse(9) :- trace('\nScottish Hisher run comPlete\n',0), ! • 

hishrecurse<N> :- timeProb(dlon<N>>,eval<N+i,M),hishrecurse(M), ! • 

aebrunsol :- checklist(timeProb,taebC1>,aeb<2>,aeb(4),aeb(5),aeb(6),aeb(7), 
aeb(8),aeb(9),aeb(10),aeb(12),aeb(13),aeb(14>,aeb(15),aeb(18>, 
aeb(19>,aeb(20>,aeb(21),aeb(23),aeb(24),aeb(25),aeb(26>,aebC27),aeb(30), 
aeb(31),aeb(32),aeb(33),aebC34),aeb(36)J). 

lonrunsol :- checklist(timeProb,Clon(1>,lon(2),lonC3>,lon(4), 
lon(5),lon(7),lon(8),lon(9),lon(10),lon(11),lon(12), 
lon(13>,lon(14),lon(15),lon(16),lon(17>,lon(19>,lon<20>, 
lon(21>,lon(22),lon(23),lon(24),lon(25),lon(26>,lon(27),lon(~8>,lon(29>, 
lon(30),lon(31),lon(32),lon(33),lon(34),lon<35>,lon<36)J>. 

oxfrunsol :- checklist.(timeProb,Coxf<l>,oxf<2>,oxf(3),oxf(4), 
O~•{f ( !:'.i), DHf ( 6) , O>{f ( 8) , O}•{f ( 9) , O~•{f ( 10) I' O>{f ( 12) , D>~f ( 13) J) • 

-
dlonrunsol :- checklist(timeProb,Cdlon(1>,dlonC2>,dlon(3),dlon(4),dlon(5>, 

dlon(6>,dlon(7),dlon(9),dlon(10)J). 

hiShrunsol i- checklistCtimeProb,ChiSh(1),hiSh(2),hiSh(3),hiah(4),hiSh(5), 
hiSh(6),hiSh(7),hiSh(8)J). 

eurorun :- checklist(timeProb,Caeb(5),aeb(32),oxf(8),lon(15>,aeb(2), 
solve(los(e,x+l> + loS(e,x-1) =3>,lon(10)J). 



FAILED 

*/ 

Bernard Sj,J.ver 
UPdatedl 23 March 

% This is the comPlete set of rauestions that PRESS fails on, for Lawrence 
% Grouped into tYPes. 

% First tYPe, hints and lemmas. 
aeb(3) :- simsolve<3*x"'2 + 15*x*Y - 56*y"'2 + 56 = O & 

2*x-2 + 9*x*Y - 33*Y"'2 + 28 = O,Cx,wJ,X>. 
% Told to solve bw eliminatins the constant terms. This sives x = 2,Y or 
% x = -5.w and these values are substituted in. 

aeb(28) :- solve(sin(3*x> = 2*cos(2*x>>. 
% Hint: 'Verify that x=30 is a solution.Find seneral solution ' 
% The fact that 30 is a solution enables us to factorize cubic eGuation 
% that appears after homosenization. We can't factorize this otherwise. 

aeb(35) :- solve(x"'3 - 9*x + 4 = 0). 
% The hint sussests the substitution x = 2*3,..,(1/2)*cos(w). 
% The student can then rediscover the cubic solution method. 

BC-?l::i(ll) :- solve(25*cc)S(},t)"'2 - 4*sin(}d"'2 - 20*cos(}d -· 8*s-in(}d = 0). 
% The hint tell us to show that the left-hand side can be expressed 
% as the difference of two smuares, the solution is then easw, 

aeb(16) :- solve((cotC2*x> + cosec<2*x))"'2 = sec<2*x>>. 
% The hint is to show first that 
% (cot(x) + cosec(x))"'2 = <1 + cos(x))/(1 - cos(x)). 
% Still lots of work to do after, i.e. chanse unknown, clear rationals 
% then solve the rauadratic. 

oxf(7) :- solve(4*cot(2*x>*cosec(2*x> + sec(x)"'2*cosec(x)"'2 = 8/3), 
% For oxf(7) the solver was asked to show first: 

r--- % a) cosec ( ~-, > "'2 + sec ( x) "'2 = sec< >t > "'2*cosec ( }·t) ""2, 
% b) cosec<x>""2 - sec(x)""2 = 4*cot<2*x>*cosec<2*x> 
% The rauestion then simPlifies to 2*cosec(x)""2 = 8/3 

aeb(22) ·:- simsolve(los(16,x*Y> = 7/2 & 
loS(4,x>*loS(4,y) = -8,Cx,YJ,X). 

% The hint is to show first that los(16,x*Y> = 1/2*1os<4,x) + l/2*los(4,Y). 
% It is then fairly easy, after chanse of unknown. 

% Modified A,P. 
dlon(8) :- solve(cos(x) + cos(x +a)+ cos(x + 2*a> = 1 + 2*cos(~)). 

% We are asked to find the smallest Positive x,given that O <a< 90. 
% The left hand side is eGual to cos(xta>*<l + 2*cos<a>> bw the A.P. trick 
% Thus factorisins sives (1 + 2*cos<a>>*Ccos<x+a> - 1) = o. 
% As a lies between O and 90 the first factor cannot be O, so cos<x+a> must= i. 
% This means xta = O, or 360 or 720 etc. We want the first Positive value of 
% x, so the first choice is ruled out, so the answer is x = 360 - a, which is 
% Positive, bY the bounds on a. 

-.--- -------------- .------ ----------- - ---- - ~ -- • -- ----- .-



aeb(17) :- solve(sin(2*x> + sin(3*x> + sin(5*x> = 0). 
% This is a variant of the A.P. tris case, but is much harder. 
% <This is the one that I wronslw claimed to know how to solve essilw> 
% Still add the first and last terms as in trismethod, but now 
% we obtain 2*sin(7/2*x>*cos(3/2**> + sin<3*x> = O+ 
% (In the A.P. case one of the terms in the Product is the same as the 
% remainins term+> Now note that a factor of 2*cos(3/2*x> can be removed. 
% This is non-trivial. Anw other combination of addition works as well, 
% clearlw the fact that the RHS of the emuation is O is crucial. 

%Super Homosenization 
% This next section sussest a new method. Instead of usins 
% homosenization to rewrite all terms as fuctions of one term, we need 
% an intermediate stase. We rewrite all tris terms as functions of 
% cos and sin, and then •see what we can do•. 

lon(6) :- solve<2*tan(x) + sec(2*x> = 2,tan<2*x>>. 
% Rewrite everwthins in terms of sin(x) and cos<x>, clear rationals 

-- % and most terms cancel. 

lon(18) :- solve(3*cot(2*x> + 7*tan(x) = 5*cosec(2*x)). 
% Similar to lon(6) but more work needed at the end+ 
% See note on dlon(5) 

lon(38) :- simsolve(tan(y) + 2*sec(y) = 2,x & x*cot(y) - 2*cosec(y) - 3, 
(~{,YJ,X). 

% Other twpes 

oxf(11> :- simsolve<2*x-2 - 3*x*Y t 2,w-2 = 8 & 
4*x-2 - 5*x*w + 2,w-2 = 4,Cx,wJ~x>. 

% Solved bw subtractinS one emuation from the other to find a value for Yin 
% terms of x, then substitutin~ this,value in. 

lon(37) I- solve(sin(8*x>-2 - sin(7*x>-2 = sin(x)-2). 
% Best done usins difference of two smuares. 



.I* FIXED: 

% Stuff from failed file that is now fixed 

Be1-nard Silver 
Updated: 30 June 82 

% This file sives the text from the failed file, and then tells how the 
% Problem was fixed 

/* Problem l *I 
lon(30) :- solve(e-(los(e,x>> + loS(e,e-x) = 8). 

% Text from Failed 
I* 
This Guestion will be solved once the correct tidy axioms have been added. 
PRESS does not know that e-los(e,x> = x, but it does know that 
log(e,e-x) = x *' 
% Solved by addins tidy axioms as above 

,---.✓ * Problem 2 *' 
lon(29) :- solve(sin(x) = cos(a)). 

% Text from Failed 

/* Need to solve for x with x and a both in desrees. This is solved Guite 
haPPilY bw PRESS, usins isolation, to obtain 

x = 180.n + arcsin(cos(a>>*<-1>-n. 
The Point is that arcsin(cos(a)) needs simPlification, This could be added 
as a tidy axiom, Actually nastYmethod does know this rule, but of course is 
never call€~d. *' 
% Solved as above 

/* Problem 3 */ 
aeb(20) :- solve(sin(150-x) = 2*sin(x-30)). 

% Text from Failed 

I* Homosenization should be able to solve this but PRESS sets overloaded, 
If we first expand in terms of both sin and cos, then collect, the 
Problem maw clear UP, Collect needs rewritins! *' 
% Solved bw imProvins Collection and Attraction 

I* Problem 4 *I 
dlon(5) :- solve(4*tan(2*x> + 3*cot(x)*sec(x)-2 = 0). 

% Text from Failed 

/* Similar to lon(18). In fact both should really be solved by selectin~ 
tan(x) as the reduced term+ Homosenization will in fact do this if 
its first choice is failed ❖ This should happen if the Problem is left 
runnins lens enoush, but no-one has had enoush Patience! */ 

% Solved bY imProvins Homosenization to choose tan as the reduced term 

------------------



/* TESTEX+PRB 
A Selection of Alsebra Problems 
Alan Bundw 10.5.79 
Updated and modified bw Leon Sterlins 24+2+81 
Char,sf:~r..i :1.4. 4. 8:1. 
Renamed and reorsanised 23.9.81 

I- assert((Present(testex>>>. 

/*SINGLE EQUATIONS*/ 

t risecm (Ans) :-• 
solve(((2-(cos(x)-2)*2-(sin(x)-2))-sin(x))-cos(x) = 2-c1/4), x, Ans>. 

nesPolwemn(Ans) :- solve(l/x-2 = 1/x, x, Ans). 

invloseranCAns> :- solve(los(x,4> + losC4,x) = 5/2, x, Ans). 

cosaPeGn(Ans) I- solve(cos(x) + cos(3*x> + cos<5*x> = O, x, Ans), 

acbseran(Ans) :- solve<3*cos<x> + 4*sin(x) = 5, x, Ans). 

l*sinsle erauation soals*I 

~osemn(Ans) :- solve(cos(x-45) = sin<2*x> , x, Ans). 

srarteGn(Ans) !- solve(srart(5*x - 25) - smrt(x-1) = 2, x, Ans). 
~ 

Pow2eGn(Ans> :- solvec2-c2,x+8> - 32*2-x + 1 = O, x, Ans>. 

/*SIMULTANEOUS EQUATIONS*/ 

/*trivial test eGuations*I 
simPemns(Ans) :- simsolve( 

a=b & b=c & c=l & true, Ca,c,bJ , Ans). 

I* some O level Problems *I 

sim2 :- simsolve( x+w=101 & x-w=l , Cx,wJ , Ans). 

/*CURRENT PROBLEMS*/ 



----------------------------



/* Exam Guestions Inemualities 
/* Collected bw Bernard Silver 19+9+81 *I 

/* Numbers continue from exam file *I 

/* 0 level Additional Maths Oxford Board*' 

I* Autumn 1976 PaPerl *I 

oxf(14) I- solveineGCx-(6/x) > 1,x,Ans>. 

I* Summer 1977 *I 

oxf(15) :- solveineG(x+7 =< 2*Y & 2*Y =< 2*x+4,x,Ans). 
I* Prove x>= 3 and find similar ineaualitw for Y 

I* Summer 1977 PaPerl *I 

cxf(16) :- solveineG(sinC2*x> > cos(x) & x>= 0 I 180 >= x,x,Ans). 

,* Summer 1979 Special PaPer *' 
cxf(17) :- solveinea((xt3)/((x-1>*<x-3)) < 1,x,Ans). 

cxf(18) S- sclveineG(cos(x)-3 > 3*sin(x>-2*cos(x) & x>= -180 & 180 >=x,x,Ans). 
I* In modulus form *I 

I* London *I 

I* Jan 1977 PaPer2 *' 

I* June 1977 PaPer2 *I 

I* June 1978 PaPerl *I 

-~on(24) I- solveinea(x/(x-2) > 1/Cx+l>,x,Ans). 

lon(25) :- solveineG(1 > 1/(1tcos(x)-2) & 90 > x & x > -90,x,Ans>. 
I* In modulus form*' 

lon(26) :- solveinea(17 >= (4*cosCx> + sinCx>>-2,x,Ans). 
I* Prove ineraualitw holds for Bll x *I 

I* Jan 1979 PaPer2 *I 

lonC27) :- solveineracx-2 - 9 > x-2 - 23 t -cx-2-9) > x-2 - 23 ,x,Ans). 
I* In modulus form*' 

I* June 1979 PaPerl *I 

lcn(28) :- solveineG(4*xl<x+2> > 1,x,Ans). 



lon(29) :- solveinea((xt2)/((x+1>*<x-2)) > O,x,Ans>+ 

lon(30) :- solveinea((4*x-2 -24*x +35)/3 > 1-x & 
1-x > -1*<4*x~2 -24*x +35)/3 ,x,Ans). 

/* In modulus form *I 



/* LEWIS - EGuations used by ClaYton Lewis in investisatins 
the PSYcholosw of eGustion solvins and 
Skill in Alsebra 

:- assert((present(lewis))). 

Gathered by Leon 
Updated: 15 July 81 

% 14 eGuations used as the basic test set 
% in 'Skill in Alsebra' 
% IBM Research RePort RC 8359 (t36359) 

bl(Ans> :- solve<2*x=x-2,x,Ans). 

a2(Ans) :- solve(l/3=1/xtl/7,x,Ans). 

b2(Ans) :- solve(l/r=l/xtl/wtl/z,x,Ans). ,---. 

a3(Ans> :- sclve<9*<x+40)=5*Cx+40>,x,Ans). 

b3(Ans) :- solve<7*<4*x-1)=3*C4*x-1)+4,x,Ans>. 

b4(Ans> :- solve((xt3tx)/x~2=1,x,Ans>. 

a5(Ans) :- solve(5/10=<x-10)/(x+5>,x,Ans). 

b5CAns) :- solve((1-x-2)/(1-x)=2,x,Ans>. 

a6(Ans) :- solve<x+2*<x+1>=4,x,Ans>+ 

a7(Ans) I- solve<x-2*<xt1)=14,x,Ans). 

Z 8 additional harder Problems 

alhard(Ans) :- solve((1/xt1/x-2)/(1/x+2*x~2)=3,x,Ans>. 

a2hard(Ans) :- solve(3*x+5*(x-3)=(5*x+3>-3*<x-2>,x,Ans>. 

blhard(Ans) :- solve(1/x=2/(4-x>,x,Ans). 

b2hard(Ans> :- solve(a/(x-b)=c+d,x,Ans>. 



~ns> :- solve<2*<4*x+2>-3*<1+2*x>=O,x,Ans). 

(Ans) :- solveC3*<x+<a+b>>+2*<b+<x+a))=1,x,Ans>+ 

d(Ans) :- solve((r+w+z>*x/(1/Ptl/a)=d,x,Ans>. 

rd(Ans) I- solve<w+2*<3*xl<x+1>>-<4+w>*<3*xl(x+1>>=1,x,Ans). 



/* MECHO.PRB 
A Selection of Alsebra Problems taken from the mechanics proJect 
Orisinallw collected by Alan Bundy 10.5.79 
RePhrased and UPdated for the new PRESS bw Leon 23.9.81 
*/ 

:- assert((present(mecho))). 

l*simPle Pullew*/ 
simPPull(Ans) :- simsolve< 

ml*S*cos(180) + <l*tsn + 0) = ml*<al*l> • I 
m2*S*1 + (cos(180>*tsn + 0) + 0 = m2*<a1*1> I 
true, Etsn,a1J, Ans). 

/*Pulley and table with friction*/ 
Pulltab(Ans) :- simsolve( 

m1*S*cos(270) + (1*tsn + (cos(-270>*reaction1 + l*mu*reactionl + 0)) 
+ 0 = ml*Cal*l> I 

m2*S*l + (cos(180)*tsn + 0) + O=m2*<•1*1> I 
ml*s*l + (cos(270>*tsn + (reaction!+ cos(270>*mu*reaction1 + 0)) + 0 

= ml*(a1*cos(270)) & 
true, 

[reactionl, tsn, a1J , Ans). 

/*natural lansuase Problem four*/ 
nl4(Ans) :- simsolve( 

v-2=0-2 + 5*(60*60)-2 / (1760*3>*2000/1760 & 
true, [vJ, Ans). 

/*simple car Problem*/ 
car(Ans) :- simsolve( 

1760*3*d0=0*60*t + 112*a*60*t-2 & 
V = 0 f a*60*t & 
true II Ct, vJ , Ans>. 

!*tower P21 no13 Palmer I Snell*/ 
tower1(Ans> :- simsolve( 

v = ve11 + 32*t2 I 
d2 = ve11*t2 + 1/2*32*t2-2 & 
true , [veU., v:i , Aris). 

/*train problem P18 Palmer I Snell*/ 
train(Ans) :- simsolve( 

to= t1+ct2+ct3+o>> & 
45/60 = o + 2-c-1>160~2*t1 & 
45/60*t;;_~ = d2 I 
0 = 45/60 + (-2)/6◊-2*t3 I 
7 = d1t(d2t(d3f0)) & 
d1 = O*t1 + 1/2*2-(-1)/60-2*t1-2 I 
d3 = 45/60*t3 + 1/2*(-2)/6◊-2*t3~2 & 
true , CtO, tl, t2, t3, d2, di, d3J , Ans>. 

/*tower to determine value of s*/ 
tower2(Ans> :- simsolveC 

v = 0 + aO*tO & 
vc = 0 + a1*t1 & 
v = vc +al*t2 & 
to= t1 + ct2 + o> & 
d2 - vc*t2 + 1/2*al*t2M2 & 
dl = O*t1 + 1/2*a1*t1M2 & 



true , Cv, vc, al, to, tl, aOJ , Ans>. 

/*INEQUALITIES*/ 

stvineG(Ans> :- solveineG(x > 1/(ltsin(w>-2>, x, Ans). 

conJineG(Ans) :- solveineG(2*S*hl>O & 2*s*(h1-h2>>=0 I 
2*S*(h1-h2))0 & 2*S*(h1-h2))=0 & true, X, Ans). 

% Press cannot solve Problems involvins real(E-K> as it once used to, 
% to here are temPorarw formulations which avoid that Pattern. 
% bloc fails because fixvar can't find a suitable variable, while 
% loop sets almost to the end and can't find the maximum. 

bloc(Val) :- CX=h1;X=h2), solveineGC 
SGrt(2*S*h1)) 0 & 
2*S*(h1-h2) >= 0 & 
srart<2*s*(h1-h2)) > 0 & 
2*S*(h1-h2-h3*tan(t)) >= 0 & true, X, Val>. 

~,* Old formulation 
bloc(Val) I- solveineG(SGrt<2*S*h1))0 & real(sGrt(2*S*(h1-h2))) & 

sGrt(2*S*Ch1-h2>>>0 & real(sGrt<2*s*<h1-h2-11*tan(t)))) & true, 
X,Val). *I 

looP(Val) :-- min( 
2*S*h-2*S*r >= 0 & 
sGrt<2*s*h-2*s*r> > O & 
2*s*h-4*s*r >= O & 
2*S*h - 2*s*r*C1tsin(ans)) >= r*S*sin(ans> & 
SGrt(2*S*h - 4*S*r> > 0 & 
2*S*h - 2*S*r*<1+sin(anS)) >= r*S*sin(ans> & true, h, Val). 

I* Old formulation 
lDOP(Minval) :- min(real(sGrt(2*S*h-2*•*r)) & SGrt(2*S*h-2*S*r>>O & 

real(srartC2*S*h-4*s*r>> & <2*s*h-2*S*r*<1+sin(ans>>> >= 
r*s*sin(ans> & sGrt<2*S*h-4*S*r>>O & 

(2*S*h-2*S*r*<1+sin(ans>>> >= r*S*sin(ans) & true, h,Minval>. *I 

,-i□me(Minval> :- min(m*s*<3*sin(d)-2>>=0 & true,d,Minval). 



/*CURRENT PROBLEMS*/ 

I* interval and eval Problems •1-

Pbe(I) :- interval(x-2,I>+ 

✓* tidw Problems *I 

Pbd< <-t2,-c-1>•c-c1+t1•c-c-t2>-c-1>>>-c-1>>*tl*aO*<t1+t2>>. 

Pbb(dlt(-1>*1*2-(-1)*(t2*(-2)-(-1)*<t2~(-1)*d2*1>+t2-(-1)*d2*1*(t2*(-2)-(-1)))). 

Pba<<-1>*1*2-c-1>•ct2•c-2,-c-1>•<t2•c-2,-c-1>>>>. 

Pbc((-1)*1*2-(-1)*(t2-(-1)*d2*1*(t2-(-1)*d2*1))). 
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