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HELP FILE FOR LP 

a'ernard Silver 
11 February 1984 

_P.EXE is in mec:. so any member of the PRESS project can run the program run 
1y typing LP. 

P has two basic operations. solving equations and examining worked examples .. 
'he two methods are described below. Some of the descriptions talk about 
urning flags on and off. Unless otherwise indicated• to turn on flag Flag._ 
ype "enable Flag"• and to turn it off type "disable Flagu. If the flag is 
lready set to that value a message to that effect is output. 

quation Solving 

o do the first type nsotve(Eqn>u• where Eqn is an equation in X• or 
solve(Eqn,x.AnsJ" for the general case as in PRESS. 

o start with, the program will not be able to solve many problems• as it does 
ot have the ru Les or schemas. If desired the standard ru Les, examp tes, and 
rnbtems can be read in by typing "wep", to read in the worked examples and 

ems, and "rules", to read in the rules and predicates. Alternatively, 
. fl "examples" loads the examples problems, rules and predicates. The 

~ems are called tl - t7, and the worked examples are trtgl• trig2• trig3. 
There are more but they are not safe!> 

he Last equation can be rerun by typing "sredo"• This is unlike PRESS in that 
he last equation ts automatically stored without the need for a go predicate. 

yping "generate_problem" causes LP to generate a set of equations similar to 
he one that produced the last schema, lsee section on worked examples.> The 
ser can then indicate that LP should attempi to solve one of these equations. 
his allows the generality of the schema to be tested. 

yping ttshow schemasu just displays the schemas. without asking if they should 
e removed. 

yping "show solve" outputs all the steps on the solution path of the last 
quation, this command uses stored assertions and the equation is not rerun. 

-ad Examples 

Jun a worked example, either use one of the standard problems• or type 
g1ve_example" and the example can then be entered line by line, typing "end" 
n a new line to finish. "xredo» will rerun this example. Typing "old_xredo" 
tlt first re~ove the new schema and any new rules, etc. that have just been 
dded, before rerunning the example <i.e. it restores the program to the old 
tate.) 

n giving a worked example a few painful conventions have to be used. If a 
ine of the form A•B=O occurs the next line must be A=DIB=O• Now fhe line A=D 
or B=O> occurs 9 followed by the solution of this equakion. Then the -other 
actor is given. followed by this equation. For example! 

cos(x} + 2 * cost2 * x> + cost3 * x) 

cos(x * 21 * cosCxJ * 2 + cosCx * 2> * 2 = 0 1 

cos_(x * 2> * tcos{xJ * 2 + 21 = 0 e 



cos(x * 2> = 0 # cos<x> * 2 + 2 = O 

COS(X * 2):: 0 

x = (nl * 360 + 90) * (1/2) # x = (nl * 360 + -90> * (1/2) 

cos<x> * 2 + 2 = 0 

x = n2 * 360 + 180 # x = n2 * 360 + -180 

iimilar remarks apply to the Change of Unknown case (where the substitution 
~ust be, explicitly shown, as must the substitution back> and disjunctions. 

>efaults for Flags 

!ormally the worked example is not output at the beginning of the run. 
:an be turned on by turning on the •output 0 flag, and turning the flag 
,gain turns off the output • 

This 
off 

. P assumes that the user is at a CIFER terminal• use disable cifer to switch :E5 ~-lag off. 

'hen solving equations. LP uses a loop checker. The default value of the loop 
lag is "yes". If the program finds that it is trying to solve an equation 
hat it has met before (on the same run!J, it will output a message and ask the 
ser what to do. This is not always due to an error• sometimes the same 
quation is arrived at by backtracking, but there is no real loop. 

he -flag can be set to' 11no•, in which case no loop checking occurs, or it can 
e set to 0 warn°, in which case if the looping condition occurs a warning 
essage is output, but the program continues. 

hen the flag is set to yes and the user is prompted• the options are 
ontinuing, aborting, setting the flag to warn or no, or entering a break. 

hen LP is given a worked example, it will sometimes produce a new method to 
xplain the example. This is only allowed if the "new methods• flag is turned 
n, which is the default ·value. Turning the flag off also disables the 
orresponding method(NewMethod> flags. so that these new methods are not 
~-table to the program. 

he default for other methods is that they are all enabled. 

ther commands and flags. 

ere are useful commands which apply to both worked examples and equations. 

~how rules" does the obvious thing, 
~emove rule(~ameJ" remove the rule of that name, 
,e~ the same for a list of names. 

as does "remove rules"• 
and •remove rules(List>•• 

~how flags" shows the current setting of all the flags. 

~nable Method" and "disable Methodn turn on 
~thodtMethod) flag. If the method(Method> flag is 
>t be used either to solve equations or to process 

being used• and a method needed in a schema is 

and off the corresponding 
off• the method Method can 

I 

worked examples. If solve 
turned off, interesting 



~hings can hap~en! 

ushow methodsu lists all currently enabled methods. 

•show rutes_list" lists the names of the rules associated with the new methods. 

0 show new_methods" lists the new methods along with their 8 applicable next 
method." This is a method that should be applied after the new method., 

The prefix command •writeoutn is like show, but prompts for a file name and 
directs output to that file. writeout can be used with •rules•, nschemas 0 , and 
~solve"• 

lisable, enaQle, remove, show and writeout can be shortened to their first 
Letter, e.g. ns methods"• 

'give_example", mentioned above, allows the user to input a worked example. 
'xredo• r.eruns this example, sredo reruns the last solve command. 

'work_solution• uses the trace produced by the last solve command as a worked 
ixample. 

,erate_problem", mentioned above, 
~e relatives of the equation 

•xample. The user is asked if LP 
~quations. 

generates a set of equations that are. 
in the tast schema produced by a worked 
should atte~pt to solve one of these 



$purpose. 

The program LP is intended to be part of a self im~roving algebra system. LP 
~an solve equations and learn from worked examples. It can only deal with 
.ingle equations in one unknown, i.e. no simultaneous equations or 
inequalities. It has two modes of operation, solve and work• where work is 
:he worked example understander. See entries on solve and work for more 
i~formation on these commands. 

$source. The EXE file is OSKB:LP.EXE[400,444J. The files used are listed in 
'.ILUTI and FILIN, both in OSK8![400,421,LPJ. 
I 

$solve. As in PRESS, solve<Eqn,X,Ans> is the basic solve procedure that 
:olves Eqn for X fo get answer Ans. The predicate solve(Eqn> can also be used, 
n this case the unknown is taken to be x. (The answer is printed out at the 
erminal so there is no need to have a variable to hold it, unless more 
•rocessing is req~ired.> 

'he operators allowed are*•+,-, I, A <exponentiation>, & and# 
disjunction>. Any function can be used, the program knows about the six trig 
unctions and their inverses, the six hyperbolic functions and their inverses, 
~ the logarithmic function, log€X,Y) where Xis the base, and Y the argument. 
\ __ ;xample equation is 

Typing sredo reruns the tast equation. 

$work. The predicate workCExample,Unknown> is used to give the program a 
orked example. The example is presented in the form of a list, the lines of 
he example being separated.by a comma. Unknown is the unknown in th~ example. 

n example is 

work([sin(x) + sin(3*x) + sin(5*X) = O, 2*Sin(3*x>•cos<•> + sin<3•x> = o. 
in<3•x>*<2•cos(x> + 1> = o, ••• etcJ>. 

Some predefined examples can be loaded by typing •wep• to LP. <This requires 
he path learn:= [400,421,LPl to be defined, but this is the case for alt 
ressGang.> The examples are trigl, trig2 9 trig3, and demot. Prestored rules 
nd predicates can be loaded by typing nrules•. Typing "examples" loads the 
C)pte, rule and predicate files. 
~ 

work<Example) is a short form of work<Example,x>• 

See also entries on give_example and generate_problem. 

$give_example. This predicate <with no arguments> can be used to give a 
orked example at the terminal. The program prompts for the example line by 
ine. The unKnown in the example is always taken to be x. 

Typing xredo reruns the last worked example input by gi~e_example, old_redo 
emoves all the methods, schemas etc that have just been added• and reruns the 
xample again. 

$generate_problem. This command is used to test the applicability of program 
enerated schemas. It should be used after a worked example has been 
rocessed. The program generates a choice of equations that are similar to the 
quation solved in the worked example. The user then chooses which of these 



equations the program should attempt to solve. 

Smethods. There are 3 classes of methods: Top level, program created 
methods• and the lowest level. 

The name of the eac~ method is followed by the abbreviation that LP uses. 

The top level methods are: 
[disjunct>• Isolation (isolate>. 

Factorization 

When the program starts there are no program created methods. 

The lowest level methods are: 

Polynomial ,ethods• Change of Unknown. Apply New Rule 
'repare for Factorization• Collection. Function Stripping 9 

,ttraction• Logarithmic Ketho~ and Nasty Function Method 

Disjunction 

Sflags. Some functions of LP depend on the values of flags which can be 
ltered by the user. flags are used to determine if: 

the worked example should be output <the flag is called output 9 default is 

! program can create new methods, Cnew_methods flag. default yesl• 

perform loop checking Cloop flag• three values, default yes> 

the terminal is a cifer• (default yes> 

In addition. flags are used to enable and disable equation solving methods. 

The basic method of changing the value of flag Flag to yes and no is to type 
,able Flag or disable Flag respectively. The three valued loop flag• 
~s values yes• no and warn. To change it to 
!Sor no the disable and ena~le methods can be used• but to change its value 
> warn• type flag(loopywarnl. 

With the loop flag set to yes, if the program finds it has to solve an 
1uation it has already met. it asks the user what to do. The options include 
intinuingy ajorting, or entering a break. A loop is not always caused by an 
:i:.._or, the program might reach an equation by backtracking• and might not' be in 
~)oop at all. If the flag is set to warn, the loop checker prints out a 
~ning message, but continues. With the flag set to, no, no loop checking is 
,rformed at all. 

Trying to change a flag to a value 1~ alreatly has produces an error message. 

All methods ~re originally allowed to be used. method Method can be disabled 
typing disable Method and enabled again by typing enable Method. 

sable and enable can also take a list as argument. 

ther commands. The prefix operator remove is used to remove things from the 
tabase. •remove rules I removes all new rules. •remove new_methods• and 
emove schemas• do the obvious things. 

•remove ruleCName 1 J removes the rule of name Name <there should be only one.) 
e,move rulesCListJ 1 recurses down list. calling •remove rule(Name>• on each 
ne, that is a member of List. <i.e. it is checklistt•remove rule•.List>. 



rhe prefix operator show displays to the terminal. •show schemas• displays 
the schemas,, ''show flags• shows the settings of the flags, and •show methods• 
ahows which •ethods are enabled. •show solve• shows the steps on the solution 
>ath of the last equation to be solved. •show new_methods• displays a list of 
:he ~ev methods and their applicable next methods. •show rules_list• shows 
,hich rules are associated with the new methods. 

writeout is another prefix operator. •writeout rules• and •writeout schemas• 
•rompt for a file name and write to that file. •writeout solve• is like •show 
olve• but prompts for a file name and writes the trace to that file. 

reset reinitializes loop checkers and diffi~ulty markers. useful after 
borting a run. 

change_method_order allows the user to change the order in which methods are 
ried. Only the lowest level of methods (see entry on methods> can be changed• 
nd all these methods must be specified. The program prints out the old order. 

As mentioned above xredo reruns the previous example given by give_examPle• 
nd redo reruns the last equation. work_solution uses the last solve trace as 
~t for the worked example. generate_problem creates a new equation for the 
\~)ram to solve. 



* FIL!N: 

Bernard Silver 
Updated: 9 February 98~ 

1is file is loaded by the MIC file DSKB:LP.MIC[400,444J. 
: is read into DSKB:LPUTIL.EXE[4DD,444J. For the files 
~ed for LPUTIL.EXE See DSKB!FILUTI[4GC,421,LPJ. 

1e paths packag, method etc are defined in DSKB:PRESS.PTH[400,444]. 

compile(( 

·ackag:match', 
ea-rn :portr•, 
ethod:collec•, 
earn!weaknf•, 
earn:cond', 
~rn!char•, 
~_)rn: s imp. ax", 
earn:rew•, 
earn:file•, 
earn:time•, 
earn:comp", 
earn:polpak' 

earn!tt•, 
earn:out•, 
earn:conj•, 
earn:desc', 
earn:toop•, 
earn:sol', 
earn: imeth', 
earn:confir 1 , 

earn!flag•, 
earn!method•, 
earn!specia1 , 

earn:table•, 
earn!constr•, 
earn!func', 
earn:newmetf, 
::arn:interp', 
::arn:genprb•, 
::arn:nasty•, 
~arn:axioms", 
~arn:poly', 
~arn:homog•, 
~arn!log•, 
;1,ckag :pol ti d• 

% Matcher 
% Portray Code 
I Collection code 
z weak normal forms 
I precondition definitions 
I Character Input 
% Simplification axioms for tidy 
% Apply re~rite rules 
% Check file names 
% Print time of day 
% Stuff to compile 
% Bag addition and multiplication of polynom als 

% Top level 
% output 
I conjecture new rules 
% description building 
% Loop Checker 
% Solve code 
Z basic interpreted method defns 
% confirming conjectures 
% Flag setting 
% Description of PRESS methods 
% Special top level methods 
I Tables and Conditions 
% Constraint prop 
% Function Checking 
% Conjecture new methods 
I Misc clauses from other PRESS files 
% Problem Generator 
% Nasty code 
% Collection and Attraction axioms 
% Polynomial methods 

% Log Method 
% Identify and split polynomials 

:- core_image, writehead, reinitialise. 



·itehead :
ttynt, 
writet•Learning PRESS Mark 4 <•>, 
version_date<Date>, 
write<Date>, 
writeP}"h 
ttynl, · 
ttynl, 
displayC"Type '' help. <CR>•• for.help•>, 
plsys(ppno(P>>, 
plsys(date<X,Y,Z>>, 
timeH>, 
tt ynl, 
write~C 9 \n[User %t. Session begins at lw on %t.lt.ltJ\n•,CP, ,X,Y,Zl>, 
ttynl. 



I* FILUTI : 

Bernard Silver 
Updated: 20 December 1983 

This file is used to create OSKB!LPUTIL.EXE[400,444J, which is 
used to form the program OSKB!LP.EXE[400,444J 

This file is loaded~y the MIC file DSKB:LPUTIL.MIC[4D0,444J. 

The util path is 

utit: = DSKB:[140,143,UTILJ. 

( 

'util:utit.ops", 
•util:arith.ops•, 
•learn:ops' 

X General operator declarations 
% Arithmetic operator declarations 
% Operators for LP 

compile([ 

tutil!files.pl't 
•util:writef.pl', 
•learn:routin.pt•, 
•utit:flagro.~l•, 
iutil!struct.ol•, 
' ut 1 t : l qng. pt ' , 
tutit:tidy.pl• 

J). 

: - [ 

~learn!misce.ot•, 
"'!lec:edit.pl", 
~ u t i l :type.pt t , 

' u t i l : t r ys e e. :> t t 

J. 

% Manipulate files 
% Formatted write <writef) 
% List and routines 
% Flag handling 
% Structure crunching 
% Rationa~ arithmatic package 
% Expression tidy/evaluator 

% MiscetCaneous 
% Use TOP to edit 
% Type 'a file 
% Needed for above 

C 
core_image :- plsys(core_imageJ. 



PREDICATE 

\=/2 

a_s_ml/2 

-rlsent/2 

ac_decomp/'t 

ac_op/5 

ac_recomp/3 

act_ans/8 

act_option/2 

********************************** 
* PROLOG CROSS REFERENCE LISTING* 
********************************** 

All files of learning PRESS 

FILE CALLED BY 

utility subterms/3 conjecture_stepsl/5 
find_both_sides_difterence/8 
obtain_rulel/5 choice_tidy/2 methodl/1 
find step cont/4 find step contl/4 
read:conditions/1 read_unk~own/1 
syntax_check/3 

lEARN!NEwMET already_suitable_method/2 

METHOD!COLLEC exp_matchl/5 absent/2 

PACKAG!MATCH decomp/2 ac_decomp/4 

PACKAG!MATCH decomp/2 ac_decomp/4 recomp/2 ac_recomp/3 
match/2 template_match/3 

PACKAG!MATCH recomp/2 ac_recomp/3 

LEARN!CONFIR <user> eonfirm_conj/7 

LEARN!CONFIR <us'er> know_conditionsl/1 

action_after_prep_factors/5 

action on pick/8 

\ action-on-pickl/8 
\ - -

~rct ion_on_pick2-/6 

add_into_table/2 

add_into_tablel/3 

,add_new_met hod/2 

add_poly/3 

add_power/3 

add_to_table/2 

all_same_type/2 

all_same_typel/4 

LEARN: SOL ' sort_solve_now/6 

LEARN:SOL suitable_schema/7 

LEARN:SOL action_on_pick/8 

lEARN:SOL, mapscore_compare/8 

LEARi'J:TABLE add_to_table/2 

LEARN:TABLE add_into_table/2 

LEARN:INTERP create_method/13 

LEARN!POLPAK poly/3 add_poly/3 times_poly/3 

LEARN:POLPAK map_add_power/3 

LEARN!TABLE add_to_table/2 <user> add_new_method/2 

LEARN!GENPRB probleml/3 

LEARN:GENPRB all_same_type/2 all_same_typel/4 



l 

allowed_new_methods/0 

alphanumeric_char/2 

alphanumeric_string/6 

LEARN:FLAG 

LE.ARN!fILE 

LEARN:FILE 

find_new_method/4 

alphanumeric_string/6 

valid_filename/3 filename/3 extension/3 
atphanumeric_string/6 

already_suitable_method/2 

analyze/5 

append/3 

appticable/3 

applicable_next_method/3 

LEARN!NEWMET cond_create/1 

LEARN!DESC 

utility 

construct_method/5 

nasty act/5 find symbolsl/4 
attract_tist/3 strip/3 get_dist/4 
read in rule conds cont/2 
read: in:unkn~wn/1 - · 

METHOD:COLLEC old_attract/3 apply_new_rule3/7 collect/3 

· LEARN:NEWMET create_methodl/13 

~~pty_new_rulel/5 

apply_ne~_rute2/8 

apply_new_rule3/7 

apply_new_rule4/7 

apply_new_rule5/9 

arbint/1 

assemble_preconds/2 

assemble_preconds/3 

asserted/! 

associative/! 

at_least_occ/3 

attract/3 

attract_check/3 

attract_checkl/3 

attract_list/3 

attrax/4' 

LEARN!REIJ 

LEARN!REW 

LEARN!REW 

LEARN:REV 

LEARN:REIJ 

LEARN!COMP 

LEARN!OUT 

LEARN!OUT 

unsc: XREF. HJI 

method_transform/6 obtain_rute/& 
try_parallel/5 try_auto_method/4 
t ry_user _rule/4 

apply_new_rulel/5 try_use_rule/7 

apply_new_rule2/8 apply_~ew~rule3/7 

apply_new_rule2/8 

apply_new_rule4/7 

i solax/3 

assemble_preconds/3 assemble_preconds/2 

o_s2/1 

obtain_rule/6 old xredo/0 

LEARN!COMP find_diff3/8 remove_matchl/5 
try_use_rule/7 

LEARN!COMP a~_least_occ./3 teast_dom/2 

LEARN!IMETH recurse_attract/3 recurse_attractl/3 
try_attract/3 

LEARN!TL try_attract/3 

LEARN!TL attract_check/3 

LEARN!NASTY find_attract_list/4 attract_list/3 

LEARN!AXIOMS old_attra~t/3 
-~ 

~uto_next_applicable_method/5 



auto_rute/2 

bad_name/1 

base/2 

binary_to_list/5 

binomial/3 

c_f _a/5 

c_m_o/2 

c_ok_argl/3 

change_method_order/0 

',eck_eond/1 

LEARN!SOL 

unsc: XREF. HH 

method_transform/6 

method transform/6 <user> as rul/2 
consider parallel/7 store r;;t;'s list/2 
s methodl/2 try auto method/4 -- - -

LEARN:SOL <user> suitable_methods/9 

LEARN!LOG find_base/2 find_base/4 

LEARN:COMP binary_to_list/5 least_dom/2 

LEARN!POLPAK poly/3 binomial/3 

LEARN!FUNC check_ok_args/4 c_f_a/5 

LEARN!METHOO change_method_order/0 

LEARN!FUNC c_f_a/5 

LEARN!METHOD <user> 

LEARN!INTERP step_solve_eqnl/7 method_transform/6 
possible_schema/5 satisfy_satisfied/2 
otd_attract/3 check_cond/1 problem/3 
applicable_next_methodl3 
apply_new_rutel/5 apply_new_rule3/7 
apply new rule4/7 apply new rute5/9 
try_use_rule/7 find_step/7 find_stepl/7 

check contains sotution/1 
- - - LEARN:TL work_main/2 

check_example/3 LEARN!CONFIR work_main/2 

check_examplel/2 LEARN:CONFIR eheck_example/3 

check_example2/3 •LEARN:CONFIR <user> eheck_examplel/2 
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I* SOL ! 

Be-rnard Silver 
Updated: 27 February 1984 

% Solve new equations 
solve(Eqn) :- solve(Eqn~x,_J. 

solve(Eqn,X,Ans> :-
initialize_screen, 
Btatisties(runtime,_>, 
show_initialize_and_storetX,Eqn,Eqnl>, 
sort_solve<Eqnl,X,Ansl,Flag,EQnSteps-CJ>, 
tidy up disjunction(Ans1,Ans2>, 
simplify(Ans2,Ans>, 
mod_writefce\nAnswer is : %t\n•,CAnsJ>,_. 
store_steps(Eqnl,X,Flag,EqnSteps>, 
statisticsCruntime,t_,TimeJJ, 
writefc•\nCProblem took %t millisecondsJ\n•,CTimeJ>, 
! • 

sotvecE,_._> :-
statistics(runtime,C_, TJl, 
writef("\nCoutdn••t solve the equation\n%t.\n 

[The attempt took %t millisecondsJ\.n•,tE,TJ). 

% Look for and use suitable schema 
sort sotve(Eq~,X,Eqn,win,E-E> :-

- freeof<X,Eqn), 
!t 
writef<•\n%t does not contain the unknown %t.\n 9 ,[Eqn,XJ>. 

sort_solve(Eqn,X,Eqn,win,T-T> :
dis_solutionCEqn,X), 
f .. 

sort solve<Eqn,X,Ans,new flag<Flag,Flagl>,EqnSteps) :-
- suitable schema<Eqn,X,List,Eqol,Type,Flag,Name>, 

! ' \ -
(oop flag€warn1>, 

_ mod_asserta(schema_used(Name>>, 
~itef(•\nAttempting to use schema method %t, 
~nerated for equation\n\n%t.\n•,tName,Eqnll>, 

sort_solve_main<Eqn,X,Ans,List,Type,Flagl,tqnSteps,NameJ. 

sort_solve(Eqn,X,Ans,F,Steps> :
sort_solve_one_step{Eqn,X,Ans,F.,Steps>. 

'I Do one step 
sort_solve_one_step(Eqn,X,Ans,F,T-Tl> :-

loop_flag(yes), % Switch•on loop ,check 
mod_weak_normal_form<Eqn.x,Eqnl>, 
tooping(Eqnl,X>, 
!. 
step_solve_eqnCno,Eqnl,X,_,New1,T-T2>, 
tell redo(Newl,Eqnl>, 
sort:solve(New1,X,Ans,F,T2-T1>. 

% Tell if fail to solve new equation 



tell_redo{_,_>. 
tell_redo{New,0ld) :-

~ritef{'\nfailed to solve equation %t.\n\nBack to %t.\n',[New,0ldl>, 
fail. 

% Main schema loop 
sort_solve_mainlEqn,X,Ans,List,Type,Flag,EqnSteps,Name> :

sort_solvel<Eqn,X,Ans,List,Type,EqnSteps>, 
<retract(schema_abandon(Name}J ->Flag= bad(Name>;Ftag = goodtName>>, 
! "' 

% Start again without the schema 
sort_solve_main{Eqn,X,Ans,_,_,bad,EqnSteps,Name> :-
writef(~\nCan••t use schema %t\n\n•,[NameJ>, 

reset, , 
mod_asserta{schema_abandon{Name>J, 
sort_sotveCEqn,X,Ans,_,EqnSteps>. 

sort_solvelCEqn,X,Ans,List,Type,EqnStepsl :
toopingCEqn,>O, 
sort~solvela(Eqn,X,Ans,list,Type,EqnSteps>, 
! • 

% Equat1on is solved , 
rt_solvelaCEqn,X,Eqn,_,_,T-T) :

dis_solution(Eqn,X>, 
ft 
writef<'\n[End of solution]\n'>• 

sort_solvela<Eqn,X,Eqn,_,_,T-T) :
freeoftX,Eqn>, 

! ' 
wr1tef<*Equation doesn''t contain the unknown\n'>, 
writef!*\n[End of solution]\n•>. 

% Try to apply schema at once 
sort_solvelaC~qn,X,Ans,List,Type,EqnStepsJ :

sort_solve_now<Eqn,X,Ans,List,Type,EqnSteps>, 
!. 

sort_solve_now(Eqn,X,Ans,CL1,L21L3],'Change of Unknown•,T-Tll :- !, 
writef('\nAttempting to change the unknown.\n'>, 
prep_chunk(Term,EqniX,New,L1,T-[NewVar=Term,CVEfT2J>, 
identifier(NewVar>, 
mod_subst_m es g { Te rm==t\!ewVar, New,, CVE >, 
writeft•\nTrying to solve the changed variable equation.\n'>, 
sort_solvelCCVE,NewVar,NewEqn,,L2,•General',T2-[SEIT3J>, 
mod_subst_mesg(NewVar=Term,NewEqn,SEJ, 
writefC•\nTrying to solve the substitution equatton.\n'J, 
split_disjunct_solve<SE,X.,Ans,L3,T3-T1>, 

sort_solve_nowfEqn,X,Ans,(LllFJ,•Factorization•,T-Tl> :- !, 
writef<•\nAttempting to manipulate equations into factors.\n•J, 
prep_factorsCEqn,X,New,L1,T-T2J, 
act1on_after_prep_factorsCNew,X,Ans,F,T2-T1J, 
! • 



action_after_prep_factors<New,X,Ans,F,T2-T1> :
(decc~p(Hew,C#I_J) -> 
writef(•\nfactorizing equation to obtain\n\n%t\n•,CNewJ>, 
writef(•\nTrying to solve the factors.\n•>;true>, · 
factor_sotvetNew,X,Ans,F,T2-Tl), 
! • 

sort_sotve_now<Eqn,X,Ans,List,Type,T-Tl> :
step~cycle(Eqn,X,New,List,Rest,T-T2>, 
! ' 
sort_solvelfNew,X,Ans,Rest,Type,T2-Tl>. 

% Do the initial part of chunk schema 
prep chunk( ,Eqn,X,Eqn, ,T-T> :-

- dis:sotution(Eqn,X>, 
!, 
writef(t\nThe equation is solved.\n•>• 

prep_chunk(Term,Eqn,X,Eqn,_,T-T> :
identicat_subter~stEqn,X,Term>,-
!. 

prep chunk(Term,Eqn,X,New,List,T-Tl> :-
- step_cycle<Eqn,X,Eqnl,List,Rest,T-T2>, 

prep_chunk(Term,Eqn1,X,New,Rest,T2-Tl>, 
! • 

% Do initial part of factor schema 
prep_factors(A*B=O,X,New,_,tNewlfTJ-T> :

decompCA*BtC*IListJ), 
remove_safe_divisors<X,tist,New>, 
length<New,Length>, 
Length> 1, 
recomp(Newl,C#lNewJ>, 
! .. 

prep_factorsCEqn,X,New,List,T-Tl) :
step_cycle<Eqn,X,Newl,List,Rest,T-T2>, 
prep_factors<New1,X,New,Rest,T2-T1>. 

% Split the Change of Unknown case' 
split_disjunct_solve<A#B,X,Ans,L,Steps> :- !, 

decomp(A#B,[#fListll, 
writef(•\nSolving disjuncts.,\n'>, 

1 factor_solve(List,X,Ans,L,Steps). 

split_disjunct_solve<Eqn,X,Ans,L,Stepsl :
sort_solve1<Eqn,X,Ans,L,other,Steps). 

% Rest of factor schema 
factor_solve(New,X,Ans,Schema,EqnSteps) :

f_sl(New,X,Ans,Schema,false,EqnSteps>. 

f sliCJ, ,Ans, ,Acc,S-S> :- !,tidy up disjunction<Acc,Ans). 
f:sl<[HIListJ,X,Ans,Schema,Acc,CHfTJ-Tl) :

choose_member_schema<H,S,SchemaJ9 



disjunct writef(CH,XJ>, 
writet(•\nChoosing schema to solve this factor.\n•>• 
sort_solvel<H,X,Ans1.s,other,T-T2>, 
! ' 
tidy(Acc#Ansl,NewAcc>, 
f_sl(list,X,Ans.Schema,NewAec,T2-Tl>. 

step_cycle(£qn,X,New,List,Rest,Steps> :
get_next_element<List,Step,Restl>, 
step_cyclel(Eqn,X,New,List,Rest,Step•Res~1,Steps). 

step_cyclel(Eqn,X,New,List,Rest,Step,Rest1,steps> :
suitable_step<X,Eqn,Step,_,New,Steps,Ftag>, 
tFlag =win-> Rest= Rest1; Rest= List>, 
! • 

I Miss out steps if possible 
step_cyclel<Eqn,X,New,_,Rest,step,Rest1,Steps> :

no_major_effect(Step>, 
writef(•\nAttempting to omit step.\n•1, 
step_cycleCEq_n,X,New,Restl.Rest.steps>. 

% Perform one step, using method Name to give Newl 
· ~p_solve_eq~<Flag,Eqn.X,Name,New,EqnSteps> :

step_solve_eqnlCFla9,Eqn,X,Name,New,EqnSteps,Mess>, 
call(Mess>, 
!. 

step_sotve_eqnl(Fla9,Eqn,X,Name,New,EqnSteps,Mess) :
known_methodCX,Eqn,New,Name,~here,Call,Precond,Post>, 
not schema<Naroe>, 
check_cond(Precond>, 
<key_~ethod(Name>->!;true>, 
method_transform<flag.Call,Where,Mess,EqnSteps,v>, 
C<Flag=no, Name= ~ethod(_});check_cond<Post>>, 
!. 

% Using the methods from step_solve_eGn 

metnod_transform<_,try_to_isolatecx,otd,New>,all,Mess,tNewfSJ-S,F> :
position<X,Old,Posn>, 
~sotate<Posn,Old,New>, 
tidy OJew .,r-~ewl l, 
!., 

<F= gag-> Mess=true;Mess = mod_iso_trace<Newl>>• 

method_transform<Type,try_disjunct<X,A#B,Ans>,all,true,CA#BfEJ-El,F> :
decide_message(Type,F,NewType>, 
<NewType=no; 
writ~ft•\nSplitting into disjuncts and solving each in turn.\n•>>, 
ctecomp(A#B,C#IListJ>, 
disjunct_solve<NewType,List,X,Ans,false,E-£1>, 
! • 

method_transform<Type,try_factorize<X,A*B=O,Ans>,atl,true,Z-El,F> :
decide_message<Tr.pe,F,NewType>, 
<Net11Type=no; 
decomp(A*BtC*llistJ>, 
remove_safe_divisors(X,List,New>, 



recomo(Disj,[#INewJ>, 
(lengthlNew,1> -> Z=E; 
Z=[Disj I Eh 
writefl*\nSplitting into factors and solving each in turn.\n•>>>, 
disjunct_solve<NewType,New,X,Ans,false,E-El>• 

I New Methods without schemas lMessy!!J 
method_transform{no,try_auto_method{Method,X,Patt,New>,all,true, 
(MidfSJ-Sl,F) :-

auto_rulelMethod,Name>, 
app Ly _new_rulel Ot, Patt, Mid,Name, sol>, 
auto_next_applicable_method<Method,NewMethod,X,Mid,Rest>, 
check _concH ( applicable _next_met hod( NewMethod ,x, 1•1i d > I Rest]>, 
m_t1~X,Hid,Name,Method,NewMethod,New,S-S1,fJ. · 

m_tl<X,Newl,_,_,NewMethod,New,S-Sl,gagJ :
step_solve_eqnl(no,Newl,X,NewMethod,New,S-S1,_>, 
! • 

m_tl(X,Newl,Name,Method,NewMethod,New,S-Sl,vl :-
wr1tef(t\nUs1ng rule It to apply new method,\nlt, to obtain\n\nlt.\n', 
[~ame,Method,lewll>, 

paraphrase~goatt•Trying',NewMethod,Method>, 
{step_solve_eqnCno,New1,X,NewMethod,New,s-s1>; 
paraphrase_goalC*Failed',NewMethod,Method>,failJ, 
! • 

% New methods using schemas 
method_transform(y~s,try_auto_methodCHethod,X,Patt,NewJ,all, 
writef(t\nUsing rule It to apply new method,\n%t, to obtain\n\nZt.\n', 
(Name,Method,NewJ>,CNewfSJ-S,_J :-

auto_rule(Method,NameJ, 
apply_new_rulel<X,Patt,New,Name,sol>. 

method_transform<_,try_prep_fact<X,A+B=O,C*D=u>,alt, 
writefC'\nPreoaring for factorization to obtain \n\n%t.\n•,CC*D=DJJ, 
[C*D=v(SJ-S,_) :-

mod_collectCX,A+B,New>, 
check_tidy(New,C*D=O>, ,. 

method_transform<_,try_function_stripping<X,Old,Posn.,New>,all, 
1tefC•\nApplying Function Stripping to obtain\n\n%t.\n•,CNewJJ,[NewfSJ-S,_J 

1solate(Pbsn,Old,New1J, 
tidy{\le~1,New2>, 
mod_weak_normat_form1CNew2,expr,X,New>, 
! • 

method_transform<_,try cotlectcx,oLd=B,New>,part, 
~ritef{•\nCollecting Equation to obtain \n\n%t.\n',[NewJ>,[NewlSJ-S,_> :

recurse_collect<X,Old,New1J, 
tidyCNewl=B,NewJ, 
! • 

method_transform(_,try_attract(X,Old=B,New>,part, 
writef('\nAttracting Equation to obtain \n\nlt.\n•,[NewJJ,[NewlSJ-S,_J :

recurse_attract(X,Old,New1>, 
tidy(~ewl=B,New>, 



) ! • 

method_ transform(_, tr,, _poly O<, O td,,New>, all, 
writefC*\nUsing Polynomial methods to obtain\n\n%t.\n•,CNewlJ~[New1sJ-S,_J :

!, % Nothin~ else should be tried 
poly_solve(Old,X,Ans,_>, 
tidyCAns,New). 

method_transform<_,try~chunkCX,Old,New,TermJ,all,true,S-Sl,_>: 
try~chunklX,Old,New,Term,S-Sl>, 
! • 

% Log methods 
method_transform<_,remove_logs<X,New,Mid,BaseJ,atl, 
writefC 1 \nApplying Log method, base It, to obtain\n\nlt.\n•,[Base,NewlJ, 

[NewlSJ-S,_> :-
log_reduce(Mid,X,Base,NewlJ, 

·weak_normal_formtNewl,X,NewJ, 
! • 

thod_transform<_,remove_nastyCX,Old,New>,alt, 
writef{t\nApplying Nasty method to obtain\n\n%t.\n•,CNewl>,[New(SJ-S,_> :

nasty _method{ Ol <h X, l'-Jewl >, 
weak_normal_foraCNewl,X,New>, 
! .. 

% Ch~nge of Unknown 

try_chunk<X,Old,Ans,Term,[Var=Term,NewEqnlSJ-S1> :
!, 

identifierCVar>, 
mod_subst_mesg(Term=Var, Old, NewEqn>, 
sort_solueCNewEqn,Var,NewAns,_,S-[XAnsfS2J>, 
mod_subst_mesg(Var=Term, NewAns, XAnsl, 
sort_solve{XAns,X,Ans,_,s2-s1,. 

I Do disjunctions properly . 
disjunct_solvec_,tJ,_,Ans,Acc,S-S) !- !,tidy_up_disjun~tion(Acc,Ans) • 

. sjunct_solveCType,[AfBJ,X,Ans,Acc,[AISl-Sl) :-
(Type::.no; 

. writefl'\nSolving factor zt.\n•,(AJ>>, 
sart_solveCA,X,Ansl,_,s-s2>, 
tidy(Acc#Ansl,NewAcc>, 
disjunct_solvetType,B,X,Ans,NewAcc,S2-S1>. 

suit ab l e_s chem a< Ean ,X ,Schema ,Eqnl, Type, F tag ,Y.Jame > !-
setof < p_s< schema1, Name1, Type1 >, 

poss1ble_schema<X,Eqn,Schema1,Name1,Type1J,Bagl, 
action_on_picktBag,X,Eqn,Schema,Name,Type,Flag,EqnlJ, 
! • 

% Schema method is possible if its preconds are satisfied 
·oossible schemaCX,Eqn,Schema,Name,Type> :-
- known_method_s chema( X,Eqn ,_ .Name,Schema, Type,_,Pre ,_) t 

not schema_used(NameJ, 



check_cond(Pre). 

% Only one schema 
action_on_pick((p_s<schema(S,Eqn~,_>,N,T)J,_,_,S,N,T,only{N),Eqnl) :- !. 

% First tie_break (equation same type as generator> 
action_on_pick<Bag,X,Eqn,S,N,T,Flag,Eqnl} :

find_type<X,Eqn,EqnType>, 
find_subset_same_type<Bag,EqnType,SubBag>, 
SubBag \== CJ, 
! ' 
action_on_pickl(SubBa2,X,Eqn,S,N,T,Flag,Eqnl>. 

% No schema passes first tie break, so choose one at random 
action_on_pickcaag,~,_,s,N,T,random(N>,Eqnl> :

member(p_s(schema<S,Eqnl,_>,N,Tl,Bagl. 

find_subset_same_typetCJ,_,CJ>. 
find_subset_same_type([p_s<S,Eqnl~X>fT],Type,(p_s(S,Eqnl,X>ITl]> :

find_type(X,Eqnl,Typel>, 
Type=Typel, 
! t 

,find_subset_same_type<T,Type,Tl>• 

find_subset_same_type<[_ITJ,Type,Tl> :
find_subset_same_type<T,Type,Tl). 

' % Only one passes first tie break 
action_on_picklt[p_s<schematS,Eqnl,_>,N,T>J,_,_,s,N,T,only2<N>,Eqnl> :- !. 

% Use second tie break, if allowed 
action_on_picklCSubBag,X,Eqn,S,N,T,Flag,EqnlJ :

flag(tiebreak,onAon>, 
mapscore_compare(X,Eqn,SubBag,S,N,T,Eqnl,Flag>, 
! • 

action_on_pickl<Bag,_,_,S,N,T,random2<Nl,Eqnl> :
member(p_s<schema(S,£qn1,_>,N,T>,Bag>. 

I 

~pscore_compare<X,E~n,Bag,S,N,T,Eqnl,Flag) :
U test<X,Eqn,TestList>, 

find_sub_test(Bag,TestList,SubBag>, 
SubBag \:: CJ, 
action_on_pick2CSubBag,S,N,T,Fla9,Eqnl>. 

find sub testtCJ, ,CJ> :- !. 
find:sub:test{[p_s<schema<S,Eqn,X>,N,T>lRJ,Te,tp_s<schematS,Eqn,X>,N,T>IUJ> :

test<X,Eqn,Test>, 
Test= Te, 

! ' find_sub_test<R,Te,U). 

find_sub_testC[_ITJ,Test,Sub} :-
find_sub_testCT,Test,Subl. 

aetion_on_pick2€[p_s(schema<S,£qn1,_>,N,T>J,S,N,T,only3(N),Eqnl> :- !. 
action_on_pick2(Bag,S,N,T,random3<N>,Eqn1) :-



testlX,Eqn,[Ooc,ZeroRhs,DomFunc]J :
occ<X,Eqn,Occ>, 
type_of_rhslEqn,ZeroRhsJ, 
principle_functorCEqn,Domfunc), 
! • 

type_of_rhs<_=O,GJ :- !. 
type_of_rhs<_=_,n5 :- !. 
type_of_rhsc_~other) :- !. 
principle_functorCA=_,F/NJ :- !, 

functor <A•F ,l'D. 
Drinciple_functorc_1_,1,. 

show_irdtial ize_and_storeO(,Eqn,NewJ :-
mod abolish<asserted,1>, 
mod:abolishCschema_used,1>, 
assertallast_equationCEqn>>, 
writet(•\nSolving %t for %t.\n•,[Eqn,XJ), 
tidy C Eqn,Newl h · 
find_functionst[Newll,x,check>, 
<match_check(Eqn,NewlJ;writefC•\nTidying to %t.\n•,[NewlJJ>, 
mod_weak_normal_form(Newl,X,New>, 
reset, 
mod_abolish(scheaa_abandon,1>, 
! .. 

% Store solution steps 
store_steps(Eqn,X,Flag,EqnSteps> :

asserta<store_we{work<[EqnlEqnStepsl,X>>>, 
check_found_schema(Eqn,X,Flag}. 

% There is an old schema that works 
check_found_schemar_,_,new_flagCFlag,FlaglJ> :

(Flag!= winj(arg<l,Flag,X>,Flagl=good(X>>>, 
h 
writefC'\n[No prob(ems with schemaJ\n'>• 

~ Old schema fails 
check_found_schemaC_,_,new_flag(winC_J,bad>> :- !, 

writefC•\n[••Old schema for this problem fails**]\n'>• 

I No schema before, or rough-match schema failed 

check_found_schemac_,_,Ftag> :-
(good_flagCFlag); 
writet(•\n 

[*•May need ioncept Learning, rough-match schema failed••l\n•J>, 
wri tef c • \n[ Type work_so lut ion to create a schema for this equation J\n• >. 

good_flag(win} •. 
good_flagfnoschema>. 

% Get next method and postcond from auto method 



auto_next_appticable_method(Method,NewMethod,X,Newl,Rest> :
known_method_autoc_,_,_,method(Method>t_t_t 

[applicabte_next_methodCNewMethod,X,Newl>IRestl>, 
!. 

get_next_element<CCHITJIT1J,H,CTIT1]> :- !. 
get_next_element([HITJ,H,T) :- !. 

% Try to apply indicated schema step 

suitable_step(X,Eqn,Purpose,Name,New,Steps,Flag) :
argfl,Purpose,Namel>, 

writefC'\nTrying indicated schema step of applying lw.\n•,[Namell>, 
suitaole_stepl<X,Eqn,Purpose,Name,New,Steps,Flag,Namel>, 
! • 

suitable stepl<X,Eqn, ,Name,New,Steps,win,Name> :
step_solve_eqn(yes,Eqn,X,Name,New,Steps>, 
! • 

% Try to apply on~ that satisfies required constraints 
suitabte_stepl(X,Eqn,conditions<_,Sat,UnSat>,Name.New,Steps,Flag,Nl) :
writef(1\nfailed to apply schema step %w.\n•,tN1J>, 

expand_constraints(Sat,UnSat>, 
uitable_methods<X,Eqn,Sat,UnSat,Name,New,Steps,Ftag,Nl>, 

!. 

expand_constraints(sat(Sat,_,_>,unsat([J,_,_>> :-
writef(•XnNo new constraints are satisfied by schema step.\n•>, 

. (Sat~ [J;single_plural(Sat,S,_>, 
~ritef(•\nAny new step must still satisfy the following 
~recondition%w\n•,tsJ>, 
explain_gl(Sat>>, 
.!. 

expand_constraints(sat<Sat,_,_>,unsat(UnSat,_,_>> :
singte_pluralCUnSat,w,_>, 
writeft•\nTrying to find a method whose result satisfies the 

following precondition%w\n•, t~J>, 
explain_glCUnSat>, 
(Sat=[J;single_plural<Sat,Wl,_>, 
writef(•\n\nwhile keeping the following condition%w true\n•,[WlD, 
exp{ain_gl(Sat>>, 
! • 

sui tab le_met hods C X ,Eqn,Sat ,UnSat,Name,New,Steps, wi,n,Nl > :
f ind_sati sf y_unsat ( UnSat,Name>, 
not bed_name(Name>, 
Name\== Nl, 
maintain_satisfy(Sat,Name>, 
flag<~ethod(Name),on,on>, 
step_sotve_eqnl(yes,Eqn,X,Name,New,Steps,Mess>, 
report_mod_check_cond(UnSat,New,X,Name>, 
caltOtess>, 



Arg:[ J}, 
argU,Sat,Arg1>, 
Argl=[_f_J, 

writeft•\nLooking for method that keeps satisfied conditions satisfied.\n•>, 
known_method<_,_,_,Name,_,_,_,_>, 
Name\== Nl, 
not bad_name<Name>, 
flag!~ethod(Name>,on,on>, 
~aintain_satisfy(Sat,Name>, 
step_solve_eqnl(yes,Eqn,X,Name,New,Steps,Hess>, 
report_mod_check_cond(Sat,New,X,Name>, 
call(Mess>, 
! • 

report_mod_check_cond(UnSat,New,x,Name> :
writef(1\n[Method %w can be applied\n•,[NameJ>, 
mod_check_cond(UnSat,New,X>, 
!t 
writef<•and satisfies all the conditionsJ\n•>. 

mod_check_cond<Term,New,X> :-
not not (arg<l,Term,List>, 
arg(2,Term,Unk>, 
arg(3,Term,Eqn>, 
New = Eqrh 
X = Unk, 
mod_check_condl(List>>• 

mod check condl([J> :- !. 
mod:check:condl(CH!TJ> :

callUil, 
!, 
mod_check_condl{T). 

% Only report first failure mod_check_condllCHf_J> :
writef('but fails 
exptain_gl([Hl>, 
writef(*\nl\n•>, 
!t 

to satisfy <at least> the precondition\n 1 >, 

tail. 

1d_satisfy_unsat<unsat(UnSat,_,_l,Name> :- find_satisfy_unsatl(UnSat,Name> • 
. 1d_s-atis-fy_unsatl<CJ,_> :- !. 

find:~atisfy_unsatlC(HITJ,Name> :
(must_satisfy<H,List>;might_satisfy<H,List>>, 
meipberCName,List>, , 
find_satisfy_unsatltT,Name). 

maintain_satisfy(sat<Sat,_,_l,Namel :- m_sl<Sat,NameJ. 
m_s1([ J,_> :- ! • 
m_sl<(H(_J,Na~e> :-

excludes(H,List>, 
member(Exclude,List>, 
must_satisfy<Exclude,Listl>, 
member<Name,Listl>, 
r, 
fail. 



% Choose a schema for the factors 
choose_member_schema(Eqn,S,Schema> : 

membertS,Schema>, 
satisfy_satisfied(Eqn,Schema>. 

choose_rnember_schemar_,S,SchemaJ 
memberCS,Schema). 

satisfy_satisf1ed(Eqn,[cond1tions<_,sat(Sat,_,Eqn>,_Jl_lJ :
check_condCSatJ, 
! .. 

dec1de_messageCyes,_,noJ :- !. 
decide_m~ssageC_,gag,noJ :- !. 
decide_message<_,_,yes> :- !. 

bad_namet 1 Factorization•) :- !. 
bad_name('Change of Unknown•> :- !. 
bad_name(X) :- schema(XJ. 



r 

I 
l Find steps between lines 

% Top le•1el 

orklExample> :- worktExample,xJ,!. 

ork(Example,X> :-
resetl, 
initialize_screen, 
work_ma in< Exawp le, ,o. 

ork_main(Example,X) :-
statistics(runtime,_J, 
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show_the_exampleCExampte,X,Exampl~l>, 
find_funct1ons<Example1,x,checkJ, 
worklCExample1,X,Method1,CJ,Unksteps,CJ>, 
report_steps(Examplel,X,Methodl,Method>, 
check contains solutionCMethodlJ, 
conje~ture_ste;s(Example1,X,Unksteps,Conjlist,UnkL1st,Method Method2>, 
construct_method<Exam.ple1,Conjlist,Method2,X,UnkList>, 
statistics(runti ■e,[_,TimelJ, 

writef('\n[Example took %t millisecondsJ\n•,CTimeJ>, 
check_examplelX,Examplel,Example>, 
! .. 

'ork_maint_,~) :-
statistics(runtime,C ,Time]>, 
writefl'\nCould not do problem. 

The attempt took It ■ 1lliseconds]\n',[Timel>. 

% SPE:::IAL CASES 

iorkl<CJ,_,L,L,L1,L1) :- !. 
10-rkH(X=_J,X,[message(solution>f·LJ,L,Lhll) :- !• 
,,,,,..1, H[falseJ,_,Cmessage<false> IL:ht,Ll,LU ,:- !. 

1CCtruel,_,CmessageCtrue>lll,L,L1,L1J :- !. 

% Superficial Factorization, number removed 
1orklC[Z•Y=D,Eqn=OJRestll,X,CmessageCremaveif>IL1J,L3,US,L2> :

decompCZ•Y,C•IL1stJ>, 
select_the_numberc_,List,_J, 
?. 
work1C[Eqn=01Rest1J,X,L1,L3,US,L2>, 
! • 

select_the_number(Num,List,Rest> :- select(Num,List,RestJ,numberCNum ,!. 

% Factorization 
iorkll[A•B=O,Al(Restl,X,[messagel 9 Factorization•>ITl,L1,UnknownSteps L2> 

is_factorizationCX,A•B,Al,DisList>, 
factor_partCDisList,Rest,stepslistJ, 
!, 
work2CStepsl1st,X,T,L1,UnknownSteps,L2>. 

.. . -



s_factorizationCX,A•B,Al,Listl> :
decomp(A*BtC*tListJ>, 
remove_safe_divisorstX,List,New>, 
maptidy_example(X,New,New1,work>, 
recomp(Term,t#JNewlJ>, 
ldecomp(Al,C#flistlll-> 
recomp(Terml,C#IListlJ); Terml = Al>, 
match(Term,Termll, 
! • 

% Disjunction 
orkl(CA#BfRestJ,X,Cmessage(solution>fTJ,Ll,Unknownsteps,L2> :

dis_solution<AffB,X>, 
! , 
workl(Rest,X,T,L1,Unknownsteps,L2>. 

'-

orklt[A#BtAIRestJ,X,T,Ll,UnknownSteps,L2) :
ortodottA#B,Clt 
factor_partCC,CAfRestJ,StepsList>, 
!, . 

work2CStepsList,X,T,L1,UnknownSteps,L2>. 

•rtodot<B,C> :- decomp(B,t#ICJ>,!• 
•rtodot<B,CB)l. 

% Change of unknown 
,orkl<COld,Y=Subs,NeweqnlRJ,X,Cmessage(•Change of Unknown•>fTJ,Ll,Un s,L2> :

freeof<X,Y>, 
contains<X,Subs>, 
.contains(X,Old>, 
'subst(Subs=Y,Old,New>, 
tidy('llew,Newl>, 
'mat ch_c heck (Newl ,.Neweqn >, 
chunk_part<Subs,.R,CVsteps,SubsSteps>, 
h 
work3tX,Y,Subs,Neweqn•CVsteps,SubsSteps,T,Ll,Unks,L2>. 

'* Normal case *' 
l([ll,HeadlRJ,X,~ewMess,L2,NewUnks,L3> :

find_step(L1,Head,X,NewMess,L4,NewUnks,L51, 
writet<•\n[Processing)\n•>, 
workl(CHeadlRJ,X,L4,L2,L5,L3>, 
! • 

% Case for examples·that don•t end with solutions 
1orklt[_J,_,[~essage<nosot>IL1J,L1,L,Ll :

writef<•\nNo solution step found.\n•>• 

% find_step(Eqnl,EQn2,Unk,_,_,_,_> tries to find 
% the single PRESS step that transforms Eqnl to Eqn2, with X as the unknown. 

find_step(Old,New,X,Cmessage<Name>(L1J,L1,L2,L2> :
k.nown_methodtX,Ol'd,New.Name,att,Goal,PreCond,PostCond>, 
check_condtPreCond>• 
check_cond{PostCondl, 



find_step_contC&oal,Name,Old,New>, 
! • 

ind step contCGoal,, , J :
- call<Goat>, - - -

ind_step_contc_,Name,Old,New> :
Na~e \= user_ruler_,_,_>, 
mod_assertC 

arn1ngCwritefC'\n\t[Fossibly missing rule for method %w.J\n~,[Namel ,New> 
), 

•od_assertCp_m_rCName,Old,NewJJ, 
fail. 

ind_step(Eqnl=A,Eqn2=B,X,Mess,Ll,Unks,L2) :
understood_constantsCA,Bl, 
find_step1CEqn1,Eqn2=B,X,Mess,L1,Unks,(2>, 
! • 

<v ~ot understood 
· •. st ept_, r,Jew ,_, [ message { f ai t > l Ll hLl ,Cunknown_st eps C New} I L2 J,-L2 > - ! • 

inderstood_constantscA,A> :- !. 

Enderstood_constantstA,B> :- match_checktA,B>,!. 

0 i nd_s tep1 C Term 1 ,- Te rm2=B, X, C mes sage< Name l i Ll J,Ll ,L2,l2) : -
known_method ( X, Term 1, Term2, \'Jame •part, Goal ,,PreCond, PostCond >, 
check_cond(PreCondJ, 
check cond(PostCondJ, 
find_step_cont1(Goal,Name,Terml,Term2=B>, 
! , 
callCGoalJ, 
! • ~ 

f'. .;;! __ s tep_cont 1 (Goal,_,_,_,') :
call ( GoaU, 
! .. 

find_step_cont1,_,Name,Old,Eqn> :
Name\= user_rute<_,_,_1, 
mod_assertz( 

warning(writef(•\n\t[Possibly missing rule for method %w.J\n•,[Namel ,Eqn> 
) . 
mod_assertCp_m_r(Name,Otd,Eqn)J, 
,fail. 

% Isolation 
try_to_isolate<X,Eqn,New) :

position(X,Eqn,Posn>, 
isolatetPosn,Eqn,Isol>, 
mod_weak_no rmat_ f ormH I sol, expr ,X, I sol 1 J, 



remove_arbsCisoll,Newlsol), 
consider_isolationl{Newisol,New,XJ, 
!. 

% Isolation is complete 
:onsider_isolationlCNewlsol,New,_> 

remove_arbs(New,Newl>, 
match_checkCNewisol,NewlJ, 
! • 

% Partial isolation has occurred 
:onsider_isolation~CNewisol,New,XJ : 

occtX,New,l>t -
tidy(New,TidyJ, 
position<X,Tidy,Posnl, 
isolate<Posn,T1dy,New1>, 
remove_arbs(Newl,New[qn), 
match_check(New[qn,Newisol), 
! • 

% Collection 
:ry_collect(X,Eqn1,£qn2) :

tidy(Eqnl,Wewl>, 
collect<X,Newl,NewJ, 
collect_check<X,Eqn2,Newl, 
'. 

% Collection is complete 
:ollect_check<_,Eqn,NewJ :- match_check1E6n,New>,!. 

% Partial Collection 
:ollect_checkCX,Eqn,N~wJ :

mult_occOC,New>, 
recurse_collect1CX,New,Normal), 
! ,, 
collect_checklCX,Normal,EqnJ. 

:ollect_checklC_,Normal,EqnJ :- match_check<Normat,EqnJ,!. 
;otlect_checkliX,Norrnal,Eqn) :-

mult_occO<,Eqn), 
recurse_collectltX,Eqn,Nll, 

'\ !, 
match_checkCNl,Normal). 

% Attraction 
try_attractcX,Eqn1,Eqn2J :

tidycEqnl,Newl>, 
sttractCX,Newl,New>, 
match_checkfEqn2,NewJ, 
attract_check<X,Eqn2,New>, 
! .. 

% Attraction is complete 
attract_check(_,Eqn,New> :-,match_check<Eqn,NewJ,!. 

% partial Attraction 
attract_checktX,Eqn,New) :

mutt_occ(X,New>, 
recurse_attractltX,New,Normal>, 
! ' 



11 

at tlract_check l ( X, Normal ,Eqn). 
', 

attract_che~klC_,Normal,EqnJ :- match_check{Normal,EqnJ,!. 
rttract cheCklCX,Normal,EqnJ :-

-mutt occ<X,EqnJ, 
recurse_attractl(X,Eqn,N1J, 

! ' 
match_checkCNl,Normal>. 

% Function Stripping 
:ry_funct1on_strippingCX,Old,Posn,NewJ :

isolate<Posn,Old,Newisol>, 
mod_weak_normal_formltNewisol,expr,X,Newl>, 
remove_arbsCNew1,New2>, 
remove_arbs(New,New3>, 
match_check(New3,New2J, 
! .., 

% Prepare for Factorization 
try_prep_factCX,A+B=O,C*D=OJ :

decomoCC•DtC*(ArgslJ, 
member(Term,ArgsJ, 
functorlTer■,+,_J, 

mod_collect(X,A+B,New>, 
tidyOJew,Newl), 
mat ch_check H-Jewl'f C*D), 
!. 

% Polynomial 

try_polytX,Old.NewJ : 
poly_solve[Old,X,Ans,_J. 
poly_step(Old•X,New,Ans>• 
! • 

% Can•t solve poly, but normal form is the same 
try_polyCX,A=S,NL=NR> :-

poly_norm(A+ -l•B,X,PlistJ, 
poly_norm(N~• -l*NR,X,Plistli• 
!y 
poly_tidyCPlist,GlistJ, 
poty_tidy(Plistl,QtistlJ, 
cheick_same_poly<_,EH ist ,rH i stl) .. 

I 

poly_stepC_,_,New,AnsJ :-
tidy(Ans,Ansl>,. 
■atch_checkCAnsl,New>, 

' 

z Solve to solution 
poly_stepc_,X,A=B,AnsJ :

poty_solvetA=B,X.Ansl,_>. 
tidy(Ansl,Ans2>, 
match_eheck<Ans.Ans21, 
! .. 

% New 1met hods 

.. . -



aut~_rule(Method,NewNameJ, 
app IL y _new_rulel <X, Terml ,Term2,NewName,t th 
! • 

emove_logsCX,New,Mid,BaseJ :
log_reduceCMid,X,Base,NewJ. 

ry_homogCX,Eqn,Set,NewJ :
homogl[qn,X,Set,HomogJ, 
mod_weak_normal_form11Homog,expr,X,Neu2>, 
■atch_checkCNew2,New>. 

·emove_nastyCX,Eqn,NewJ :
nasty_methodCEqn,X,New1>, 
mod,_wea k_no rma l_f orml < New 1, expr, X,New2>, 
mat~h_check(New2,NewJ. 

:ry_user_ruletX,Term1,Term2,Name> : 
apply_new_rutel<X,Term1,Term2,Name,tl>, 
!. 

X Enter worked example line by line 

1ive_exampte :-
writefP\nEnter example, line by tine, using x as the un..know .\n 

rerminate with ''<CR>!' on new line.\n\n'J, 
prompt(_,•First line:•>, 
get_tines{Exampte;, 
writef('\n 

~xample has been stored, and can be rerun using ••xredo•• predicate. n\n*>, 
assertattast_exampleCExample,x>>, 
work(Example,x>. 

get_tines(Newi !-
read_in_lineCLine>~ 
tidy_exprCLine,NewLineJ, 
CNewLin~=end;writefC'\n\nlt.\n\n',[NewLineJ>>, 
! • 
get_linesl<New,NewLine>. 

get_linesU(J,end> :-
writef('\nEnd of Example Input.\~•>, 

get_lineslC[LinelRestJ,Line) : 
prompt<_,•Next line:~,, 
get_lines(Restl. 

I Run last example again 

xredo :-
last_exampleCExamp te,X>, 
! t ,I 

writefC'\nRerunning Example.\n\n•>, 
work<Example,X>. 



II 
redo:- wrjtefl'\nNo previous example, nothing done.\n\n'J• 

i: 

ld_xredo :•
asst~rted< >, 
! ' 
writef('\n(Retraeting added factsJ\n•>, 
o_xl.. · 

,ld_xredo :- xredo. 

retractCassertedtXl>, 
retract 00, 
fail. 

% Run last solution as an example 

iork_sotution :-
store_weOO, 
writef(t\nRunning last solution traee.\n•>, 

•ork_solution :- writefC 1 \nNo solution trace is ~tored.\n•J,!. 

:heck_contains_solution(listl !-
memberCmessageCnosol>,ListJ, 
!, 

•ritef('\nNo solution step has been found, the example will not be p oeessed 
fur1her. Please supply a new example with a solution step!\ri~J, 

fail. 

check_eontains_solutionC ; :- !. 



SPECIA: Code for special cases of top level 

Bernard Silver 
Updated: 28 January 1984 

Partition steps for factorization case 
We require that after factorization step the equations are solved in 
order, i.e. from A*B*C•••*Z=O, the next line is A= D, (or its tidied form> 
which is solved, then the next factor B=O appe~rs, and the example proceeds 
with the solution of this equation. 

Disjunction is similar 

ctor_part<C_iTl,List,Ans> :- faetor_partl<T,List,Ans>. 

ct9r_part1crJ,Steps,CStepsl>. 
ctor_partl([HJTJ,Steps,[HStepsJRestJ> :-

wordsin<H,Words>, 
l!'iember OhWords >, 
unknown<ltl), 

-~od_weak_normal_forml<H,expr,W,Hl>, 
factor_part2(Hl,Steps,HSteps,NewSteps>, 
factor_partl<T,NewSteps,Rest). 

ctor_part2<~1,CH21Rest),CJ,CH21RestJ> :- match<Hl,H2J,!. 
ctor_part2CH1,CH21Rest1l,CH2IL2l,Rest> :

factor_part2<Hl,Restl,L2,Rest>, 
! • 

Failure 
ctor_part2t_,_,_,_l :-

writetc•Failure to find sotution of next disjunct.•>,~ 
!. 

rk2([[AjRestltstepsListl,X, 
essage(ff>ITJ,L1,Unk,L2> :

workl([AIRestl,X,T,L3,Unk,L4>, 
work2r(StepsList,X,L3,L1,L4,L2>, 
! • 

rk2r(CJ,~,T,T,L,Ll :- !. 
rk2r([[BIRestlfTailJ,X,Cmessage(nf>ITJ,L1,Unk,L2l :

workl<CBfRestJ,X,T,L3,Unk,L4>, 
~ork2r<Tail,X,L3,L1,L4iL2>, 
! • 

Change of Unknown 
we require the example has a step of the form New= f<Otd) 
and, after solving the changed variable equation, a step 
f<Old>=Ans, before the substitution equation is solved. 

Substitution Equation is found. 
,unk_part<su~s,CSubs=AnsfRJ,tJ,Csingle(Subs=Ans>tRJ> :- !. 



Disjunctive solution is found 
ank_partCSubs,(HJRl,[J,CmultCH>IRlJ :- d1s_solut1on<H,Subs>,!. 

Not found yet, so add steps to CVsteps. 
~nk_part(Subs,CHfRJ,CHICVStepsJ,Substeps> :

chunk_part(Subs,R,CYSteps,SubstepsJ, 
! • 

Failure 
unk_part<_,_,_,_> :-

writeff•Failure to find solution of substitution equation.•>, 

rk 3 < 0 td, f\iew,_,Neweqn ,CVs t eps, [H ISubsSteps J,t message< eve> l r..iewM J,Ll, Unk s, L2 > :
work 1 < [ Neweqn I CVsteps J ,New, NewM ,( messaQe tses > I L3l, Unks, L4 >, 
arg<l,H,Hl>t 
work1C[HlfSubsStepsJ,Old,L3,Ll,L4,L2J, 
!. 

0 



f* GENPRB ! 

Bernard Silver 
Updated! 6 February 1984 ,,, 

~enerate_problem :-
reset, 
known_method_sehema<_,_,_,_,schema<_,tqn,_>,_,_,_,_>, 
! , 
g_plCEqn>. 

generate_problem :-
writefC'\nNo schemas are stored, can••t generate problem.\n•>• 

g_pl(Eqnl :-
writefC•\n 

Attempting to generate a problem to test schema generated by probtem\n%t\n•, 
(EqnJ>, 

,. 
write_set<Set>, 
length<Set,L>, 
~umbers_between<l,L,Num>, 
process_reply{[nlNumJ,get_probtem(Eqn,x,Set,Ans>,Ans,•Proble•:•, 

writef(•\nWhich problem do you want run? Type number or n for none.\n•>>. 

g_pl <_> :-
wri tef t •\nUnable to generate a suitable problem.\n•>• 
!-. 

probtemtX,Eqn,New) :
known_method_schemacx,v,_,_,schema<_,Eqn,_>,_,_,Precond,_>, 
probleml<X,Eqn,New>, 
V=New, 
check_cond<Precond). 

problemltX,Eqn=O,Nev) :
decomp<Eqn,[+IArgsl>, 
atl_same_type(X,Args>, 
sibling(Args,NewArgs>, 

,recomp(NewEqn,C+tNewArgsl>, 
tidy(NewEqn=O,New>. 

probleml<X,A*B=O, New} :
decomp<A*B,C*IArgsJ>, 
select<Term,Args,Rest>, 
contains<X,Term>, 
recomp(New2,C*tRestJ>, 
probleml<X,Term=-0,Newl=O>, 
tidyt~ewl*New2=0,New>. 

probleml<_,Eqn=A,Eqn=B> 
number<A>, 
h' 
A\==O, . 
eval(A+l,B>• 

probleml(_,Eqn=A,Eqn=B> :
A= •• CFJArgsJ, 



-get_new_args {Args -,NewA.rgs), 
NewArgs\==Args, 
B= •• tFfNewArgsJ. 

problemlCX,Eqn=A,New=AJ :
Eqn= •• [FI A.rgs J, 
get_new_argsl <X,Args,NewArgs >, 
NewArgs \== Args, 
New= •• tflNewArgs). 

get_new_args([J,[]J :- !. 
get_new_argsHH(ThCH1fT1J> :

eval Pi+l,Hll, 
get_new_args<T,TlJ. 

get_new_argsCCHITJ,[HITllJ :-
get_new_argsCT,TlJ. 

get_new_argslt_,CJ,Cll :- !. 
get_new_argsl«X,CHfTJ,[HlfTlJ> : 

containsOt,H>, 
return_new_term CH,Hlh 
get_new_argslCX,T,Tl>. 

get_new_argslCX,[H(TJ,[HITllJ :
get_new_args1CX,T,TlJ. 

return_new_termlA•B,New> :- !, 
decomp<A*B,[*IListJ>, 
selectCEl,List,Rest>, 
number<El>, 
evalCEl+l,Elll, 
recomp(New,C*,ElllRestJ>. 

alt_same_type(X,[HfTJ) :
functorCH,F,N>, 
all_same_typelCX,T,F,NJ. 

all _same_typel < _, [ h_,,_J :- ! • 
_same_typel<X,[HfTJ,F,NJ :

functor<H,F,NJ, 
atl_same_typel<X,T,F,N>. 

all_same_typel<X,[H*IITJ,F,N> :
decomo<H*I,List>, 
check~functor<X,List>, 
atl_same_tyoel<X,T,F,NJ. 

check_functorl_,CJJ. 
cbeck_functor(X,CHITlJ :

freeof<X,HJ, 
!, 
check_functor<X,TJ. 

check_functor<X,[_ITJ> :-
! ' 
check_free<X,T>. 



:heck_free<_,CJ>. 
:heck_freetX,CHtTJ> :

freeof O<,H>, 
!, 
check_free(X,T>. 

sibling(List,CNewTermlRestl) :
select(Term,List,Rest>, 
sibling_term<Term,NewTerm). 

sibling_term<H,Hl) ~-
tree<_,Tree>, 
memberctype(Type,H,Fl>,Jree>, 
memberttype(Type,_,F2),Tree>, 
Fl\:: F2, 
H= •• tFllArgsJ, 
Hl =•• [F21Argsl. 

sibling_term(Term,New> :
Term=•• (FIArgsJ, 
sibling(Args,NewArgs>, 
New=•• [FfNewArgsJ. 

write_setCSet> :-
writefc•\nThe set of generated problems is:\n•>, 
wr.ite_setl<Set,1>. 

write_setlttl,_> :- writef(•\n[End of setJ\n•>• 
write_setl<[HITJ,N> :

writef('\n%t)\t\t%t\n',CN,HJ>, 
Mis N + lt 
!, 
write_setl<T,M)e 

numbers_between,<L,M,CJ> :- L> M,!. 
n~mbers_betweentN,M,tNITJ) :-

Ml is N + 1, 
!, 
numbers_between(Ml,M,T>. 

9'-t. problem ( , , ,n> :- ! , 
- writ;f(t\nOK, no test problems will be run.\n•>• 

, 

get_problem(Eqn,X,Set,N) :-
nmember<New,Set,N>, 
writef( 9 \nEquation\n\n%t\n\nselected.\n\nRun begins:\n•,tNewJ>, 
Loop_flag(warnl>, • 
get_probleml<X,Eqn,~ew>, 
! • 

get probleml<x,Eqn,New> :-
- l<nown_method_schema( X,'New,_,_,schema.<_,Eqn,_> ,_,call,_,_>, 

call<tall>, 
! ' 
writeft•\nSchema solves test problem.\n'>• 

get_probleml<X,_,New> :-



writeft•\n[**Unable to solve test problem with schema**)\n•>, 
writeft•\nTrying to solve without schema.\n•>, 
!, 
get_problem2(X,New>. 

~et_problem2tX,Eqn> :-
reset. 
sort_solve<X,Eqn,_,_,_-[J>, 
! • 
writef(t\n 

[**Test problem can be solved without schema, may need concept learninQ**)\n•>• 

get_problem2t_,_> :- writef(t\n[Test problem could not be solved by LPJ\n•>• 

% Args of tree are name and structure. 
% Structure is a list of type(~lass,Term,Termname> predicates. 

tree<trig tree, 
[type(sincos,sin<_>,sin>, 
type(sincos,cos(_>,cos>, 
type<other,tan<_>,tan>, 
typetother,sec<_>,sec>, 
type<other,cosec(_>,cosec>, 
type{other,cot<_>,cot>J>. 



I* GEtJPRB : 

Bernard Silver 
Updated! 29 February 1984 

~enerate_problem :-
reset. 
known_method_schema<_,_,_,_,schema(_,Eqn,_>,_,_,_,_>, 
! • 
g_pHEqn>. 

generate_problem :-
writef(•\nNo schemas are stored, can••t generate problem.\n•>• 

g_pl (Eqn > :-
wr i tef ( 9 \n 

Attempting to generate a problem to test schema generated by probtem\n%t\n•, 
[E:qnJ>, 

wr-i t e_set < Set l, 
lengthCSet,L>, 

~~ nurabers_between<l,L,Num>, 
process_reply((nlNumJ,get_problem<Eqn,x,Set,Ans>,Ans,•Proble~:•, 

writef(•\nWhich problem do you want run? Type number or n for none.\n•>>. 

g_pl <_> :-
wr i tef C 9\nUnable to generate a suitable problem.\n•>• 
! • 

problem(X,Eqn,New) :
known_method_schemacx,v,_,_,schema<_,Eqn,_>,_,_,Precond,_>, 
probleml<X,Eqn,New>, 
V=New, 
check_cond(Precond). 

probleml<X,Eqn=O,Newl :
decomp(~qn,C+fArgsJ>, 

, atl_same_type(X,Args>, 
sibling(Args,NewArgs), 
recomo(NewEqn,C+INewArgsJ>, 
tidy<NewEqn=O,New>. 

problemlCXtA*B=O, New> :
decomp(A*BtC*IArgsJ>, 
select<Term,Args,Rest>, 
contains(X,Term>, 
recompCNew2,C*IRestJ>, 
probleml(X,Term=O,Newl=O>, 
tidyCNewl*New2=0,NewJ. 

probleml<_,Eqn=A,Eqn=B> :
numberCA>, 
A\==O, 
eval<A+l,B). 

probleml<_,Eqn=A,Eqn=B> :-
A= •• (FfArgsl, 
get_new_args<Args,NewArgs>, 



NewArgs\==Args,. 
B= • .,[FI f•iewA rgs J .. 

probleml(X,Eqn=A,New=AJ :
Eqn= ... [FjArgsJ, 
get_new_argsl {X, A rgs ,tfowArgs J, 
NewArgs \== Args, 
New= •• (FINewArgsJ. 

get_new_args<CJ,[J) :- !. 
get_new_args([HfTJ,[HljTlJl :

evalCH+l,H1), 
get_new_argsCT,.TiJ. 

get_new_args([H(TJ,tHfi1J) :-
get_new_args CT, Tl>. 

get_new_argsl<_,CJ,.[J> :- !. 
get_new_argsl<X,tHfTJ,[HliTll) :

contains(X,HJ, 
return_new_termCH,Hl>•. 
get_new_args1(X~T.T1>. 

t_new_args1CX,CHITJ,[HIT1]) :
get_new_argsl<x,T,Tll. 

return_new_term(A*B,Ne~) :- !, 
decompCA*B,C*llistJ>, 
selecttEl,List,Restl; 
number < El > , 
eval <El+l,,Ell>, 
recomp(New,t*,EllfRestJ>. 

return_new_term<A,B> :- ti~yl2•A,BJ. 

all_same_typeCX,[HITlJ :
functorCH,F,Nl, 
al l_s ame_t Ype 1 Ot, T ,F ,to. 

att_same_typel(_,[h_,_J :- !. 
all_same_typelCX,(HfTJ,F,Nl :

functor Hi,F ,tH, 
all_same_typel<X,T,F,NJ. 

all_same_typel(X,[H*IjTJ,F,NJ :
decomplH*I,L1st>, 
check_functor<X,Listl, 
all_same_typel(X,T,F,NJ. 

check_functor<_,[JJ. 
check_functorlX,EHITl> :

freeof Ot,H), 
!t 
check_functor 0(, T >. 

check_functortX,C_lllJ :
ft 
check_fyee<X,TJ. 

check_freec_,EJl. 



check_free<~,[HfTJ> :
freeof(X,H>, 
!t 
check_freeCX,T>. 

siblingCL1st,tNewTermJRestJJ :
selectCTer■ ,List,Rest), 
sibling_term<Term,~ewTerm,. 

sibling_termrH,Hl> :-
treet_.Treeh 
memberCtypeCType,H,FlJ,TreeJ, 
member(type(Type,_,F2>,TreeJ, 
Fl\== F2, 
H= •• (Fl!ArgsJ., 
Hl =•! CF2!ArgsJ. 

sibling_termCA•B,Newi :- 'return_new_termCA•B,New>. 

sibling termCTerm,New> :-
-Term=•• [FfArgsl, 

sibling<Args,NewArgs>, 
New=•• fFINewArgsJ. 

write set{Setl :-
writefC1\nThe set of generated problems is~\n'J, 
write_setl(Set,1). 

write_seflC[J,_J :- writetc•\n[End of setl\n•J. 
write_setl<CHITJ,NJ :

writef('\n¼t)\t\tlt\n',CN,HlJ, 
fl; is\!+ 1, 
!, 
write_setl<T,f>i),. 

numbers_between<L.,M,C:J) :- L> M,!. 
numbers_betweenlN,M,(N(Tl> :-

M1 is N + 1, 
! ' 
numbers_between(Ml,M,T>. 

•~_problemt_,_,_,nJ :- !, , 
wr\tef(t\nOK, no test problems will be run.\n•>• 

get_problemCEQn,X,Set,NJ :-
nmember(~ew,Set,NJ, 
writefC•\nEquation\n\n%t\n\nselected.\n\nRun begins:\n•,[NevJ>, 
loop_flag(warn1J, 
get_problemltX,EQn,New>, 
! •· 

get_problemlCX,Eqn,Ne~l :- _ 
known_method_sc hem a O<,New,_ ,_, s c-hema ( Schema -,Eqn,_J, Type,_,_,_>, 
sort_solv~lCNew,X,Ans,Schema,Type,_J, 

! ' 
writef(•\nSche■ a solves test problem.\n•>. 

get_problemlCX,_,NewJ :-
writefc•\n[**Unable to solve test problem with'schema••J\n•J• 



vritef('\nTrying to solve without schema.\n•>, 

get_problem2(X,Eqn> :
reset, 

_ sort_solveCEqn',X,_,_,_-tJ>, 
! t 

writef(•\n 
[**Test problem can be solved without schema, may need concept learning**]\n•>• 

get_problem2<_,_> :- writeft•\nCTest problem could not be solved by LPJ\n•>• 

% Args of tree are name and structure. 
% Structure is a list of type(Ctass,Term,Termname> predicates. 

treeCtrig_tree, 
[typetsincos,sint_>,sin>, 
typetsincos,cos<_>,cos>, 
type<other,tanc_>,tan>, 
type(other,sect_>,sec>, 

/4__ 
typetother,cosec(_J,cosec>, 
typetother,~otC_>,cot)JJ. 

treetlog_tree,Ctype(log,logt_,_>,log)l>• 



* NEWffET: Conjecture new methods 

Bernard Silver 
Updated: 23 February 1984 

I 

* Work backwards through the description of the worked example. 
is the unknown in the example, U is the variable· representing the unknown 

n the rules. 

ind the first hard~step, one which we do not know the reason for,. although 
e know that a certain rule, Name was used to perform the step. 
If we just have a fail, or tellequal marker,. due to not having the 
ules,,no new method can be created .. ' Type is a flag to indicate this.> 
his step transforms the equation from From to To {say!>, is step N 
n the input list. 

ind which method was applied next,. call this next method NM. 
ind the preconditions of NM, making two copies Pre and Prel. Also 
ake two copies of the pattern that NM expects for input, Patt and Pattl. 

ind which of the preconditions Pre, Cof NM>, are not satisfied by From. 
·h se ~re called MP. ND is a message giving information about MP. 

'hose preconditions of NM that are satisfied are ~alled Rest. The 
ffO copies are needed,to avoid unwanted instantiations. 

low create a new method that makes the bad preconditions satisfied,. we 
1lready know that rule Name does this. Ve insist that after application of 
he new method all preconditions of NM-are satisfied, so that method can be 
µplied. 

'ind_new_method(X,.List,Method,RList) :
allowed_new_methods,. 
find_first_hard_step(List,Rlist,From,To,NM,.Type,N>, 
get_precond it ions< U,i"JM, Patt 1,Prel >, 
get_preconditions<U,NM,Patt,Pre>, % Need two copies 
find_missing_preconds(To,.u,.x,From,MP,Pre,PattJ, 
find_~k_precondsCU,X,From,.Patt1,Pre1,Rest>, 

_ tell reason<From,To,.NM,MP,ND>, 
:Q,te_method ff rom ,u ,Patt 1,Patt ,Nl'h ND,L i st• NewL ,.N,. Rest, Type,Pre ,X >, 

' f ., 
find_new_methodCX,NewL,Method,RListJ. 

1et preconditionsCX,userCName>,Pattern,PrecondJ :- !, 
- -user_rule<Name,.X,Pattern=>_, PreCond,_,_,_,. 

ret_preconditions<X,Method,Pattern,Precond) :
:laus~Cknown_~ethod_tl(X,.Pattern,_,Method,._,_,Precond,_>,_>, 

!. 

;et preconditions<X,Method,Pattern,Precond> :-
: la;:;~e ( known_method_auto ( X, Pattern,_ ,Method,_ ,P recond,_> ,_>, 

!. 



lause(known_~ethod2CX,Pattern,_~Method,_,_,Precond,_>,_l, 
! " 

ind_missing_preconds(To,U,X,Old,Rd,Precond,Pattern> :
check_the_preconds<X,U,Precond,Pattern,To>, 
find_missing_precondsl<U,X,Old,Pattern-,Precond,CJ,Rd>, 
!. 

ind 'missing precondsl< , , , ,CJiMethod,Method> :- !. 
ind:missing:precondsl<U,X,Eq;:;,Pl,[HIT],Acc,,Method> . . -

not not CU=X,Eqn=Pl,callCH>>, 
! ' 
find_missing_preconds1(U,.X,Eqn,Pl,T,Acc,Method>. 

ind_nd ssi ng_precondsl ( U, X, Ecin, Pl ,CH IT J ,Ace ,Method> :- ! , 
find_missing_precondsl<U,X,Eqn,Pl,T,CHIAccl,Method>. 

% These preconditions are satisfied and standardized apart form the other• 
ind_ok_preco~dsCU,X,Eqn,Pl,List,Method> :-

f i nd_ok_precondsl < U, X, Ecm,Pl ,Li st, [ J,Method >. 

ind_ok_precondsl<_,_,_._,Cl,Acc,Acc> :- !. 
ind_ok_precondsl (U ,X ,Eqn, Pl ,t HJ Th Ace, Method) :-

not not <U=X,Eqn=Pt,call(H>>, 
h 
find_ok_precondsl(U,X,Eqn,Pl,T 9 [HfAccJ,Method). 

ind_ok_precondsl t.U,,X,Ecm,Pl ,t_f TJ.Acc ,Method> :-! , 
find_ok_precondsl<U,X,Eqn,Pl,T,Acc,Method>. 

heck the preconds<X,U,Pre,Pattern,,New> :-
- t;st_preconds(X,,U,Pre,Pattern,NewJ,, 

fail. % Undo bindings 

heck_the_preconds<_,_,_,_,_J. 

es t_preconds « X,,U, Pre, Pattern, New> 
X=U, 
f>Jew = Pattern, 
! ' 
check_precondsl(Pre). 

heck_precondslt[J) :- !. 

. . -

heck_precondsl([HITJ) :- call(H>,!,check_precondsl<T>. 

ind_first_hard_step(L1,L2,From,To,Next,Type,Number> :-
find_first_hard_stepCL1,L2,From,To,N~xt,Type,,Number,2). 

ind_first_hard_step(CN,fail,~1-J,[_,To,Fromf_J,From,To,N,fail,A,A> :
! • 

ind_ f i rst_hard_st ep (OJ.user _rule (Name,From, To> •-1 _J, C_, To ,From f_J,F rom •To, 
N,ur(~ame>,A,A> :- !. 

ind_first_hard_step([N,tellequal<From,To>,_t~J, 
[_,To,,Fromf_J,From,To,N,te,,A,AJ :- !. 



'ind_first_hard_stepl[_fTJ,[_ITlJ,From,To,Next,Type,A,Nl :
M is '.\J + 1, 
find_first_hard_steplT,Tl,From,To,Next,Type,A,MJ« 

ell_reasonCFrom,To,Me,Difference,NewOiffJ :-
writef(•\nTrying to find a reason why the step from\n•>, 
writef('\n\t%t\n~nto\n\n\t%t\n\nwas performed.\n•,CFrom,ToJ>, 
translate_difference(Oifference,NewDiff,MessageJ, 
!, 

'ritef(•\nReason found is that next method to be applied,\n\n\t%w\n•,CMeJ>, 
call(MessageJ .. 

¾ l'>Jo' differences found 
ell_reasonl_,_,_,_,[JJ :- !,. 

ranstate_difference([HfTJ,upcC[HITl>,explain_g([HITJ>> :- !. 

ranslat~~difference<_,_,_> :- !,tail. 

,vntain_g{ListJ :
length<List,lengthl, 
single_pluraltlist,s,_>, 
writef(•\n\nrequires its input to satisfy the following unsatisfied 

recondition%~:\n\n•,CSJ), 
explain_gl(List>, 
! • 

xptain gl(List> :
-writeft•\nPrecondition\t\t\tExplanation\n•>, 

output_preconds<List>, ' 
! " 

utput_preconds([]J., 
utput~preconds{[HfTJ> :-

, functor CH, f ,rn, 
get explanation(F/N,Explanl, 
wrifefc•\n%t/%t\t\t%w\n•,CF~N,ExplanJJ, 

! ' output_preconds<TJ. 

% Create new method 

% From is eqn before rule Name was applied, To is after, Xis the unknown. 
% OldP, NewP and U are variable forms of these .. NM is the next method 
% Type is the type of reason discovered for the step, List is the List 
% of steps in the worked example, NL is th is list ·after the step with 
% the user rule application has been relabeled with the new method name. 
~Preis the list of preconditions, Rest are those that were satisfied by 
% From. 

reate method~From,U,OldP,NewP,NM,Type,List,NL,N,Rest,ur(Name),Pre,XI :- !, 
c reat e_method1 ( U, Ol dP ,NewP ,NM, Type,Me thod ,Rest ,Name ,P re,From, X ,NewM,L ist >" ·· 

cond_create<NewM>, 
nmember(Term,List.NJ, 
subst(Term= method(Method>,List,NL>, 
add_new_method(Method,Type>, 



:reate methodl , , , , , , , , , , , , > :- !, 
- writeft•\nNo-means-of pr;;di:i'cing new method.\n•>, 

fail. 

:reate_methodllU,OldP,NewP,NMethod,upc(tHfTJ>,Method,Rest,Name,_,_,_,MT,_> :-!, 
MT= Cupc{(HfTJ>,Rest,CHITl,U,OldP,NewP,Method,Name,NMethodJ. 

, re ate _method! C U,O ldP ,NewP,NMethod, t J,M et hod, Pre,Name ,_ ,From, X, fH ,_> : ;
app li cabLe_next_met hod (NMet hod, X,From >, 
f . , 
HT= [Cpara<NMethod,Name>J,Pre,Pre,u,otdP,NewP,Hethod,Name,NMethodJ. 

:reate_methodl(U,Old,_,methodCNM>,tl,Method,Pre,Name,_,From,X,MT,_> 
consider_parallelcU,Otd,Name,From,X,NH,NName), 

! ' ' 
HT= [[eiCNM,Name,NNameJJ,Pre,Pre,U,Old,_,Method,Name,method{NM>J. 

reate_methodlCU,OldP,NewP,NMethod,Cl,Method,Pre,Name,_,_,_,MT,_J :- !, 
MT= [[okCNMethod>J,Pre,Pre,U,OldP,NewP,Method,Name,NMethodJ. 

~ate_methodl<_,_,_,_,_,_,_,_,_,_,_,_,_> :
writef(t\nCan not create a new method.\n'J, 
! t 
fail. 

% Only create methods if there are not already ones like them. 

ond_createCCJ> :- !. 

I Already have method like this 

ond_c reat e ([_,Pre, Post, U, O l dP ,NewP, Met hod, Name,NMethod J_J > :-
known _method_auto CU ,Ol dP,NewP,method (Method>, 

ry_auto_method{Method,U,OldP,NewP>,Pre, 
appl i c abl e_nex t_method O.!Method ,U,NewP) I Post J l, 

! , 
al ready_sui tab le_method <Met hod, f.Jame > • 

~ Create new meth~d 
ond_createl[upcC[HITJJ,Rest,[HJTJ,U,OldP,NiwP,Method,Name,NMethodl) 

! t . 
mod_gensym<auto,Method>, 
pretty_print_conds<CHITJ,method(Method>>, 
store_rules_list(Method,Name>, 
mod_asserta(known_method_autoCU,OldP,NewP,methodCMethod>• 

ry_auto_method(Method,U,OldP,NewP>,Rest, 
applicable_next_methodCNMethod,U,NewP>(CHITll>l. 

ond_createC[[FlagJ,Pre,Pre,U,OldP,NewP,Method,Name,NMethodl> :
mcd_gensYm(auto,MethodJ, 
tell_createCFlag>, 

.. . -

writef(•\nCreating new method, named lt.\n•,[methodCMethod>JJ, 
store rules list€Method,Name>, 
mod_aiserta<known_method_autotU,OldP,NewP,methodCMethodJ, 

ry_auto_methodCMethod,U,OldP,NewP>,Pre, 



:applicabl-e_next_method(NMethod,U,NewPJ IPrel>}. 

:elt_ereate(para(NMethod,Name>> :-
writefC1\nRute %tis applied in parallel with lt.\n',tName,NMethodl>, 
mod_asserta(para(NMethod,Name>>, 

! • I 

:ell createCe1CNMethod,Name,NNameJl :-
, - writef(•\nMethod %t (rule %t> and %t can be applied in either prder.\n•, 
:NMethod,NName,Namel>, 

mod_assertaCei(NMethod,Name,NName>>, 
r. 

:ell_create(okCNMethodJJ :-
wri tef( •\n 

rne' next method, %w, can not be appt ied unless the step occurs, but 
10 outstanding preconditions can be found.\n 
lssuming that this step is preparation for %t.\n•,CNMethod,NMethodJ>, 

! • 

itready_suitable_methodCMethod,Name> :
ftag(nethod(method(Method>>,on,on>, 
! t 

a_s_ml<Method,Name>• 

;lready_suitable_method(M,_> :- !, 
writefc•\n[Method %tis disabled, will not create duplicateJ\n*,[MJ>.' 

% First clause should only be used if using a file of new rules 
i_s_ml(Method,Name> :-

not auto_rule(Method,Name>, 

! ' 
writeft•\nMethod %w is applicable•\n 

ldding rule %w to rule list of this method.\n•,[Method,NameJ>, 
mod_assert(auto_ruleCMethod,Name>>, 
! • 

a_s_ml(Method,_> :
just_created(MethodJ, 
writet<• 

is the newly defined method %t again.\nNothing done.\n•,[Method:>, 
!. 

~pplicable_next_method<•Factorization•,_,_*_=D> :- !. 
ipplicabte_next_methodC•Split Disjunctions•,_,_#_) :- !. 
:rnplicabte,;_next_method<'Isotation•,X,Eqn> :- !, 

single_occ<X,Eqn>. 
:ipplicable_next_method<•Change of Unlmown•,x,.Eqn) :- !, 

identical_subtermsCEqn,X,_>. 
1ppticable_next_methodc•Function Stripping•,X,EqnJ :- · 

dominated<X,Eqn,_>, 

:1pplicable_next_methodt•Prepare for Factorizafion•,X,A+B=O> :- h 
common subterms<X,A+B, J. - ' -

1pplicable ne1t methodlNMethod,X,NewPJ !- %Not right yet! 
- - kn~wn_method t X ,NewP ,_, NMethod,_ ,Call ,Pre ,Post J, 

check_condCPre), 



method_transform{yes,Catl,_,_,_,gag>, 
check_condlPostJ, ,. 

: onside r _parallel< U,Ol d ,Name ,F rom,X ,NName ,ra1amel J :
auto_rul e <NName,NNamel >, 
Ntilamel \==P.Jame, 
not not try_parallel CU,X,From,Old,NNamel>. 
!. 

:ry_parallel(U,X,From,Old,NameJ : 
U=X, 

.From=Old, 
apply_new_rulel<X,Old,_,Name,sol>, 
I .. 

I Store the rules List for the new method 
tore_rules_listCMethod,NameJ :-

not auto_rul~IMethod,NameJ, 
! , 
mod_assert(auto_ruleCMethod,NameJJ, 
!. 

e_rules_list<_,_,. 

,retty_print_conds<List,Name> :
single_plural<List,S,S1>, 

•ritefc~\nCreating a new method, named lt,\n\nthat transforms equation so that the 
ollowing precondition%w %w satisfied:\n\n<',tName,S,Sl]J, 

map_prettify(List>, 
!. 

ap_prettify([HJJ :- !, 
functor€H,F,tn, 
writefl 1 %t/%t>\n•,CF,Nl>,!. 

ap_prettify([HITJJ :- !, 
functortH,F,N>, 
writefC•%t/%t, •,tF,NJJ, 
!, 
map_prettify(TJ. 



I* DESC: 

Bernard Silver 
Updated: 26 February 1984 

'% Produce description of method 
cons t ruct_met hod HE qn f Ex amp lel i st J 'l Conj list 1 .Met hod• X .,unl<L i st> :

process_conj list CConj list l. C J9Conj list>• 
process_method((EqnjExampleList] 9 Method.,Newl.Conjlist>• 
analyze<X,Newl.,Eqn,NewMethod9ExampleListJ, 
revCNewMeth~ct.oescriptionl, 
make_schemarX,Eqn,De~cription.,[EqnlExamplelistJ.Unklist>, 
! • 

% Get conjectures 
process_conjlist([conj_mess(Type,Comm,E1•E2>lRestJ.Acc,Ans> :

process_cm(Type,Comm,El9E2.New>, 
process_conjlist(Rest,[NewfAccJ,Ans>. 

process_conjlist<tJ.Ans,Ans> :- !. 

% Process co~jecture ready for description 

This code is probably not needed 
process_cm(fail,_,_,_,at(fail,fail,tellfail>> :- ! •. 

% Now there is a name for this rule 
procesi_cm(equal,ruleCA,B>•E1,E2.atlE1,E2,tellequalCA,BJJ) 
process_cmCOld,_,E1.,E2,atCE1,E2,0ldJJ :- !. 

process_methodC[J,[J,[J,_> :- !. 
process_methodC[A,BITlJ•[faillTJ.,[Cl!AnsJ,Conj) :-

mqtch_conj{A,Conj,Cl,NewConj), 
process_m~thodf[BlT1l,T,Ans,NewConj>, 
! • 

process_metncd([_!T1J,tHITJ,[HjAns1,Conj) :
orocess_methodCTl,T,Ans,Conj)• 
! .. 

match_conj(A,Conj,X,NewConjl :
membertatCE,A,X>,Conj), 

! ' 
delete_oneCatCE,A,X>,Conj.NewConj>• 

~atch_conjCA,Coni,X,NewConjJ :
m~mber(at<E,B,X>,Conj>, 
match_check<A•B>, 
!, 
delete_oneCat<E,B,X>,Conj,NewConj). 

a~alyze(X,Desc,Eqn,NewMethod,ExampleList> :
rev(Oesc.Desc2>, 
r e-v {[ E q n I E x amp l e L i st J , R Ex L i s t i , 
find new methodlX,Desc2,NewMethod,RExList>, - -

:- !. 

• 



make_schemaCX,Eqn,MethodL,ExampleList,UnkL1stJ :
partition_the_listCX,MethodL,Pl,ExampleList,Partl,Unklist,Part2,Type), 
find_the_purposeCU,Ul,Pl,Partl,Part2,SchemaJ, 
store_schema(X,Eqn,Sche~a,Typel, 
!. 

% Schema already exists 
store schemaCX,Eqn,Schema,Type) :-

, - known_method_schema<_,_,_,_,schema<S,Eqnl,X>,Type,_,_,_>, 
■atch(Eqn,Eqnl>, , 
! f 1 

Csame_methods(S,SchemaJ -> 
writefC•\n[Already have this schema for this equat1onl\n•>;writeft•\n 

[**There is already a DIFFERENT schema for this equation**J\n•>>• 

% Store l:lchema 
store_schemalX,EQn~Schema,Type> :

ffrst_method(Schema,Precond,Var,Old>, 
mod_gensym(auto,Name>, 
writefC•\n[Creating new schema method, called xw, for this equation] 

'D',[NameJ), 
mod_asserta(known_method_schema<Var,Old.New,methodtName>, 

schemaCSchema,Egn,X>,Type,use_schema<Yar,Old,New,Type,Eqn,Schema,X>,Precond, 
(dis_sotutiontVar,New>J>J, -

flag<met~od(method("iame>>,_,onl, 
mod_assertaCmethodCmethodCName)JJ, 
mod_assertaCschema(methodCName>>>, 
! .. 

same_metnods([ J,[ ]) :- ! .. 
same_methods€[[HITllT1J,[[H1IT2l(T3lJ :- !, 

same_•ethodsC[HJTl,CH1IT2l>, 
same_nethods(Tl,T3>. 

same_methodsC[H(TJ,[HllT1J> :
argU,H,El, 
argCl,Hl,E), 
! t / 

same_~ethods(T,T1J. 

~~~st_method([[conditionsCNM,_,_>!_ll_J,Pre,Var,H> :- !, 
get_preconditions<Var,NM,H,Pre>. 

first_method,CconditionS<NM,_,_>l_l,Pre,Var,HJ :- !, 
get_preconctitionsCVar,NM,H,PreJ. 



, CONSTR ! 

Bernard Silver 
Updated: 27 February 198~ 

Partition list into seperate solution paths 
,rtition_the_tist<X,list,[MaintPJ,List1,[Main11PlJ,List2,[Main2fP2J,Type) .:

sort_of_list{List,Type>, 
find_first_part<Type,X,List,Main,R,List1,Main1,Rl,List2,Main2,R2>, 
partition_restCType,X,R,P,R1,P1,R2,P2J. 

!rt_of_Ust<List,•Change of Unlrnown•> :- member<•Change of Unknown•,List>,!. 
,rt_of_listCList,'Factorization•J :- member<•Factorization•,List>,!. 
,rt_of_list<_,•General•J :- !. 

nd_first_partc•change of Unknown•,_,[•Change of Unknown 1 1Tl, 
('Cha~ge of Unknown•J,T,fHIT1J,CHl,T1,CH1IT2l,EH1J,T2) :- !. 

nd_first_partc•Factorization•,_,[•Factor1zation•fTJ,[•Factorization•J,T, 
!IT1J,[Hl,T1,CH1!T2J,[Hll,T2J :- ! • 
. nd_first_partCTy,X,(HiTJ,Main,R,[HllTll,[HlfMainll,Rl,[H2lT2l, 
12JMain2J,R2> :-

ignore_:,term(H>, 
! ' 
fi nd_f i rst_part C Ty·, X, T • Mai rhR, T 1,Ma inl ,R 1, T2 ,Main2 ,R2) • 

nd_first_partC•Generat•,X,list,New,[l,List1,New1,CJ,List2,New2,CJ> :- !, 
p_rlC 1 General',X,List,New,_,List1,New1,_,List2,New2,_). 

nd_first_partcTy,X,[HfTJ,CHIMatnJ,R,[HllTlJ•[HllMainll,Rl,(H2IT2J, 
121Main2J,R-2} :-

find_first_part(Ty,X,T,Main,R,T1,Main1,R1,T2,Main2,R2J. 
l n d _ f i rs t _part l _, _, [ J, C J, [ J, C ) , ( l, [ J, C J, [ J, C J> :- ! • 

irtition rest( , ,tJ,[J,[J,(J,tJ,CJ> :- !• 
~rt it ion:rest C Type ,X,L i st, CF IP J,L i stl, [Fl I Pl J,L ist2 ,[F2 I P2 J> 

p_rlCType,X,List,F,R,list1,F1,Rl,List2,f2,R2>, 

! ' partition_restCType,X,R,P,R1,P1,R2,P2). 

_. .-

_r1<_,_,[HfTJ,[HJ,T,(H1jT1h[HlJ,T1,(XlT2J,CXJ.T2) :- dis_solutionlf-lteXlte!• 
_rlCType,X,[H!TJ,F,R,[HlfT1J,CHllF1l,R1,EH2IT2l,tH2lf2J,R2J :-

i·gnore_term <H>, 

! ' 
p_r1(Type,X,T,F,R,T1,F1,R1,T2,F2,R2>• 

JlC'Change of Unknown•,X,CcvefTl,F,R,[_IT1J,F1,R1,C_lT2l,F2,R2> :- !, 
p rlf'Change of Unknownw,X,T,F,R,T1,F1,Rl,T2,F2,R2J. 

_rlt'Cha~ge of Unknown•,X,[sestTl,F,R,[_lT1J,F1,R1,C_IT2J,F2,R2J :- !, 
p_rl('Change of Uriknown•,x,T,F,R,Tl,F1,R1,T2,F2,R2>• 

Jl<Type,X,[start!Tl,F,T1,C_!T2l,Fl,Rl,t_lT3J,F2,R2J !- !, 
p_rl(Type,X,T,F,T1,T2,F1,R1,T3,F2,R2>. 

_r1CType,X,[H!Tl,CHIFJ,R,[HllT1J,[HlfF1l,Rl,[H2IT2J,[H2IF2l,R2J :- !, 
p_r1{Type,X,T,F,R,T1,F1,R1,T2,F2,R2). 

1nore_term ( nd >. 
;1nore_ t~rm ff f). 
1nore_term(nf). 
1nore_term(startJ. 



nd_the_purpose(_,_,[J,tJ,[J,(]) :- !. 
nd_the_p urpose <U ,Unkl ,CH IT h [Hl IT 1 J,C Ul ITUJ ,[ H2 I T2Jl :

ii nd_t he_purpose1 < U, Unk 1,H, Hl ,UltH2 >, 
!, 
find_the_purpose<U,Unkl,T,Tl,TU,T2)• 

nd_the_Purposel <_,_, C J,_,_,C J > :- ! • 
nd_the_purposel(Unk,_,CHJ,(Al_l,tXf_J, 

[condit1onsCH,satC~at,Unk,EqnJ,unsat([J,_,_JJJJ :- !, 
get_preconditions(Unk,H,Eqn,Pre>, 
fi nd_ok _preconds C Unk, X, A,EQrhPre, Sat). 

nd_the_purposelCUnk,Unkl,CH,HllTl,tA,B(Tll,£X,XlUTl, 
[conditions CH ,sat C Sat, Unk 1, Eqn2) ,unsat <Unsat ,Unk ,E qnl J l I T2J > :
get_precond it ions< Unk, H 1,Eqn1, Pre 1 J, 
get_preconditions{Unk1,Hl,Eqn2,Pre2), 
find_~issing_preconds<B,Unk,X,A,Unsat.Prel•Eqnl>• 
find_ok_preconds(Unk,X,A,Eqn2,Pre2,Sat>, 
!9 
find_the_purposeltUnk,Unk1,[HllTJ,[BfT1J,[XfUTJ,T2). 



F:i.Ie 

% UPdated 6 Moi·~h 1984 
% Purpose Tables of Crn1nection and Conditions for LP 

/* Table of Connections *I 

must_satisfy less_occ(_,_,_),['Collection 1 ,'PrePare for FBctoriz~tion'J). 
must_satisfs identical_subterms(_,_,_),['Homosenizati □n'J). 
must_satisfs closer(_,_,_),['Attraction'J). 
must_satisfs(is_ProductC_,_),f'PreP2r@ for Factorization']). 
must_satisfs(rhs_zero(_),C'PrePs1~ for F~ctorizatian'J). 
must_satisfs(mul~_occ(_,_),['Attraction','Lo~arithmic Method']). 

misht_satisfy(mult_occC_,_),[ 1 Collection';'Nasts Function Method', 
~Function StriPPins','PolHnamial M0thods'J), 
misht_satisfs(is_mod_Pols(_,_,_),['Colle~tior1','Attraction', 

'Nasts Function Method','Losarithmic Method','Function StriPPins'J), 
iii :£..if1 f~ .. -~ '!.S a~t:i. ~; -r,:~~:!. ( r· f··~ ~ ..... ~:f:.~t r-ci ( -- ) !,1 [ i' r.i {!::~::. t. ~! t=-t1r1c· t. i C! r·i i1.~1,.-::.rt~f·1crci .r· 9 l' t.c:~J;::: r· j_ t. i .. lff: i {:· r--~et f·1cJcJ .·· f 

'Function StriPPins'J). 
L. ~ht_satisfs(common_subtermsC_,_,_),['follect!on','Attraction', 
✓ Nasts Function Method','Losarithmic Method','Function StriPPins'J). 

I* Table of Condi~ions */ 

multiPle_offenders_set(_,_,_),eloser(_,_,_),identical_subterms(_,_,_), 

excludes(identical_subterms(_,_,_),[sinSle_occC_,_)J). 

excludes(multiPle_offenders_set(_,_,_),fsinsle_occ(_,_)J), 
excludesCcommon_subterms(_,_,_),Csinsl~- □cc(_,_)J). 

excludes(dominated(_,_,_),[sinsle_occ(_,_)]). 
excludes(is_Productc_,_),[is_sum(_,_),is_disJunct(_,_)J). 

~ludes(is_sum(_,_),[is_Pr□duct(_,_),is_disJunct<_,_)J). 

~ludes(is_disJunct(_,_),Cis_Product(_,_),is_sum(_,_)J). 
r 

;.~(-?. t.- .... :~-:_: ::-~r.:• 1 ~;£:r1 {::~t. :I. t) r·i ( i::•t1-n-11ttC)r1 .... s-tJi:"! t. E: r in!:: .. "'.:-~; :i ;/ t:0tJc:1t. i c1r1 f·1.:::!~; c:--ctniir!rJri i:~c~d i t .. -i \lf!:~ ·:::.i.1t1 t-!i.~ r ... rti ~:: . . -r ) t .... ! { 
~~i-···-t ..... f::.,;-~f:"'" 1-~::ri.E::t. i c:,r·~ ( r,.:- rt:Jt:i .... t:1;{;!:• ·-· t.f:•": rff?•::,:. __ £:iG:1-1-./'~2 ~ 1' F" t:?1.1;.~t- i {31-1 i =· 2: r--· r-r:ti:ii.JC·t. ()·f t:::: ;{;~..-or·1e:··i·t i -=~ l. s -·· ) 

set_exPlanation(is_mod_Pals/3,'Eauation is a Polsnomial') : !. 
eet_exPlanatio~(rhs_zero/1,'Risht hand side or eauation is 0') :- !. 
set_explanation(is_disJunct/2~'ExPression is a disJunction') :- !, 
set_exPlanation(is_praduct/2,'Left hand side of eauation is a Product') t- ,, 
Set_exPlanation(is_sum/2,'Left hand sid~ of emuation is a sum·> :- !, 

~et_exPlanation(identical_subterms/3,'Unknowns occur in identical subterms') :-

set_exPlanation(multiPle_offenders_set/3,'There are multiple offendins terms') 



% Add new entrw to table 
add_to_tableCHethod,CHITJ> :

add_into_table<Method,H>, 
! V 

add_to_table<Method,T). 

add_to_table(_,[J). 
% Table already has entry for condi~ion 

add_into_table(Method,Cond) :
must_satisfy(Cond,List>, 
! , 
add_into_tablelCCond,List,Hethod). 

% Start Table entry for condition 
add_into_tableCMethod,Cond> :

mod_asserta(must_satis~YCCond,CMethodJ)), 
! ~ 

% Entry already contains method 
i_into_tablel(_,List,Method) :

member<Method,List), 

% Add new member to entrs 
?~~-into_tablel(Cond,List,Method) :

retract(must_satisfw(Cond,List>>, 
! , 
mod_assertaCmust_satis?w<Co1ld,[HethodlListJ>>. 



File : CONO 
Author : Bernard Silver 
Updated: 27 February 1984 
Purpose: Conditions for LP 

public 

- mode 

ctoser/3, 
common_subterms/3, 
contains/2, 
contains_nasties/2, 
dis_solution/2, 
dominated/3, 
find_type/3, 
freeof/2, 
good_subterm/4, 
identical_subterms/3, 
is_disjunct/2, 
is_mod_poly/3, 
'is_product/2, 
iS_SU'.!i/2, 
less_occ/3, 
mult_occ/2, 
parse/3, 
rhs_zero/1, 
same_occ/3, 
single_occ/2, 
trigf/1. 

check_expp(+), 
check_logf<•>, 
check_trigf(+}, 
closer{+,+,+>, 
common_subtermsC+,+,?>, 
common_subterms_listc+,+,?>, 
contains(+,•>, 
contains_nasties(+,+l, 
dts_solution<+,+J, 
dl_parse<+,?,+>, 
dominated<+,+,?>, 
dominatable_function<+>, 
dominatedl<+,+,+,+,?l, 
find typeC+,+,?l, 
findtypeC-,+h 
freeof<+, +l, 
freeof(+, +, ->, 
good_subtermC+, +,.+, ->, 
good_subterml+, ->, 
good_subtermc+, +, ->, 
identicat_subterms<+, +, -l, 
is disjunct{+,+>, 
,~-mod polyC+,+,?J, 
i s:product ( +',+ >, 
is_sum<+,+J, 
tess_occ(+,-+,+>, 
mult_occC+,+J, 
parsec+,-,+>, 
rhs_zero(+), 
same_occ<+,+,+J, 
single_occC+,+J, 



Occurrence clauses. 
l t _o C C n er m " EX p ) : - 0 CC { Term ' E X p ' N J t N > 1 ' ! • 

This provides an alternative implementation of freeof/2 and 
contains/2 which should be faster and use less stack. 

ntainsCKernel, Expression> :-
\+ treeof(Kernel, Expression). 

eeoftKernel, Kernel> :- !, 
fail. 

eeofCKernel, Expression> :
simple<Expression>, !. 

eeoftKernet, Expression> :
functorCExpression, _, Arity>, !, 
freeofCArity, Kernel, Expression>. 

freeof(O, Kernel, Expression> :- !. 
freeof<N, Kernel, Expression> :-

argCN, Expression, Argument>, 
freeofCKernel, Argument>, 
M is N-1" ! • 
freeof(M, Kernel, Expression). 

tme_occtX,Old,NewJ :
occ O<.Old,PH, 
occCX,New.,tH., 

! ' 
M:: N. 

•ss_occ<X,OLd,NewJ :
occCX,Old,M>, 
occ<X,New,N>, 
! t 
M > I\!. 

Pattern Matching
•- zero<_=:1>. 

;~product<X,A*B=_> :
contains(X.,AJ, 
containsCX,B) • 

• _disjuncttX,A#B) :
containsOt,A), 
contains O<,BJ, 
! • 

; sumCX,A+B= > :-
- containsCX,A>, 

containsO<,B>t 
! • 

ls_sotut1onCX=A,X> :- !, 
freeof<X,AJ.-



s_solutionf~#B,XJ :- !, 
dts_solutionCA,X>, 
dis_solutioncB,X>. 

s_sotution(true,_) :- !. 
s_solution(false,_J :- !. 

For F.P. 
•mmon_subtermscX,Term=_,SubtermJ :- !, 

commo~_subterms<X,Term,Subterm>. 
,~mon_subter~s<X,Term,Subterm) :

decomo<Term,[+!ListJ>, 
common_subterms_tisttX,List,SubtermJ, 
! • 

,mmon_subterms_l is t t _,( J ,_>. 
·mmon_subterms_list<X,[HfTJ,Subterm> :

subterms2<H,X,Subterm>, 
common~subterms_li~tcx,T,Subterm). 

: For Attraction 
oser<x,.A,BJ :

ctoseness<X,A,Cl>, 
closenessfX,B,C2J, 
! , 
c2<c1. 

; Function Stripping 
rminated<X,L=R,(11 PosnJ> :

mult_occO<,L>, 
functor<L,F,NJ, 
L = •• [FIArgsJ, 
dominatedl<N,F,Args,X,PosnJ, 
! • 

iminated1(2,F,tA,BJtX,CPJ> :
dominatabte_function(F>, 
! , 
((contains<X,A>,freeof<X,B>,P=l>; 
(contains<X,B> ,treeoto:,A>.P=2J >, 

,minatable_funct1onC*> :- !. 
,minatable_functionllogJ :- !. 
)minatable_function(AJ :- !. 

t Defn fo~ Nasty Function Preconditions 

rn t a i n s _n as t i e s { X, E Q n) : -
callCparse4(Eqn,x,u,other>J, 
calltsubnastyCX,U,VJJ, 
V \== CJ, 
! .. 

lntains_nasties<X,Eqn) :
call<parse4<Eqn,X,U,negJ>, 
catt{exp_nasty_listCX,U,VJ>, 



: Recognize poly if equation is not in weak normal form 
:_mud_poly<X,Pol,A=B) :-

weak_normal_formCPol,X,Eqnl, 

! ' 
Eqn = <A=B>, 
is _po l y < X, A i • 

For Change of Unknown 

lentical_subterms<Lhs=Rhs, Var, Term) :
occCVar, Lhs, NJ, N > 1, 
setofCTerm, good~subtermllhs, Var, 
extreTie_term(TermSet, >, Term>,!. 

, .... · subterm<Exp, Var, N, Term) :
good_subtermCExp, Term>, 
occCVar, Term, MJ, M > O, 
occ(Term, Exp, Ll, L > 1, 
N is L*M• 

N, Term>, TermSetJ, 
' 

good_subtermCTerm, Exp) is true when Term is a non-atomic subterm 
of Exp. This enables us to drop the "Term\= Var" requirement in 
g.ood_:subterm/4. 

good_subtermCExp, Term> :-
( atomic<Exp> ; number<Exp> 

good_subtermCExp, Term> :
functor<Exp, _, N>, 
good_subterm<N, Exp, Term). 

X good_subterm<N,E,TJ <-Tis a good subterm of Exp's Nth argument 

good_subtermCO, Exp, TermJ :- !, Term= Exp. 
good_subtermCN, Exp, Term) : 

arg(N, Exp, ArgJ, 
good_subterm<Arg, T'erm>. 

good_subterm<N, Exp, Term> :-
Mis N-1, !, 
good_subtermCM, Exp, Term>• 

; Type of equation Cfor schema methods> 
ind_typeCX,Eqn,Type> :

parse{Eqn,Set,X>, 
findtypeCType,setJ. 

, 

irse {Exp, Set, Unk > :- d l_parse ( Exp,Set 1-[ J, Unk >, l i sttoset C Set 1, Set> • 

. parsetA= ,L,Unk> :- !,dl parseCA,L,Unk> • 

. :parseCA#B,L-Ll,Unkl -:- !~dl_parseCA,L-L2,Unk>,dl_parseCB,l2-L1,UnkJ • 

. _parseCA+B,L-Ll,UnkJ :- !,dl_parseCA,L-L2,UnkJ,dl_parseCB,L2-Ll,Unk). 



. parseCA*B,L-L1,Unk> :- !tdl parsefA,L-L2,Unk>,dl parse«B,L2-L1,UnkJ • 

. :ParsefAAB,L,Unkl :- number<E>, !,dl_parse<A,L,Unk) • 

. _parseCUnk,CUnkfll-L,Unk> :- ! • 

. _parse<A,L-L,Unk> :- freeofCUnk,AJ,! • 

. _parseCA,CAILl-L,_J :- !. 

indtype(trig,L> :- check_trigf(ll,!. 
fndtypeClogC_>,LJ !- check_logf(LJ,!. 
I ndtype tex·p, L) :- chec k_expp ( L >. ! • 

1eck_trigf([J> :- ! •. 
1eck_tr1gf[[HITJJ :- trigf<H>,check_trigf(T>,!. 

1eck_logf C[ JJ :- ! • 
1eck_Logf([lagl_,_,1TJ) :- check_logf(TJ. 

1eck_expp([JJ :- !. 
1eck_exppU:_"'_lTJ> :- check_expp(T>,!. 

-
~igf(XJ :- memberchk<X,tsin(_J,cos{_J,tan<_>,sec<_>,cosec(_),cot(_JJJ. 



I* CONJ! 

Bernard Silver 
Updated: 26 February 1984 

conjecture_stepsf[EqnjExamplell,X,Unksteps,Conjlist,UnkList,Method,Method2J :
make_unk_list<[EqnfExample1J,X,L1st1,UnkListJ_, 
find_unknown_steps([Eqn1Example1J,List1,Unksteps,NewUnkJ, 
conjecture_the_steps(Eqn,X,NewUnk,Conjlist,Method,Method2>.-

% Find unknowns for each step 
make_unk_listtA,X,B,List> :- make_unk_listl<A,X,X,B,Listl,! .. 

make_unk_listl<(falselTJ,Old,Old,Csu(false,OldJfTlJ,COldlT2J> :- !, 
make_unk_list1CT,Old,Old,T1,T2),. 

% Change of Unknown 
make_unk_listlC[Y=SubjTJ,Old,Unk,CsuCY=Sub,YJjTll,[YfT2l> :

freeof(Unk,Y>, 
contains<Urik,Sub>, 
make_unk_list1tT,Otd,Y,T1,T2>, 
! " 

% Change back 
make_unk_listlC[Y=X(TJ,Old,Unk,Csu(Y=X,OldlJT1J,[OldlT2l> :

freeoffUnk,Yl, 
freeof (Old,Xh 
contains(Old,Y>, 
make_unk_tistlCT,Old,Otd,Tl,T2J, 
!4 

make_urrk_listH[HfTJ,Unk,X,[su<H,X) jT1J,CXIT2JJ :
contains{X,H>, 
reake_unk_list1CT,Unk,X,T1,T2J, 
! " 

make_unk_list1([HjTl,Unk,X,[suCH,UnkJfT1J,[UnkfT2JJ :-
containsCUnk,H>, · 
make_unk_list1CT,Unk,Unk,T1,T2J, 

X Conjecture reasons for steps 

conjectu~e_the_steps<_,_,CJ,[J,L,l) :- reset,!. 
conjecture_the_stepsCEqn,X,A,Conj,L,Ll> :- !, 

check_no_conjectures(Eqn,Xl, 
(CA= C_J ->Flag= •.•>;Ftag=•s.,•>, 
writef(~\nTrying to conjecture reasons for unknown stepl~\n•,CFlaglJ, 
conj_stepsCA,Flag,Conjl,Namelist>, 
zap_stored_conj(Conj1,Conj,Nametist,L,L1>. 

con]_steps((l,Flag,[J,[J> :- writefC•\nEnd of Conjecturelw\n~,[FlagJJ,!. 
conj_stepsC[HfTJ,Flag,[ConJ1!Conjl1stl,NewNames> :-

. write_stepCHJ, 
conjecture_stepsltH,Conj,Conjl,Ok,Type>, 
H = st{A,X,B,_l, 



confirm_conj<0k,Conj,X,A,B,Type,Name>, 
t((varCType),var(Name>>.-> NewNames = Rest}; 
ruewNames =[change_nameCName,A,B>fRestl>, 
conj_steps(T,Flag,Conjlist,Rest>, 
!. 

conjecture_stepsl<st<A,X,B,X>,C,Cl,yes,Name> :
retract(p_m_r(Name,A,B>>, 
(Name= method(Nam~l>;Name=Namel>, 
! , 
known_methodc_,_,_,Name,Type,_,_,_>, 
find parts of equation(Type,A,B,Al,Bl>, 
Diff-= •• [Namil,Al,BlJ, 
writeft•\nStep is an application of %w\n•,[Name1J>, 
remake_eonjecture<X,A,B,NewC>, 
(NewC=diff(0ld,New>;NewC=re<diff(0ld,New>>>, 
writef(t\n\nConjecture that\n\n%t\n\n\t\t->\n\n%t\n•,C0td,NewJ>, 

! ' 
proeess_diff<diff<0iff>,Al,Bl,C,Cl>• 

conjecture_stepslcstcA=B,X,C=B,Xl,Conj,Conjl,yes,Type> :
find_diff<X,A,C,Diff,Type,A=B,C=B>, 
process_difftDiff•A=B,C=B,Conj,Conjl>, 
: . . 

conjecture_stepsl(st<A,X,B,X>,C,Cl,F,Type> :
! t 
find_ditf_hard(A,B,X,F,c,c1,Type,A,B>. 

conjecture_stepslCst(Old,X,New,Y>,chunk,Conj,yesl,_> :
flag(method(~Change of Unknown•>,on,on>, 
X\=Y, 
writef<•\nSome sort of change of unknown seems to have happened.\n•>, 
CoRj = conj_mess('Change of Unknown•,ch(X,Y>,0td,New>, 
! • 

conjecture_stepslCst(0td,_,New,_>,_,Conj,no,_> :
writef€•\nUnable to conjecture reason for ~his step.\n•>, 
Conj= conj_messlfail<New>,_,0ld,New>, 
! • 

find_parts_of_equation<atl,A,B,A,B> :- !. 
find_parts_of_equation(part,A=B,C=B,A,C) :- !. 
find_parts_of_equationC_,A,B,A,B> :- !• 

remake_conjecture<X,A=C,B=c,conjl :-
functor<A,F,rn, 
functor<B,F,Nl, 
decomp<A,CFIArglJ>, 
decomp(B,(F(Arg2J>, 
find_diff3CX,F,Arg1,Arg2,Conj,_,A=C,B=C>, 
! • 

% find differences 
find_diffCX,Term1,Term2,Diff,Type,Eqnl,Eqn2> :-



find_diff1CX,Terml,Term2,Diff,Type,Eqn1,Eqn2J, 
output_diff(Diff>, 
! • 

f1nd_diff1CX,Term1,Term2,Diff,Type,Eqn1,Eqn2> :
functorCTerm1,F,N>, 
functor<Term2,F,N>, 
decomoCTerm1,CFfArg1lJ, 
decomp(Term2,[ffArg2J), 
find_dif~3(X,F,Arg1,Arg2,Diff,Type,Eqn1,Eqn2>, 
! .. 

find_diff1CX,Term1,T~rm2,D1ff,Type,Eqn1,E~n2J :
f1nd_d1ff21X,Term1,Term2,Diff,Type,EQnl,Eqn2J,!. 

find_d1ff2CX,Term1,Term2,diffCDiffJ,Name,0ld,NewJ :
retractlp_m_rCName,0td,New>>, 
CName = method(Name1J;Name=Name1>, 
writeft•\nStep is an application of %w\n',[Name1l>, 
,! , 
biff ~ ... [Namel,Term1,Term2J. 

f i nd_di f f3 O<, F, Argl ,Arg2, re (Di ff'), Type, Eqnl ,Eqn2) :
as soc i at i ve CF), 
remove_match(Arg1,Arg2,New1,New2l, 
shift_numbersCNewl,New2,NewAr1,NewAr2,FJ, 
remove_matchl(NewArl,NewAr2,A,B,FJ, 
find_diff2CX,A,B,Diff,Type,Eqnl,EQn2J, 
! " 

find_diff3CX,_,Arg1,Arg2,Diff,_,_,_J :
only_d1ff1Arg1,Arg2,D1ff>, 
! • 

% Args differ in only one entry 
only_dtffCList1,List2,DiffJ :- diff_list{List1,List2,[l,[DiffJJ,!• 

diff_list<[J,CJ,x,x> :- !. 
1 ff_listC[HITl,[HfT1l,Acc,Diff> :- diff l1stcT,T1,Acc,Diff>,!. 
~f_ltstC[HiTJ,[HllTll,Acc,DiffJ :- diff_listCT,T1,[d1fftH,H1JfAccJ,DiffJ,!. 

remove_match<[J,List,[J,List> :- !. 
remove_matchC[HITl,List,New1,New2J :-

delete_member<H,List,New>, 
!t 
remove_match<T,New,New1,New2>. 

' remove_matchC[HfTJ,List,CHINewll,New2J :-
remove_match(T,list,New1,New2J. 

% Delete ter~ from list to get new list 
delete_memberCH,tHITl,T> :- !. 
delete_member<H,CH1fTJ,[HllT1J> :- delete_member<H,T,,Tl>. 

remove_matchll[Al,[B],lewT1,NewT2,_> :-



A =•• CF IArglh 
B =•• [FfArg2J., 
associative ff>, 
recomp(New1,[F(Arg1l>, 
tidyC~ewl,NewTl>, 
recomp(New2.,[FJArg2J>, 
tidyCNew2,NewT2>, 
? • 

remove_matchl<Listl.,List2,TTerm1,TTerm2,F> :
recomo(Terml,CFiListlJ>, 
tidy{Terml,TTerml>, 
recomp<Term2,CFiList2J)., 
tidyCTerm2,TTerm2>, 
! .. 

% Move numbers from left hand side to right hand side of rewrite rule 
shift_numbers<[J,L.,[].,L.,_> :- !. 
shift_numbersC[HfTJ,L,L1,[H1!L2J.,FJ :-

number {HJ, 

! ' 
inverse_number(F,H,Hl>• 
shift_numbers<T,L.,L1.,L2,FJ. 

ift_numbersl[HjTJ.,L,tHJL1l,L2,F> :
shift_numbers<T,L,L1.,L2,FJ. 

1nverse_numberC+,Old,InvJ :- !,evalC-Old,Inv>. 
inverse_numberC•.,Old,Inv> :- !,eval(l/Dld,InvJ. 

% Harder differences 

% Recognise disjunctive solution 

% Work with both sides 
find_diff_hardCA=B•C=O,X,yes,Conj,Conj1,Type,E1,E2) ! 

find_both_sides_difference<X,A=B,C=D,Conj,Con]l,Type,E1,E2>. 

find_both_sides_differenceCX,A=B,C=D.,Conj,Conj1,Type,E1,E2J :
B \==~, % to stop hidden divisions 
D \==O, 
tidy~expr(A-B=O,Newl=O>, 
tidy_exprCC-D=O,New2=0>, 
f1nd_diff1CX,New1,New2,Diff,Type,E1,E2J, 
Diff \= diff<_,_l, 
Diff \= re(diff<_,_>>, 
!, 
writefC•\n\nConjecture that\n\n%t\n\n\t\t=\n\n%t\n•,[Newl,New2lJ, 
process_diff(Diff,A=B,c=D,Conj,ConjlJ. 

% Default 
find both sides difference( ,A=B,c=D,Co,Col, ,E1,E2J :-

- w;itef(;\n\nC~nject;re that\n\n%t\n\~\t\t->\n\n%t\n•,tA=B,C=Dll, 
proce s s_di f i { re (di ff <A=B,C=D) J, A=B• C=D,Co, Col)~ 

I Process rule obtained from user 
obtain_rulelt_,_,Rule,_,_> :

functor<Rule,F, >, 



F \= =>, 
!, 

vriteft•\nYou have used the wrong connective, %t, in the rule.\n•,tFJ>, 
CF=<=> -> output_real_rute<Rute>;true>, 

! ' text_not_used, 
writeft•\nPlease try again.\n•>, 
fail. 

output_reat_ruletRule> :
Rule =•. [_(ArgJ, 
~1 =•• C=>tAr~J, 
num_writef(t\n[Rule\n\n%t\n\nshoutd probably be\n\n%t]\n•,CRule,R1J>, 
! • 

obtain_rulel<X,Unk,L=>R,Cond,rule<_,otd,New>> :
X=Unk, 
occ<X,New,F>, 
try_use_ruletUnk,Otd,Newl,L=>R,Cond,CJ,F), 
ftidy_expr<New1,New2>;tidyCNewl,New2>>, 
match_checktNew,New2>, 
! • 

-~tain_rulel<_,_,_,_,_) :
writef(•\n 

This rule does not appear to apply to the conjecture, please try again.\n'>, 
!, 
fail. 

% Replace information in stored conjectures with rule name 

zap_stored_conj<Old,Old,CJ,L,L? :- !. 
zap_stored_conj(Old,New,Cchange_name(Name,Tl,T2>1Tl,L,Ll> :

memberfconj_mess(OldName,rule<A,B>,T1,T21,0ld>, 
member<fail,L>, 
! ' 
perform_renametOtdName,NewName,Tl,T2,Name>, 
subst<conj mess(OldName,ruleCA,B>,Tl,T2> = 

conj_mess (NewName, rule (A, Bl, Tl, T2), 
Old,Mid>, _ 
first_subst<fail=NewName,L,L2>, 
zap_stored_conj(Mid,New,T,L2,Ll}. 

perform_renametx,x,_,_,_> :- method<X>,!. 
perform_rename<X,methodtX>,_,_,_> :- method<method(X>>,!. 
perform_rename<_,user_rutecName,Tl,T2>,T1,T2,Name> :- !. 

first_substc_,CJ,CJ> :- !. 
first_subst<A=B,CAITJ,CBfTJ> :- !. 
first_subst(S,tHITJ,CHJTl]l :-

first_subst<S,T,Tl>• 

% r!as this proble-m been tried before 
check_no_conjectures<Eqn,X> :

difficult_oncec~qn,X>, 
!, 

writef{'\nStill finding difficulties with this problem. entering break.\n•>• 
reset, 



break, 
tail. 

check_no_conjectures{EGn,X) :- as.sertatdifficult_o~ce(Eqn•>O>. 



Bernard Silver 
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% Ask user to confirm conjectures 
~onfirm_conj<no,_,_,_,_,_,_> :- !. 
:onfirm conj(Flag,Step,X,A,B,Type,Name> :

-process_reply([y,nJ,act_ans(Ans,Step,X,Flag,A,B,Type,Name>, 
~ns,•confirm:•,writef('\nis the conjecture correct? (y/n)\n•>>• 

tct_ans(y,Step,X,yes,A,B,Type,NameJ :- !, 
obtain_rute<Step,X,A,B,Type,Name>. 

ict_ans<y,Step,X,yesl,_,_,_,_> :- !. 
ict_ans{n,_,_,_,_,_,_,_> :-

writefc•\nCan¥•t proceed then, entering break.\n'>, 
! ' 
break, 
fail. 

% Just created new rule accounts for step 
1btain_rulec_,x,otd,New,_,Name> :

asserted<user_rule<Name,_,_,_,_,_,_>>, 
apply_new_rulel(X,Old,New,Name,tl>, 
writef(•\nRule Xw is applicable\n•,CNameJ>, 
! • 

~ Ask uset for rule 
~otain_rule<Step,x,_,_,Type,Name> :

rute_textf, 
repeat, 
read_in_rule_conds([Unkl,Rule1,CondJ>, 
know_conditions(Cond>, 
tidy_withvars(Rulel,Rule>, 
not not obtain_rulel<X,Unk,Rute,Cond,Step>, 
ob_condition<X,Unk.Rule,Cond,Step,Type,Name>,. ,. 

f"ill in conditions if none are given 
ob_condition<X,Unk,Rule,Cond,Step,Type,Na> :

! , 
fill in·values<X,Step,Occl,Occ2,Cond1>, 
obtain_the_rulesl<X,Unk,Rute,Cond,Step,Occl,Occ2,Condl,Type,Na>. 

ob condition< , , , , , , > :- !, 
- writef(•\n[;*Can not fill in values!!**]\n•>• 

, ! , 
fail. 

oatain the rulesltX,Unk,L=>R,Cond,Step,Oce1,0cc2,Condl,Type,Name} 
- is:type_rule{Type,X,Unk,L=>R,Cond,Step>, 

get_functions_from_step{Step,X>, 
<<vartType>;Type = method< >> -> 
repeat, 

. . -



rule_text3, 
prompt<_,•Name:•>, 
read_name(Name>, 
check name<Name>, ,,, -
. ' 
store_rule(Name,Unk,L=>R,Cond,Occl,Occ2,Condl,Type); 
true> .. 

1et_funct1ons_from_stepCruleC_,A,BJ,XJ :
t1nd_funct1onsC[A,BJ,X,addJ. 

s_type_rule!Type,X,Unk,L=>R,Cond,rulec_,A=_,B>> :-
{Type== 'Isalation•;Type "function Stripping">, 
! ' 
write_type C 'Isola't ion•>,, 
mark_mod_asserta((isolaxfthL,R> :- check_condfCond>>>• 

is_type_ruleCType,_,Unk,L=>R,Cond,_> :-
Type== •Collection•, 
write_typer•cottection•>, 
mark_mod_assertaCCcollaxCUnk,L,RJ:- check_condCCond>J>• 

iD type_rule(Type,_,Unk,L=>R,Cond,_J :-
Type== 1 Attraction•, 
write_type('Attraction•>, 
mark_mod_assertatlattrax<L&R,L,R,Cond>J>. %probably wrong! 

is_type_rulec_,_,_,_,_,_J. 

'* % Make rule into a hoffiog rule 
nake_homog_rule<Type,Var,RTerm,Offend,Unk,Old,New,CondJ :

substrVar=NewVar,Offend,OffendlJ, 
copy_ground<Old=New,Ground,Subst>, 
position(Offend1,Ground,Posn>, 
isolateCPosn,Ground,L=R>, 
substlSubst,L=R,NewEqn), 
NewEqn = COffend=Rl>, 
write_type C •Homogenization•>, 
mod_assertaC(rew_rule(Type,RTer ■ ,Offend,Rl,Unk> :- chect_cond(Cond>>>. 

c-heck_name(Na'f!e) :
varCNamel, 

! ' writef(*\nYou have used a variable,ptease try again.\n'>, 
fail. 

check_name(Name) :
user_rulerName,_,_,_,_,_,_J, 
! , 

writefC'\nThere is already a rule of name %t, please try another name.\n•,CNameJ>, 
fail. 

check_name( ) .. 

% Store the rules 
store_rule(Name,Unk,X,Y,Occl,Occ2,G,Type> :-



ftag(rutes,_,yes>, % Mark that rules are stored 
assertCrule(Name,Unk,X,YJ>, 
cond_add_to_list{Type,Name>, 
mod_assertzCuser_rule<Name,Unk,X,Y,0cc1,0cc2,G)J.· 

:ond_add_to_list(Type,_) :- var(TypeJ,!. 
:ond_add_to_tist(methodCName>,NamelJ :

write_type(Name>, 
store_rutes_list(Name,Namel). 

% Are the corrditions understood? 
:now_conditionsC[l). 
:now_conditionstEHITlJ :- know_conditionslCH>,know_conditionsCTJ,!. 

~now_condit1ons1CHJ :-
functorcH,F,N>, 
functor(New,F,NJ, 
current_predicatecF,New>, 
? • 

:now_conriitionsl(HJ :
functor<H,F,till, 
MritefC•\nThe condition %tilt is not understood.\n•,CF,NJ>, 
process_rep Ly H b, c ,uJ, act_opt ion< A, H) ,A, •Opt ion:• ,opt ion_ tex tJ, 
! • 

ict_optionO>,H> :- !, 
writefc•\n[Entering breakl\n'J, 
break, 
writef(t\n[Leaving ~reak]\n•J, 
kno~_conditionslCH>. 

1ct_option<c,HJ :- !, 
repeat, 
writefc•\nWhich file!\n•>, 
promptc_,•Filename:•>, 
read(File>, 
file_consult(file,HJ, 
!. 

__ opt ion Cu, HJ :- ! , 
~-1 writefc•\nConsulting [userJ.\n'h 

consutt<user>, 
know_conditionslCH). 

file consultCFile,HJ :-
- <tfile exists(File> -> reconsulttFile>,know conditionsltHJJ; 

cwrtteic•\nC••Ftle %w does not exist••] Pteise try again.\n',[Filel>, 
hfaillh 
! " 

% Fill in Occurrence information 
fitl_in_valuesCX,rule<_,0ld,New},H1,H2,Cond> :

occ(X,Old,H3), 
occ<X,New,H4), 
fill_in_value~l<H3,H4,HliH2,Cond>, 
! • 



'ill_in_values(_,_,_,_,[Jl. 
'ill_in_valuesl<A,A,B,B,[J} 

% Play safe 
:- !. % Old and New have same number of 

% Guess this is always the case 
occurrences 

'ill_in_valuesl&A,B,C,D,CevalCC>D>l> :- I Old greater than New, e.g. collect 
A>B, 
! • 

'i-ll_in_valuesl<A,B,C,D,(evaUC<D>]> :- % Old less than new ,e.g sin double 
A<B, % angle. 
J ... 

'ill_in_valuesll_,_,_,_,CJ>., % Just in case! Should never happen 

I Check example if difficulty was found, to see if things are understood no~ 
:heck_examplerX,[Eqnj_J,Example> :

difficult_onceCEqn,X>, 
!t 
check_examplel<X,Example>. 

% No problem last time, so end the output 
1 

k_examplet_,_,_> :- terminate_text. 

:erminate_text :-
writefC•\n[Type generate_problem to test the schema]\n'J, 
writef(•\n[End of Output]\n'>• 

:heck_examplelCX,Example> :-
process_replyC(y,nJ,check_example2(X,Example,Ans),Ans,•Reply:•, 

,ritefl'\nDo you want to run the problem again now? Type y or n.\n'JJ. 

;heck_example2C_,_,nJ :- !,reset,writef(*\nOk.\n•>,terminate_text. 
:heck_example2CX,Example,yJ :-

writefC'\nRerunning example.\n'>, 
initialize_screen, 
work_main(Example,x>. 

~ark_m~d_assertaCRulel :
mod_asserta<Rul~l, 
mod_asserta<new_rute_stored{Rule)>. 

• 



1·"3 i'!:.' J°' r-1 -:::= r (j 
t~t f··! ,::;: rt::- f·1 

~ PurPose Flasc for LP 

% Initialize flass 
flasCrules,_,no>, 
flas(textl,_,notused), 
flas(text2,_,notused>, 
flas(text2a,_,notused), 
flas(outPut,_,no), 
flas(looP,_,ses>, 
flas(new_methods,_,ves), 
flas(cifer,_,ses). 

% Initialize method flass 
:- flaS(methodc~Isolation'),_,on), 

flaS(method('PrePare for Factorization'),_,on>, 
·f 1 as ( n-11::..1 ·t?·~c1ci ( .1 f.:;i::• 1 it. [ti ~:;--.J~ . .:ri{2t i c11 i"::~- ~- ) 1 , .. u !! tJrr) ~1 

f~Ic~~(1nF:tf·1:::i-ci( ···F~ctl!::!!-~{)ffi:i.t:::1 !1it:.:t .. J"'ic;£j5;.~) y_~cir:J 7 

flasCmethodC'Chanse of ·unknown'),_,on>, 
flaS(method('Function StriPFin~'),_,on), 
flas(method('Collection'),_,on>, 
flasCmethodC'Attraction'),_,on), 
flasCmethod('Homosenization'),_,on), 
flaS(method('Lasarithmic MeU,od'),_,onl, 
·flag(method( 1 Nasts Function Mvthod'),_,on), 

I* remove commands*' 

remove(X) i- var(X),!,variable_arsument(reruove). 

ove(rules) :- !,user_macro(is_rules,rules,r_rules), 

is_rules :- rules_stored;new_rule_stored(_). 

% Remove specific rules 
~emove(rules(L)) :- user_macro(rules_stored,rules,remove_rulesl(L)), 

% Remove new methods 
remove{new_methods) :- ,, 

user_macro(known_method_auto(_,_,_,_,_,_,_),'new methods',r_nm), 

remove(schemas) :- !, 
user_macro(schemas, 'scnemas',r_s). 

remove(rule(Name)) 

retract(user_rule(Name,A,B,C,D,E,F)), 



writef('\nRul~ Xt retracted.\n',[NameJ), 
% Check if ans rules at all are left 

'emove(rule(Name)) .- !, 
(rules_stored -> 

~emove(X) :- command_error(reruove,X). 

abolish(user_rule,71, 
writef('\nUser rules removed,\n'>, 
fla~(rules,_,no>, 

abolish(known_method_schema,9>, 
retract(schema(Name)), 
retract(method(Name>>, 

abolish(known_method_auto,7>, 

abolish(auto_rule,2>, 
remove_table_entri0s, 
remove_new_method_markers, 
writef('\nAll new (non-schema) methods removed.\ri'), 
( rr ri ·t ~; (; f·l 1;;., r!1 .:::: ~=~ ~i 
writef('\n[Use ''remove schemas' 1 to remove schema rnethods.J\n')), 

must_satisfsCCond,List>, 
member(method(autoCX>>,Listl, 
delete{auto(X),List,New), 
retract(must_satisfs(Cond,Listl), 
assertCmust_satis~s(Cond,New)), 

remove_table_entries. 

remove_rulesl([J) t- write~('\nFinished.\n'}. 
remove_rulesl([HITJ) :- remove(rule(H)),remove_rulesl(T). 

% Still user rules around? 
~~;+. ~ J ·i .... r•f; e~::r ~ user_rule(_,_,_,_,_,_,_),!. 
-~; t~ i 11~ ... r~rJ (-:~s :; 



% Define various flatj~ 

·ules_stored :- flas(ru!es,ses,ses). 

1llowed_new_methods :- fle~Cnew_methods,ses,ses). 

0(X) :- enable(X). 

enable(Uar> :- var(Var),1,variable7 arsument(enable). 

enable([H\TJ> :- !,enable(H),enable(T). 

enableCallmethods) :- !, e_a_m. 
enable(FlaS) : flaS2(FlaS,ses),!. 
enable(Flas) :- method(method(FlaS))~flaS2Cmethod(method(Flas>>,011),!. 

,ble(Method) :- short_name(Method,New),!,enable(New). 

d(X) :- disable(X). 

disable(Var) :- var(Var),!,variable_arsument(disable). 

!,disable(H),disable(T). 

disable(allmethods) :- !,d_a_m. 
disableCFlaS) :- flas2(Flas,no>,!~ 
disable(FlaS) :- method(method(FlsSl),flaS2Cruethod(methodCFls~)),off),!. 
disable(Flas) :- methodCFlas),flas?(method(FlsS),off),!. 
disable(Nethod) :- sh□ rt_name(Method,N~w),!,dis~ble(New). 

disable(Error) : no_such_flas(Error,disable),!. 

writef(',nThe example will now%wbe outPut.\n',CWJ>, 



writef(',nYour terminal isZwa cifer~\n',[WJ), 
! • 

flas_messaseCnew_methods,X> :
BP-t-woi~d C:(, l-<D, 
writef('\nNew methods are now%wallowed.\n',CWJ , 
CX=Yes->enable_n~w_methods;disable_new_methods, 
! • 

flas_messase(method(Hethod>,X> :
( X=or·1 9 X=-.:crf' f) , 
met-hod< Methc)d) , 
(Method=user_rule(_,_,_) -> N='APPlY New Rule';N=Method>~ 
writef('\nMethod %w turned Xt.\n',CN,XJ>, 
(method_list_on([_;_J,_);w~ite~C 1 \nC**No methods are l0~tt*J\n'>), 
! • 

(-?_;:::_n"t ~ .... 

method-list_on(_,ListOfr>, 
e __ .. ~_m1 CL:i.stO·ff), 

e •_m1([J) :- l,writef('\nNo methods are disabled, nathins done.\n'). 

e_,.a_mi.<Li1:;,t) t··· 
e_a __ m2 0 .. i ~,d:,) , 
-! .. 

e_a_m2([J) :- writef('\nAll methods have been turned on.\n'),!. 
e_a_m2([HITJ) :-

~:Jr·1ab1E~ 00 ;, 
! l' 

e_a .. _u::2 ( .. f J f 

method_list_on(ListOn,_), 
d __ a_.m1 ( Li stOn), 
! ❖ 

r.'" \ .. -3YI1{t .. ist .. ) t-.. 
,j __ a_J!t2(J_is·t), 
! ¼ 

d_a_m2(CJ) :- writef('\nAll methods have been ~urned off,\n'),!. 
d_a_m2C[HITJJ :-

di~;;;.~bl(.;!-(H), 

d_ .. a .. _m2(T)., 

' ! § set_word(YeSY' '> 
set_word<no,' not ') !-·· ! ❖ 

show_all_fla~s([J) :- !. 
stiot4-.<~11~-- ·flaas( [t·i i TJ 1 t-u 

flag<H,Old,Old), 
interPret_value(H,Old>, 



interPret_value(rules,Ual) :- !, 
(Val=~es -> W=' ~i~-: no'), 

interPret_value(looP,Val) :- !, 

interPret_value(Flas,Val) :
(Val=ses->W=enabled;M=disabled), 

% Chanse loop flas when needed bs sulv~, dn nothins if flas 1s set to no 

1/ Reinitialize runs by removins difficults marker and ~to,·~cl eouatinns 

abolish(seen_ean,1), 
abolish(p_m_r,3>, 
abolishCwarninS,2), 

abolish(Just_created,l), 
(retract(difficult_once(_,_))ltrue), 
! ❖ 

% Abolish asserted markers 
reset1 :- mod_abolish(asserted,ll,reset. 

t.~ r:..":: ~< t~ n •• r-2 {:) t~ .... r.J ~; 1~-:, cl ~: .... 
flas(textl,_,notusedl, 
flas(text2,_,notused), 
flas(text2a,_,nctused), 

enabled;W=disabled), 
writef('\n Alreads %w, no~hins done.\n',CWJ). 

no_such_flas(Err,Ts) :-

valid_commands(TY,List), 

X Arsument is a variable 



Fi le : CHAR 
Author : 3ernard Silver 
Updated: 26 February 1984 
Purpose: Character Reading for LP 

\ 

- public 

:- mode 

convert_chars/21 
read_in_conditions/1, 
read_in_rule_conds/1, 
read_in_line/1, 
read_ in_rul e/1, 
read_in_unknown/1, 
read_!lame/1, 
syntin_chec k / 1. 

convert_chars<+,->, 
make_reply_from_charsl+,+,+,->, 
map_put<•>, 
mod_know_conditions{+), 
read_conditionsC_>, 
read_unknownc->, 
read_in_conditionsC->, 
read_in_Linel-J, 
read_in_linelt+,-l, 
read_in_ruleC->, 
read_in_rule_condsC->, 
read_in_rule_conds_contt+,->, 
read in unknownl->, 
read:name c - >, 
read_rule<->, 
read_rest(+,1>, 
read_restlC+,+,?>, 
read_rest_condC+,?), 
read rest unk<+,?>, 
read:rest:unkl<+,?>, 
read_restlc+,?>, 
syntax_check<+>, 
syntax_checkC+,+,+). 

-_in_rule_conds<Repty> :
read_in_ruleCRule>, 
read_in_rule_conds_cont<Rule,Reply>, 
! " 

z List starts "ruleCtt, remainder is Name> 
read_in_rule_conds_cont([114,117,108,101,40fLJ,ReplyJ :

append(NameChars,")",L>, 
nameCName,NameCharsJ, 
<CcallCrule(Name,Unk,Rule,Cond>>,Reply=CUnk,Rule,CondJ); 

(writef(t\nRule %t not found, please try again.\n\n•~(Name]J,!,fail>>, 
! " 

read_in_rule_conds_contC"a",_> :- !,. 
writefC•\n[AbortingJ\n'>, 
caltcabort>. 

read'_in_rule_conds_cont(nbn,_) :- !, 



wr1tef( 1 \n[Entering Breakl\n'>, 
call(break>, 
writef(•\n[Leaving Break)\n•>, 
fail. 

·ead_in_rule_conds_contCRule,Reply> : 
read_in_unknownCUnk>, 
read_ in_c ondi ti ons < Cond >, 
! ' 
make_reply_from_chars(Rule,Unk,Cond,ReptyJ. 

~ead_in_ruleCRute> :
repeat, 
writef{t\nEnter Rule\n'J, 
prompt<_,•Rule:'>, 
read_ruleCRuleJ, 
syntax_check(Rule>, 
! .. 

read_in_unknowntUnk> :
repeat, 
writefc•,nEnter Unknown\n'>, 
call(rule_text2a>, 
promptC_,•Unknown:,,, 
read_unknownCUnk), 
append!uucu,unk,Mid>, 
apperidCMid,"l",New>, 
syntax_chec k C New l't 
! • 

read in_conditions(Cond> .. _ ,. 
repeat, 
writefC'\nEnter List of conditions\n 1 >, 
call<rule_text2>, 
promptc_;,cond1tions:•J, 
read_conditions(Cond>, 
syntax_check<Cond>, 
mod_know_conditionsCCondJ~ 
! • 

read_rule(Rulel :-
get !H C >, 
read_restCC,Rule>, 

_conditions(Cond)_ :
get!HC>, 
tC \= 31; C:31,writef('\n[No conditionsJ\ntlJ, 
read_rest_cond<C,Cond>, 
! " 

react in tine(J:.\ulel :-
, - -

get!HC J, 
read_in_linelrC,Rule>, 
! • 

read_in line1(31,end> :- !. 
read_in_l1ne1C97,_J :- !, 

writefl 1 \n[Abort1ngl\n'J, 
call<abort>. · 

read in_line1CC,Rule) : 
read_restcc,Rulel>, 



syntax_checkCRulel>, 
convert_chars(Rulel,Rule>, 

-ead_name(Naroe> :-
getO<c>, 
read_rest_unkl(C,List>, 
syntax_check<List>, 
convert_chars(List,Name>, 
! .. 

~ead_unknown(Unk) :
gettHC>, 
{C\=a3UC=31,writef(t\n(No distinguished unlrnownJ\n•>>, 
read_rest_unkCC,Unk>, 
f 
<· .. 

read_restcc,Unk) : 
getlHCl >, 
read_rest 1 ( c, Cl, Unk > ,, 
! • 

read rest1(46,31,El> :- !. 
read:rest1C46,3i,[l> :- !. 
r 0 ~d_restlCC,Cl,CCfLJ) :-

% Delimited by .<er> 
% Delimited by .<space> 

get :H C2 >, 
read_r~st1<Cl,C2,L> .. 

read_rest_unk(31,n_n> :- !. 
read_rest_unkCC,Rest> :- read_rest_unklCC,Rest>,!• 

read_rest_cond(31,"[]"J :- !. 
read_rest_condCC,RestJ :- read_rest_unkl<C,Rest>,!. 

read_rest_unk1(31,[J) :
read_rest_unk1(46,EJ> :
r ea d rest _u n k 1 t C, [ C I L 1 J> 

geUHClh 

! • % 
! • % .. .. -

! ' 
read_rest_unk1{C1,L1J. 

syntax_check(InputJ :-
seeing(OldSee}, 

delimited by <er> 
delimited • 

telling(OldTell>, 
syntax_check(Input,OtdSee,OldTell). 

syntax_check(t31J,OldSee,OldTell> :- !, 
fileerrors., 
seen, 
seeCOldSeel, 
told, 
telUOldTeU.>. 

syntax_check(Input,OldSee,OldTeltl :
tell<•lp1234.tmp'l, 
map_put(lnput>• 
!'.Hlt(".u), 

nt, 
told, 
telt<OldTelU, 



notileerrors, 
see(tlp1234.tmp'>, 
read{Term>, 
Term\= •end_of_tile•, 

! ' 
renamet*lp1234.tmp',[J), 
seen, 
fileerrors, 
see<OldSee>, 
! ., 

;yntax_check<_,oldSee,OtdTellJ :
seen, 
see(OldSee>, 
told, 
tellCHdTelU, 
fileerrors, 
fail. 

nap_put([J) :- !. 
n a p _p-u t < [ n I T H : -

putCH>, 
! ' 
map_put en. 

make_repty_from_charslRule,Unk,Cond,Reply) 
tetlinglOldTell>, 
tell(~lp1234.tmp~J, 
put(U(ti)t 
map_put(Unk>, 
put<",">, 
map_put<RuleJ-, 
put<",">, 
map_put(Cond>, 
pUt(UJll)t 

put(U.ll)f 

nl, 
told, 
telUOldTell>, 
seeing<OldSee>, 
see(•lp1234.tmp'i, 
read(Replyl, 
rename( 1 lp1234.tmp 1 ,CJ>, 
seen, 
se,e rn l dSee l, 
!. 

mod_know_condit1ons("[]t1) :- !. 
mod_know_conditionsCCond) :

convert_chars{Cond,Condl>, 
know_conditions(Condl>, 
! • 

convert_chars<List,Structurel :
seeing(OS>, 
tellingtOT), 
tell('LP1234.tmp'>, 
map_put(List;, 
put(H._ll)t 

nt, 



told, 
tell<OTit 
see('LP1234.tmp'>, 
readCStructure>, 
seen, 
seeCOS>, 
! " 



file : OUT 
Author : 3ernard Silver 
Updated: 6 March 1984 
Purpose: Output for LP 

% output routines etc 

% Report the reasons and get list of method used 
report_steps([HIListJ,X,Method,CstartfGoodJ> :

writef(~\n\n\tOperator Identification Complete .. \n•>, 
wr1tef(~\n\nSolv1ng\n\t\t%t\nfor Zt\n\n*,CH,XlJ, 
wr1tef('\nThe steps were as follows,.\n•J, 
report_stepsl(list,Method,Mid), 
construct_good_example_list(Mid,Good),. 

report_sfepslrEHITl,[message(Ml!RestJ,CMIMethodJ> :
output mess 00, 
warn 1~ pos~ible missina ruleCM,Warn,HJ, 
writit,i\n %t,.\n~,[HJJ,-
outp~t_solution(Rest,NewRestJ, 
report_stepsl<T,NewRest,MethodJ, 
! • 

I Check to see if missing rule messages exist for this Eqn 

warn_if_possible_missing_rule<fail,warn,Eqn> :
retract{warn1ng(Warn,Eqn>>, 
!. 
call Hlarn>. 

warn_if_possible_missing_rulet_,_,_> :- !. 

output_sotutiont[J,[J). 
qtput_solution([message<M>!TJ,ListJ 

fsol_messOO, 

! ' 
output_solution<T,List>. 

output_solutionlT,T> .. 

sol_messcfalse) :- !, 
writefC'\n[No Creal) solutions]\n'>• 

sol_mess{truel !- !, 
writef(*\n(Expression is an identity]\n'>• 

sol_mess€nosol) :- !• 

sol_mess(solutionl :- !, 
writef( 1 \n[SotutionJ\n•>• 

output_mess<removecf) :- !, 



writeft•\nRemoving constant factor\n•>• 

output_mess(ffl :- !, 
writef(t\nSolving first factor\n•>• 

output_mess<nf) :- !, 
writef(•\nSolving next factor\n•>• 

output mess<cve> :- !, 
- writef(•\nSolving Changed Variable Equation\n•>• 

output_messcses) :- !, 
writefC•\nSolving Substitution Equation•>• 

output_mess(fail) :- !, 
writef(t\nStep not understood, continuing processing\n'>• 

output mess<user rule<Name, , >> :- !, 
- writef('\nStep uses-new r~le %w\n•,Cl'ilameJf. 

output_mess<Name> :-
writef(•\nApplying %w\n•,[NameJ>• 

% Check is example should be output 
show_the_exampte<Exampte,X,Examplel> :

assertatlast_example(Exampte,X>>, 
<unknown<X>;asserta(unknown<X>>>, 
Cflagtoutput,no,no>; 

<writef(•\nworking on the following example, %tis the unknown.\n• CXJ>, 
output_example(Example>>>, 
maptidy_example<X,Example,Examplel,work>, 
! • 

% Output tidied example 

output_exampte([J> :- writef(•\n\ttEnd of Worked Examplel\n'>,!. 
output_example<[HITJ> :-

writeff•\n\t%t.\n•,CHJ>, 
!, 
output_example(T). 

% Find difficulties in the example 
find_unknown_steps<Example1 9 Example2,0ldUnk,Steps) :

get_unknown_steps(OldUnk,list>, 
find_unknown_stepsl(Examplel,Example2,List,Steps>, 
! .. 

get_unknown_steps(OldUnk,tus(Step>ITl} :-_ 
membertunknown_steps(Step>,OldUnk>, 
delete_one(unknown_steps<Step>,OldUnk,Rest>, 
!, 
get unknown stepstRest,T>. 

- - I 
get_unknown_steps<CJ,[J> :- !. 

\ 

find_unknown_st"epslC_,_,[J,CJ> :- writef(•\nNo difficulties encounte ed.\n•>,!. 

find_unknown_stepsl<Examplel,Example2,List,Steps) :-



find_unknown_steps2(Exampte1,Example2,List,Steps>, 
? .. 

find_unknown_steps2<_,_,tJ,[J) :- !. 
find_unknown_steps2(Ex1,Ex2,EusCStep>(Tl,(stCStep1,X,Step,Y>IT1J> 

nmember(Step,Exl,Ni, 
nmember(su<Step,Y>,Ex2,~>, 
Mis '\I - 1, 
nrnember<Stepl,Exl,MJ, 
nmember<suCStep1,X>,Ex2,Ml, 
! ., 
find_unknown_steps2CExl,Ex2,T,T1>• 

¼ output for conjectures 
write_step(st<A,_,B,_)) :-

. . -

writef('\nWorking on step from \n\n%t\n\nto\n\n%t\n',[A,BJ>, 
! • 

% Process conjectures for storing 
process_diff_<re(diff<XJJ,T1,T2,ruletF,A,BJ, 
conj_messCF,rulelA,B>,T1,T2J) :

functorn<,F,2>, 

! ' 
argO,X,AJ, 
arg<2,X,B>, 

process_diff<diff<X>,T1,T2,rule<F,A,Bl, 
conj_messcF,ruletA,Bl,T1,T2l) :

functor<X,F,2>, 

! ' 
arg(l,-X,A), 
arg(2,X,Bl, 
! .. 

process_diffCdifflA,B>,T1,T2,ruleC_,A,BJ, 
conj_mess(equat,rute<A,B>,T1,T2>> :- !. 

output conjectures 

output_diff(re(diff<A,B))} :
tidy up(A=B,C,Dlt 
writef(•\nConjecture that \n\n%t\n\n\t\t = \n\n%t,.\n•,CC,OJ> 
! • 

output_difftre(diff<X>>> :
functor o<,,_,2), 
argCltX,Al, 
argC2,X,B>, 
tidy_up(A=B,C,D>, 
writef('\n%t =>\n\n%t,.\n•,cc,oJJ, 
output_diff(diff(X))• 

output_difftdiff(X)J :
functor oc, f ,_>, 
writef(•\nAppears to be a new %w step.\n•,tFJ), 
! • 



output_diffCdifftA,BJJ :
tidy_up(A=B,C,D>, 
writef(•\nConjecture that \n\n%t\n\n\t\t = \n\n%t.\n 1 ,[C,D]J 
! • 

I Output message telling where the new rule is being stored 
write_type(Ty> :- writefC•\nRule is being stored as a Xw rule.\n',tT JJ. 

num_writef(format,VarsJ :
numbervarsCVars,O,_>, 
writef(Format,VarsJ, 
fail. 

ni.1m_wri tef c_, _J. 

paraphrase_goal<w,M1,M2J :-
writef(1\n%w to apply the indicated next method of lt,\n %w\n•,tw, 2,Hll>. 

% Get wording right for disjunct solving 
isjunct_writef([X=A,XJJ :-

¾ freeofCX,A>, % Should be anyway 

! ' writef( 9 \n%t =%tis a solution.\n•,CX,AJJ. 

disjunct_writeft[A,XJ> :- wr1tef<•\nSolv1ng It for %t.\n',[A,XJ)., 

mod_writeflAns> :-
writef('\nAnswer is:\n'>• 
mod_writefl(Ans>. 

mod_wr1tef1CA#BJ :- !, 
writef<'lt v \n',[A]J, 
mod_wri tetl Hn. 

mod_writeflCAJ :
writefC1%t\n\n•,[AJJ, 
extra_messageCAJ, 
i . " 

~tra messaae(true> :- !, - -writef( 1 \n[Express1on is an identityl\n'>• 

extra_messageCfalseJ :- !, 
writef(•\nCNo real values.satisfy the ·equation)\n'>• 

extra_message(_J. 

% Get the wording right for the isolate case 
mod_iso_tracelfalse> :- !, 

writefC 1 \nNo real values satisfy the equation.,\n'>• 

mod iso_trace(true> :- !, 
writef(t\nExpression is an identity.\n'>• 

mod iso trace(New) :-
- -wr1tef( 1 \nisolating' Equation to obtain \n\nlt.\n•,tNewlJ. 



% Text for rule input 

rule_textl :
flagttextl,used,usedJ, 

rute_textl :
flagCtextt,_,usedJ, 
writef('\n 

Enter the rewrite rule, in the form Old=> New, terminate with a"~" 
(You will then be prompted for further detailsl\n'>• 

ruLe_textl :-
flag(textl,_,notused), 
fail. 

rule_text2 :
flag(text2,used,used>, 
! " 

rute_text2 :
flagCtext2,_,used>, 
~ritefC'Terminate with <er> (Just type <er> if none.)\n'>• 

rule_text2 :
flagctext2,_,notusedl, 
fail. 

rule_text2a :
flag(text2a,used,used>, 
! " 

ruLe_text2a :
flagCtext2a,_,used>, 

writef<•Terminate with <er> (Just type <er> if no distinguished unkn wn,.}\n'>• 

rule_text2a :-
flag(text2a,_,notused>, 
fail .. 

le_text3 :- writeft•\nG1ve a name for this rule Cuse an ato■ ).\n'J 

% Text for when conditions are not understood 
option_text :-

writeft"\nType 

a : to abort, 

b : to break, 

c : to (re>consutt the definition from a file, 

u : to consult user.\n'>• 

% Show the steps that led to the solution 
sDlve_steps€LJ :-



writefc•\nSolve steps were as follows:\n'>, 
solve_stepsl<L>. 

solve_stepsl([J) :- !,writet(•\n[End of trace]\n•>• 
~olve_stepsl([HITJ> :-

writef(1\n%t\n~,CHJ>, 
! , 
sot ve _steps 1 ( T). 

■ ethod_list_onCListOn,ListOff> :
bagof<X,method1CX),List1>, 
submethod_onCListl,ListOn,ListOffl. 

metnodlCX> :- methodCX>,x\=user_rulec_,_,_,. 

s~bmethod_on<[J,[J,[J> :- !. 
submethod_on([Name(TJ,CNamejT1J,T2) :-

flag{~ethod(Name>,on,on>, 

! ' 
submethod_ontT,T1,T2>• 

% Pretty print listings 
mod_list_listingC[l> :- !. 
mod_ l i s t _l i st i n g ([ H I T J > : -

mod_l i sting (Hh 

! ' 
mod_list_listingCTl. 

mod_listingCXl :
current_predicate<X,Goal>, 
clausetGoal,Body), 
mod_listingl<Goal,Body>, 
fail. 

-~d listingl<Goal,true) :- !, 
- num_writef(t\n%t.\n*,[Goal)). 

mod_listingl(Goal,BodyJ :- !, 
num_writef( 1 \n%t :- %t.\n 1 ,[Goal,BodyJ>. 

% quick form 

m<XJ :- mod_l1st1ng<x>. 

% Show Commands 

showtX) :- var(XJ,!,variable_argument<show). 

% Show rules to user 
ShOW(rules) :- !, 

user_macro(is_rules,rules,s_rules_new). 



s_rules_new :
s_rules_newl, 
s_r_nl.-

s_rules_newl :-
user _rule(Name,Unk ,L=>R ,Cond,_,_,_>, 
s_r_ncName,Unk,L,R,Cond>, 
fail. 

s_rules_nei.tl .. 

s_r_n(Name,Unk,L,R,Cond> :-
CCond=[l-> C = none;C=Cond>, 
coccurs_in(Unk,tL,R,CondJ> ->U=Unk;U=•-•>, 
num_writef{'\nRule %w\n%t => %t\n\nUnknown:%t\n\nConditions: t\n\n', 
[Name,L,R,U,Condl>, 
! .. 

s_r_nl :-
new_rute_stored( >, 
! ' writef('\nRules added to initial methods\n•>, 
s_r_nla. 

r _nl. 

s_r_nla :-

s r_nla. 

new_rute_stored<Rule>, 
num_writeft•\n%t\n•,[RuleJ>, 
fail., 

% Show which rules are used by each method 

show<rules_tist> :- !, 
user_macro(setoftX,methodtmethod(X>>,Sl,•new methods•,s_meth dCS>>. 

% Show schemas 
snow<schemas) :- !, 

user_~acro<schemas,schemas,s_k_m_s>. 

% Show new methods 
-\ow(new_methods) :- !, . 

user_macro<bagofCM,methodtmethod<M>>,Bag>t •new methods',s_n m(Bag)l. 

% Show trace to user 
show(solve} :- user_macroCstore_we(workedtL,_>>,trace,solve_steps(l) • 

I Show settings of flags (Rest of code in FLAG> 

showHlags) :-
writef( 1\nThe· ftags are set as follows:\n•>, 
sho\.:~al l_f lags ([ c if er, output, loop,new_methods, rules J}. 

I Show which ~~thods are available 
show<methods> :

method_list_on(Ba90n,eagOff >, 
write bag(enabted,BagOn>, 
write:bag(disabled,BagOff>, 
! • 



write_bagCenabled.,[ J) :- ! , 
writef(*\n(**No methods are enabled**l\n'>• 

write_bag<_,[J> :- !, 
writef{t\nNo methods are disabled.\n•>• 

write_bag(~ord,Bag) :
single_plural<Bag,W,W1>, 
writeft'\nThe following method%w %w %w:\n\n•,cw,Y1,WordJ>, 
output_tist_write(Bag>, 
! • 

output_list_writeC[J) :- !. 
output_list_write([H!T]} :

writef{'\n\t\t%w\n•,CHJ>, 

! ' 
output list_write(T). 

% Illegal show command 
showtX> :- !,command_error(show,X>, 

s_methodtSet1> :-
t length (Set,1 > -> W=is,wl=• •;w=are,Wl=•s •>, 
writef{•\nThe rule listlw%w as follows:\n',[Wl,WJ>, 
s_methodl(Set,Wll. 

s_methodHCJ,Wordl :- writef(•\n[End of rule list%wJ\n•,[WordJ}.,!. 
s_methodlC[HITJ,M> :-

<setof(Rules,auto_rule<H,Rules>,Set>;set = none>, 
writef('\nMethod xt: %t\n•,CH,Setl>, 
s_method1CT,W>. 

s _n_m< Bag) :-
tengt h tBag .,N>, 
CN=l->W=' •,W1= 1 s! 1 1W=•s •,Wt=•:•>, 
writefC'\nThe following new rnethod%wexistlw\n',[W,Wll>, 
s_n_ml<Bag>. 

s_n_mlt(Jl :- ttynl,!. 
c::..)1_ml([Method!TJl :-

{ ( t known_method_auto <_,_.,_,method (Method h_,_,C A J_J>, 
arg<l,A,Name>> -> 
writef('\nMethod %t has applicable next method %w\n',(Method Name])); 
CschemalmethodCMethodJ>, 
writefc•\nMethod %t is a schema method.\n•,CMethodJ>>>, 
h 
s_n_ml(T). 

s_k_ro_s :-
known_method_schema < X,Eqn,_,Name,schema CS,E ,U>, Type,_,_,_;, 
writef(t\n\t\tSchema Method %t\n\n•,[Namel>, 
output_schemaCS>, 
writef(•\nType:%w\n\nGenerating Equation:%w\n\nUnknown:%t\n\ •, 

[Type,E.UJ>, 
fail• 

output_schema(S) :-



writeft•\nMethod 
output_schema1(SJ. 

output_schemal<CHJTJ> :- !, 
o_s2<H>, 

Purp se\n•>, 

writef( 9 \n _____ _ 
output_sch;ia1tT1:-------------------------

output_schemal(CJ> :- writef(•\nCEnd of SchemaJ\n•>. 

o_s2((J) :- £. 
o_s2([conditions(H,_,unsat(Cond,_,_>>[TJ> :-

assemole_preconds<H,Cond,List), 
make_name_atomic<H,Hl>, 
writef( 9 \n%25l\t\t<•,CH1J>, 
write_horiz_list<List>, 
! ' o_s2<T>. 

write_horiz_tist<[HJ> :- !, 
writet<•Xw>\n•,CHJ>. 

··:--ite_horiz_listHHITJ> :
writef(1%w, ~,[HJ>, 
! • 
write_horiz_list<T>. 

make_name_ato~icCmethod<H>,H> :- !. 
make_name_ato~ic(H,H>. 

assemble_preconds<M,CJ,CHJ> :-
(key_11-ethodOH -> H=•key method•;H=none>, 
!. 

assemble_~recondst_,List,Conds> :
assemole_preconds<List,Conds>. 

assem.bte_preconds ([ J.,C J>. 
assemble_preconds([HITJ.,[TermfTl]> :

functor(H,F,N>, 
concat<F,/,Mid>, 
concat(Hid,N,Term>, 
! , 
assemble_preconds<T,Tl>. 

% Writeout Commands 

w<X> :- writeoutCX). 

writeout<X> :- var<X>,!,variable_argument<writeout>. 

% Write the trace to a file 

writeoutcsolve> :- user_macro<store_wecworked<L,_>>,traee,w_solve_st ps<L>>• 

% Write user rules to a file 

writeout<rules) :- user_macroCrules_stored,rules,w_rutes>. 

writeout<schemasl :- user_macro(schemas,schemas,w_schemas). 



writeouttnew_~ethodsl :- !, 
user_•acro(bagofCM,methodrmethodCM>>,BagJ, •new methods•,w_n m<BagJ). 

% Error 
writeoutCXJ :- command_errorCwriteout,XJ • 

..:_schemas :-
file_name1 <schemas,File >, 
tell(File>, 
mod_listing<known_method_schemal, 
told, 
writef( 1 \nSchemas written to file Xt.\nt,[FileJ>. 

w_rules :-
fi le_namelt rules,Fi le>, 
te-lUFileJ, 
write(':- flag(rules,_,yesJ.•J, 
mod_list_ti~ting([user_ruleJ>, 
mod_list_new_rules, 
told, 
writef(t\nRutes written to file %t.\n•,CFileJ>. 

mod tist_new_rules :-
new_rule_storedCRule>~ 
~ritefC'\nassertaCC%tJJ.\n•,tRuleJ>, 
fail. 

mod_t is t_new_ru Les. 

ii_solve_steps(L) :-
fi le_namel(trace,File>, 
tell<File>, 
solve_steps<L>, 
told, 
writef('\nTrace written to file lt.\n',[FileJJ. 

i.._n_m<BagJ :-
fi le_~amel C •new ■ ethods•,File>, 
tell<File>, 
m known_method_auto, 
told. 

% writeout, show or remove Thing, after calling Test to check all i OK 
I Thing can be trac~, rules, new methods, or schemas. 

user_macro<Test,_,CallJ :- call(Test>,!,callCCallJ. 
user_macro<_,Thing,_J :-

CThing=trace -> lsAre = is;IsAre=are>, 
writef(t\nNo %w %w stored, nothing done.\n•,[Thing,IsAreJJ. 

% Illegal arguments 
command_errorCType,XJ :-

vritefC9\n(••%w is not a valid argument in lw command••J\n', X,TypeJJ, 
valid commands(Type,List>, 
output_valid_listCType,List). 

output_valid_listCType,List) :-
writeft•\nValid arguments for the %w command are:\n•,[Typel> 
output_v_tistCList>. 



output_v_list([J> :- ttynl,!. 
output_v_listCCHiT]> :-

writef(9\n%w•,CHJ>, 
output_v_list<T>. 

valid_commandsCremove,Crules,•~ule<L1stJ•,•rule(NameJ',schemas, 
new_methodsJl .. 

valid_commandsCshow,[flags,methods,rules_t1st,schemas,rules,new_meth ds,solveJ>. 

val id_commands Cwr-1 teout, C solve, ru Les ,schemas, new_met hods J). 

valid_com■ ands(enable,[output,cifer,new_methods,allmethods,•MethodNa e•JJ. 

valid_commandstdisable,[output,cifer,new_methods,allmethods,•MethodN me•J>. 

process_replyCList,Call,Var,Prompt,Text> :
repeat, 
call<Text>, 
promptt_,Prompt), 
get{H 1/arl>, 
nameC~ewVar,[VarlJJ, 
process_replyl{List,catt,Var,Varl,NewVarJ, 
!. 
\ 

process_replyl<_,_,_,Var,_> : 
Var>= HA«, Var=< uzn, 
! ' 
writefC'\nYou have used a variable, please try again.\n'>, 
fail., 

process_replylc[HIListJ,Call,Var,Varl,NewVarJ :-
(IVarl = 31 ->Var= H,writetc•\n[Assuming default value: %w \n',[HlJ>; 
CskipC31>,memberCNewVar,CHIL1stlJ,Var=NewVarl>, 
!, 
callCCaLU, 
! • 

rocess_r&plylc_,_,_,_,a> :- !,writef(t\n[Abortingl\n•>,abort .. 
process_replylC_,_,_,_,b) :-

- ! ' 
writef('\n[Entering breakJ\n'>, 
break, 
wiitef('\n[Leaving breakl\n'J, 
fail. 

process_replylCL,_,_,_,_J :-
writefC•\nNot a valid response! Use one of \nll\n\nPlease try again \n',[LJJ, 

fail. 

mod subst mesg«T=Var.otd.New> :-
- s~bst mesgCT=Var,Old~New>• 

writef(*\n\nAiplying substitution It= It to obtain\n\n%t\n\n•,CVar •• Newl>•• 
! • 

I Get plural of word is list contains more than one element 



single_ptural([_J,••,is) :- !. 
single_plural([_,_f_J,•s•,are) :- !. 

% Construct a list of Methods without extra comments such as 0 solut on 8 

construct_good_example_list{[J,[J> :-!. 
construct_good_example_listr[MfTJ,Tl) :-

comment_name(M)., 

! ' 
construct_good_exampte_tist(T,Tl}. 

construct_good_example_listl[HJTJ,tHITlJ> :- !, 
construct_good_example_tistrT,Tl>. 

comment_name(false) :- !• 
comment_name(true> :- !. 
comment_namernosolJ :- !. 
comment_name(solution) :- !. 

% Commands for the cifer terminal 

,itialize_screen :
clear, 
tin(eOO, 

clear :-

writef('\n[Run begins at %wJ\n•,[XJJ. 

Cnocifer; 
ttyput(283>, 
tt yput < 33!H h 
! • 

Clear screen ESC-J 



I* INTERP: Misc interpreted code 

Bernard Si tver 
Updated: 6 March 198 

Includes code by Alan, Lawrence, Leon and Richard 

*' % Get help. 
help :-

writef<• 
Help is available either at monitor level or from within this progra. 
At monitor level see file DSKB!LP.HLPt4D0,444J.\n•>, 

process reply(Cy,nJ,helpl<Ans>,Ans,•More Help:•,writef(•\n 
Do you want to continue with help in this program? (y.ln.}\n•>>, 

! • 

helpl(y) :- !, 
tcurrent_predicate(give_hetp,_>; 
writef(•\n[Loading help fileJ\n•>, 
compile<•tearn!mdhelp.pl•>>, 
tt ynl t 
! ' . 
give_help(lp>. 

help1€n1 :-
writeft•\nOK. <LP.HLP(400,444] can also be examined from this progr m by typing 
\nty ••mec!lp.hlp••\nin response to the Prolog prompt> \n•>, 

sredo :-

! • 

% Redo last equation 

retract<last_equation(Equation>>, 
!, 
solve(Equation). 

sredo :- writef(•\nNo previous equation, nothing done.\n•>• 

% File read in 
wep :- t•lear~:wep•J. 
rules:- C•tearn!rules•J. 

% ~Jormal state 
normal :- wep,rules. 
examples:- normal. 

go :-
writef(•\nGo option isn••t supported, type help for help.\n• • 
! • 

% Quick definitions to replace the interval package 
negative<X> ~- tidy<x,Y>,number<Y>,!,eval<Y<O>. 

non_neg(X> :- negative<X>,!,fait. 



non_neg(X> :- tidy<X,Y>,eval<Y,O>,!. 
non_neg<_>. 

non_zero<X> :- tidy<X,New>,eval(New=~>,!,fail. 
non_zero<_> :- !. 

l Hack for tidying factors 
check_tidy<A*B=O,Y> :- !,tidy_expr(A*B=O,Y>. 
check_tidyfA*3tY> !- tidy_expr(A*B=U,Y>. 

% Two poly n~rmal forms are the same. 
check_same_poly<_,CJ,(J>. 
check_same_poly(Fac,CHITJ,CHlfTl]> :

same_poly_fac<Fac,H,Hl>, 

! ' 
check_same_poly(fac,T,Tl>. 

same_poty_fac<l,polyand<N,M>,polyand<N,M>> :- !. 
same_poly_fac(Fac,polyand<M,N>,polyand(M,Nl>> :

non_zeroCNl>, 
eval(N/Nl.,Fac>, 
!. 

% Call a list of conditions 
check_cond H ]) • 
check_cond<CHjTl> :- calt<H>,check_condCT>. 

% Get a file name 
file_name(Type,File> :

repeat, 
writef(•\~Name the file to write %w to?\n•,[Typel>, 
promptc_.,•Filename:•>, 
read<File>, 
Cvalid_filename<File,_>;- % Check that a file name is not too lon~ 

% <Uses Lincotn•s Code in FileJ 
writeft•\ninvatid file name, please try again.\n•>>, 
! • 

file_name_check(File,Type,Newfile> :
file_exists, 
!, 
process_replyC[y,nJ,f_nl<Reply,File,Type,NewFile>,Reply,•ove write:•, 

writett•\nfile %w already exists. Overwrite it? (y/n)\n•,[File]>>, 
!. 

fite_name_check<Fite,_,File> :- !. 

f_nl<n,_,Type,File} :- !, 
process_reply<[y,nJ,f_n2(Repty,Type,File>,Repty,•Choose new ite:•, 

writef{'\nChoose new file? Cy/n)\n•>1. 

f _n 1 < y , f il e • _, F i l e > : - - ! , 
writef<•\nOK, overwriting file %w\n 9 ,[FileJ>. 



f n2{y,Type,File> :- !, 
- file nametType,Fite}. 

f _n2(n,_,_> :- !, 
writef(~\nOK, Aborting from writeout command\n•>, 
!, 

call<abort). 

, % Get and check a file name, query if file already exists 
file_namel(Tyoe,File) :-

file_name(Type,Filel>, . 
file_~ame_check(Filel,Type,FileJ, 
! • 

type_tidy(nor~at,Old,New) :- !,tidy(Old,New>. 
type_tidy(expr,Otd,New> :- !,tidy_expr(Old,New>. 

% Split a list of multiplicative factors into a list of 
I equations, removing useless ones 

remove_safe_d1visors<X,[H!TJ,Tl) :
safe_divisor<X,H>, 
!, 
remove_safe_divisors<X,T,Tl>. 

remove_safe_div1sarsCX,[HfTJ,CH11T1J> 
type_tidyCexpr,H=D,Hll, 
remove_safe_divisorscx,T,TlJ. 

. 
·•- -

safe_divisorcx,HJ :- freeofCX,HJ,non_zeroCH>. 

% match_checldX,Y> sees if match<X,YJ is true and euts alternatives 
match_check<X,Y> :- groundCX>,!,matchCX,Y>. 
match_checkCX,Y> :- groun~CY>,!,matchCY,X). 

% Maplist tidy 
maptidy_exampleCX,Example,New,Flag) : 

maptidy_examplel<X,Exampte,Mid>, 
!, 
merge_stepsCExampte,Mid,New,FlagJ. 

maptidy_example1C_,tJ,[JJ :- !. 
maptidy_examplelCX,EH!Tl,[HllTlJJ :

mod_weak_norrnal_form2CH,X,Hl>, 
! ,, 
maptidy_exampleltX,T,TlJ. 

maptidy_examptel<X,CHI_J,_J :
wr1teH'\n 

C••Unable to weak_normal_form\n%t\nfor zt.\nFaiting**]\n•,CH,XJ>, 
!, 
fail. 

% If two steps are the same after tidying merge them and warn user 



merge_steps(CJ,CJ,CJ,_> :- !. 
merge_steps([_l,[BJ,CBJ,_> :- !. 
merge_steps<CHtHITJ,CA,AfCJ,D,Flag> :- !t 
<Flag - sot; writeft•\nC••Consecutive step 

' ! , 
merge_steps<CHITJ,[AfCJ,D,Flag). 

merge_steps<[H,HlfTJ,CA,Al(CJ,tAIDl,Flag) :
match<A,Al>, 
! , 

(Flag= sot; writef(•\nC••Steps\n\t%t\n\nand\n\n\t%t\n 
both tidy to \n\n\t%t\n\nsteps merged••J\n•,rH,Hl,Al>>, 

! , 
merge_steps<T,c,o,Flag>. 

merge_steps<C_JTJ,CAfCJ,CA(DJ,Flag) :- !, 
merge_steps<T,C,O,Flag). 

% Tidy Conjectures 
.dy_up<A=B,C,O> !-

tunctor<A,F, l, 
cf=+; F = *>t 
decornp<A,[FflistJ>, 
shift_nu~b~rs<List,tJ,Rest,[HINumbersJ,F>, 
! ' 
recomo<Num,tF,B,HfNumbersJ>, 
recomp(C1,CFIRestJ>, 
tidy(Cl=Num,New>, 

! ' tidy_up<New,c,D>. 

% Add new auto method 
% General case 

add_new_method<Method,Type> :-. 

% [HtNumbersJ mus 
% non_empty 

( Type = upc (Pos,t > -> add.,:_to_tab le <method 04ethod >,Post>; true> 
cond_assertz<method<method<Method))lt 
cond_assertzCjust_created(Method>>, 
flag<~ethod(method(Method>>,_,on>. 

cond_assertzCA> :- catl<A>,!. 
cond_assertz<A> :- assert(asserted<A>>,assertz(A>. 

% Abolish th~ units rathe,r than every term 
mod_abotish<Functor,Arity> :

functor<Term,Functor,Arity>, 
mod.:_ab<Term). 

mod ab<Term> :- retract(Term>,fait. 
mod:ab( >. , 

mod_assertaCX> :- assert(asserted<X>>,assertacX>,!• 

be 



mod_assert<X) :- assert(asserted<X>>,assert(Xl,!. 
mod_assertz<X> :- assert(asserted(X>>,assertzf.Xl,t. 

1 subsl(Exp,[J,Exp> :- !. 
subsl(Exp,CHITJ,El> :- subst<H,Exp,E2>,!,subsl<E~,T,El>. 

make_subl<CJ,Cl,CJ> :- !. 
make_sublC[Xf~J,CXIR1J,R2> :- !,make_subt<R,Rl,R2>. 
make subl([HdfRJ,[HllR1J,tHd=HllR2J) :- !,make_subltR,R1,R2>. 

great_el<[HdJ,Hd) :- !. 
great_el<[HdlTLJ,Ans) :- great_et(Tl,Hgr>,<eval(Hd>Hgr> -> Hd=Ans;Hg =Ans>,!. 

mod_gensym(Root,Term> :-
repeat, 
gensy~(Root,Term>, 
realty_new(Root,Term>, 
!. 

~alty_new€auto,Term> :- !, 
not <method(method(Term)J>. 

reatly_new<n,Term> :- !, 
not integral<Term>. 

reatly_new<x,Term> :- !, 
not unknowntTerm>. 



I* COMP : Misc code for compilation 

Bernard Silver 
Updated: 27 February 198• 

Includes c?de by Alan, Lawrence, Leon and Richard 

*' 
:- public 

:- mode 

arbint/1, 
associative/1, 
ctoseness/3, 
commutative/1, 
correspond/4, 
del,ete/3, 
delete_one/3• 
dottoand/2, 
even/1, 
extreme_term/3, 
gcd/3, 
ground/1, 
identical_subterms/3, 
identifier/1, 
least_dom/2, 
match_member/3, 
odd/1, 
otd_attract/3, 
position/3, 
subterms/3, 
subterms2/3, 
subst_mesg/3, 
tidy __ up_disjunction/2, 
wordsin/2., 

arbintC->, 
associative{+), 
at_least_occ(+,+,+J, 
binary_to_listc+,+,+,?,?>, 
closeness<+,+,?>, 
com_ass_idnC+,-), 
commutative(+), 
correspond<?,+,+,?>, 
delete<+,+,->, 
delete_one<+,+,?>, 
dottoand<+, ->, 
event+>, 
extreme_termC+, +, ->, 
extreme_termC+, +, +, +, ->, 

· gcdt+• +, ->, 
ground<?>, 
ground<?,+>, 
identifier(-h 
insert_wordl?, +, ->, 
teast_domC+, +>, 
least_dom<+, +, +, +>, 
match_memberc+.+,?>, 
odd(+>, 



old_attractc+,+,->, 
position(?,+,?>, 
position(+, ?, +, ?>, 
scan_listc+, ?, ->, 
scan_term(+, ?, ->, 
strip_num<+, ->, 
subterms(+,.+,?>, 
subter ■ s2<+,+,?>, 
subst_mesgt+, +, ->, 
term_size(+, ->, 
term_size<+, +, +, ->, 
t·i dy _up_di sj unction ( +,-), 
tree_list<?, +, +, ->, 
tree_sizel+,+,->, 
tree_size<+,+,+,+,->, 
wordsin<+, -}., 

% Delete first occ of H from second arg to get third. 
delete_onec_,rJ,[J)., 
delete_one<H,EHlTJ,T> :- !. 
delete_one(H,,[XfTJ,CX(Ans]> :- delete_one<H,T,Ans>. 

termstterm,X,Sub> :-
Term= •• C_lArgsJ, 
member<Subl,Args>, 
\+ atomic<Subl>, 
contains(X,Subl>, 
subtermsCSubl,X,SubJ. 

subterms(Term,X,Terml) :- Term\= X,containsCX,TermJ,Terml=Term. 

subterms2<X,X,Xi :- !. 
subterms2CTerm,X,Sub> :- subterms<Term,X,Sub). 

match_memberCX,[Yf_l,YJ :- functorCX,F,NJ,functor<Y,F,NJ,match_checkCY,XJ. 
match_member<X,C_(TJ,ZJ :- match_member(}<,T,Z>. 

closeness(X,Exp,Arcs) :-
tree_sizeCX,Exp,NodesJ, 
Arcs is Nodes - 1. 

tree_sizecx, x, 11 :- !. 
tree_sizerx, Exp, OJ :-

atomic<Exp>, ! .. 
tree_sizecx, ~xp, Size> :

functortExp, _, Ni, 
tree_sizetN, Exp, X, O, Size>. 

tree size<O, txp, x, ,,, 
0) :- ! • - Vf 

tree_size<O, Exp, X, M, NJ . .- ! • 
f\} is M+l. 

tree_sizeCN, Exp, x., Ace, Size> :
arg(N, Exp, Arg>, 
tree_size(X, Arg, ArgSize>, 
NewAcc ts· Acc+ArgSize, 
i'1 is N-1, ! , 

% cut not needed after all 

% X doesn•t occur in Exp 
% X does occur in Exp, 
% so count Exp node too. 



old_attractCX,Old,Newl> :
closeness<X,OLd,Closenessl, 
mutt occOt,Old>, 
least_dom<X,Old>, 
attrax<U & V,Temptate,Rewrite,Cond>, % Assumes attraction between 2 
applicableCTemplate,Old,Rest>, % subterms only 
contains<X,U>, 
contains<X,V>, 
! ' 
newformtOld,Rewrite,Rest,Ne~>, 
check_cond{Cond>, 
tidy ( ijew,~Jewl >, 
closenessCX,Newl,NewCJ, 
NewC ~ Closeness, 
? .. 

old_attract<x,Old,NewJ :-

' 

mult_occrX,OldJ, 
decomp(Old,[FunfArgslJ, 
corresponding_argumentslArgs,Arg,NewArgs,NewArg>, 
old_attract(X,Arg,NewArg>, 
recom~<New,EFunJNewArgs]) .. 

dottoand([J,true> !-!. 
dottoandC[HeadlTailJ, Head & Rest> :

dottoand<Tail, Rest>. 

binary to list(Nil, , Nil, List, List> :- t
b-inary-to-list(Term,-Op, Nil, Head, Tait> :-

- Term=•• (Op, Argl, Arg2J, 
binary_to_list(Argl, Op, Nil, Head, Middle>, !, 
binary_to_list(Arg2, Op, Nil, Middlei Tail>. 

binary_to-tist(Term, _, _, [TermjTailJ, Tail>. 

% at_least_occCList, Term, Limit> is true when List contains at least 
% Limit l>= O> elements which contain Term. This is NOT the same as 
% occ(List,Term,NJ & N >= Limit, as several instances can be in 1 element. 

at_least_occ(_, _, Qi :- !. 
at_least_occ<[HeadfTaill, Term, limitJ :

contains(Term, Head), 
Mimit is Limit-1, !, 
at_least_occ<Tail, Term, MimitJ. 

at_least_occ([_ITailJ, Term, Limit> :
at least_occCTail, Term, limit). 

I com ass idnCOP,Id> -> OP is a commutative associative operator 
% witi id;ntity. element Id. This is a makeshift for keeping the 
% arguments of such ope rat ors- as bags ... 

com_ass_idn<*, 1>. 



Least_domCTer~, Exp) :
functorttxp, Op, 2>, 
com_ass_idntOp, Unit>, 
binary_to_tist<Exp, Op, Unit, List,tl>, !, 
at_teast_occ(List, Term, 2>. 

least_dom(Ter~, Exp) :-
, functor<Exp, _, N>, 

least_domCN, D, Term, E~p). 

teast_dom<N, 2, Term, Exp> :- !. 
least_dom<O, K, Term, Exp> :- !, fail. 
least_domtN, K, Term, Exp) :-

arg<N, Exp, Arg>,
contains<Term, ArgJ, 
Mis N-1, Lis K+l, !, 
least_domlM, L, Term, Exp>. 

least_dom<N, K, Term, Exp> :
Mis N-1, !, 
least_dom<M, K, Term, Exp>. 

% position(Term, Exp, Path> is true when Term occurs in Exp at the 
% position defined by Path. · It may be at other places too. 

ition(Term, Term, CJ>. 
position<Term, Exp, Path> :-

( var(Exp) ; atomic<Exp> ; number<Exp> 
position(Term, Exp, Path> :

functortExp, _, N>, 
position<N, Term, Exp, Path>. 

position<O, Term, Exp, Path> :- !, fail. 
position<N, Term, Exp, CNtPathl> :-

arg<N, Exp, Arg>, 
position(Term, Arg, Path>. 

position(N, Term, Exp, Pathl :-
M is N-1 t ! t 
position<M, Term, Exp, Path>• 

% generate intermediate·variables, or arbitray integer tokens. 

· int(Var) :-
gensym<n, Var>, 
assert(integralCVar>>. 

identifier<Var> :-
asserta<unknown(Var>>, 
gensym<x, Var>,!. 

% corresponccx, Xlist, Ylist, Yl is true when the position of X ano Xlist 
% and the position of Y in Yl.ist (which is -as long as Xlist> are the same. 

correspond<X, CXI J, [Yl_l, Y> :- !. 
correspond<X, (_(Tl, C_IUJ, Y> :-

correspond<X, T, u, Y>• 

apply a substitu~ion, tidy the result 



subst_mesg(Substitution, Old, New> :
subst(Substitution, Old, MidJ, 
tidy(Mid, New1• 

% Find the smallest <if C =<>or greatest (if C =>>term in a list of 
% terms, where comparison is by the size of a term. 

e~treme_termC[HeadlTailJ, c, Term) :-
. term_size<Head, Size>, 

extre~e_term(Tait, Head, Size, C, Term>. 

extre~e_term([HeadfTailJ,. Hold, Sold, C, Term> :
term_size(Head, Size>, 
compare<C, Size, Sold>, !, 
extreme_term<Tail, Head, Size, c, Term>. 

extre~e_term((HeadtTaitJ, Hold, Sold, C, Term> :
extreme_term(Tait, Hold, Sold, C, Term>. 

extre~e_term<CJ, Term,_, _, Term>• 
'\ 

term_size<Term, 1> :-
( var<Term> ; atomic<Term>; number<Term> 

term_size(Term, Size> :-
. functor(Term, _, N>, 

term_size<N, Term, 1, Size). 

term_sizete, Exp, Ans, Ans) :- !. 
term_size<N, Exp, Ace, Ans) :-

arg(N, Exp, Arg), 
term_size(Arg, Size>, 
Nxt is Acc+Size+l, Mis N-1, !, 
term_size<M, Exp, Nxt, Ans). 

% Delete all occurrences of X from list Y to get'tist Z 

delete<CJ, • CJ) :- !. 
deleteC(KillfTailJ, Kill, Rest> :- !, 

delete(Tail, Kill, Rest). 
delete<[HeadfTailJ, Kill, [HeadlRest]) :- !t 

detete<Tail, Kill, Rest>. 

Remove •false• and duplications in a disjunction 

tidy_up_disjunction<Term,Ansl :
decompCTerm,CJIListl>, 
!, 

listtosetCList,Listllt 
delete(List,false,New>, 
recomoCAns,C#INewJ). 

tidy_up_disjunction<X,Yl :- tidy(X,Y>. % For cases that fall through 

~ordsin(Term, List> :-
scan_ter~<Ter~, Some, Tree>, 
tree list(Tree, 1, tl, Pairs>, 
keys~rt(Pairs, Inorder>, 
strip_num<rnorder, list>. 



odd<X> : 

scan_term(Simp, Old_Tree, Old_Tree) :
var(Simpl't ! • 

scan_term(Simp, Dld_Tree, Old_Tree> :-
number(Simp>, !. % was integer(Simp> 

scan term(Atom, Old Tree, New_TreeJ :-
- atomCAtom),-i, 

insert_word(Otd_Tree, Atom, New_TreeJ. 
scan_term(List, Old_Tree, New_Tree) :-

List = C_f_]., !, 
scan_list(List, Old_Tree, New_TreeJ. 

scan_termlTerm, Old_Tree, New_TreeJ :-
Term=•• (FunctorfArgs], !, 
scan_listlArgs, Old_Tree, New_TreeJ. 

insert_wordCt<C, w, L, R>, w, t<D, w, L, RJJ :- !, 
{ var(C>, D = 1 
; integer(CJ, Dis C+l 
) ' ! • 

insert_wordCtcc, x, L, R>, W, tee, x, M, R>> :
lrJ @< x, !, 
insert_~ord«L, W, M). 

insert_word<tcc, x, L, R>, W, tee, X, L, S>> :
!J @> X' ! , 
insert_word<Rt Wt SJ. 

scan_list([Head(TaitJ, Old_Tree, New_TreeJ :
scan_termCHead, Old_Tree, Mid_Tree>. !,, 
scan tistCTail, Mid Tree, New Tree). 

scan_list([J; Old_Tree, Old_Tree>. 

tree_list{Tree, Thresh, Accum, Accum> :-
var<Treei, !. 

tree_tisttt<N, X, L, R>, Thre$ht Accum, Answer) : 
N < Thresh, 
tree_tist(L, Thresh, Accum, Sofar>, !, 
tree_ListCR, Thresh, Sofar, Answer>. 

tree_list(t(C, W, L, R>, Thresh, Accumt Answer> :
tree_list<L, Thresh, Accum, Sofar>t 
Key is -c, ! , 
tree_listCR, Thresh, [Key-W(Sofarl, Answer>. 

strip_numC[Key-Word(Restl, (WordlMoreJ> :- !, 
strip_num(Rest, More>. 

strip_num((J, CJ> .. 

eval(oddOOJ. 

even<X> : 
eval CevenOO > .. 

gcdo<, Y, Z) :
evalCgcdCX,YJ, Z>. 

commutative€+) :- !. 
commutative(*) :- !. 

associative(+) :- !. 
associative(*) :- !• 



% Is term ground 

groundfTermJ :- varCTermJ,!,fail. 
groundCTerID) :- simple(Term>,!. 
ground<Term) :-

functor(Term,F,NJ, 
- ! , 

ground(Term,N). 

ground<_,OJ :- !. 
ground(Term,N> :

arg<N,Jerm,Argl, 
groundCArg>, 
M is l\i - 1, 

! ' 
ground<Term,M). 



File : ·Method ' 
Author: Bernard Silver 
Updated: 23 February 1984 
Purpose! LP methods 

known_method is the top level call that checks whether the method is 
currently enabled by the user. 

Schema methods 

nrn_method < X, Old, New,Name·, schema t S, Type>. Call, Pre, Post> :-
var {New>, % Solve only 
known_method_schemalX,Dld,New,Name,S,Type,Call,Pre,Post>, 
flag(method(Name>,on,on). 

Top level 

,wn_method<X,Old,New,Name,Type,Call,Pre,Post> :
known_methodlCX,DLd,New,Name,Type,Call,Pre,Post>, 
flag(method(Name>,on,on). 

1op Level• methods that should be tried first. These are 
Factorize, Isolatation and Disjunction, Change of Unknown 

>wn_methodl(X,Old,New,Name,Type,Call,Pre,PostJ :
known_method_tlCX,Old,New,Name,Type,Calt,Pre,Post>. 

New methods 
nm_methodl < X ,nt d ,New ,r,Jame ,all, Ca L l .,pre ,Post l :

imo1,m_me-t h od_auto <X, Old ,New ,Name,Ca ll ,Pre,Pos t >. 

All other methods 
,wn_methodl(X,Old,New,Name,Type,Catt,Pre,Post) :

known_method_interp(X,Dld,New,Name,Type,Calt,Pre.,Post>. 

I* THE METHODS *I 

_method_tl<X,Old,Ans,•Split Disjunctions•,alt, 
,_disjunct<X,Old,Ans>,Cis_disjunctcx,otd>J,Cl> 

not ground<Ans>. 

nm_method_t to:, 0 ld ,New,• Isolation• ,all, 
try _to_ isolate< X ,ot d,l'Jew> ,[sing te_o cc (X, Old> J ,c J>. 

I Only to be used for solving, hence not ground<Ansl 
Jwn method tlCX,Old,Ans,•Factoriz~tion•,all, 
y_f;ctoriz;IX,Old,Ans>,Crhs_zero(Ol~J,mult_occJX,OldJ,is_product(X,Old>l,[JJ .. .. -

not ground(Ansl. 

own_method_tl<X,Eqn,New,'Change of Unknown•,atl, 
y_chunkCX,Eqn,New,TermJ,[mult_occCX,Eqn>,identical_subtermsCEqn,X,Term>l•[JJ 



:-
not groundCNew>. 

known_method_interp tries the lowest priority methods in the ord~r 
they occur in method_listcMethodList>. This list can be changed by the 
user. Different for tl and solve. 

,wn_method_interpCXtEqn,NewtNametTypetCall,PreCondtEffect> :
CgroundlNewJ->Task=tL;Tast=sol>t 
get_method_tistCTasktMethodList>, 
member<Name,MethodList>, 
known_method2 C X,Eqn,N,ew tName, Type ,Call ,PreCondtEf f ect >. 

>wn_method2CX,Otd,New,•Prepare for Factorization•tall, 
try_prep_factCX,Old,New>, 
[is_sam<X,Old>,rhs_zero(Old>,mult_occ<X,Old>,common_subterms(X,Old,_>J, 
Cis_productcx,New>,rhs_zeroCNew>,tess_occCX,Dld,New>J>. 

>wn_method2lX,Old,New,'Function Stripping•,all, 
,_function_strippingCX,Otd,Posn,New>,CdominatedCX,Old,PosnJJ, 

Csame_occ<X,Otd,New>,not dominated<X,New,_)J). 

nm_method2 0{ ,old ,t,lew, •Polynomial Met hods• ,alt ,try _po Ly ( X,t.UJF ,New>, 
[is_mod_polytX,Old,WNF>J,[J). 

,wn_method2lX,Old,New,•~oll~ction•,part,try_collectCX,Old,New>, 
[mutt _occ O< ,o t d> J ,[ less_occ Ot, 0 ld,New > J>. 

t Attract 
>wn_method2CX,Old,New,•Attraction 1 ,part,try_attractCX,Old,New>, 

[mult_occtX,Old>J,[same_occ(X,Old,New>,closerCX,Old,NewJ]>. 

Log Method 
,wn_method2<X,Eqn,New,'logarithmic Method•,alt,remove_logsrx,New,Mid,Base>, 

(mult_occ<X,EqnJ,prod_exp_terms_eqnCEqn,X,MidJl,[]J. 

Nasty 
Jwn method2iX,Eqn,New,'Nasty Function Method•,att, 

_nasty O<, Eqn, New),[ mu t t_occ C X, Eqn >, cont ai ns_nast i es< X,Eqn.J J,t] > • 

user Rule <Work only at present> 
:nn1_method2 <X ,Eqn ,New,user _ru leel"Jame, ... ,_> ,_, t ry_user _ruUHX,Eqn,New,Name >, 

(rules_storedJ,tJ>. 

thodc•Isotation•>. 
thod(•Factorization'>• 
thod(•Prepare for Factorization•>• 
thod(•Split Disjunctions•>• 
thod(•Polynomial Methods•>• 
thod('Change of Unknown'>• 
thod<•Collection•>• 
thodl~Function Stripping'>• 
thod( 1 Attraction•>• 
thodt•Logarithmic Method•>• 
thod<•Nasty function Method•>• 
th~dcuser_rule<_,_,_>>• 



methodc•homogenization•>• 
method<•user_rule•>. 

sable_new_methods :- roethod(method(X>J,flag<method(method<X>>,_,off>,fail. 
sable_new_methods. 

1 

able_new_methods :- methodCmethod(XJ>,flag(method(method(XJ>,_,on>,fail. 
able new methods. - - -

/ 

nove_new_method_markers :
retract(method(method<X>>>, 
flag(~ethod<method(XJ>,_,off>, 
fail. 

nove_new_method_markers. 

t_method_list(Type,List> 
t_method_listCType,_> :

writef(•\n[**Error. 
t t 
fail. 

No method_list for type It present••.J\n',[TypeJ>, 

t· -4_listtsot,t•Prepare for Factorization•,•Polynomial Methods•, 
~ion Stripping•,•Collection•,•Attraction•, 

homogenization• 
>garithmic ~ethod•,•Nasty Function Hethod•JJ. 

thod_list(tl,C•Prepare for Factorization•,•Polynomiat Methods•, 
homogenization, 

Jnction ~tripping•,•collection•,•Attraction•,•Logarithmic Method•• 
~sty Function Method 1 ,user_rule<_,_,_>J>. 

Key Methods 
y_method(•Factorization•>• 
f_methodt•change of Unknown•>• 
f_rnethod( 1 Isolation•>• 
y_methodt•Polynomial Methods•>• 
,_methodC 1 S3lit Disjunctions•>• 

Change method order in method list 

method order:-- -c_m_o(solve,sot>, 
c_m_oc•worked example•,tl>. 

n_oCWord,TypeJ :-
writef<•\nChange list for zw.\n•,CWordJ>~ 
~etract(method_listtType,List>>, 
writef(•\nCurrent method order is!\nll\nEnter new order.\n\n•,[ListJ>, 
promptt_,•New List:•>, 
repeat, 
read OJew), 
check_order(List.New>, 
!, 
asserta((method_list<Type,New>>>• 

~ck_order<OLd.,New) :
perm(Old,,New>• 
!, 
writef(•\nOK, new order is being stored.\n'>• 



~ck_orderc_,_> :
writef(•\n 

~ new list 1s not a permutation of the old one, please try again.\n•>, 
fail. 

)rt_nametchunk,*Change of Unknown•) :- !. 
>rt_name(user_rule,user_rulet_,_,_>> :- !. 
>rt_namecShort,Method> :-

atomCShort>, 
nameCShort,tF1,F2,F3,F41ShortNameJ>, I Must be at least 4 letters long 
convert_caseC(F1,F2,F3,F4lShortNameJ,[L1,L2,L3,L41_l>, 

! ' . 
methodltMethod>, 
atom< Method),, 
nameC~ethod,MethodName>, 
convert _case C Met hod Name ,[Ll ,L2, L3,L4 t_J>, 
!. 

,vert caseHJ,[J) :- !. 
1vert_caseC[HITJ,CH11T1]> :

H>="A11, 
H=< 11 z11 , 
! , 
H1 is H +32, 
!, 
convert_case<T,Tl). 

,vert_caseCCHITJ,[HITlJ> :
convert_case(T,Tl>. 



% File : IMETH 
% Author: Bernard Silver 
% Updated: 23 February 1984 
% Purpose: Some Interpreted Method Code for LP 

I The isolate oode 

isolate<[NIPosnl,Exp,Ans) :-
manoeuvre sides(N,Exp,NewExp>, 
isolatel(Posn,NewExp,Inter>, 
ti dy<Inter,tms>. 

I get term to be isolated on Rhs 

manoeuvre_sidesll,Exp,Exp) :- !. 

% Perform the Isolation 

% trivial boolean cases 

Qtatel c_, false, false). 
i~olatelt_,true,true>. 

% deal with each disjunct 

isolatel(Posn,Eqn1#Eqn2,Ansl#Ans2> :

! ' 
isotatel(Posn,Eqnl,Ansl>, 
isolatelCPosn,Eqn2,Ans2). 

% expression is a~ready isolated 

isolatelt[J,Ans,Ans) :- !. 

% ex~ression can have isolax rule applied 

isolatel<[NfPosn],Old,AnsJ :- !, 
isolax<N,Old,New>, 
tidy_rhsCNew,Newl>, 
isolatelCPosn,Newl,AnsJ. 

tidy_rhs(A#B,C#DJ :- !,tidy_rhs(A,C>,tidy_rhs(B,D>. 
tidy_rhs(A=B,~=C> :- tidyCB,C). 
tidy_rhs(false,false> :- !. 
tidy_rhs(true,true) :- !. 

% Attract and Collect applied as much as possible 

recurse_collectlX,Eqn,New> :
collecttX,Eqn,Mid>, 
tidy(Mid,Mid1>, 
recurse_collectl<X,Midl,New>. 

recurse_collectl(X,Otd,New) :
collectlX,Old,Mid>, 
tidy("1id,Mid1>, 



recurse_collect1c_,otd,0ld>. 

recurse_attracttX,0ld,New) :
attract<X,0ld,Mid>, 
tidyC~id,Midl>, , 
re curse_at tract 1 O< ,Mid 1,New>. 

recurse_attractl<X,0ld,New> :
attract(X,0ld,Mid>, 
tidy<Mid,Midllt 
recur·se_at tract 1 (X, Mid 1 ,New>. 

recurse attractlC ,Dld,0ld>. 
% Modified Collection, call Collection 

nod_collectcX,Exp,Ne~> :- collectCX,Exp,New>. 

attract<X,Exp,New> :- old_attractCX,Exp,New>,closerCX,Exp,New>. 
attractCX,A+B,NewJ :-

hard_combinectrue,A+B,_,New>, 
! t 

closer<X,A+B,NewJ. 

% In the expression A+ B, A and Bare products which have a common 
% subterm Y, (which matches Yll Xis the unknown. Terml And Term2 
z are the rest of A and e. Keep on applying to remove other 
% stuff as well• 

prepfac_termsCCond,txp,Y1,NewTerm,Term1,Term2J :
decomp(Exp,[+IPlusBagJJ, 
map_mutt_decomp(PlusBag,[ListlllistListJJ, 
member(Y1~l1st1>, 
calUCondJ, 
map_match_member{Yl,Listlist,ListY2>, 
!, 
delete_one(Yl,Listl,Newl>, 
map_delete_oneClistY2,ListList,New2>, 

~::~=:~Tj~~~::!~::!;~;:2,NewTerm,1,New3,New4>, 

map_recomp(ListTerm2,New4,•J, 
recomp(Term2,(+!ListTerm2J>, 
!. 

prepfac_termsl<CHfListJ,List2,NewTerm,Acc,Restl,Rest2> :
map~match_member1H,List2,Mult2>, 
! ' 
map_delete_one(Mult2,list2,Temp2>, 
prepfac_terms1Clist,Temp2,NewTerm,Acc*H,Rest1,Rest2>. 

prepf ac __ te rms 1 c [HI Li st J ,Lis t2, NewTerm, A cc ,r HI New1.J,New2 > : - ! , 
prepf ac _te,rms 1 <List ,Lis t2,NewTe rm,Acc ,Newl ,New2) • 



map _:mu l t_dec o:np ((HIT J, C Hl i Tl J> :
mul t_decomp <H, Hl >, 
! , 
map mult decomp(T,TlJ. 

- - 1 

mutt_decompfihlist) :- decomp(A,C*ILis.tlh!. 
mutt_decomp<A,CAJ>. 

map_delete_one(CJ,CJ,[JJ :- !• 
map _de lete_one H Term I Tait J, CH IT J,[Hl Pl J> :

delete_one (Term,H,HlJ, 
! , 
map_delete_one(Tail,T,TlJ. -

map_match_member<_,tJ,[J) :- !. 
map_match_member(Term,tHITJ,[Hl(TlJJ :

mat ch_member ( Term·,H ,H1 J, 
! • 
map_match_member<Term,T,Tl>. 

'!lap recomp([J,CJ, >. 
map:recompC[HITJ,fHlJTlJ,oi> :

recomp<H,[OplHll>, 
map_recompCT,Tl,OpJ. 

% Use to rewrite 
hard_combine(Cond,Exp+Expl,Mult,New> :

prepfac_termsCCond,Exp+Expl,Mult,Y,Terml,Term2>, 
!, 
tidyl~ult•Y*(Terml+Term2J,New>. 



1 PCLPAK: 

public \ 

, mode 

gcd_powers/2, \ 
is_poly/2• 
make_poty/3, 
map_add_power/3, 
map_div_power/3, 
map_reify/3, 
poly/4, 
poly_norm/3, 
reify/3, 
z_norm/2. 

add_poly(+•+,?>, 
gcd_powers(+,?>, 
map_add_powerC+,+,?l, 
m~p_reify(+,+,?>, 
poly_norm<+,+,->, 
poly<+,+,?,?>, 
reify<+,+,->, 
timesf+,-t-,?l, 
z._norm<+,?l. 

· Check if Ex~ression is a polynomial *I 

-
; _po l y ( X, E ) ! - "f re e of ( X., E > t ! • 

Bernard Silver 
Upd~ted: 30 October 82 

• Put polynomials in normal form (succeeds only for polynomials> *' 
>ly_norm<Poly,X,Plist> :-

DdlyCX,Poly,Pbag), 
z_norm(Pbag,PlistJ. 

• Forms bag of coefficients *I 



- polyfX,S,Sbag), 
poly(X,T,Tbag>, 
add_polyCSbag,Tbag,Ebag>. 

,tyCX,S*T,Ebag> :-

! ' 
polyO:,S,SbagJ, 
poly(X,T,Tbag>, 
times_poly(Sbag,Tbag,Ebag)., 

,lyO<,S"'N,Ebag) :
integerOU, 
eval OJ > O >, 
L, 
poly o:,S,Sbag)' 
binomial(Sbag,N,EbagJ. 

A • S "-K , Bag> : -
exp_distriblS~K,Exp>, 
poly<X,Exp,BagJ. 

~ Add two coefficients bags •I 

id_poly ((pol yand <N ,E > I P:hCpol yand ( M,f JI QJ, [polyand <N,E > I Y H :
eval Ol > M), 
add_poly<P,[polyandCM,F>JQJ,Y>, 
! • 

jd_polyC(polyandCN,E>JPJ,[polyandCM,F>lGJ,tpolyand{N,Y>IZl> :
evalOl =- M>• 
add_poly<P.,Q,ZJ, 
tidy(E+F,Y>,, 
! • 

jd_polyC[po~yand<N,E>IPJ,Cpolyand<M,F>JQJ,tpotyand<M,FJIYl> :
add_poly<Q,[polyand<N,E>fPJ,Y>, !. 

* Multiply two coefficient bags - Distributivity of multiplication over 
addition assumed *' 

imes_poly C Bag, [ lt[ l> :- ! • 

imes_poly([polyand(N,E>IRJ,S,Zl :-



timesingl(S,N,E,X>t 
times_poly<R,S,Y>, 
add_poly O<, Y,.Zl, 

fmesinglC[polyand(M,F>fRJ,N,E,[polyand(X,Y>lZJ> :
eval01+PhX> t 
tidy(F*E,Y>, 
timesingl(R,N,E,Zl. 

, Binomial expansion of coefficient bag*' 

lnomial<Bag, O, [polyand<O,l>l> :- !. 

,nomialcBag, 1, Bag) :- !. 

inomialCSbag, N, Ebag) :-

eval<N-1,Nl>, 
binomiat<Sbag,Nl,Ebagl>, 
times_poly<Sbag,Ebagl,Ebag>. 

"' ,:>ve any terms with zero coefficient 

_norm<[J,CJ> :- !. 

_normtCpolyandtN,O>IRJ,Pnorm> :- z_norm<R,Pnorm>, !. 

: Converted maplists etc 

1p_add_power<_,()9[J> :- !. 
rp_add_power<N,(PtermlPJ,[QtermlGJ> :-

add_power<N,Pterm,Qterm>, 
map_add_power<N,P,QJ. 

fd_power<N,polyand<M,CoeffJ,polyand(MN,Coeff>> :
MN is M+N. 

/ 

1P. div power< ,tJ,tJ> :- !. 
rQiv:power<N,CPtermlPJ,CQtermfQJ> :-

- div_powerCN,Pterm,Gterm>, 
map_div_power<N,P,Q>. 

iv_power(Num,polyand(Power,Coeff>,polyand<Newpow,Coeff>> :
Newpow is Power/Num. 

;d_powersCCpolyand<N,_>1PolyJ,Gcd> :-
gcd_polyCPoly,N,Gcd>. 

;d_poly([ l,Gcd,Gcd> :- !.· 

:d_poly((polyandCN,_>fPolyJ,Sofar,Gcd> :
gcd<N,Sofar,New>, 



p_distribt(A*B>AK,Expr> :
decomp(A*B•[*IListl>, 
exp_distrib_list<K,List,Bag>, 
recomp(Expr,C*IBagJ) • 

. p_distrib_list<K,CSIRestl,[SAKINewRestJ> :
exp_distrib_tist<K,Rest,NewRest>• 

Reconstitute bag of coefficients into polynomial*' 

rke_poly<X,Bagl,Potyl :- !, 
map_reifyfX,Ba91,Bag2>, 
recomp(Poly,C+fBag2l>. 

, reify coefficient and power into product*' 

~ify<X,potyandtO,E>,E> :- !. 

; -·cx,polyand(1,E),Exp) :- !, tidy(E*X,Exp). 

ii y!X,polyand<N,E>,Exp> :- !, tidy(E*XAN,Exp>. 

ip_reifyt_,CJ,tl> :- !. 
1p_reify<X,CHITJ,tH1fT1J> :- reify<X,H,Hl>,map_reify<X,T,TlJ,!. 



COLLEC A more efficient version Leon 
Updated: 15 February 83 

COLLECTION ROUTINES*/ 
t***************************************' 
~clarations% 

public cotlect/3, 

mode 

llect(X,Exp,Newl) :
mult_occtX,Exp>, 

applicable/3, 
newform/4. 

collect<~••,-), 
applicable<+,+,?>, 
newform<+,+,+,?>, 
template_match<+,+,?>. 

least_dom(X,Exp>, % Expression is in weak normal form 
collax<U,Template,Rewrite>, 
applicable{Template,Exp,Rest>, 
contains<X,U>, 

~ !, 
newform<Exp,Rewrite,Rest,New>, 
tidyCNew,Newl>. 

TRY TO COLLECT WITHIN A SUBTERM*/ 

ltect<X,Old,New) :-
mult_occ<X,Old>, 
decomp(Old,[Fun(Argsl>, 
corresponding_arguments<Args,Arg,NewArgs,NewArg>, 
collecttX,Arg,NewArg), 
recomp<New,CFuntNewArgsJ>, 
! • 

Does a rewrite rule match an expression? 
A more efficient version than relying on the built in commutativity 
and associativity of the matcher 

plicable(Template,Exp,Rest> :
ident_operatorsC~emptate,Exp>, 
template_match(Template,Exp,Rest>. 

% quick test 

ident_operators<A,B> :- A= •• (Opl_J, B= •• (Opl_J. 

,mplate_match(Template,Exp,Rest> :
Template= •• [Op,C,Ol, 
ac_op(Op,_,_,_,_>, 
!, 
decomo<Exp,[OplArgsJ>, 
select<A,Args,Rem>, 
perm2<C,D,Patl,Pat2>, 
exp_match<A,Pat1,Pat2,Rem,Rest>, 
!. 

~mPlate_match(Template,Exp,(l> :
match<Exp,Template>. 



% stop match backtracking (the key idea) 
! t 
exp_matchl<A,C,D,Rem,Rest>. 

p_matchf<A,C,D,Rem,Rest> :
ops_to_findCO,Ops>, 
tidy_ops(Ops,Term>, 
absent(Term,Rem>, 
! ' 
fail. 

p_matchl<A,C,D,Rem,RestJ :
match<A,C>, 
select<B,Rem,Rest>, 
match<B,O), 
! • 

s to findCPat,Pat) :- atomicCPat>, !. 
s:to:find(Pat,var> :- var(Pat>, !. 
s_to_findCPat,Term> :-

Pat=•• (Op(Args), 
ops_List<Args,NewArgsJ, 

~ Term=•• [OplNewArgsJ. 
\. 

s_l istJ( J,[ JJ :- ! • 
s_listrCHITl,tNewHJNewTJ> :-

ops_to_find<H,NewHJ, 
ops_list<T,NewTJ. 

sentc_,[J> /:-- !. 
sent(Ops,CH!RestJJ :

compatible(Term,H>, 

! ' 
fail. 

npatible(var,HJ :- !. 
opatibleCTerm,H> :-

Term= •• tOPIArgsl, 
H= •• t Op l Terms J, 
tist_compatibleCArgs,Terms> • 

• t_compatibleC[J,CJ> :- !. 
,t_compatible([HITJ,Terms> :

select<A,Terms,Rest>, 
compatible<H,A>, 
list_compatible<T,Rest>, 
!. 

1iorm<Exp,Rewrite,Rest,New> :
Exp= •• [Opl_h 
recompCTerm,[OpfRestJ>, 
New= •• [Op,Rewrite,Term]. 

fy_opstvar*Term,New> :- !, tidy_ops(Term,New). 
iy_ops(Term*var-·,New) :- h tidy_ops<Term.,New>. 
fy_ops<var+Term,New> :- !, tidy_ops.(Term,t'1ew>. 



dy_opscTerm+var.New> :- !• tidy_ops(Term,New>. 
dy_opsCTerm.Term>. 



*POLY: teons code 

Bernard Silver 
Updated! 2 November 1983 

-/ 
Poly_solve is only called when it has been determined that the 
equation is a polynomial equation. 
i.e. a precondition th~t the method is called is that is_poly is true 

ioly_solve(Eqnl"Eqn2,X,Solnl#Soln2,Rules-Diff> :• 
poly_solveCEqnl,X,Solnl,Rules-Inter>, 
poty_solve<Eqn2,X,Soln2,Inter-Diff>. 

ioly_solve<Lhs=Rhs,x,sotn,tlnfer,MultlRulesJ-Diff> :
poly_norm<Lhs + -l*Rhs,X,Plist>, 
poly_tidy<Plist,Glist>, 
remove_neg_powers<X,Qlist,Poly,Mult>, 
poty_~ethod<X,Poly,Sotn,Rutes-Oiff). 

~emove_neg_powers<X,Plist,Glist,multiplytMult>> :
last<polyand<N,_>,Plistl, 
N < G, 
!, 
evalC-N,IIU>, 
map_add_power(Nl,Plist,Qlist). 

~emove_neg_powers<_,Plist,Plist,nomult>. 

'*****************************************' '* ROUTINES F3R POLYNOMIAL EQUATIONS *I 
'*****************************************' 

% Remove negative powers 

f* Identities and unsatisfiable equations *I 

:>oly_method<_,[J,true,CidentfDiffJ-Oiff> :- !. % The polynomial has simplified aw, 

~oly_methodtX,tPtermJ,Ans,Csingle_termJOiffJ-Oiff> :
! ' singleton_method<Pterm,X,Ans>. 

singleton_method(polyand<O,A>,_,true> 
simplifytA,Blt 
B = O, 
! • 

. . -

singteton_methodtpolyand<O,_>,_,false> :- !. 

singleton_method(polyandt_,_>,X,X = O> :- !. 

I* LINEAR EQUATIONS *I 

poly_method<X,Poly,X=Ans,ClinearfDiffJ-Diff> :-
linear(Poly>, 
!, 
linear_method<Poly,Ans,_>. 

linear<[p~lyand<l,_>l_l> :- !. 

% Polynomial simplified 
% to a single term 

linear_method(Cpolyand<N,A>ITJ,Ans,N> :
findl<T,B>, 

- % Handles disguised linear also 

\ 



tidy(-B/A,Ans). 

'indltCpolyand<G,B>J,B> :- !. 
1ind1CCJ,O> :- !. 

'* QUADRATIC EQUATIONS*/ 

>oly_method<~,Poly,Soln,[quadratic(Diffl-Diff> :-
quadratic{P-oly>, 
h 
find_coeffs(Poly,A,B,CJ, 
discriminant<A,B,C,Oiscr>, 
roots(X,A,B,C,Discr,Soln>. 

1uadratic([polyand<2,_>l_l> ~- !. 

find_coeffs([polyandt2,A>ITJ,A,B,C> :- find2tT,B,C>. 

!, 

~ootscx,A,B,C,Discr,X = Rootl # X = Root2> :
warn_if_complexCOiscr>, 
tidy<<-B + OiscrA(1/2))/(2*A>,Root1>, 
tidyC<-B - DiscrA(l/2))/(2*A>,Root2>, 
!. 

4arn_if_complex(Oiscr> :
eval(Oiscr < O>, 

% Only 1 root 

vriteft•\ntRoots are complex. LP uses only reals·so failing.l\n•>, 
!t 
fail. 

~arn_if_comPlex<_>. 

find2C[potyand<1,BJ,polyand(O,C>J,B,C> :- !e 
find2(Cpolyand<l,B>J,B,O> :- !. 
f -ccpotyand<O,C>J,o,c> :- !. 
¥. ,,f find2<CJ,O,O> :- !. Shoult;sn•t be needed 

f* Polynomial divisible by an integral power of the unknown•/ 

poly_method<X,Plist,x = ~ # Ans,CdividefXAN>IRulesJ-OiffJ :-
lastcpolyand<N,_>,Plist>, 
N > O, 
!, 
eval (-fhM > • 
map_add_power<M,Plist,Qlist>, 
poly_method<X,Qlist,Ans,Rules-Oiff>. 

/• Disguised linear•/ 

poly_method<X,Poly,Soln,ClinearfRulesJ-Diff> :
disguised_linear<Poly>, 
! • 
linear_method<Poly,Ans,N>, 



H sgui sed_ linear ( C pol ya,nd ,_,,_> ;,polyand < {h_> J). 

'* Disguised oolynomial equations •/ 

1oly_method<X,Plist,Ans,Rules-Diff> :-
poly_hidden<X,Plist,,N>• I Disguised polynomial in XAN 

! ' 
map_d iv _power Oh Pl i st ,-Q list>, 
poly_methodCXAN,,Qlist,Inter,Rules-Laws),, 
isolatel[1,,1J,Inter,Ans,Laws-Diff>. % Maybe needs poly_isolate 

poly_hidden(X,,Poty,GcdJ :
gcd_powersCPoly,GcdJ,, 
Gcd > 1, 
! • 

% isolate hack until code is reformed 
isolateCPosn,Eqn,New,[isolate(Ll-L> :- isolate(Posn,Eqn,New>. 



... ,r"';'.' ~~~· ... 
t (,_~ ; LOG 

% UPdated: 6 March 1984 

los_reduce(A=B,X,Base,Ean) : 
los_separateCA=B,X,Loslist,Prod), 
find_base(LoSlist,Base>, 

tid~(New!hs=los(Base~Prod>,Mid), 
match_check(Mid,EGn). 

Prod_decomP(B,X,LoSlist,Inter,Prod,IntP,rhs), 
Prod_decomP(A,X,Inter,L,IntP,P,lhs). 

Prod_decomP(A,X,Los,Intl,Prod,IntP,Side), 
~rod_decomp(B,X,Intl,L,IntP,P,Side). 

~rod_decomp(A,X,L,L,Prod,Prod/A,lhs) :- freeof(X,A). 

Pind_base([exP_termCA,_,_)ILosJ,Basel :-
r·~~.Jrn(:Jt":1 1·-. ( l1) ~ 

f.J .~~ ~::~ :? ( f,\:{ :r JJ ) ;,f 

find_baseCLos,B,Base,BaseList>, 

l i, 

find_base(Los,NewB,Base,BaseList>. 

,aseCA,AJ :- inteser(A), 

% Take loss and reconstitute 

~ake_loss_and_recomp(Base,[exP_term(t,B,SiSn)ILo~],NewLhs) 
tlar(Base,Los,Si~n*B*los(B2se,A),NewLhs). 



tlar(Base,Los,Sisn*B*los<Base,A>+Sum,Lhs). 

Check that the new base 

Powered(Base,_,H}, 

% Manipulate eauation of the form A+ B - 0 
% to remove nesative si~ns ir pn~~ihle-

not nesative_number_Product(B,_), 
tids(B=New,NewEon). 

form_new_eauation<A+B=O,NewEan) :
nesative_numbe~_Product(B,New), 

not nesative_number_product(A,_), 
tidsCA=New,NewEan). 

1esative_number_Pr□duct(Term,New) ;-

select(Number,Arss,Restl), 
r·1tffftf.:!(,:•! -r~ ( f~itJH1t1f;t r·) y 

evalCNumber < O>, 

tids(-Number*Rest,New), 

% powered(A,B,C> if A~B=C,A not eaual 1 

~.:- {:J t~..t t::~ t· ,:_:: ci ( f'=1 :; 1 s.<: l:1 ) i .... ! ~ 
~owered(A,N,A~N) :- number<N>,!. 
~oweredCA,B,C) : number(A),numberCC),ev~l(los<A,C>,X>,!,number(X),B~X. 



I* NASTY! 

*' ~asty_method(Eqn,X,Ans> :-
tidyCEqn,Eqnl>, 
bry_nasty_method(Eqnl,X,Ans>, 
!. 

try _na_sty_method <Ecm, X,f\leweqnJ :-
parse4 C Eqn, X,U, other>, 
subnastyOC,U,'O, 
find_symbols(Eqn,V,Symbols,Posns>, 
nasty _act< Symbols ,Posns ,Eqn, X,t~eweq >, 
tidyC1eweq,Neweqn>, 
! • 

try_nasty_methodCEqn,X.,NeweqnJ :
parse4(Eqn,X,U,neg>, 
exp_nasty_listcx,u,v,, 
remove_subsumedCV,Terrolist>, 
multi o ly _through ( Eqn, Te rm list ,Ne_weqn, X >, 
tidyCNeweqn,New>, 
! • 

1asty_act€Symbols,(Posn!_J,Eqn,x,New> : 
nice{Symbots>, 
append(Posn,tlJ,Posnl>, 
posittonCTerm,Eqn,Posnl>, 
try_isolate<Posnl,Eqn,~ew>, 
!. 

Bernard Silver 
Updated: 8 November 82 

:ry_isolateCPosn,Eqn,New> :- isolate(Posn,Eqn,New>,!. 
:ry_isolate<_,_,_J :- !,fail. 

1asty_actCSymbols,Posns,Eqn,X,New> :-
find_attract_listCSymbols,N,L,Type>, 
nmember<Posn,Posns,N>, 
stripCPosn,L,Newp>, 
positton<Term,Eqn,Newpl, 
nas_ruleCTerm,Nterrn,TypeJ, 
substtTerm=Nterm,Eqn,New1>, 
tidy(Newl,New>, 
! • 

ll_parse4CA,Unk,L-L,_> :- freeofCUnk,AJ,t. 
!l parse4CA=B,Unk,l-l1,T> :- !, 

- dl_parse4<A,Unk,L-L2,T>, 
dl_parse4<B,Unk,L2-Ll,Tl. 

!l_parse4<A•B,Unk,L-L1,TJ :- !, 
dl_parse4CA,Unk,L-L2,T>, 
dl_parse4tB,Unk,L2-L1,T>. 

1l_parse4(A+B,Unk,L-L1,T> :- !, 
dl_parse4fA,Unk,L-L2,T>, 



dl_parse4CAAB,Unk,X,ctherJ :- integerCBJ,B > O,!,dl_parse4CA,Unk,X,other). 
dl_parse4<A,_,(AlLJ-L,_> :- !. 

nasty<X,Y> :- root_nastyCX,YJ,!. 
nastylX,Y> :- exp_nasty<X,YJ,!. 

root_nastyO<,UAN> :- containsCX,UJ,mJmberOlh~ot integer<N>,eval<N>Oh !. 

exp_nasty_listc_,tl,CJ) :- !. 
exp _nasty_ l i st ( X, C H f Rest J, C H I Rest V J J : -

' 'exp_nastyO<,H>, 

! ' 
exp_nasty_list<X,Rest,RestV>. 

!xp_nasty_listCX,[_fRestl,RestV> :-

f 

exp_nasty_listcX,Rest,RestV>. 

d_symbols<_tCJ,CJ,tJJ :- !. 
·_symbolscE,tHJTJ,tH1fT1J,[H2IT2JJ 

find_symbols11E,H,H1,H2>, 
find_symbols(E,T~T1,T2>, 
! • 

ftnd_symbolsl<Eqn,X,Y,BJ :
pos l O<,Eqn,A,B>, 
expon<X,P>, 
append(At[PJ,Y>, 
! • 

~oslOC,X,Ch[lJ :- !. 
1ostCX,E,[OPILl,tNIPosJ> :-

E= •• [Opl,ArgfArgsJ, 
get_oasCOp,Opl,E>, 
nmembercT,tArgfArgsl,N>, 
poslCX,T,L,Pos>, 
!. 

.. --

_opsCexpCArgl>,_,EJ :- E= •• CA,_,Argl f_J,!. 
ret_ops(Op1,0p1,_l :- ! .. 

,emove_subsumed H J,_l :- h fail. 
·emove_subsumedcV,TermlistJ :

listtosetCV,ListJ, 
rem_sub(List,Termlist,CJJ,. 

em_subC[l,Termlist,Termlist> :- !. 
em_sub([HJRestl,Termlist,Acc> :

member_match<H,Acc,NewAcc>, 
!, 
rem_sub(Rest,Termlist,NewAcc> .. 

em_subC[HtRestJ,Termlist,Acc> :
ma t c. h f H , U "N J t 

number(NJ, 

% Cheap test 



1ember _match<H,C l,_> :- ! " fail. 
1ember_matchCH,[UANIRestJ,CUAKJRestl1 :

matchCH,U-:"t·H, 
h 
l.east<N,M,10. 

1ember_matchCH,CTermtRestJ,tTermlNewRestJ> :-
member_match<H,Rest,NewRest) • 

. eastCN,M,N> :- eval(N=<M>, !• 

.eastOhM,M). 

dceHJ> :- !. 
dceHListlRestl> :-

nice_tist(list>, 
!, 
nice<Rest). 

lice_list([J> :- !. 
1ice_listl[Fu~1RestJ) :

good_fun(Fun> • 
!, 
nice_list<Rest>. 

J" d_fun(+) :- !. 
1ood_fun<=> :- !. 
1ood_funC*> :- !• 
1ood_funtexpC1JI :- numberCN>,not integerfNJ,evalCnumer<N>~l>,!. 

'ind attract list<CJ, , , > :- !,fail. 
'ind:attract:listCCHlil;1;M,Type> :- attract_listCH,M,TypeJ,!. 
'ind_attract_listC[_ITJ,N,H,TypeJ :-

find_attract_list(T,Nl,M,Type>, 
N is Nl+l .. 
! • 

ittract_tistHexpt:NJfTJ,K.Type> :- · 
integer On, 
tastCexpUH,T>, 
get_nasty_type(M,N,TypeJ, 
appendCT1,CexpCMll,TJ 9 

checkptCT1>, 
tength(T,tO, 
! • 

1et_nasty_type<M,N,root<M>J :- evalCl/N,M>,!. 
ret_nasty_typeO'l,N,negrootcM>> :- evalClli'J,-l*M>,!. 
iet_nasty_type(M,N,neg(MJ> :- eval(M<O>,!. 

,t(*) :- !. 
,t(+) :- !• 

1as_ruleCAA2 ,Exp,root(N)J :- dist<A,A1>,tidyCA1,A2J,expon_expCA2A2,N,Exp>,!. 
1as_ruteCAA2,Exp,negrootCN>> :-

distCA,Al>• 



tidy(A1,A2>, 
expon inv exp(A2A2,N,Exp>, 
!. - - ) 

~~pon_inv_exp(Old,N,New> :- eval<N=<-112>>,expon_inv_expl(Old,N,New>,!. 
I 

~xpon_expl(Aft2,N,CA2 + 2•C•DAN + D> :- match(A,DAN+C>,!. 
~xpon_expl(AA2,N,CA2 + 2•C•E*DftN + D•EA2> :- match<A,C+E*DAN>,!. 
txpon_exp1CAA2,N,C~2•D> :- match<A,C*DAN>,!. 

~xpon_inv_exp1CAA2,N,CA2 + 2•C•DAN + DAC-1>> :- matchCA,DAN+CJ,!. 
,xpon_inv_expl(AA2,N,CA2 + 2•C•E•DAN + DAC-1J•EA2> :- match<A,C+E•DAN>,!. 
ixpon_ inv_expl (AA2,N,C"'2*D"'C-1J > :- match <A•C•D''l.JJ, ! • 

aeg_exp<AA2,N,AA2J :- wordsinCA,L>,L=Cl,!. 
1eg_exp(AA2,N,X•Y> :- match<A,B•C>,!,neg_exp(BA2,N,XJ,neg_exp(CA2,N,Y>• 
ieg_expCAA2,N,BAE+2•C•BAN +CA2J :-

matchCA,Bl+C>, 
neg_exp_match<Bl,F,B,N>, 
eval(2*N,E>, 
!. 

' 

teg_exp_match(Exp,1,B,N> :- match(Exp,BAN>,!. 
1eg_exp_matchrExP,F,B,NJ :- match<Exp,F*BANJ,!. 

,ult ip l y_t hrough CLhs=Rhs, Li st, New,X > :
dist ( Lhs, Exp J, 
decomp<Exp,[+ILJJ, 
mult<List,L,Newl>, 
recomp{NewLrys,C+INewLJ>, 
free_mult(List,Rhs,NewRhs>, 
weak normal formCNewlhs=NewRhs,X,Left=Right>, 
tidy(Left=Right,New>, 
! • 

ist1CA+B,C+DJ :- !,distlCA,C>,distl<B,Ol,!• 
ist!((A+BJ•C,Y + Z> :- !,dist1(A*C,Y>,dist1<B•C,ZJ. 
istl(C•CA+BJ,Y+ZJ :- !,distl(A*C,Yl,distlCB*CtZ>. 
istlCC•CA+BJ•D,Y+Z> :- !,distlCC*D*A,YJ,distllC*D*B,Z>. 
istlcX,X) :- !. 

repdCX,YJ :- decomp(X,t•ILJJ, prepdl<L,YJ,!. 
repdtX,:iO :- ! • 

'I 

repdl<L,Y> :- get_distcL,Mult,CJ,Plus>,re_dist<Mult,Plus,YJ,!. 

et distcCJ, , , J :- !,fail. 
et-distt[A+BITJ;Prod,Acc,A+B) :- !,append<T,Acc,Prodl>,recomp(Prod,C*fProdl]). 
et:distf[HITl,Ans,Acc,PlusJ :- !,appendC[Hl,Acc,Newacc>, 



nult<Termlist,CJ,CJJ :- !. 
nultCTermlist,[HfRestJ,tNewHfNewRestJ> :

domultlTermlist,H,NewH>, 
mult<Termtist,Rest,NewRestJ. 

jomult<Termlist,H,NewHJ :-
mulb~g_to_listlH,MullistJ, 
domult(Termlist,Mullist,NewH,1). 

iomult<tJ,Args,Term•Acc,Acc> :-
! , 
recompCTerm,C•iArgsll. 

iomult([UANfRestl,Args,Prod,AccJ :
exp_member(U,Args,NewAr-gs,K>, 
e-va l n-r•&.M >, 
domultCRest,NewArgs,Prod,UAM•AccJ, 
! ., 

,utbag_to_list<H,Multist> :- decomp(H,C•fMullistJ>, !. 
~ulbag_to_list<H,[HJI. 

~xp_memberlU,CJ,CJ,OJ :- !. 
?xp_member<U,[HIRestl,Rest,1> :- match<H,U>, !. 
~xp_member<U,CHfRestJ,Rest,K> :- matchCH,U""tO,e-val<K<O>, !. %fix??? 
!xp_member<U,CHJRestJ,[HfNewRestJ,KI :-

exp_memberCU,Rest,NewRest,KJ. 

Free~mult<List,O,O> :- !. 
·ree_mult<CJ,Term,Term> :- !. 
free_multC[UA~IRestJ,Term,NewTerm> :-

evctl C -N ,M>, 
free_mult<Rest,UhM•Term,NewTerm>. 

rnbnastyc_,C h( J> :- ! • . 
~nastyO<,tHiTh[HfT;J> :- nasty<X,H>, !,subnasty<X,T,Tl>. 
l0nastyCX,C_JTJ,Tl> .- subnastytX,T,Tl>,!• 

.ubintegralHJ,C]> :- !. 
;ubintegralC[HfTJ,[HITl]> :- integral(H>,!,subintegral<T,Tl>. 
;ubintegralC[_ITl,TlJ :- subintegral<T,TlJ,!. 

:heckpt<[JJ :- !. 
:heckptC[HfTJJ :- ptCHJ,checkpt<T>,!• 



Fite : i-fOMOG 
Author : 9ernard Silver 
Updated: 6 March 1984 
Purpose: Homogenization Code for LP 

Top Level of Homogenization proper 

omog(Eqn,Unk,Dffend,Home~n) :- · 
findtype(Type,Offend), 
anaztType,Eqn,Unk,Offend,Terml, 
perform_rewrites<Eqn,Term,Dffend,Homeqn,Unk,TypeJ. 

' 

% Rewrite the offenders set and obtain new Homogenized equation 
erform_rewrites(Eqn,Term,Offend,Homeqn,Unk,TypeJ :

rew(Tgrm,Offend,Sub,Unk,Typel, 
subsl(Eqn,Sub,Homeqn). 

Try to choose reduced term. Arguments of anaz are 
pe of offenders set, Equation, the Unknowrh the offenders set 
e reduced term. 

I Trig case, find the gcd of all angles that occur, then choose fun tor 

nazltrig,Eqn,Unk,Offend,Term> :-
findangte<Unk,Offend,Angle>,!, 
anazl(Eqn,Angle,Offend,Term,Unk,_>. 

Normal log case dealing with terms like togCx,4) and log(2,x> 1n he 
offenders set. 

inaztlog<_>,_,Unk,Offend,Term> :-
map Laura<Offend,NewList,Arg2,Unk>, 
onetesttNewList,ArglJ, 
logoccCArgl,Arg2,X,OffendJ. 

nap_laura((J,CJ,_,_l :- !. 

" .. 

tauraCEHITJ,(HlfTlJ,Arg,Unk> :
taur~CArg,Unk,H,HlJ, 
!, 
map_lauratT,Tl,Arg,UnkJ. 

Other log case where the logs are converted to base 10. 

anaz(logllDJ,_,Unk,Offend,tog<lD,TermJJ :
check_laural(Unk,Term,OffendJ, 
! .. 

check_taura1,_,_,(JJ :- !. 
check_laural(Unk,Term,[HlT]) :

laural(Unk,Term,HJ, 
! , 
check_lauralCUnk,Term,TJ. 

% Choose reduced_term using simplicity metric 



% Find gcd of angles in offending set 
findanglelUnk,Offend,Angle> :

map_anglesize(Offend,List,Unk,Rest>, 
form<Rest,List,Angte>, 
!. 

nap angtesize<CJ,CJ,, i :- !. 
!lap:angtesize<[HITJ,fHllTlJ,Unk,Rest> 

angle_sizeCUnk,Rest,H,HlJ, 
! ' 
map_anglesize<T,Tl,Unk,Rest>. 

ingle_size(Unk,Rest,Term,CoeffJ :-

. . -

arg U, Term,Arg), 
angle_sizel<Unk,Rest,A~g,Coeff>, 
! • 

2ngte_sizel<Unk,Rest,Arg,Coeff> :
matchCAr9,Coeff*Rest>, 
number(Coetf>, 
containsCUnk,Rest>, 
?. 

1ngte_sizelCUnk,Rest,Other,l> 
not number(OtherJ, 
contains(Unk,OtherJ, 
matchlOther,RestJ, 
! • 

% Find the reduced term 

·.. 

I First,see if offending set contains only cos & sin,or sec & tan, 
% or cot &· cosec. If so eliminate <ie choose the other as reduced erml 
% the one that occurs to only even powers,if this happens 
% Flag indicates whether sim or solve is the top level -

inazl(Eqn,Ang,Offend,R,X,Flagl :- -
findtype_trig<Type,Offend>, 
action<Type,R,Eqn,Ang,X,Flag>, 
! • 

% See if equation needs tanCR> as a reduced term because equation c ntains 
% the correct functions. 

inazllEan,Ang,Offend,tanCAngJ,X,_J :- tantypeCOffend,Ang>~taneqnCEqn x,Ang>,!. 

I Otherwtse,choose as reduced term the term that occurs most often 

rnazl(Eqn,Ang,Offend,R,_,_> :
find_commonCOffend,Eqn,Rl,Ang>, 

! ' 
makeniceCRl,Ri. 

% If no term occurs more than once,choose according to an order of iceness 

11azll_,Ang,Offend,R,_,_J :- anaz2CAng,Offend,R>,<R=tanCAngJ -> ! ;t ue>• 

I If resulting equation can't be solved try tan<hatf_angle> method, hen 



% this method is applicable 

,nazl<_,Ang,Offend,tanCR>,X,_> :
map_anglesize(Offend,~1,X,Rest>, 
C(match<Ang,M*Rest>,number(M>>;M=l>, 
half_angteCM,Ll,Ang,R,Rest>, 
!. 

: Check to see if tan(x/2) method might work 

iatf_angte<M,List,Angle,Angle,_> :
eval<2*M,N>, 
member<N,List>, 
check_half_angle_checkl<M,List>, 
! • 

1alf_angle<M,List,_,Al,Rest> :
chec~_half_angle_check2<M,List>, 
form2<M,Rest,Al>, 

~ Check to see if a term occurs more than once in the equation 

rind_common<Ll,Eqn,R,Ang> :
map_occ(L1,L2,£qn>, 
great_el(L2,Ans>, 
Ans>l, 
correspond<R,Ll,L2,Ans>, 
arg(l,R,x>, 
! • 

nap_occHJ,Ch_> :- !. 
nap_occ<CHITJ,CHllTll,Eqn> :

occ<Eqn,H,Hl>, 

! ' map_ccc(T,Tl,Eqn>• 

% Check for sin_cos etc pairs 

findtype_trig(sin_cos,Offend> :
memberchk(cos<X>,Offend>, 
memberchk(sin(X>,Offend>, 
check_cs<X,Offend>, 
!. 

findtype_trig<cosec_cot,Offend> :
memberchk<cosec(X>,Offend>, 
memberchktcot<X>,Offend>, 
check_cc fX,Offend>, 
!. 

findtype_trig(sec_tan,Offend> :
memberchk(sec(X),Offend>, 
memberchk Uan <X> ,Offe.nd >, 
check_s t, x., Off end), 
!. 

actionCType,R,Eqn,Ang,X,Flag> :
parse2(Eqn,X,Offend>, 



actionl<Type,R,Offend,Ang,Flag>, 
? .. 

I If one of pair occurs only to even powers eliminate it 
actionl(sin_cos,sinCAJ,Offend,A,_> :

map_cosptOffend,L1,A), 
check_even(Ll>, 
l .. 

acttonlCsec_tan,tanCA>,Offend,A,_> :
map_secp(Offend,Ll,A>, 
check_evenCLl>, 
! .. 

aetionllsec_tan,sec<A>,Offend,A,_J :- !. 

actionltcosec_cot,cot<A>,Offend,A,_J :
map_cosecp(Offend,Ll,AJ, 
check_evenCLl>, 
! • 

nap_cosp C[ lt [ J,_> :-- ! • 
nap_cospC[HJTJ,[Hl!TlJ,A> :

cospO,,H,Hl >, 
! , 
map_cosp(T,Tl,AJ. 

nap_secp([J,CJ,_> :- !. 
iap_secpC[HfTl,[HlfTll,AJ :

secp(A.,H,Hl>, 
! , 
ma~_secp(T,Tl,A>. 

nap_cosecpC[h[J,_J :- !. 
nap_cosecpC[H(Tl,[HllTll,AJ : 

cosecµ<A,H,Hl>, 
! • 
map_cosecpCT,Tl,AJ. 

% Check for tan case 
tantype([l,_l :- !. 
tantypeC[H(Tl,X> :- tantypel(H,XJ,!,tantype<T,X>. 

' 
tantypel(tan<_>,_> :- !. 
tantype1<cot<_>,_J :- !. 
tantypel(sec<X>,Y> :- match<X,YJ,!. 
tantypelCcosec(X>,Y> :- matchCX,Y>,!. 

cbeck_tanC[l,_J :- !. 
check_tan([HITJ,Ang> :- check_tanl<H,Ang>,!,check_tan<~,Ang>. 



;heck tanl<cot< >, > :- !. 
:heck:tanl < sec C Ang )"'i'h Ang 1> :- integer ( N>,even OU ,match <Ang,Ang 1 >, ! .. 
:heck_tan1CcosecCAngJAN,Ang1J :- integer(N>,even(N>,match(Ang,Angl>, .. 

% Choose reduced term in order of niceness 

~naz2(Ang,Offend,sin<Ang}) :
member<sin(Ang>,Offendl, 
membertcosec(Ang>,Offend>, 
! • 

1~az2(Ang,Offend,cosCAng>> :
memberCcostAngJ,Offend>, 
member(sec<AngJ,Offend>, 
!. 

1naz2<Ang,Offend,cosCAngJJ :
memberCcosCAngJ,Offend>, 
member(cos(XJ,Offend>, 
diff(X,Ang>, 
! • 

tnaz2CAng,Offend,cos<Ang>> :- memberCcosCAng>,Offend>,! .. 

anaz2(Ang,Offend,sin<Ang>J :- member<cosec(AngJ,Offend>,!. 

anaz2CAng,Offend,sin<Ang>> :- someCsinfind,OffendJ,!. 

anaz2CAng,Offend,sinCAngJJ :- someCcosecfind,OffendJ,!. 

anaz2(Ang,Offend,cosCAng>J :- some<secfind,Offend>,!. 

anaz2(Ang,_,tan(Ang>> :- !. 

htSinOO> :- !. 
~~i~9COS(X)) : !• 
cc<X,cotcXJ> :- !• 
cctX,cosecCX>> :- !• 
stCX,secCXJJ :- !. 
st<~,tan(X)l :- !. 

sinfind(sin(_>> :- !. 
cosfindccos<_>J :- !. 
secfind1secc_>> :- !. 
cosecfind(cosec<_>> :- !. 

I Recogniz~ powers of trig functions in the equation 
cosp(Ang,cos(Ang>AN,NJ :- integer(NJ,!. 
cosp<Ang,cosCAngJ,lJ :- !. 
cospc_,_,3) :- ! .. 
secp<Ang,sec<Ang>AN,NJ :- integer(NJ,!. 
secpCAng,secCAngJ,1) :- !. 
secp<_,_,a> :- !. 



cosecpCAng,cosecCAngJ~N,NJ :- integerCN>,!. 
cosecp(Ang,cosecCAngJ,1) :- !. 
cosecp(_,_,OJ :- !. 

makenice(cosec<X>,sinCX>> :- !. 
makenicecsec{XJ,cos(X>> :- !. 
makenice(cotcx>,tanC-0) :- !. ' 
makenicecx,x> :- !. 

I expsscP,Q,X,TJ expresses sinCZ> in terms of sin<X> where ZIX=Q/p 
% expcs expresses cos<Z> in terms of s·inOO etc. The 4 
% functions are more or less mutually recursive, but expcc does 
% not depend on the others, though they call it 

2 Where Q/P is odd a simpte series expansion can be applied 
JsCP,Q,X,A> :- evalCQ/P,N>,evalCN mod 2,1>,!,sinexpCsinix>,N,O,AJ 

% sin(YJ = sinCCY-3•X> + 3•XJ = sinC3•XJ•cos(Y-3•X> + cosC3•Xl*sin( -3•XJ 
% We can now express each of these 4 terms in terms of sin(XJ as 
% a recursive step. The 4 terms are A,B,C and D below. 

expsstP,Q,X,CA*B+C•D>> :
eval(3•P,Pl>, 
eval(Q-3,Qlh 
expss C P,P1, X, ,U, 
expcs<P,Ql,X,B>, 
expcsCP,Pl,X,c>, 
expss<P,Ql,x,o>, 
! • 

% Similarly for sin in terms of cos 
expsc(P,P,X,<1-cos(XJA2)~(1/2)) :- !. 

expscCP,G,X~(A*B+C*D>> :
evatC3*P,P1J, 
eval CQ-;hQl>, 
expsc{P,Pl,X,AJ, 
expcc<P,Ql,X,B>, 
expcc(P,P1,x,c>, 
expsccP,Ql,X,D>, 
! ., 

% cos in ter'ms of sin 
expcscP,P,x,c1-sincx,A2,Ac1l2>> :- !. 



expcs(P,Q,X,CA*B-C*D>> :
eval(3*P,Pl>• 
eval(Q-3,.Ql>t 
expcsCP,Pl,X,A>, 
expcs(P,.Ql,X,B>, 
expss<P,Pl,x,c>, 
expss(P.rH,X,D>• 
!. 

% Series exists for,cos in terms of cos 
expcc(P,G,X,Y> :- eval(Q/P,N>,cosexp<cos<X>,N,O,r>,!. 

% Base case, series complete 
cosexp<A,N,R,X> :- eval(2*RtR1>,eval<Rl+l9R2>,<N=Rl;N=R2>,coeffl<A,N R,X>,!. 

% Recurse 
cosexp(Xl,N,R,X-<Y)) :- coeffl<Xl,N,R,X>,evaltR+l,Rl>,!,cosexp(Xl,N, 1,Y>. 

l Produce the coefficients for the series, very ugly 

coefflCFang,N,R,X*<ZZ>> :
fact<R,Rl>, 
evalC~-2*R-1,Nl>, 
eval<~-R-1,N2>, 
eva l OJ1+1,N3>, 
fact OJ2,Z2>, 
fact(!\J3,Z3>, 
eval((2AN1*N*Z2l/(Rl*Z3>,X>, 
form4tfang,N3,ZZ>, 
!. 

% The sin exoansion for odd Q/P is very similar to cos cos series 
sinexp<X,N,A,S*<Z>> :- evalt(-1>-<<N-1>12>,B>,cosexp<X,N,A,Z>,!. 

% Expand tan(n*x> in terms of tan(m*x> <m < n> 
% Tan produces a numerator and denominator series. 

exptt<I,J,X,<2)/(Y)> :-
eval (J/I,tO, 
tanexp_num(tan<X>,N,1,Z>, 
tanexp_denom<tan<X>,N,O,Y), 
! • 

% Obta;n numerato~ 
tanexp_num<A,N,R,X> :- eval<R+1,Rll,<N=Rl;N=R>,coeff2€A,N,R,X>,!. 
tanexp_num<A,N,R,X-(Y>> :-

coeff2<A,N,R,X>, 
eval(R+2,R1J, 
!, 
tanexo_num<A,N,Rl,Y>• 

% Obtain the denominator 
tanexp_denom<A,NtR,X> :- eval(R+l,R1>,<N=Rl;N=R>,coeff2<A,N,R,X>,!. 
tanexp_denom<A,N,R,X-(Y>> :-

coeff2<A,N,R,X>, 
eval(R+2,Rl>, 
!, 
tanexp_denom<A,N,Rl,Y>. 



% Different coefficients from the other series 

calc_coeff<N,R,X> :-
fac,t < ihRf act), 
factPJ,Nfactl., 
.eval(N-R,P>, 
fact(P,Pfact>• 
evalC~fact/CPfact*Rfact>.x>, 
! • 

% Modified checklists 
check_csc_,[J> :- !. 
check_cs(X,[HfTJ> :- cs<X,H>,check_csCX,T>. 

check_ccc_.c Ji :- ! • 
check_cctX,CHITJ> :- cc<X,H>,check_cc<X,T>. 

check_stc_,c J) :- ! • 
~h~~k_st(X,CHjT]} :- stCX,H>,check_st<X,T>. 

check_hatf_angle_checkl{_,CJ> :- !. 
cneck_half_angle_checklCA,CHITJ> :

half anale checkltA,H>, 
Checf h;lf-angle checkl<A,T). - - -

check_half_angle_check2<_,CJ> :- !. 
check_half_angte_chect2CA,[HITJJ :

half_angle_check2<A,H>, 
check_half_angle_check2CA,TJ. 

cbeck_evenC[J> :- !. 
check_even([HITJ> :- evenCH>,check_e~enCTI. 

factO<,Y> :-
fact CX,Y,1>. 

Jt<ih:X,:o. 
fact(N,Ans,Acc> :

eval(N*Acc,NewAcc>, 
eval OJ-1.,M >, 
! ., 

,factl~,Ans,NewAcc>. 

% Check is the tanChalf-angle) method can b used 
half_angle_checkl<M,M> :- !. 
hal~_angle_checklCM,N> :- evalC2•M,NJ,!. 

half_angle_chect2CM,MJ :- 1. 

% Standard tog case 
taura<B,X,logCA,B>,A> :- freeofCX,AJ,!. 
lauraCA,X,logCA,B>,BJ :- freeofCX,BJ,!. 



% Convert to log base 1~ case 
taural(Unk,Term,logCA,TermJJ :

number(AJ, 
~ontainsfUnk,TermJ, 
! • 

laural(Unk,Term,l~g(Term,AJJ :
number(A>, 
containsCUnk,TermJ, 
! " 

% When the terms are being raised to powers the reduced term should 
% be the smallest if all terms are less than one, the largest 
% if they are alt greater than one, otherwise unless they are 
% all the sa~e <listtoset is a singleton) fail 

onetest O<,AJ 
onetest CK,AJ 
onetest<K,A> : 

:- check_moreone{KJ,least_el<K,AJ,!. 
:- check_lessoneCK>,great_el<K,A>,!. 

listtoset(K,[AJ>,!. 

~ -ck_mor~one<[J) :- !. 
ek_moreonef[HITJ> :

moreone<H>, 
! ' 
check_moreone<TJ. 

check_lessone<EJl :- !. 
check_lessone€(H(TJJ :

lessonetH>, 

! ' 
check_lessoneCT). 

% Choosing the reduced term in the tog case, we choose it to have 
% the.term c~ntaining the unknown as its second argument, whether o 
I not this log term occurred in the original equation 

logocc<A,B,log<A,B>,L> :- member<log(A,B>,L>,!. 
logoccCA,B,log<B,A>,L> :- member<logCBtA>,L>,!. 

% These form functions put terms together prettily,so l*A is A for xample 

form4<_,0,1) :- !. 
form4<A,1,A) :- !. 
form4CA,N,AAN} :- !. 

% Parser for trig method 
parse2(Exp,X,L> :- dl_parse2<Exp,X,Ll-CJ>,!,listtoset(Ll,l>. 

d l_parse2 € A=B, X, L-l 1) :- ! ,d l_parse·2 CA, X,L-L2 >,d t_pa rse2 CB, X, L2-L1 > • 
dl_parse2(A*B,K,L-Ll> :- !,dt_parse2CA,X,L-L2>,dt_parse2<B,X,L2-Ll>• 
d l_parse2C A+B, X ,L-L U :- ! ,d t_par~e 2 CA, X,L-l2> ,d l_pa rse2< B ,X ,L2-ll> • 
dl_parse2(AANt_t[AAN!Ll-L> :- integertN>,trigf{A>,!. 
dl parse2CAAN,X,LJ :- number<NJ,dl_parse2CA,X,L>,!. 
dl:parse2(A,X,L-LJ :- freeof(X,A,,!. 



Z Find the "smallest" term in the offenders set 

reduced_term<[UnkJ,Unk,_> :- !,fail. %Unk can•t be the re uced term 
reduced_term([AJ,Unk,Al :- !. 
reduced termll,Unk,AJ :-

-extre'lte_ter-m(L, <, Ah % return the smallest 
!t 
A\= Unk. 

I Find the smallest and largest elements of a list of 'numbers 
least_el([HdJ,Hd> :- !. 
least_eU[HdlTlJ,Ans> :- least_eUTl,Lwrl,<eval<Hd < Lwr> -> Hd=Ans; wr=Ans:,.!., 

lessone(AJ :- numberCA>,evalcA < 1>,1. 

m.oreoneCAJ :- nw»ber(A>,eval<A > 1>,J. 

% Absolute value 
-k=ol<X,Xl> :- eval<signrXJ•X,Xl>,!. 

• Given terms A and B break<A,B,I,J} finds I and J 
_% so that A=I*Y,and B=J•Y,if this is possible 
break<A,B,1,lJ :- matehtA,B),!., 
breakCA,B,1,CJ :- number(A>,number(BJ,eval(B/A,CJ,!. 
breakCA,B,1,JlJ :- matchCA,I•Y>,numberCI>,match(B,Y•J>,numberCJJ,eva CJ/I,JlJ,!. 
breakcA,B,1,J> :- match(B,J•AJ,numberCJJ,!. 
break<A,B,J,1> :- match<A,J*B>,number{JJ,!. 

I• Try to rewrite each of the terms in the offending set as a 
function of the reduced term *I 

rew<X,L,Subs,Unk,TypeJ :- newtypeCType,New>, 
map_rewlcL,Ll,New,X,Unk>, 
make_subt<L,Ll,SubsJ, 
!. 

--- rewlHJ,(J,,, J :- !. 
,:rew 1 ([HIT h ( Hl I Tl J, New, X ,Un k > 

rewlC~ew,X,Unk,H,Hl>, 
h 
map_rewlCT,Tl,New,X,Unk>. 

. .. -

% Kludge for stopping recursive calls of re -rule 
% in mixed case, and for getting the log ca e right 

newtype(mixed,_> :- !. 
newtypeClogCXJ,log) :- X \== lu. 
newtype(C,CJ :- !. 

rewl< ,x, ,X,XJ :- !. 
rewlciype;AAB,Unk,Old,New> :- !,rew_rulelType.AAB,Old.New,UnkJ., 
rewl(Type,X,Unk,AftBtCAD> :~ rewl(Type,X,Unk,A,C>,rewl{Type,X,Unk,BtD ,!., 
rewlCType,X,Unk,Old,NewJ :- rew_rule<Type,X,Old,Ne~tUnk>,!. 

I• rew_rule(Type,Term1,Term2,Exp,Unk> gives Exp as a rewrite of Term in terms •I 
f* of Terml,where Unk is the unknown, and the rule is for type Type*' 



I* Special cases *I 
rew_rule<_,X,Y,X,_> :- match<X,Y>,!. 

I* Trignometric Rewrite rules *I 
rew_rutetT,sin(XJ,sin(Z),V*COS(C) + Vl*Sin(C),U) :- T 

raatchCZ,B + CJ, 
contains<U,BJ, 
freeof<U,C>, 
rew_rutectrig,sinCXJ,sinCBJ,V,UJ, 
rew_rutectrig,sinCX>,cosCB>,Vl,U>, 
! • 

rew_ruteCT,si~CXl,cosCZ>,V*cosCC> - Vl*sin<C>,U> 
matchCZ,B + CJ, 
containsCU,BJ., 
freeofcU,c>, 
rew_ruleCtrig,sin(X),sin(B>,V1,U>, 
rew_rule<trig,sin(XJ,cosCB>,V,Ul, 
!. 

trig, 

_rutetT,cos(XJ,sin<Z>,V*COS(C) + Vl*sin(C),U) :- T -- trig, 
match<Z,B + C>, 
contains<U,B>, 
freeofcU,CJ, 
rew_ruleCtrig,cos<X>,sinCBJ,V,UJ, 
rew_rule<trig,cos(XJ,cos(Bl,Vl,U>, 
! • 

rew_ruteCT,cosCX>,cosrZ>,V•cas<C> - Vl•sin<C>,U> :- T 
matchtZ,B + Cl, 
contains<U,B>, 
freeof(U,C>, 
rew_rute<trig,cos(X),cos(B>,V,U>, 
rew_rule<trig,cos<X>,sin<B>,Vl,U>, 
! • 

rew_rute<trig,sin<X>,cosCZJ,V,_> :- break<X,Z,P,QJ, 
absoUQ,:U >·, 1 

expcs<P,Ql,X,V>, 
! • 

rew_rute<trig,sin(X>,sin<Z>,I•<V>,_> :- breakCX,Z,P,G>, 
absoUQ,1.U>, 
ev al< sign { Q), I), 

expss(P,Ql,X,V>, 
! • 

rew_rule(trig,cos<X>,sin<Z>,I*<V>,_> :- break<X,Z,P,Q>, 
ab sol Hhf.H >, 
eval<sign(Gl,I>, 
expsc(P,Ql,X,Vl, 
! • 

rew rule(trig,cos<X>,cosCZ>,V, > :- break<X,Z,P,QJ, - -absol (lhGl > • 
expcc<P,CU,X,V>, 
!. 



rew_rule<t~ig,secCX>,tan(XJ,CsecCXJA2-1JA(1/2>,_> :- !. 

rew ruleCtriQ,cotlXJ,cosecCX>,<l•cotCXJ~2,A<ll2>, > :- !. - -

rew_ru~erT,tanCXJ,tan(Z>,IV + tan<CJJ/(1 - tan(CJ•V>,U> :- T 
match<Z,B + C>, 
containsCU,B>., 
freeof<U,C>, . 
rew_ruleCtrig,tan<X>,tanCBJ,V.,U>, 
! • 

rew~ruLertrig,tanCX>,tan<Z>,I*CVJ,_> :- break<X,Z,P,G>, 
absol (!hQlJ, 
eval(sign<Q>,I>, 
expttc.P,Gl,X,V>, 
! .. 

trig 

I* Tan half-angle Rewrite rules•/ 
rew_rulettrig,tan<X>,sin<Z>,2*tanCX>*(l+tan(XJA2>A<-1>,_> :-breakfX, ,P,G>, 

eval(Q/P=:=2>,!. -

I* Reciprocal function Rewrite rutes •I 
rew_ruleCT,X,tancZJ,A*BA -1,Unk> :- T trig, 

rew_ruleCt~ig,X,sin<Z>,A,Unk>, 
rew_rule<trig,X,coslZJ,B,UnkJ, 
! • 

rutelT,A,sec<ZJ,(B)A -1,UnkJ :- T == trig, 
- rew rule(trig,A,cosCZ>,B,UnkJ, 

! • 

rew rule<T,A,cosec<Z>,<BJA -1,UnkJ :- T ~- trig, 
rew_ruleltrig,A,sin<z>,B,Unk>, 
! • 

rew rule<T,A,cot(Zl,<B)A -1,Unk) :- T == trig, 
- rew_ruleCtrig,A,tanCZl,B,Unk>, 

!. 

I• Logarithmic Rewrite rules •/ 
rew_ruleClog,tog(X,Yl,Log<Y,XJ,togCX,YJ"' -1,_> :- '!. 



% Reduced term is log base 10 
rew_ruleClogC1D>,L~gC10,XJ,logCX,10J,log(10,X>A -1,_> :- !. 

rew_ruleClog(10J,logC10,XJ,LogCA,X>,Term,Unk> 
number CA)-, 
tidyClogClO,XJ/log(lO,Al,Term>, 
! • 

·. 

rew_ruteclog(lOJ,logllO,XJ,LogCX,A>,Term,Unk> :
number(AJ, 
t1dyClogC10,AJ•ClogC10,XJA -1>,TermJ, 
! • 

rational_gcd_list([HITJ,Gcd) :
evaltnumer(HJ,N>, 
evalCdenomCH>,D>, 
rglcT,N,D,Gcd). 

rgl(CJ,N,D,GcdJ :- evalCN/D,Gcd>. 
rglC[HJTJ,N,D,Gcd> :

eval(numer(HJ,Nl>, 
eval(denomCH>,DlJ, 
evalC~cdCN*Dl,D*NlJ,GJ, 
eval(D*Dl•Onew>• 
rglCT,G,Dnew,Gcd>• 



, AXIot➔S- : 

1olax( 1, -U=V, U= -l*VJ. 
,olax( 1, U+V=w, U=Y+(-l)*V). 
1olax( 2, V+U=W t U=W+(-l>*V>. 

Bernard Silver 
Updated! 11 February 1984 

;olaxC 1 , U•V=U, U=W•Yl> :- non_zeroCVJ,tidy(l/V,Vl>. 
;olax< 2, V•U=W , U=W•Vl) :- non_zeroCVl,tidy(l/V, Vl). 
,olax< 1 , tog<U,l>=n, U=N> :- arbint<N>. 
;olax< 1, lagtU,V>=W, U=VAWlJ :- non zeroCWJ,tidy(l/W,Wl>~ 
~olax< 2 • logtU,V>=W, V:UAW>. - 1 

1olaxt 1, UAO = K , U=N> :- K=l,!,arbint(NJ. 
,otax( 1 , _Ao= , false> :- !. 
;olaxr 1 , _AN= O , false> :- negative(NJ,!. 
1olax< 1, u~N=V, U=VANl> :- oddlNJ,tidyCl/N,-NlJ. 
,olax( 1 , U"'N=V , U=V"Nll :- non_neg(U>,even<IH,tidy(l/N, Nl). 

·ix( 1 , _ ... A=V,, false> :- negative<V>.integer<A>,even<A>•!• 
· _axe 1, UAA=V, U=Y"Al) :- not numberCA>,tidytl/A,Al>. 

1olax< 2, UAV=_, false) :- reval<U>OJ;atomru,,,,evatcv=<O>,!. 
;o lax C 2' , U" V = lJ , V = log ( U • lrJ )) • 
;olax( 1 tSin(U>=O,U=180•N) :- arbint(N). 
;olax< 1 ,sinCUJ=ltU=360•N+9D> :- arbint(NJ. 
,olax( 1 ,sinCU>= -1,U=360*N-90)·:- arbinttN>• 
;olaxC lt sin(_l=V,fatse> :- Ceval<V>11;evalCV< -l>J,!. 
;olaxc 1, sinCU>=Y, U=N•180+ (-l>AN•arcsin<VJJ :- arbintrN>. 

iolaxC l ,cos(Ul=l,U=360*N> :- arbintCNJ. 
;olaxc 1 ,cos<U>= -1.u=~6D*N+l80J :- arbint<N>. 
1olaxC 1 ,cosCUJ=O,U=18D•N+90J :- arbint<N>. 
;olaxC 1, cos<_>=V,falseJ :- <evalCV>lJ;eval(V< -l>J,!. 
iolaxC 1, cos(UJ=V , U=2*N•18D+arccos(VJ # 

U=2•N*18D+ {C-lJ•arccos<V>>> :- arbintCNJ. 
;olaxC 1 • tanlU>=V, U=N•18D+arctan(V)J :- arbintCNJ. 

1x< 1, cosec( >=V, false) :- evatcV> -1>.eval<V<lJ,!• 
•axe 1, cosecCU>=V, U=N•180+ <-l)AN•arcsin(Vl)> :- !, 

tidy<l/V,Vl h 
arbint OD. 

;olax< 1, sec<_>=¥, false) :- evalCV> -1J,eval<V<1>,!. 
;olax< 1, sec(UJ=V, U=2*N*180+arccos(V1> # 

U=2*N•180+ ((-l>*arccosCVlJ)l :- !, 
tidyU/V,Vl>t 
arbint OJ>. 

solaxC 1, cot(UJ = Dt U = N•lBD + 90) :~ !iarbintCNJ. 
sdlaxC 1, cot(UJ=V, U=N*lBO+arctan(VlJ> _:- tidyCl/V,Vl>,arbint(NJ.· 

solaxC 1, arcsinC_>=U,falsel :- <evalCU>lJ;eval<U< -1>>,!. 

solaxC 1, arcsin<U>=V,, U=sin(VJJ. 
solijxt 1, arccos<UJ=_,false> :- (evat<U>11;eval(U< -1>>,!. 



sola:d 1 , arccosCU>=V , U=cos<V>>. 
solax( 1 ' arctan(UJ=V ' U=tane\0) • 
solax( 1 , arccosecCU)=_ ' false) ·-.. evaU-U> -1>,evat<U<l),!. 
solax( 1 ' arccosec<U>=v ' U=Vl> . .. - tidy(l/sinCV>,Vl>,!. 
sotax< 1 ' arc sec CU>= , false> .,_ . eva l CU> -1>,eval(U<l>,!. 
solax( 1 ' arcsec(U)=V , U=VlJ .. tidy(1/cosCVJ,V1>,!. . -
sotax( 1 t arccot(U>=V t U=Vl_J ·-. tidy(l/tan(VJ,VlJ,!. 

ollax< 

ollaxC W, W+W, 2•W J • 

r ax( U, s1n(U)~cosCUJ , sinl2•UJ• (1/2) > • 

Jllax( U, sin(UJ•cosCVJ+cos(UJ•sinCVJ , sin<U+V) > • 

,ttax< U, cos(U>*cos(V)+ -l•CsinCUJ•sin<V>> , cos(U+VJ > • 

,t lax< u ' cos(UJ"'2 + sin{U)""2 ' 1 ,. 
lllax( u ' logtU, )0 + logCU,YJ , log<U,X•YJ ) • 

>llax< u t A•togtU,X) + B•log<U,Y>,log(U,XftA•YAB> ,. 
ill ax c u, A•logCU,lO + log(U,Y>,log<U,XAA*Y> ) .. 

axe u & V , U*l.l+V*W ' {U+Vl•W , [ J) • 

: tr ax ( u & V ' W"'U*M""V ' 
iJA(U+V} • [] ) • 

:trax{ u & V ' A*log<M,Ul+B*logcw.v>,tog<W,UAA*VAB> ' [] ) • 

:trax< u & V ' 
A*logCW,U>+log(~,V>,tog<W,UAA•V> , [J ) • 

:traxC u & V , U•logOhV> • log 01, V""U> ' [ J ) • 
: t rax ( u & V ' log(~,V>*logtU,Wl t log<U,V> , [] ) • 

:t rax ( u & V ' U=V t U+C-l•V>=O t [J ) •· 

:traxC V & trl ' 
(UAV)""W ' UA(V*IJ) , [] ) • 





file ! WEAKNF 
Author : Bernard Silver 
Updated: 23 February 1984 
Purpose! weak normal forms for LP 

public 

mode 

weak_normal_form/3, 
mod_~eak_normat_form/3, 
mod_weak_normal_forml/4, 
rood weak normal form2/3. - - -

filter<+,+,-,->, 
mod_weak_normal_form<+,+,?>, 
mod_weak_normal_forml<+,+,+,?>, 
mod_weak_normal_form2C+,+,?)., · 
weak_normal_form<+, +, ->, 
zero_rhs<+, ->• 

Put equation(s) into weak normal form 
ik_normal_form<Eqn, Var, New> :

tidy_expr(Eqn,Tidy>, 
zero_rhs(Tidy, Hid>, 
decomPIMid, (+IBagJ>, 
filterlBag, Var, Lhs, Rhs>, 
tidy_expr<Lhs=Rhs, New>, !. 

put an equation Lhs=Rhs into the form New=O. 

zero_rhsCLhs=O~ Lhs> :- !. 
zero_rhs<Lhs=Rhs, New> :- tidy<Lhs-Rhs, New>. 

split a sum bag into Lhs, holding all elements containing Var, 
and Rhs, holding all the elements not containing Var. We are 
free to use•-• in Rhs, as it will be tidied before use. 

filterl[HeadlTaill, Var, Head•More, Rest> :
contains(Var, Head>, !, 
filter(Tatt, Var, More, Rest). 

filter<[HeadfTailJ, Var, More, Rest-Head> :- !, 
filterCTail, Var, More, Rest). 

filter([], Var, o, OJ. 

:i_weak_normal_form<Exp,X,Ans> :
mod_weal<_normal_forml(Exp,normat,X,Ans>, 
Cmatch_check(Exp,Ans); 
writef('\nPutting in weak normal form to obtain\n\n%t\n•,tAnsJ>>, 
!. 

d_weak_normat_form(Old,_,Old). 

m_w_n_fl can be called on its own if we don•t want the message output 

d_weak_normal_forml<A#B,Type,X.,t>JewJ :- !, 
mod_weak_normat_formlCA.Type.x.Al}, 



mod_weak_normal_formlCB,Type,X,81>, 
type_tidy(Type,Al#Bl,New>. 

:i_weak_normal_forml(Exp,Type,x,Ansl :
type_tidylType,Exp,ExPl>, 
weak_normal..:,form(Expl,X,Ansl>, 
type_tidy(Tyoe,Ansl,Ans>. 

Normal case 
i_weak_normal_form2(A=B,X,Hl) :

containscX,A>, 

! ' 
mod_weak_normal_formlCA=B,expr,X,Hl). 

A is an atom and so is probably a new variable. Call m_w_n_fl with A 
as unknown 

1_..feak_normal_form2CA=B,_,H1) :
atom(Al, 
!, 
mod weak normal forml<A=B,expr,A,Hl>• 

- - - I 

.e expression is an atom so return it 
ak_normal_form2CA,_,A> :- atomic<A>,!. 

Exp does not centain the old unknown so guess it! 
!_weak_normal_form2<Expr,X,H1> :

freeoflX,Expr>, 
! ' 
vordsinlExpr,Mords>, 
member<Y,Words>, 
! • 
mod_weak_no rmal_ formH Expr,expr ,Y ,Hl >. 

All other cases, e.g Term is a disjunction 
i_weak_normat_form2tTerm,X,New> :

mod_weak_normal_forml(Term,.expr,X,New>. 



~ FUNC: Check LP knows the functions in the problems 

I 

ind_functions(List,X,Ftag) :
find_functionsl<List,X,Flagl, 
abolish(new_functor,2>, 
!. 

ind functionsltCJ,, >. 
ind:iunctionsllCHITJ;X,F> :

function parse<H,Hl,X>, 
check~ok:set(HltX,Fl, 
!, 
find_functionsl<T,X,F>. 

Bernard Silver 
Updated: 9 April 83 

unction_parse(Eqn,Set,Unk> :- dl_parseftEqn,Setl•CJ,Unk>,listtoset(Setl,Set>. 

l_parsef<AffB,L-Ll,Unk> :- !,dl_parsef<A,L-L2,Unk>,dl_parsef<B,L2-Ll,Unk). 
-irsef < A=B, L-Ll, Unk > :- ! ,dl_parsef < A,L-L2,Unk > ,d l_parsef <B,L2-ll ,Unk> • 
arsefCA+B,L-Ll,Unk> :- !,dl parsefCA,L-L2,Unk>,dl parsef(B,L2-Ll,Unk>. 

l_parsef(A*B,L-Ll,Unk> :- !,dlJ>arsef<A,L-L2,Unk>,dl:parsef<B,L2-Ll,Unk>. 
l_parsef(AAB,L-Ll,Unk> :- !,dt_parsef<A,L-L2,Unk>,dt_parsef(8,L2-Ll,Unk). 
l_parseftUnk,L-L,Unk> :- !. 
l_parseftA,L-L.Unk> :- freeof(Unk.A>,!. 

:l_parseftA,CAILl-L,Unk> :- !. 

heck_ok_set<tJ,_,_> :- !. 
heck_ok_set((HITl,X,F> :-

check_ok_term<H,X,F>, 

! ' 
check ok settT,X,F>• 
I - -

:heck_ok_termCTerm,X,_> :- freeof<X,Terml,!. 
:heck-ok_term(Term,X,F) :

known_functor<Term,N>, 
check_ok_args(Term,N,X,F>. 

,:k_ok_term ( Term ,X, check> :
functor tTerm,F ,N>, 
{new_functor<F,N>; 
(writef(•\n[**Warning, LP has no rules for functor %t/Xt**l\n•,CF,NJ>, 
assertatnew_functor<F,N>>>>, 
check_ok_args(Term,N,X,check>, 
!. 

~heck_ok_term(Term,_,add> :
functor(Term,F,N>, 

, writef<•\n[Adding functor %t/%t to list of known functorsJ\n•,CF,NlJ, 
mod_assert(k_functor<F,N>>• 

k~own_functor(Term,N> :
functor<Term,F,N>, 
k_functor<F,N>, 
! • 



c_functorr+,2). 
(_functor(*t2>. 
,_functore'',2J • 

c_functor(log,2l. 

~_functor(sin,1). 
~_functorCcos,1J. 
:_functor(tan,1). 
:_functor{cot,1>. 
:_functor(sec,1>. 
:_functorccosec,1>. 

:_functorCarcsin,1>. 
:_functor{arccos,1J. 
: functorCarctan,1>. ,-
:_tunctor(arccot,1). 
:_functor(arcsec,1> • 
. _functorCarccosec,11. 

tCtortsinh,1). 
_ ,nctor(cosh,ll • 

. _functorctanh,lJ. 
_functorCcoth,lJ. 
_functorrsech,1J. 
_functorCcosech,lJ. 

_functor<arcsinh,1>. 
_functor(arccosh,lJ. 
_functor(arctanh,lJ. 
_functortarccoth,lJ. 
_functorCarcsech,1>. 
_functortarccosech,1>. 

I 

heck_ok_arQs(Term,N,Unk,FJ :
c_f_a<N,D,Unk,Term,FJ. 

_aCN,N,_t~t_J :- !. 
_f_aCN,M,Unk,Term,FJ 

K is Vi+ 1, 
arg(K,Term.,Arg>, 
c_ok_a~glCUnk,Arg,FJ, 
!, 
c_f_aCN,K,Unk,Term,F). 

ok argl(Unk.,Arg,F) :-
- - function_parse<Arg,S,Unk>, 

check_ok_set{S,Unk,F>, 
! • 



File : LOOP 
Aut~or : Bernard Silver 
Updated: 23 February 1984 
Purpose: Loop checking for LP 

loping_check<_,_,no) :- !. 
,oping_check<Eqn,X,Oldl :

normstore{Eqn,X,Eqnl>, 
C(see~_eqn(Eqnl) -> looping_action(Old>>; 
assertalseen_eqn(EqnlJJ>. 

ioping_action(X) :
<X=warn;x=warnlJ, 
h 
writefC•\nC••Warntng. Equation has been seen before••l\n•J. 

1oping_actionCyes> :- !, 

. text 

writefc•\n••Looping••• This equation has been seen before.\n•>, 
process_replyC(a,b,c~n,wl,loop_action(XJ,X,•Action:•,t_text>. 

·-. 
writefC•\nType 

a • to abort, . 
b . to break, . 
C 

. to continue, . 
n . to switch off loop test, . 
l<i 

. to switch loop test to warn onty.\n•> • . 
op_actionCaJ :- !,writefc•\n[AbortingJ\n•>,abort. 
op_action(b) :- !, 

writett•\n(Entering breakl\n•>• 
break, 
writef(•\n(Leaving break and continuingJ\n•>. 

actionCcJ :- !,writefC•\n(ContinuingJ\n•J• 
-p_action(nJ :- !, 

ftag<loop._,no>, 
writefl'\n[Oisabling loop checkerJ\n•J. 

op_action<w> :- !, 
flag(toop,_,warn>, 
writef(•\n[Setting loop checker to warn only]•>• 

op_action(_) :- writef(•\nNot a valid option! Please try again.\n•>.fail. 

rmstoreCEqn,X.Eq> :-
substcx = unk,Eqn,Eqnl>, 

! ' 
remove_arbs(Eqnl,Eq>, 
!. 

move_arbs(Eqnl,Eqn2> :-



wordsin(Eqn1,words), 
subintegral(Words,Word>, 
remove_arbsl<Eqn1,Word,Eqn3J, 
tidy(Eqn3,Eqn2>, 
!. 

i move _a rb s 1 ( x • r J, X > : - ! • , 
tmove_arbslO<•H•Y> :- make __ arblist{H,Z>,make_subl <H,Z,Yl> ,subsl{X,YhY>• ! • 

11<e_arblist1HJ.,[J,_) :- !. 
1ke_arblistl(C_JTJ,Carb<NJfTlJ,NJ :- M is N+l,make_arblistl<T,Tl,MJ,!. 



REW: 

Bernard Silver 
Updated: 23 February 198q 

public apply_new_rulel/5• 
get_user_rule/8• 
hard_tidy_expr/2, 
simple_rule/7• 

mode 

try _use_rule/7. 

apply_new_rulell•t•t?,?,+>• 
apply new rule2<••••••••••••?,?J, 
apply:new:rule3t•••t•,?,•,?•?>• 
apply_new_rule4<••••••••••?,?>• 
apply_new_rule5<•,•,?•?,•,?••t?,?J, 
choice_tidy<+,?>• 
chotce_tidyl<•,?>• 
examine_template<•,->, 
get_user_rule<?.?,?,?,?,?,-,•>, 
hard_tidy_expr<•,->, 
hard_tidy_expr<•••••>, 
simple_ruleC?,+,•,?,?,?,->, 
try_use_rute<•,+,?,•,•••••t?>. 

ply_new_rulelCX,Exp,New,Name,TypeJ :-
ok_vars(New,Name>, I this is the rule we want or its a worked example 
occCX,Exp,Nol>, 
{Type=tl,occ(X,New,No2JiType=sot>, 
get_user_rule{Name,X,Template => Rewrite,Cond,No1,No2,Condl•Type>, 
Ctnonvar(No2),check_cond<Condl>>;var(No2>>, 
try_use_ruletX,Exp,New,Template=>Rewrite,Cond,Condl,No2>. 

,ly_new_rulet<X,Exp,New,Name,Type> :
\+ ground<New), 
varCName>, % Must be careful 
occ o.,Exp,Nol>, 
get_user_rule(Name,X,Template => Rewrite,Cond,Nol,No2,Cond1,Type>, 
examine_template<Template,N>, 
apply_new_rule2CX,Exp,New,Template=>Rewrite,Cond,N•Cond1,No2J• 

One is instantiated 
_vars(New, I :- ground(New>,!. 
_vars<_,Y> :- nonvar<Y>,!. 

Rule has at least two terms in LHS 

>ly_new_rule2<X,Exp,New1,Temptate=>Rewrite,Conct,N,Condl,FJ :
f\1)1, 
apply _new_rule3 0(, Exp,Newl, Temp late=>Rewri te ,cond, Condl ,F>. 

Rule has only one term on LHS, eg sin<2•x> => 2•sin<x>•cos(x) 
,ty_new_rule2<X.£xp,New1,Lhs=>Rhs,cond,_,Condl,FJ :

apply_new_rule4(X,Exp,New1.Lhs=>Rhs,Cond,Condl,F>. 



, Basically Collection Code 
lply_new_rule3CX,Exp,New1,Template=>Rewrite,Cond,Condl,FJ :

mult_occtX,.Exp>, 
least_dom<X,Exp>, % Expression fs in weak normal form 
applicable(Template,Exp,Rest>, 
C<nonvar<F>,check_cond<cond>>;var<F>>, 
newform<Exp,Rewrite,Rest,New>, 
check_cond<Cond>, 
choice_tidy(New,Newl>, 
occ<X,Newl,F>, 
check_cond(Condl>. 

Recursive case of Collection 
ply_new_rule3<X,Exp,Newl,Template=>Rewrite,Cond,Condl,F> :

mult_occ<X,Exp>, 
decomo(Exp,[Fun(Argsl>, 
corresponding~argumentsCArgs,Arg,NewArgs,NewArg>, 
apply_new_rule3<X,Arg,NewArg,Template=>Rewrite,Cond,Condl,F>, 
recomp(New,CFunlNewArgsJ>, 
choice_tidy(New,Newl>. 

Other case 
µly_new_rule4<X,Exp,New,Lhs=>Rhs,Cond,Condl,F> :

match{ExP•Lhs>, 
check_cond(Cond>, 
choice_tidy<Rhs,New>, 
occ Ot .,New, F >, 
check_condCCondl>. 

>ly new rule~<x,Exp,New.Lhs=>Rhs,Cond.,condl,F> :-
- setof<Term,subterms<Exp,X,Term>,Set>, 

apply_new_rule5CSet,X,Lhs,Rhs,ExP,New,Cond.cond1,f). 

>ly_new_rule5(Set.x,Lhs,Rhs,Exp,New,c.c1.,F> :
match_member<Lhs,Set,Term>, 
((ground<F>,check_cond(C));\+ground<F>>• 
subst<Term=Rhs,Exp,Newl>• 
check_cond<C>, 
choice_tidy(Newl,New>, 
occ (X,New,F h 
check_cond<Cl>, 

What sort of rule is it? 
mine_template<_+_,X> :- !,X=2. 
mine_template<_*_,X> :- !,X=2• 
mine_template<~,X> :- X=l• % Single term or more complex rule 

% Collect can•t cope with either 

_use_rute<X,Exp=C,Newl,Template=Cl =>Rewrite,Cond,Condl,No2> :
match_check<C,Cl>, 



functor<Exp,F,_l, 
functor(Template,F, >, 
associative(F>, -
decomp<Exp,tFJArglJ>, 
decomp(Template,[FfArg2J>, 
tength<Arg2,2>. 
length<Argl ,ro, 
C CN>2t ! HN>l> t 
pairfrom(Argl,A,B,Rest>, 
recomptTerm,tF,A,Bl>, 
match_check(Term,Template>, 
recompCRestl,[FIRestJ>, 
New= •• CF,Restl,Rewritel, 
check_cond(Cond>, 
choice_tidyCNew,Newl>, 
occ<X,Newl,No2>, 
check_condCCondl>. 

y_use_ruleCX,Exp=C,~ew1,Template=>Rewrite,Cond,Condl,No2> :
functor<Exp,F,_>, 
functorCTemptate,F,_>, 
associative{F>, 
decompCExp,tFIArgll>, 
decomoCTemplate,CFIArg2J>, 
tengthCArg2,2>, 
lengthCArgl,l'Ot 
HN>2, ! HN>l> t 
Pairfrom<Argl,A,B,Rest>, 
recomp(Term,tF,A,BJ>, 
match _check (T,erm, Template>, 
recomp(Restl,CFIRestJ>, 
New= •• tf,Restl,Rewritel• , 
check_condCCond)i· 
choice_tidy(New=e,Newl>, 
occ<X,New1,No2>, 
check_cond(Condl>. 

,_use_ruleCX,Exp,Newl,Template=>Rewrite,Cond 9 Cond1,No2> :
examine_template{Template,N>, 
apply_new_rule2<X,Exp,Newl,Template=>Rewrite,Cond,N,Condl 1 No2>• 

user_rule of the right type 

Get a tidy type rule, these can loop ,so only used for tl case 
or if Name is instantiated 

:_user_rulefName,X,Template => Rewrite,Cond,No1,No2,Condl,Type> :
C(nonvar(Name>,Type=tl>;var(Name>>, 

, call<simple_rule<Name,X,Template => Rewrite,Cond,Nol,No2,Condl>>. 

: user ruleiName,x,Template ·=> Rewrite,Cond,No1,No2,Condl, > :-
- call(user_rule{Name,X,Template => Rewrite,Cond,Nol,No2,Condl>>. 

fice_tidy(Old,New> :
hard_tidy_expr<Old,Tidy>, 
Old\: Tidy, 
choice_tidyltTidy,New>. 



hoice_tidy1fOld,Mid> :- tidy_exprCOld,Newl,match_checklMid,NewJ,!. 
hoice_tidyl(Old,Mid) :- tidy<Old,New>,match_check{Mid,New>,!. 

ard_tidy_expr(Exp#Exp1,New> :- !, 
hard_tidy_expr(Exp,Exp2>, 
hard_tidy_expr<Expl,Exp3l, 
! ' 
tidy_expr<Exp2#txp3,New>, 

ard_tidy_expr(Exp=A,Newl :- !, 
.hard_tidy_expr<Exp,Expl>, 
simplify(A,A2l, 
tidy_expr(A2,A1>, 
!, 
tidy_expr(txpl=Al,New>, 
! • 

;rd_tidy_expr(Exp,Exp> :- <atomic(Exp>;number<Exp>>,!. 

~rd_tidy_expr<A+B,New> :- !, 
hard_tidy_expr<A,A1>, 
hard_tidy_expr<B,B1>, 
tidy expr(Al+Bl,Newl>, 

/ simPlify(Newl,New>, 
!. 

ird_tidy_expr<A*B,New> :- !, 
hard_tidy_expr<A,Al>, 
hard_tidy_expr<B,Bllt 
tidy_expr<Al*Bl,Newl>, 
simplify(Newl,New>, 
!. 

rd_tidy_expr(Exp,New> :
functorCExp,F,N>, 
functor<Newl,F,N>, 
hard_tidy_expr(NtExp,Newl>t 
tidy_expr(Newl,New>. 

rd_tidy_expr<o,_,_> :- !• 
rd tidy_expr(N,Term,New> :

argCN,Term,ArgN>, 
hard_tidy_expr(ArgN,ArgNl>t 
arg<N,New,ArgNl>, 
Mis N - 1, 
!, 
hard_tidy_exprCM,Term,New>. 

Simplify rules 
nple_rule(sec,_,sec<Y>=>l/cos<Y>,Cno~_zero<cos<Y>>J,M,MtCJ>. 
nple_rule(cos,_,cosCY>=>llsec<Y>,Cl,H,M,Cl>. 

~ple_rule<sin,_,sin<Y>=>llcosec(Y)tCl,M,M,[l>• 

~ple_rute(cot,_,cot<Y>=>lltan(Y)t(non_zero(tan<Y>>l,M,M,[l>. 

1ple_rule<tan,_,tan(Y>=>llcot<Y>,Cnon_zero(cot<Y>>J,M,M,CJ>. 



* UTIL.OPS: Operator declarations for UTIL and other Mecho programs 

I 

:- op(llOO,xfy,C\\)). 
:- op(950.xty.#). 
:- opt850,xfy,&>. 
:- op(710.fy,tnot,thnotJ). 
:- opC700,xfx,\=>• 

:- op(300,fx,edit). 
:- op{300.fx,redo>. 
:- op<390ifx,tlim). 
:- op(3ao,fx,ton>. 
:- op(300,fx,toff>. 

UTILITY 
Lawrence 
Updated: 2 Au~ust 81 

% see INVOCA.PL 
% Used for disjunction 
% Used for conjunction 
% see INVOCA.PL 
% see IMISCE.PL 

% Conveniences 
% see EDIT.PL 

% see TRACE.Pl 



* ARITH.OPS: Operator declarations for arithmetic expressions 

I 

Now present in UTIL, used by PRESS and others 

:- opt5DD.yfx,t++,--J>. 
:- op(40D,yfx,Cdiv,modl>. 
:- opC300,xfy,[:,ftl>. 

UTILITY 
Lawrence 
Updated: 2 August 81 



* OPS : Operators for LP 

Bernard Silver 
Updated: 2 November 1983 

I 

- opCBDO,xfx.=>>. 
- op(l00,fx,[m,show,remove,enable,disable,writeout,s,r,e,d,w,helpJ>. 



*FILES.PL: Routines for playing with files 

I 

:- public 

Compile this module 
FILES requires no other modules 

check_exists/1, 
file_exists/1, 
o?en/1, 
open/2, 
close/2, ' 
delete/1. 

:- mode cheek_exists<+>, 
file_exists<+>, 
open<+>, 
open<?,+>, 
close(+,+>, 
delete(+). 

UTILITY 
Lawrence 
Updated: 2 Apri~ 81 

% Check to see if a file exists and provide 
% an error message if it doesn•t 

heck_exists<File> 
:- file_exists<File>, 

!. 

heck_exists<File> 
:- ttynl, display(•! File! •>, display(File>, 

display(' does not exist.•>, ttynl, 
fail. 

% Succeed if a file exists, otherwise fail 

-file_exists<File) 
:- a-tom<File>, 

seeing(Old>, 
( nofileerrors i fileerrors, fail >, 
see<File>, 
fileerrors, 
seen, 
see(Old>, 
!. 

% Open a file, checking that it exists 

>?en ff i le>, 



:- check_exists{File>, 
see(File). 

pen(Ocd.File1 
:- seeingCOld>, 

openCFileJ. 

lose< F He t Old) 
:- close(file>, 

seeCOld). 

el e te CF il e > 
:- open<Old,Filel, 

rename(file,Cl>, 
see(Old>. 

, 

% Open a file and return current file 

% Close file and see old file again 

% Delete a file (note that rename requires that 
% the file be open> 



I* IMISCE.Pl : Written' by Lawrence 

*' :- op(lO!hfx,U. 

continue. 

clean:- nolog, 
seeing<X>, 
seet•protog.log•>, 
rename(•prolog.tog•,[J>, 
seen, 
seeOO, 
log. 

diff<X,Y) :- !. 

I Default define trace 
trace<~•->• 

trace<_,_,_>. 

ltX) :- tisting<X>. 

&<A,Bl .. . - ! , A, B. 

notoo :- x, ! , fail. 

O~too .. . - ! • 

Bernard Silver 
Updated: 6 November 82 



file : EDIT.PL 
Author : R.A.D•Keefe + Lawrence Byrd 
Updated: 28 January 1984 
Purpose: Get from Prolog to TOP and back again. 
Needs : append/3 from LISTUT.PL• and latest version of TOP. 

I This module can be compiled or interpreted, whichever you prefer. 
% Luis Jenkins and Bernard Silver added "top" and "top Ftten. 

% 
% 
% 
% 
% 

Six predicates 
edit File 
edit 
redo File 
redo 
top •Fi le 
top 

are defined! 
call Top 
edit the 
call Top 
redo the 
analogous 
analogous 

to edit File and return 
last file mentioned in an edit or redo 
to edit File and reconsult the resu Lt 
last file mentioned in an edit or redo 
to redo Fite. 
to redo. 

% 1 have copied Luis Jenkins• idea of making: and. operators so that 
% you can specify a file name without the quotes. 

:- op(9DO, fx, edit>. 
:- op{90~, fx, redo>• 
:- op(90!h fx, .top). 
•- op(600, xfy, (.J>. 

op{8u0t xfy, (!)). 

:- public 

:- mode 

·-. 

edit : -

CeditJ/Ot 
<editJ/1, 
(redo)/0., 
Credo)/1• 
<top)/1, 
(topJ/0, 
file_term/2. 

e.dit_fi tee+>, 
file_termC+, ->. 

•tast file'CFileJ, !, 
edit_file(File>. 

editCFileJ :-

redo:-

file_termCFile, FileAtom>• 
abolishC•last file•, 1>, 
assertt•tast file*<FileAtom>>, 
edit_fileCFileAtomJ. 

'last fil~•(File>, !, 
edit_file<File>, 



reconsult<Fite). 
redo:-

redoCFileJ :-
file_term(File, FileAtomJ, 
abolishc•tast file•, 1>, 
assert(•tast fiteetFileAtom>>, 
edit_filelFil~Atom>, 
reconsult<FileAtomJ. 

top file:-
redo File. 

top :-
redo. 

I file_term take~ a file name which may be specified using the: and. 
% operators, and returns an atom. The lib(_> command should use it as 
~ welt.· file_term does not test that the result is a well-formed file 

name, rior does it truncate components to 6 letters. Maybe some code 
~ from try_hard_to_see could be adapted. 

ftle_termCDevice!FileName.Extension, FileAtom> :- !, 
name<Extension, E>, 
name<FileName, F>, 
name()evice, DJ, 
append<F, [46fEJ, FE>, 
append<D, [58tFEJ, DFE>, 
name(FileAtom, DFE>. 

file_term(Device:FileName, FileAtom) :- !, 
nameCFileName, F>, 
name(Device, DJ, 
append<O, [58fFJ, OF>, 
name(FileAtom, OF>. 

file_termCFileName.Extension, FileAtom> :- !, 
nameCExtension, E>, 
name(FileNamei F>, 
appendCF, [46JEJ, FE>, 
name<FileAtom, FE>. 

T1le term(FileName, FileName> :
- atomCFileName>, !. 

fite_term<Bogus, _> :-
display<•! Bad file name: •>, display<Bogus>, ttynl. 

% edit_file has to save and restore Prolog•s state, and it has to 
% tell TOP what to do. There used to be a special hack in TOP to 
% talk to prolog, but now it uses a system-wide hack: TMP:EDT. 
% A TMP!EDT file contains the following: 
% S <file name> <fn delimiter> [ <program name> (pn_delimiter> l 
% where <fn delimiter>::= <CR> I <ESC> I l 
% and <pn delimiter>::=! 
% What ~e write is therefore S<filename><ESC>MEC:PROLOG! • The fact 
% that the editor involved is TOP is, thanks to our use of this Dec
% 10 convention• immaterial. To get another editor, say FINE• just 



% change the editor<_> fact. The name PROLOG.BIN can •not* be mace 
% different. it is built into Prolog itself. 

edit_file(File> :-
c savet•PROLOG.BIN•• 1> 
;- nameCFile, FiteName>, 

append([83fFileNameJ, [271 8 MEC!PROLOG! 8 lt Command>• 
plsys<tmpcor<tett.edt.command>>, 
editor(Editor>, 
ptsys(run<Editor, 1>> 

>, !, 
seet•PROLOG.BIN'>• 
rename(•PROLOG.BIN•, CJ>. 



% File : TYPE.PL 
% Author : ~.A.o•Keefe 
% Updated! 21 June 1983 
% Purpose: A Tops-10-Like "type" command to display files. 

% ntype [a,ti,c]n will try hard to see a, b, c and will display the ■ 

% on the terminal. Output redirection will have no effect on it, a 
% more general command can be made by editing this one. When this 
% is interpreted, you can stop it. When it is compiled, all you can 
% do is use Ao. Helper.Pl is needed for try_hard_to_see. 

:- public 

:- mode 

{ty)/1, 
ttype)/1. 

ty(+>, 
type(+>• 

I • Fi le> :-
<type File>. 

<type Var> :
var<Var>, 

! ' 
writeft•! variable given as file name\n•>, 
fail. 

<type [HeadJTaitJ> :- !t 
Hype Head>, !, 
(type Tai U. 

(type File> :
seeing(Old>, 
try_hard_to_see(File, [eco,mec,utilJ, (pl,hlp,txt,lptJ>, 
seeing O.lew >, 
displayc•File •>, display(New>, ttynl, 
repeat, · 

! ' 

get!HCh>, 
ttyput<Chl, 
Ch= 26, 

seen, 
see<Old>. 



% File : TRYSEE.Pl 
% Author: ~.A.O•Keefe 
% Updated: 16 December 1983 
% Purpose: Search through several directories/extensions to find a file 
% Needs : append/3 from Util!listutil.Pl 

% try_hard_to_see(FileName. DeviceDefaults. ExtensionDefaults> 
% tries alt the Extension and Device defaults <varying the 
I -- ~xtensions first> until it succeeds in •see•ing the file. 
% -- and tails if the file cannot be found. 
% try_hard_to_see(FileName. Devs. Exts. FileFound> 
% is like try_hard_to_see/3• but doesn•t open the file• it 
% just binds FileFound to it. If no file can be found• it 
% just fails. The other version prints a message. 

:- public 
try_hard_to_see/3• 
try_hard_to_see/4. 

:- mode 
try_hard_to_see(+, +, +, ?>, 
try_hard_to_see<•, •• +J, 

expand_filet+, •• +, ->• 
parse_fite<-, -, -, ?, ?>• 

file_component<-, ?, ?>, 
tetter_or_digit<•• ->, 

normalise_file_component<•• •• ->• 
supply_file_default<+, +, •• ->, 

supply_file_defautt<•• +, ->, 
pack_file_title<•• •• +, ->. 

try_hard_to_see(Title, Oeviceoefautts, ExtensionDefautts. Filefound) :
seeing(OldFile>• 
notileerrors, 
l expand_file(Title, DeviceDefaults, ExtensionDefaults. FullTitle>, 

see<FullTitle>• 
seeing(FileFound>, 
seen 
true 

) ' ! ' 
seeCOldFile>, 
fileerrors, 
nonvar<FullTitle). % HACK HACK HACK 

try_hard_to_seetTitle, &eviceDefaults, ExtensionOefaults> :
nofileerrors, 
expand_fileCTitle• DeviceDefaults, ExtensionDefaults. FullTitle>, 
seeCFullTitle>•'!• 
fileerrors. 

try_hard_to_see(Title, -• _> :
fileerrors. 
write<•** Can••t see•>, writeq(Title>, nl, fail. 

expand_file(Title, DeviceDefaults. ExtensionOefaults. FullTitle> :
atotnic<Title>, 
name(Titte, TitleName>• !t 



expand_file(TitleName, OeviceDefaults, ExtensionDefaults, FuttTitle>. 
expand_file(Titte, DeviceOefaults, ExtensionOefaults, FullTitle> :

parse_file<Device, FileName, Extension, Title, tJ>, 
normalise_file_component<FiteName, 6, TryFileName>, !, 
supply_file_defautt<Device, DeviceDefaults, 6, TryDeviee>, 
supply_fite_default<Extension, ExtensionOefaults, 3, TryExtension>, 
pack_file_title<TryOevice, TryFileName, TryExtension, TryTitte>t 
name(futlTitle, TryTitle>• 

parse_file<Device, FiteName, Extension>--> 
< file_componentCDevice>, w:u 
I { Device=•• } 
>, !, 
fite_component<FileName>, 
< , "•"• file_component(Extension> 
I { Extension= un l 
>, !. 

file_component([letOiglRestl> --> 
(CharJ, { letter_or_digittChar, LetOig) 
fi le_compo.nent <Rest>. 

file_component<CJ> --> CJ. 

letter_or_digit<C, C) :-
C >= no•, C =< •9•, !. 

letter_or_digit<C, C) :-
C >= "a", c =< •z•, !. 

letter or digitlC, D> :-
- C->= "A", C =< •Z 0 , 

0 is C+t•a•-"A•>• 

normalise file component<CJ, , CJ> :- !. 
normalise-fite-component(Oefault, Length, TryThis> :

atomicCDefautt>, 

lt h 

name<Default, DefaultName>, !, 
normalise_file_componenttOefaultName, Length, TryThis>. 

normalise_file_componentc_, 0, tl> :- !. 
normalise_file_component<[CfRestJ, length, [LetDtgJMorel> ~

letter_or_digit<C, LetDig>, !, 
Left is Length-1, 
normalise_file_component{Rest, Left, More>. 

normalise_fite_component<C_fRestJ, Length, TryThis> :
normalise_file_component<Rest, Length, TryThis>. 

supply_file_defaultCGiven, _, Length, TryThis> :-
normalise file componentCGiven, Length, TryThis>. 

supply_file_defautt<tl; Defaults, Length, TryThis> :
supply_file_default(Oefautts. length, TryThis>. 

supply_file_default<(Defaultl_J, Length• TryThis> :
normalise file component<Oefault, Length, TryThis>. 

supply_fite_default<C_foefauttsl, Length. TryThis> :- !, 
supply_file_defautt<Oefaults, Length, TryThis>. 

pack_file_title<tJ, FileName, Extension, Title> :- !, 



append(fileName, [46(ExtensionJ, Title>, !. 
pack_file_title(Device, FileName, Extension,, Title> :

pack_file_titte<CJ, FileName, Extension, Tail>, 
appendCDevtce, [58fTaill, Title>, !• 

% 46 is 

% 58 is ff*ff • 



f* File: Tidy.Pl Updated: 18 October 82 

This is a new implementation of tidy• written in an attempt to remove 
some of the deficiencies of the old one. Unfortunately• it has a fe~ 
of its own. The only completely satisfactory approach seems to be to 
keep all expressions in bag form all the time. 

Tidy has now been split into two parts: 
<stmt> !!= <stmt> # <stmt> % 

I <stmt> & <stmt> % 
I <exp~> R <expr> % 

where R is one of=<>\=>==< 

tidy_stmt and tidy_expr. 
disjunction 
conjunction 
equation/inequality 

An <expr> is an ordinary algebraic expression. Statements are scanned 
top-down. and no great effort is expended on them beyond a limited bit 
of evaluation. Expressions are scanned bottom-up• and are worked hard. 

Tidy_stmt works from top down. It doesn•t bother putting statem~nts in 
bag.form, although since & land) and I (or> are both commutative and 
associative it could well do so. It does however do some flattening of 
statements: (El & E2) & E3 -> El & <E2 & £3). This can do no harm. As 
an experinent, tidy_stmt tries to put constants on the right-hand-sides 
of equations. E.g. ffx+,y-3 = 0" -> 0 x+y = 3•. Just how useful this may 
be remains to be seen. The code for eombine_and and eombine_or comes 
almost directly from the original tidy. 

I 

The inter•ediate form makes use of a different representation of bags. 
A plus (times> bag is stored as +(Tree• Hole, NumJ {*<Tree, Hole, Num)}. 
for example• a+b+c+3 would be stored as 

+ C + , ,x, 3) 
I \ 

+ C 

I \ 
+ b 

I \ 
X a 

<expr> ,. .. _ <expr> + <expr> • I <expr> .. - - <expr> I - <expr> ', 

I <expr> * <expr> I <expr> I <expr> 
I <expr> ... <expr> I sq-rt <<expr>) 
i <special function>C<expr>, ••• , 
I <atom> algebraic variable 
I <variable> treated like an atom 
I <number> including rational numbers 

<tidy expr> ::= {like <expr>, but only the first column. Also, 
numeric fragments are combined where possible. and sums 
and products are flattened.} 

<baggy expr> . ·.. - +(Tree, Hole, Num> 
*(Tree, Hole, Num> 
<tidy expr> A <baggy expr> 
<tidy expr> 

BUG: if the exponent of a term eventually simplifies to 1. the base 
emerges as a <tidy expr>• rather than a <baggy expr>. Hence some 
simplifications will be missed. E.g. "(l+x)AC-l)A(-1) + -1° will end 
up as "ll+xJ + -1" rather than as 0 x 0 • There appears to be no easy 
way around this problem, though keeping the base as a <baggy expr> 
may yet prove to be feasible. In ~ny case. the new tidy only has this 
problem with exponents. which are generally fairly simple. 



Tidy requires simple/1 and copy_ground/3 from STRUCT.PL. 



: - pub,l i c 

:- mode 

tidy/2, 
tidy_withvars/2, 
tidy_expr/2, 
tidy_stmt/2. 

% general interface 
% same as tidy_expr 
% tidy an expression 
% tidy a statement. 

% F<T,H,N> -> T• 

% X,Y -> X&Y 
% apply op to baggy 
% X,Y -> X#Y 
1' X,Y -> XAY 
% XtY -> X+Y 
% X(R)Y -> X•<R>Y• 

arguments 

bag_to_tidy(+,->, 
bag_to_tidyl+,+,+>, 
combine_and<••••->• 
combine_bagst+,->, 
compine_or<+,+,.->, 
combine_power<•••,->, 
combine_plusC+,+,->, 
combine_rel<+,+,-,->. 
combine_times<+,+,->, 
expr_to_bag<•,->, 

-% X,Y -> X*Y 

exp-r _to_bag (+,+,+,+,-), 
multiply_expC+,+,->, 
multiply_outt+,+,->, 
muttioty_out<•,-•+,->, 
number_check(+,+,->, 
power_outc+,+,->, 
power _out<•,-,+,->, . 
retop_tidy<-,+,+,+>, 
tidy_exprt+,->, 
tidy_stmt<+,->. 

tidy (_0 l d, New) :-

% 
% 
% 
% 
% 
% 

% 
% 
% 
% 

<expr> -> <baggy expr> 
map down args of <expr> 
X,N -> t\l*X 
N,X -> t.l*X 
+tT,HhN -> +(T *thH) 
maintain number-p accum 

*<T,H>,N -> •<T""N,H> 
R,X,Y -> X(R)Y or true/false 
tidy expression 
tidy statement 

tidy _st mt (Old, Mid>, !, New= Mid. % which now tries tidy_expr 
tidyCOld, Old> :-

write<'** failed: '>, write(tidy{Otd, •_•>>, nl. 

tidy_withvars<Old, New> :
copy_ground(Old, Ground, Subst>, 
tidy(Ground, Tidier>, 
subst(Subst, Tidier, Midl, !, 
New= Mid. 

' 



tidy_stmt(Var, _> :- % don•t do anything with variables 
var(Varl, !, fail. 

tidy_stmt<OldOne # OtdTwo, New> :- !t 
tidy_stmt<oldOne, MidOne>, 
tidy_stmtCOldTwo, MidTwo>, !t 
combine or<MidOne, MidTwo, New>. 

tidy_stmt<Old3n; & OldTwo, New> :- !t 
tidy_stmt<OldOne, MidOne>, 
tidy_stmttOldTwo, MidTwo>, !, 
combine_and(MidOne, HidTwo, New>. 

tidy_stmt(Equation, New> :-
tidy_relop(Equation, Relation, Oldlhs, OldRhs>, 
expr_to_bag(OldLhs, Midlhs>, 
expr_to_bag(OldRhs, MidRhs>, 
combine rel(Midlhs, MidRhs, Newlhs, NewRhs>, !t 
relop t~dy(New, Relation, NeWLhs, NewRbs). 

tidy stmt<Old; New> :
tidy_expr(Old, New). 

:ombine_orctrue, Y, true> :- !. 
:ombine_or(false, Yt Y> :- !. 
:ombine_or<X, true, true> :- !. 
::;, ~-ine_or(X:, false, X> :- !. 

ine_or<X., X, X) :- !. 
~ombine_or(W#Xt Yt W#CX#Y>> :- !. 
:ombine_or<X, Y, X # Y). 

:ombine_and<false, y,, false> :- !. 
:ombine_and(true, Yt Y> :- !. 
:ombine_andCX, false, false> :- !. 
:ombine_andCX, true, X> :- !. 
:ombine_and<X:, X, X> :- !. 
:ombine_andCW&X, Y, W&CX&Y>> :- !. 
:ombine_and<X, v, X & YJ. 

:idy_relop(X = '{' =· x, YJ --- !• . 
:idy_retoptX < Yt <, x. Y> :- !. 
: i dy _re top< X > Y, >, x, VJ . . - ! • 
: idy _re lop< X =< Y, =<, x, YJ :- ! • 
:!dy_relop(X >= y,, >=, X, YJ . - !. . 

-,_re lop C X \= v, \=, x, VJ ·- !. . 

% zero element 
% unit element 
% zero element 
% unit element 
% merging identical elements 
% change association 
% general case 

% zero element 
% unit element 
% zero element 
% unit element 
I merging identical elements 
% change association 
% general case 

~etop_tidy(Value, Relation,, Lhs, RhsJ :
number(Lhs>, number<RhsJ, 
t_idy_relop(Goal, Relation, Lhs, Rhs>t !, 
evat(Goal, Value>. 

·elop tidy(Goat, Relation, Lhs, Rhs> :-
- tidy_relop(Goal, Relation, lhs, Rhs>. 

:ombine_rel(+(Tl, Hl, Nl>t +(T2, H2, N2Jt Lhs,-Rhs> :- !, 
bag_to_tidy(+CTl, Hl, Olt lhs>, 
eval(N2-N1, N3>, 
bag_to_tidy(+•CT2, H2, N3lt Rhsl. 

:ombine_relC+(Tl, Hl, Nl)t N2, Lhs, N3> :
number(N2),,, !, 
eval0.12-Nl, N3>, 



bag_to_tidy(+lTl, Hl, 01 9 LhsJ. 
combine_relC•CTl, Hl, NlJ, •CT2, H2, N2J, Lhs, Rhs> :

eval (.Nl' > OJ, ! , 
bag_to_tidyl•<Tl, Hl, 1>, Lhs>, 
eval1N2/N1, N3>, -
bag_to_tidy(•CT2, H2, N3>, RhsJ. 

combine_rel<*<Tl, Hl, Nll, N2, Lhs, N3> :
number<N2>, 

, eval0,11 > o>, !, 
evalcN2/N1• N3>, 
bag_to_tidy(*CT1, Hl, li, Lhs). 

combine_relCEl, E2, Lhs, RhsJ :
bag_to_tidyCEl• Lhs>, 
bag_to_tidyCE2• Rhs>. 



tidy_exprcOtd, New> :-
expr _to_bag (Old, Mid>. ! , 
bag_to_tidy(Hid, New>. 

expr_to_bag(Var, _> :- % do nothing with variables 
var<Var>, !, fail. 

expr_to_bag(Old, Old) :-
simple<Old>, !. 

expr_to_bag(Otd, New) :-
fun c to ~r ( 0 l d , F , f,t) , 
functor<Mid, F, N>, 

·expr_to_bag(N,, Oldi Mid, yes, New>. 

expr_to_bag<O, Old, Mid, yes, New) :- !, 
eval(Mid, New>. 

expr_to_bag<O, Old, Mid, no, New) :
combine_bags(Mid, New). 

expr_to_ba9<N, Old, Mid, EValP, New) :
arg<N, Old, OtdN>, 
expr _to_bag tOldN, MidN>, 
arg<N, Mid, MidN>, 
number_chec~(MidN, EvatP, EvatG>, 
M is N-1, !, 
expr_to_bag(M, Old, Mid, EvalQ, New>. 

number_check<N, EvatP, EvalP> :-
. number<N>, !• 

number_checkc_, _, no>. I not a number 

combine_bags{X+Y, New) :- !, 
combine_ptustX, y., New>. 

combine_bagsCK-Y, New) :
multiply_out<-1, y., Z>• !, 
combine_plus<x. z. New>. 

combine_bags<-Y, New> :- !, 
multioty_out<-1, Y• New>. 

combine_bagsCX*Y, New> :- !, 
combine_times<X, Y, New>. 

combine bags(X/Y, New> :- !., 
-power_out<Y, -1~ Z>• 

combine_times<X, z., New>. 
-~-~ine_bags<x~v. New> :- !• 

combine_power<X, Y• New). 
~~ine_bagsCOld, Ne~> :

functorCOtd, F, N>, 
functnrCMid., F., N>, 
bag_to_tidy<N, Old., Mid)., 
t simptify_axiom(Mid., New> 
1 New= Mid 
) ' ! • 

bag_to_t~dyCOt Old, Mid> :- !. 
bag_to_tidyCN, Old• Mid> :

argCN, Old, OldNJ., 
bag_to_tidy(OldN, MidNJ, 
arg<N, Mid, MidN>, 
Mis N-1• !, 
bag_to_tidy(M, Old, Mid>. 



bag_to_tidy(+CT+R,. R • Ol, TJ ·-. ! • 
bag_to_tidy(+{ T N, N>. T> . ! • , . -
bag_to_tidy(*C T, Ht O>, 0) . ! .. .. -
bag_to_tidyl*CT•R, R, 1), Tl . . - ! .. 
bag_to_tidy ( ,q T t f'J, N>, T> . . - ! • 
bag_to_tidy<B""U, 1) . .- ! • % BAO = 1 
oag_to_tidyCO"X, 0) . !. .- % O"X = 0 
bag_to_tidy(l"X, 1) ·- ! • .. " l"'X = 1 
bag_to_tidy(B"l, B> . ! • .- % a--1 = B CB already <tidy>> 
bag_to_tidy(M"'" *(T*R,,R,N>, B"T > . .- % M"(N*X) = U1'"N )""X 

number 00, 
power<M, l'h B>, ! • 

bag_to_tidy<BAX, B"'TJ . .- ! , % B,.X, where X is <baggy> 
bag_to_tidy<X, T > • 
bag_t~_tidy(*<T, Ht fH, E>. 

bag_to_tidytOld, Old>. 

combine_plusC+CTl, Hl, NlJ, +CT2, Tl, N2>, +CT2, Hl, N3>> :- !, 
addCNl, N2,. N3),. 

combine_plusC+CTl, Hl, NlJ, N2, +(Tl, Hl, N3)J :
number(N2J, !. 
add(Nl, N2t N3J. 

► ine_plus(+(Tl, Hl, NlJ, E2, +CT1+£49 Hl9 Nl>> :- !9 
bag_to_tidy(E2, E4J,. 

combine_plus<D, £2, E2> :- !• 
combine_plus(Nl9 +CT2, H2, N2)9 +(T2, H2, N3Jl :

number C N 1 > , ! , 
add€Nl9 t'12, N3). 

combine_plusCEl, +(T2, H2, N2>, +(T2+E3, H2, N2>> :- !, 
bag_to_tidyf[l9 E3). 

combine_plusCEl9 D, El> :- !. 
combine_plus<El, N2, +CH+E3, H, N2>> :-

number(N2)9 !, 
bag_to_tidy<El9 E3J. 

combine_plus<Nl, [29 +(H+E4, H, NlJI :-
number(t,Jl)9 !9 
bag_to_tidy(E2, E4J. 

com,bine_plus(El, E2, +((H+E~>•E4, H, OJ> :
bag_to_tidyCEl, E3>, 
bag_to_tidy<E2, E4J. 

w J~ine_timesC•CTl, Hl, Nl>, *CT2, Tl, N2>, *<T29 Hl, N3J) :- !, 
muttioly(Nl, N2, N3). 

combine_timesH.!1, E2, Ans> :-
numberCNl>, !,. 
multioly_out0.11, E2, Ans). 

combine_timesCEl, N2, Ans> :-
numberCN2J, !, 
multiply_out(N29 El, Ans>. 

combine_times<*CTl, Hl, Nl>, E2, *CT1*E49 Hlt Nl>> :- !9 
bag_to_tidyCE2, E4>. 

combine_times<El, *(T2, H2, N2J,. *(T2*E3, H2, N2>> :- !, 
bag_to_tidy(El, E3> .. 

:ombine_times<El, [29 *<<H•E3>*E4, H, 1>> :
bag_to_tidy(El• E3>, 
bag_to_tidy<E2, E4>• 



multiply outco, Old, OJ :- !. 
muttipty:out<l, Old, Old> :- !. '* The next clause has been replaced by the two following clauses for the 

sake of Press and attraction. This clause is correct, but alas, when 
attraction moves a number out <N*X+N*X>->N•CX+X> tidy moves it back in. 

multiply_outt~, +C0ldTree, Hole, 0ldNum>, +(NewTree, Hole, NewNum>> :-

*' 
muLtialy<N, 0ldNum, NewNum>, !, 
mult-'!ply_out<0ldTree, Hole, N, NewTree). 

multiply_outC-1, +(0ldTree, Hole, 0ldNum>. +OJewTree, Hole, NewNum>> 
multioly<-1, 0ldNum, NewNum>, !, 
multi:>ly_out<0ldTree, Hole, -1, NewTreel. 

multipty_outc~, +(0ldTree, Hole, 0ldNum>, +(NewHole+N•Exp, NewHole, 
multiolyCN, 0ldNum, NewNumJ, !, 
bag_to_tidy(+C0ldTree, Hole, OJ, Exp>. 

. . -

NewNum » :-

multiply_outOh *(0ldTree, Hole, OldNum>, *(OtdTree, Hole, NewNum» :- !, 
mult1olyCN, 0ldNum, NewNumJ. 

multipty_outOh M, P> :-
.number(Ml, !t 
multioly<N, M, P). 

muttiply_outn1, Old, *(Hole*Exp, Hole, NH :- !, 
bag_to_tidyCOld, ExpJ. 

m ~tiply_out(Bottom, Hole, N, Bottom) :
Bottom== Hole. 

mul:tiply_out(0ldX + 0ldY, Hole, N, NewX + 
multiply_expC0ldY, N, NewY>, !, 
multidly_out<0ldX, Hole, N, NewXl. 

multiply_expCOldX * OldY, N, NewX * OtdYJ 
multioty_expCOldX, N, NewXJ. 

multiply_exp(OldX + OldYt Nt NewX + NewYJ 
multioty_expCOldY, N, NewYJ, !, 
multioly_exp<OldX, N, NewXJ. 

multiply_exp<OldNum, N, NewNumJ :-
number(OldNum>, !, 
multiplytN, 0ldNum, NewNum>. 

multiply_exp(Oldt N, N•Oldl. 

~nm~ine_power(BAElt E2, BAE3) :- !, 
combine_times(El, E2, E3>. 

'1ine_power<B, N2, Ans> :-
number < N 2 ) , ! , 
power out<B, N2, Ans). 

combine_powerCEl, E2, E3AE4) :
bag_to_tidy(El, E3>, !, 
bag_to_tidy(E2, £4). 

power_outCB, o, 1> :- !. 
power_out(B, 1, B> :- !. 
power_out<B""El, P, BAE2> :- !, 

multiply_outcP, El, E2>. 
power out(*(Hl*Tl, Hl, 1>, P, Ans> :

var(Hl>, !, 
power_out<Tl, P, Ans>. 

NewY> :-

. . -

power outC*(Tl, Hl, Nl>, Pt *CT2, Hl, N2)) !-



power<Nl, Pt N2>, !, 
power_out(Tl, Hl, P, T2). 

power_out(*CTlt H2*N1, Nl)., P, ,*(T2,, H2, l>> :- h 
power_out<Tl,, H2,, P, T2>. 

power_out(+(HO+Tl, Hl, O>, p,, Ans):-
HO == Hl l*DRAT*lt !, 
P,OWer_out(Tl, P, Ans>. 

power_out<N, P, M> :-
number<N>, 
powertN, P, M>, !. 

power_out<B, P, EAP> :-
bag_to_tidytB, E>. 

power_outCBottom, Hole., Num, Bottom> :
Bottom== Hole, !. 

power_outCOtdX * (OldBAOldP>, Hole,, Num, NewX * NewB> :
multiply_exp<OldP, Num, NewP>, 
< NewP = 1, NewB = OldB I News= OldBANe~P >, !, 
power_out{OldX, Hole, Num., NewX>. 

power_out<OldX * OldY, Hole, Num, NewX * <OldYANum>> :- !, 
power_out(OldX, Hole, Num, NewX>. 



File : WRITEF.PL 
Author : Lawrence+ Richard 
Updated: 16 September 1983 
Purpose: Formatted write routine <and support> 

• Compile this module • 
• wRITEF requires no other modules. 

FIXES 

tll May 811 LB 

Split the <now obsolete> module IOROUT into two: WRITEF (this one> 
and TRACE• 
Added cuts to writefs to make it determinate tit•s tail recursive>. 

(8 September 82) ROK 

Added a clause to writef to allow the format to be a string. 
Added the format items nL, nR, nC for atoms/numbers/strings. 
Added the Is format code. Made getxxx thJngs grammar rules. 

Q September 82) ROK 

Fixed long-standing bug in ttyprint: •tell• was •see• !! 

(22 June 83) ROK 

Added fwrite/2 and fwritef/3 by analogy to fprintf. 
They are very often useful. 
Also added the %i (indirect> format item, and the \e 
escape (generates ESC) for talking to terminals. 

(10 September 1983) ROK 

Added the %g (agglutinated) format item. The idea of this is that 
you can have a term like +<A.B,C,D> ,written as A+ B + C + o. ASA 
is the only program to use it so far, but since such records are 
quite a bit more compact than lists, it sems like a good idea. 

Added the %x <ignore) format item, so that you can compute 
a format : get_formattKey,FmtJ, writef(Fmt, (List]> where 
some of the variations don•t want to display all the arguments. 

Added the \b <backspace> and \f <formfeed) escapes. This wants 
to be done when strings are read, and wants to be exactly the same 
as c. Maybe in the next Prolog system ••• 

If the list argument is neither [l nor a list, it will be turned 
into a list of one element. I keep forgetting to do this in my 
source code, so writef might as well do it fo me. 

Changed uses of & and# as operators to uses as function symbols, 
so this file can be loaded when you•re not using those operators. 
Also made'the logical stuff treat, as conjunction and; <same as 
I> as disjunction. Renamed all prexpr•s subroutines to prexpr,to 
remove possible name conflicts. That was a bit dubious, but I also 
renamed special~>wf_char and action->wf_act; those two were •bound• 
to get in someone's way sooner or later, probably mine. 



€15 September 1963) ROK 

Added the Iv hack, which calls numbervars on the items in the list. 
This is to make variables come out as letters, which I think looks 
Pretty, and it ts harmless~ because wrttef fails anyway! 

• public 

· mode 

fJrconj /1, 
prexpr/1, 
prlist/1, 
ttyprint/1, 
fwritef/2, 
fwritef/3, 
writef/1, 
writef/2. 

ttyprintt?>, 
prlist<?l, 
prconj <?>, 
prexpr<?>, 

%-' print conjunction 
% print logical expression 
% print list, one per line 
% print on terminal 

I formatted write to file 

% formatted write 

prexprC+,+,-,?,?>, 
prexpr<+,-.,-,->, 
prexpr(+,+>, 

fwriteft+,+l, 
fwriteft+,+,+>, 
writef{+), 
writef<+,+>, 

wf_actt+,+,->, 
getcode(-.,+,->, 
getdigits<+,-,+,->, 
getpad<+,->, 
getpadt+.+,->, 
getpad(-,-,+.->, 
padoutC+>, 
padoutc+,+,+>• 
padoutt+,+,+,-,->, 
pragglC+,+,+,+>, 
wt_char<+,->, 
write lots<?,+>, 
writef_nonlistc+,->, 
writefs<+,+J. 

% Print (therefore use pretty printing) onto 
% the terminal (no-one uses this routine). 

:yprint (X) :-
tet ling (Old>. 
tell<user>, 
printoo, 
tell(Old>. 



% Print a list, one element per line 

~ttstCCJ> :- !. 
'list{(HeadfTailJ> :-

tabC4>, print<Head>,·nl, 
prlist(Tail>. 

% Print a conjunction, one element per line 

~conj{true> :- !. 
~conj (&{A,B> > :-

prconj (Ah h 
prconj(B). 

"ConjUA,8))' :
prconj(Ah !, 
prconj<B>. 

~conj<A> :-
tab<4>, print<A>, nt. 

% Pretty print a simple logical expression 
% 

o/ 
·'" 

This is done by first printing the logical 
structure using Xl X2 etc to name the components 
and then printing the •values• of Xl X2 etc on 
separate lines. 

"expr(.Expr) :-
prexpr<Expr, 1, N, Elements, CJ>, 
nl, write(• where:•>, nl, 
prexprCElements, 1>• 

~expr<Term, ~in, Nout, Elements, Z> :
prexprCTerm, Conn, A, B>, !, 
putcn<">• prexpr(A, Nin, Nmid, Elements, Rest>, 
putt" "J, put(Conn>• 
putl 6 0 >, prexprlB, Nmid, Nout, Rest, Z>, 
put<">">• 

r(Term, Nin, Nout, (TermlZl, Z> :
Nout is Nin+l, 
PutC"X">, write<Nin>. 

prexpr<&<A,BJ, 38, A, BJ. 
prexpr(#IA,B>, 35, A, B > • 
Prexpr ( (A ,-B h 38, A,, BJ. 
prexpr<cA;B>, 124, A, 8) .. 

rexpr([HeadlTailJ, Ml ·-~ 

% 
% 
% 
% 

write€• x•>, write<ro, write<• 
print<Head>, nl, 
f,J is \11+1, !t 
prexprCTait, ro. 

rexprt[J, ,. -

38 is 
35 is 
38 is 

124- is 

= •>, 

II 8,ff 

ff#ff 

"& ff 

" l u 

,.. 



% Formatted write utility 
% This converts the format atom to a string and 
% uses writefs on that. Note that it fails back over 
X itself to recover all used space. 

fwritef(File, Format> :
fwritef<File, Format, CJ>. 

fwriteflFile, Format, List> :
tellingCOld>, 
tell<File>, 
writet<Format, list>, 
telt<Old). 

writef(format) :
writef<Format, [J). 

writef{Format, Item> :
writef_nonlistCitem, List>, !, 
writef<Format, List>. 

writefC[FJStringJ, List) :~ 
writefsC[FtStringl, List>, 
fail. 

tef(format, List> :
atom(Format>, 
name(Format, FstringJ, 
writefstfstring, list>, 
fail. 

writefc_, _>. 

writef_nonlist<[J, > :- !, fail. 
writef_nonlistt[_l_l, _> :- !, fail. 
writef_nonlistCitem, [Item]J. 

% Formatted write for a string <ie a list of 
% character codes>. 

writefsC[J, List>. 

tefsC[37,AJRestJ, List) :- % %<action> 
wf_act<A, List, More>, !, 
writefstRest, More). 

' writefsC[37,DIRestJ, [HeadlTailJJ :- % %<columns><just> 
non=< D, D =< n9n, 
getpad<Size, Just, [DIRestJ, More>, 
padout(Head, Size, Just>, !, 
writefs(More, Tail>. 

writefsC[92,CfRestJ, List> :- % \(special> 
wf_char<C, Char>, 
put(Char>, !, 
writefs(Rest, List>. 

writefst(92IRestJ, List>:- % \<character code in-decimal> 
getcode<Char, Rest, More>, 



put <Char>, ! , 
writefs(More, List>. 

writefsC[CharJRestJ, List) :
put(Char>, !, 
writefs(Rest, list>. 

lllf act< 99, (HeadfTailJ, Tail> - nl, ! ' prconj(Head>. 

wcf act (1:'.!t, [HeadJTailJ, Tail> 
disptaytHead>. 

•, 

wf _actt101, [Head!Tai,lJ, Tail) 
nl, ! ' prexpr(Head>• 

wf_actl102, List, List> . .-
ttyflush. 

·-. 

·-. 

·-. 

wf_act(1Q3, [HeadfTailJ, Tail) :
functor<Head, F, NJ, 
praggll~, N, F, Head). 

% 

% 

% 

% 

~T_act<1~5, (Format,ListtTailJ, Tail>:-% 
writef(format, List>. 

wf_act(1G8, [HeadjTailJ, Tail> :-
nl, !, prlist(Head>. 

\ 

wf_act<11D, [CharlTaill, Tail> :-
put<Char>. 

wf_actf112, (HeadlTaill, Tail> :
printtHeadJ. 

uf_actC113, [HeadfTailJ, Tail> :
writeq(Head>• 

% 

wf_actl114, [Thing,TimesfTaiLJ,Tail> :- % 
writetotsCTimes, Thing>. 

actC115, [HeadlTailJ, Tail> :
padoutCHead>. 

wf_actC116, [HeadlTailJ, Tail> :
print<Head). 

wf_actt118, List, List) :
numbervarsCList, D, _>• 

wf_act<ll':h [HeadlTailJ, Tail> :
write<Head). 

wf_actC123, C_fTailJ, Tail>. 

<ordinary character> 

Conjunction 

Display 

Expression 

flush 

aGglutinated 

Indirect 

list 

iNteger (character> 

Print 

Quoted 

Repeatedly 

String 

Term 

number Vars 

Write 

X (skip) 



,t _char( 37._ 37). % % 
ff _char( 92. 92). % \ 
,t -chart 98, 8). % Backspace 
If _char(Htl, 27). % Escape 
Hf _char ua2. 12). % Form feed 
d _char€108, 1ru. % Linefeed 
if_char<110-, 31)., % l"Jewt ine 
,t _charH14• 13). % Return 
,rf _charU16• 9). % Tab 

Jetcode<Char> --> 
getdigitsC3, Digits>• !, 
{_ Digits\==(]• name(Char, Digits>• Char< 128 J. 

getdigitstlimit, [DigitfOigitsl> --> -
{ Limit> 0 }, 
[Digit], { "0" =< Digit• Digit =< n9u J, 
{ Fewer is limit-1 }-, !, 
getdigitstfewer, Digits>. 

getdigitsc_, CJ>--> [J. 

:elots<N, T> :
N > O., 
write<T>, 
M is N-1, ! t 

writelots<M, T>. 
writelots<_, _>. 

pragglCArgNo, Arity, Fune, Term> 
prints the arguments of the term one after the other, 
argument ArgNo. Arguments ~re separated by" Fune"• 
mainly for ASA, but should be generally useful. 

praggl<N, N, _, Term> :- !, 
arg<N, Term, ArgJ, 
print(Arg). 

praggl(L, N, F, Term> :
argCL, Term, Arg>, 
print(ArgJ, 
put(32>, write<Fl, putt32J, 
M is L+lt h 
praggl<M, N, F, Term>. 

starting with 
This is meant 

I* The new formats are %nC, %nL, and %nR for centered, left, and right 
justified output of atoms, integers, and strings. Thi~ is meant to 
simplify the production of tabular output when it is appropriate. 
At least one space will always precede/follow the item written. 

getpadCSize, Just>--> 
getdigitsc3, Digits>, 
[Char], 

getpad<114, r)., 
getpadt108, U. 

{ 
{ 

name(Size, Digits> 
getpad(Char, Just> 

I right justified 
I left justified 



ge-tpad< 99, c>. 
getpad< 82, r>• 
getpad( 76'1 t). 
getpad< f,79 c>. 

padout<Atom. Size• Just>:
atomic(Atom>. 

% centered 
% right justified 
% left justified 
% centered 

% padoutCA.S,JJ writes the i~em A in a 
% field of Sor more characters. Justified. 

name<Atom, Name>, !, 
padouttName, Size, Just>. 

padout<String, Size, Just> :
length(String• Length>, 
padout<Just, Size. Length. Left, Right>, 
tab Cleft>, 
padoutCString>, 
tab(Right>. 

% padout<Just.size,Length,Left,Right> 
% calculates the number of spaces to put 
I on the Left and Right of an item needing 
% Length characters in a field of Size. 

"""-,ut<l, Size, length, D, Right) :
Excess is Size-Length, !• 
getpad<Excess, 1, Right}. 

oadoutcr, Size, length, left, O> :
Excess is Size-length, !, 
getpad<Excess, 1, Leftl. 

padouttc, Size, Length, Left, Right) :
Prefix is (Size-Lengthl/2, 
getpad(Prefix, 1, Left>, -
Remai~der is CSize-Length>-Left, !, 
getpad<Remainder, 1, Right). 

getpad<A, B, Al :- A>= B, !. 
getpadCA, B, B>. 

padout<[HeadjTailJ> :
put(Head>, !, 
padout!Tail>. 

)adout H Jl. 

% getpad(A,B,Max> returns the maximum. 

% padout(Str), writes a sfring. 



I* ROUTIN.PL: Written by Lawrence & Richard 

%%% Compile this module 

I* EXPORT *I 

:- public 
append/3, 
apply/2, 
concat/3, 
gensym/2, 
last/2, 
listtoset/2, 
maplist/3, 
member/2, 
memberchk/2, 
n'l'iember/3, 
occurs_in/2, 
pairfrom/4, 
perm/2, 
perm2/4, 
rev/2, 
select/3, 
some/2, 
union/3. 

I* MODES *I 

:- mode append(?,?,?>, 
apply<+,+>, 
concat<+,+,?>, 
gensym(+,?>, 
LastC?,?>t 
listtoset<?,?>, 
maplist<+,?,?>, 
member(?,?>, 
memberch!d? ,? >, 
nmember(?,+,?>, 
occurs_int+, +l, 
occurs_in(+, +, +), 
pairfromt+,?,?,?l, 
perm<?,?>, 
perm2€?,?,?,?>., 
rev<?,?>, 

·, revco<tc(?,+,?>, 
select<?,?,?)., 
some<+,?>, 
union<?,?,?>. 

Bernard Silver 
Updated! 17 February 1984 



member<X,CYfTLJ> :- membercX,TL). 

memberchkfX,CXJTLJ> :- !. 

memberchkfX,CYITLJ> :- memberchkCX,TL>• 

% Xis the N•th member of List 

' nDembercx,t_lLJ,N> 

/ 

:- nmember<X,L,M>, 
N is '1+1. 

unionHl,Ys,Ys>. 

union<tXfXsJ,Ys,Zs> 
:- member< X, Ys lt 

! ' unionCXs,Ys,Zs). 

union<tXtXsJ,Ys,CXfZsJ> :- union(Xs,Ys,Zs>. 

append([ l,L,L> • 

append([HDITLJ,L,CHDfLLJ> :- appendCTL,L,LL>• 

lasto<.CXJ> :- !. 

last<X,CHDITLJ> :- lastcX,TL>. 

listtosett[HOITLJ,Ans> 
:- me~ber(HD,TL>, 

!, 
listtosetfTL,Ans). 

· isttosetCCHDlTLJ,CHDIAnsJ> :- listtoset<TL,Ans>. 

permCL,CXIXsJ) 
:- select<x,L,R>, 

permtR,Xs>. 



revconc([J,L,L). 

selecttX,CXITLJ,TL>. 

selecttX,CYITL1l,[YfTL2lJ :- select1X,TL1,Tl2J. 

% Get a pair of elements from a List, also 
I return the rest. Pai~s are only returned 
% once <not twice different ways round> 

pairfrom([HfSJ,X,Y,[HfTJJ :- pairfromCS,X,Y,TJ. 

concattN1,N2,N3) 
:- na'I!eOH,Lsl>, 

nametN2,Ls2>, 
appendtLsl,Ls2,Ls3>, 
na~eO!3,Ls3J., 

gensym(Prefix,V> 
:- var(Vl, 

atom<Prefix>, 
flag(gensym(Prefix>,N,N>, 
N2 is N + 1, 
flagtgensym<Prefix>,_,N2>, 
concat(Prefix,N2,VJ, 
! • 

apply<P,Eargs> 
: - ( at om C P J , 

NP=•• (PIEargsJ 

maplistCP,(XfXsJ,[YfYsJJ 
:- ! ' 

apply(,P,CX, Y]>, 
maplist<P,Xs,YsJ. 

P =•• tPredl0argsJ, 
append<0args,Eargs,Nargs>, 
NP=•• [PredfNargsl 



someCP,[XfXs]) :- applytP,[XJ>. 

some·tP,tXf XsJ> :-

occurs_in<Var, Term) 
var<Term>, 
h 

!, some.tP,Xs>. 

• . -

Var == Term. 
occurs_in(Yar, Term> :

functor(Term, _, N>, 
occur~_in(N, Var, Term>. 

occurs_in<N, Var, Term> :
arg<N, Term, Arg>, 
occurs_in(Var, Arg>, 

occurs_in(N, Var, Term> :
r--.1 > 1, 
Mis N-1, 
occurs_inCM, Var, Term>. 



STRUCT.PL 
R•A•O•Keefe 

General term hacking 
Updated! 1 June 1983 

These routines view a term as a data-structure. In particular, 
:hey handle Prolog variables in the terms as objects. This 1s not 
,ntirely satisfactory. A proper separations of levels is needed. 

:- public 
copy_ground/3, 
occ/3, 
simple/1• 
subst/3, 
vari•ables/2. 

% Term-> GroundCopy,Substitution 
% SubTerm,Term -> Occurrences 
% simple -vs- structured term check 
% Substitution,Term -> ModifiedTerm 
% Term-> ListOfVariables 

)* simpleCTerm> is a generalisation of atomic(Term> which recognises LONG 
numbers as simple objects. The point of it is to avoid scanning the 
sub~structure of things which conceptually have no sub-structure. NB 
functor/3 will succeed on an atom! Should simple accept variables too? 

. le(Term> :-
< atom1c(Term) 
I numberCTerm> 
) ' ! • 

% fast check for integers & atoms 
% other kinds of number Cratjonalsl 
% variables are not simple 



% subst(Substitution. Term, Result> applies a substitution• where 
% <substitution>::= <OtdTerm> = <NewTerm> 
% I <Substitution> & <Substitution> 
% I <Substitution> I <Substitution> 
% The last two possibilities only mike sense when the input Term is 
% an equation 9 and the substitution is a set of solutions. The 
I "conjunction" of substitutions really refers to back-~ubstitution. 
% and the order in which the substitutions are done may be crucial. 
X If the substitution is ill-formed, and only then. subst will fail. 

:- mode 
subst(+.,+,->, 
subst<••••••->• 
substf+,+••••••>. 

% Subst.Term -> NewTerm 
% Lhs,Rhs.Term -> NewTerm 
% ArgNo,Lhs,Rhs,OldTerm, NewTerm 

subst(Subst1 & Subst2, Old, New> :
subst(Substl, Old• Mid>, !, 
subst(Subst2, Mid, New). 

substCSubstl I Subst2, Old, Newt I New2> :
substCSubstl, Old• Newl>, !, 
subst(Subst2, Old, New2>. 

subst <Lhs = Rhs, Old, f\leW'l :- ! , 1 

subst(Lhs, Rhs, Old, New> • 
. ,t<true, Old, Old>• 

substCLhs, Rhs, Old, Rhs> :
Old== Lhs• !• 

substCLhs, Rhs, Old, Old> :
C var(Old) 
I atomic(Old> 

% I numberCOldl 
, , ! • 

New> :-

% 

substCLhs, Rhs, Old, 
functorCOld, 
functor HJew, 
subst <Arity• 

Functor, Arity>, 
Functor, Arity>, 
lhs, Rhs, Old, Newl. 

subst<O• Lhs, Rhs, Old, New> :- !. 
substCN• Lhs, Rhs, Oldt New> :

arg<N, Old• OldArg>, 

apply substitution 

copy unchanged 

apply to arguments 

subst(lhs, Rhs, OldArg, NewArg>, 
argCN• New, NewArgl, 
Mis N-1, !• 
subst<M, Lhs, Rhs, Old, New>. 



% occCSubterm, Term, Times> counts the number of times that the subterm 
I occurs in the term. It requires the subterm to be ground. We have to 
% introduce occ/4, because occ•s last argument may already be,instantiated. 
% It is useful to do so, because we can use accumulator arguments to make 
% occ/4 and occ/5 tail-recursive. NB if you merely want to check whether 
% SubTerm occurs in Term or not, it is possible to do better than this. 
% See Util:octur.Pl • 

:- mode 
occ(+,+,?) ,, 
occ(+,+.,+,->, 
occ<+,+,+,+,->. 

% SubTerm,Term -> Occurrences 
I SubTerm,Term,Sofar -> Total 
% Argl"Jo,SubTerm, Term ,Sofar -> Tot al 

occ(SubTerm, Term, Occurrences> :
occCSubTerm, Term, D, Times>,!, 
Occurrences= Times. 

occ<SubTerm, Term, Sofar, Total> :
Term== SubTerm, !, 
Total is Sofar+l. 

occfSubTerm, Term., Total, Total> :
( var(Term)' 
j _ atomic(Term> 

% I number(Term) 
) , ! • 

occ(SubTerm, Term, SoFar, Total> :-
functor(Term, Functor, Arity>, !, 
oec(Arity, SubTerm, Term, SoFar, Total>. 

occro, SubTerm, Term, Total, Total> :- !. 
occ<N, SubTerm, Term, Sofar, Total> :-

arg<N, Term, Arg>, 
occCSubTerm, Arg, Sofar, AccumJ, 
M is N-1, !, 
occ<M, SubTerm, Term, Accum, Total>. 



% The previous two predicates operate on ground arguments. and have some 
X pretence of being logical (though at the next level up>. The next one 
% is thoroughly non-logicat. Given a Term, 
% variaoles(Term, Varlist> 
I returns a list whose elements are the variables occuring in Term, each 
% appearing eiactly once in the list. var member check(L, V> checks 
% that the variable Vis •not• a member of the list L. The original 
% version of variabtes/2 had its second argument flagged as "? 8 9 but this 
% is actually no use; because the order of elements in the list is not 
% specified, and may change from implementation to implementation. 
% The only application of this routine I have seen is in Lawrence•s code 
% for tidy_withvars. The new version of tidy uses eopy_ground <next page>. 
I lf that is the only use, this routine could be dropped. 

:- mode 
variables(+,->, 
variables<+,+,->, 
variablest+,+,+,->. 
var _memb.er _check(+,->. 

% Term-~ VarList 
I Term,Accum -> VarList 
% Arity,Term,Accum -> Varlist 
% VarList,Variable? 

var1ables1Ter~, Varlist> :
variables<Term, [J, VarListJ. 

. . -variables(Term, VarList, [TermtVarList]J 
var(Term>, 
var_member_ch~ck(Varlist, Term>, !. 

variablesCTerm, VarList, VarListJ :-
1 var<Terml 
I atomic<Term) 
I number(Term> 
>, !. 

variables<Term, Safar, YarList> :-
functor<Term, Functor, Arity>, !, 
variables(Arity, Term, Sofar,_Vartist>. 

variableslO, Term, VarList, VarlistJ :- !. 
variablesCN, Term, SoFar, Varlist) :-

argtN, Term, Arg>, 
variables(Arg, SoFar, Acc4m>, 
M is N-1, !t 
variables<M, Term, Accum, VarlistJ. 

var_member_check(tJ, Var>. 
var_member_check{[HeadtTaitJ, Var> :

var\== Head, !, 
var member checkCTail, Var>. - - ~ 



* In order to handle statements and expressions which contain variables, 
Ne have to create a copy of the given data-structure with variables 
replaced by ground terms of some sort, do an ordinary tidy, then put 
the variaoles back. Since we can use subst/3 to do this last step, a 
natural choice of working structure in the first step is a substitution 

$VAR(k) = Vk & ••• & $VARCO)= VO & 9 = 9. 
The rest is straight-forward. The cost of building the copy is o(E*V> 
where Eis the size of the original expression and Vis the number of 
variables it contains. The final substitution is the same order of cost. 
For what it•s worth, copy~efroundlX,Y,_> & numbervarslX,D,_> => X == y. 

- mode 
co~y_groundl+,-,-1, 
copy_ground<+,-,+,->, 
copy_ground<•••••••,-J, 
subst_member<+,-,-,->, 
subst_memberc+,-,->. 

I Term-> GroundCopy.Substitution 
¾ Term->Copy, OldSubst->NewSubst 
% 'Arity, Term->Copy, OldSubst->~ewSubst 
% OldSubst.var -> Copy,N~wSubst 
% OldSubst,Var ->Copy? 

:opy_ground<Term, Copy, Substitution> :
copy_ground(Term, Copy• 9=9, Substitution>. 

copy_ground(Term, Copy, Substin, SubstOut> :
var<Term>, !, 
subst_memberCSubstin, Term, Copy, SubstOut>. 

copy_ground(Term, Term, Substin, SubstinJ :
simple<Term>, !. 

copy_groundlTerm, Copy, Substln, Substout> :
functor(Term, Functor, Arity>, 
functor(Copy, Functor, Arity>, !, 
copy_ground<Arity, Term, COPY• Substin, SubstOut>. 

copy_ground<O, Term, Copy, Substln, SubstinJ :- !. 
copy_groundlN• Term, Copy, Substln, Substout> :-

arg(N, Term. TermN>, 
copy_ground(Te~mN, CopyN, Substin, SubstMtd>• 
arg(N~ Copy, CopyN>, 
M is N-1• !, 
copy_groundtM, Term,, Copy, SubstMid, SubstOut). 

subst_member(Substio, Term, Copy, Substin> :
subst_memberCSubstin, Term, Copy>, !. 

subst_member<Substin, Term, Copy, <Copy= Term> &,Substin> : 
< Substin = (C•$VAR•<M> = _) & _>, 

N is M+l % M+l variables seen 
N = O % Substin = 9=9 

>, !, 
copy= •sVAR'(N). 

subst_member{(Copy = Vrbl> & -• Ter•• Copy) :
Vrbl == Term,, !. 

subst_membert_ & Rest, Term,, Copy> :
subst_member(Rest, Term, Copy>. 



File ! FLAGRD.PL 
Author: Lawrence Byrd+ R.A.O*Keefe. 
Updated: 31 October 1983 
Purpose: Flag (global variable> handling. 
Needs : no other files. 

- public 
flag/2, 
flag/3. 

I initialise a flag. 
% change a flag. 

:- mode 
check_valid_flag_nameC+>, 
flag<+,+>, 
flagt+, ?, ?>. 

'* Flags are stored in the data base keyed under the Flag itself with 
the information packaged into a compound term as follows: 

Ir/ 

Flag--> •sttag•(Flag, CurrentValue> 

If you only access flags through these routines there will be at 
most one such record per flag. The flag/2 predicate will clear 
out any records it may find. The flag/3 predicate maintains the 
flags returning the previous value as Old and updating the flag 
to New. The code actually checks to see if this updating really 
has to change the data base. For compatibility with old code, if 
you call flag/3 on a flag which has no record, an old value of 0 
is assumed. For compatibility with C-Prolog, flags may not be 
integers, but only atoms or compound terms. 

cneck_valid_ftag_name<Ftag) :
nonvar(flagl, 
functor(flag, Atom,_>, 
atom<Atom>. 

I There should be a clause 'to print an error message here. 

flag(Flag, InitialValue) :
check_valid_flag_name<FlagJ, 
c recorded(Flag, •$flag•(Flag,_>, Ref>, erase(Ref>, fail ; true>, 
recordalflag, •Sflag'lflag,InitialValue>, _,. 

flag(Flag, OldVatue, NewValue) :
check_valid_flag_naroe(Flag>, 
< recorded<Flag, 'Sflag•(Flag, Old>, Ref)' ; Old = 0 >, 
!, % there should be only one record 
OldValue·= Old, I pattern match, may fail 
C OldValue == NewValue % no change needed 
; < var(Ret> ; eraseCRefl >, 

recorda(Flag, •sftag•CFlag,NewValue>, _> 
) • ! • 



File : TIME 
Author : Bernard Silver 
Updated: 13 January 1984 
Purpose: find current time and converting 
milliseconds to hours, mins and seconds. 

public 
form_time/2, 
tim-e/1. 

mode 
f_zc+,+,->, 
filt_zero(+,->, 
form_time<+,->, 
joint+,+,->• 
make_time<+,+,+,->, 
time<->• 

,tsys{time(Time)) instantiates Time to- the number of MILLiseconds 
ince midnight. time(Time> prints out the hours and mins using the 

,4 '--,ur clock. 

1-e(NewTime> :- ~ 
plsysttime(Time>J, 
form_timecTime,NewTime>. 

' 'orm_time/2 takes a time in milli-seconds and converts it to 
rours, minutes and seconds. 
le need to use call as the compiler requires arguments to is/2 
o be integers, usually Time is in the-form of an xwd due to integer 
,verf low. 
!ote that we can•t evaluate 6D000*6Q, as this causes overflow, 
s/2 reduces the result mod 2A18, and we don•t want this to happen. 

·m_time(Milli,Jime> :-
callCSecs is (Milli/1000> mod 60>, 
callC~ins is CMilli/600001 mod 6DJ, 
caltCHours is Milli/(60000*60)), 
make_time<Hours,Mins,Secs,Time>. 

"his call fills in the numbers with leading zeros if necessary, 
ind adds the : between the hours, minutes. 
md seconds. 

:e_time<H,M,S,Time> : 
filt_zero<H,Hllt 
fill zeroCM,MlJ, 
f\tl:zeroCS,SlJ, 
join(Ml,S1,ListlJ, 
jotnCH1,List1,ListJ, 
name<:Time,ListJ, 
! • 

. L_zeroCX,Fill> :
nameCX,Xl>• 



:(X,Xl,Xl) :- X > 9,!. 
:(_,X1,[tt8IX1J) :- !• % 48 is ascii for !l 

This is a special case of append/3, that also adds to the list 

n([A,BJ,[CiDJ,CA,B,58,CjDJ) :- !. 
nC[AJ,[BfCJ,[A,58,BIClJ :- !~ 

% 58 is ascii for : 



file : FILE 
Author: Lincoln 
Updated: 27 January 1984 
Purpose: lincoln•s Code for checking File Names for Dec-10 validity 

% valid_filename(+Filename, -Ext> is true if 

% 

% 

Filename denotes a file specification of the form: 
----------------

Ext 

specificatio~ --> CdeviceJ:filename.Cext> 

device-->< 11 alphanumeric characters 

filename-->< 7 alphanumeric characters 

ext-->< 4 alphanumeric characters 

The device and extension are optional. 

denotes the extension of the input filename. 
if no extension is given the atom no_ext is 
returned 

public valid filename/2. 
mode valid_fitename<+, ->, 

valid filename<-,?,?>, 
- ~lphanumeric_stringC+, +, ?, -, ?, ?>, 

filename<-, ?, ?>, 
extension<-,?, ?J. 

id_filename(UsersFilename, UsersExtl :
name(UsersFilename, Ufilename>, 
valid_filename{Ext, Ufilename, [)>, 

< Ext -- no_ext, UsersExt = Ext I name(UsersExt,Ext> >, 
! • 

id_filename(Ext> --> 
alphanumeric_string<lD, O, Delim, Length>, 

( {Delim = n:nJ, filename(Ext) 
I 
{Length=< 61, 

{ {Delim = n.n}, extension<Ext> 
I 
{Delim = no_delim,,Ext = no_extl> >,!. 

filename(Ext> --> 
atphanumeric_str;ng<6, O, D.elim, _>, 

c {Delim = "•">, extension<Ext> 
I 
{Delim = no_delim, Ext= no_extl >, !. 

extension<Ext, Ext, X> :-
alphanumeric_string<3, O, no_delim, _, Ext, Xl. 

hanumerie_string(Bound, N, Delimiter, Stringlength> --> 
{t\f < Bound}, 
alphanumeric_char, 
{Mis N+1J, !, 



atphanumeric_string(Bound, M, Delimiter, StringLength>• 
1anumeric_string<_, N, Delimiter, NJ --> 

delimiterfOelimiter>, 
! • 

rnnumeric_string<_, N, no_delim, N) --> un. 

alphanumeric_char --> ( XJ, {ffall =< X, X =< 11 z"l, ! • 
alpha~umeric_char --:-> C XJ, {"A" =<' X, X =< uznJ, ! • 
alphanumeric_char --> ( XJ, {tll)tl =< x, X =< t19H} • 

delimiter(1t! 11 ) --> u:n. 
delimiter<•~.P) --> II Jf • • 



Press:Match. Updated: 14 March 82 

:===== ~======= ========-============-============= -=======-========% 
Pattern Hatcher 24.2.81 X 

~---======= ======-============= ============-=======-===============% 
Exports ••• 

public 
corresponding_arguments/4, I 
decomp/2, 

<replaces anyl> 

match/2, 
recomp/2, 
ac_op/5. 

mode 
corresponding_arguments<+,-,-,->, 
decomp<+,?>, 

ac_decompt+,+,?,?>, 
ac_op(+,?,?,?,->, 

recomp<?,+>, 
ac_recompC+,+,?J, 

tchC+,?J, 
match_arguments<+,+,+J, 
split _t wo_ways ( +, ?, ?) • 

replace OldA by NewA in one elment of Old, giving New. 

responding_arguments((OldAlTaHJ, OldA, (NewAITailJ, NewAJ. 
·responding_arguments([fieadlTailJ, OldA, [HeadlRestJ, NewA> 

corresponding_arguments(Tait, OldA, Rest, _NewAJ. 

·----------------------------------------------------------------------% 
decompCTerm, List) and recomp<Term• List> are generalisations of univ, 
i.e. Term=•• List, treating the four know~ associative commutative 
operators as function symbo ts having any numbe·r of arguments. 

They are called in the patterns 
decomp(Old, [OpfOldsJ>, ' % var(Op) 
anylC<foo>, Olds, News>, 
recompCNew, [OplNewsl>, 

~a collect and attract, and elsewhere in the form 
decomo<Otd, [+I_J> trig_fac,multiply_through,weaknf 
recomp(New, (+i_J> make_poly. 

ac_op(Op,' x, Y, X Op Y, Idn> means that Op is known to be a commutative 
associative operator, that X Op Y =•• [Op,X,YJ, and that Idn OP X = X 
i.e. Idn is the identity of Op. All four operators have an identity. 
The fifth clause is a hack for 1/(X*YI, but is still true. 

_op<+, x. Y, X+Y, CJ . ! • . -
.OP C *, X, Y, Y*X, 1) 

. ! • % note reversal! .-
,op( & , x. Y, X&Y• tru:eJ ·- ! • % conjunction . 
.OP ( # t X, Y, X#Yt false> . .- ! • % disjunction 
c_op<*, X"N, YAl\h < Y*X) ,.I'll, 1) ., !. --
omp(Term, [OpfArgs]J :-



functor(Term, Op, 2>, 
ac_op(0p, _, _, _, _>, !, 
ac_decomp(Term, Op, Args, [JJ. 

?CompHX*'O"t-1>, [*IArgsJ> :-
ac decomp(CX*YlAC-1), *, Args, []>. 

,mp<Term, List)':-
Term =•• list. 

ac_decompCTerm, Op, [TermlRJ, RJ :
var(Term>, !. 

ac_decompCTerm, Op, L, R) :
ac_op(0p, X, Y, Term,_>, !t 
ac_decomp<X, Op, L, M>, !, 
ac_decomp<Y, Op, M, R). 

ac_decomp(Term, Op, [TermlRJ, RJ. 

omp(Term, (OplArgsJ> :
ac_op(Qpj _, _, , _>, !, 
ac_recompCArgs, Op, Term>. 

_ -cTerm, ListJ :-
Term=•• List. 

ac_recomp([[llArgsl, Op, Term) :- f, 
ac_recompCArgs, Op, Term>. 

ac_recompC[Expl, Op, Term> :- !, 
Term= Exp. 

ac_recompC[ExplArgsJ, Op, Term> :- !, 
ac_opCOp, Exp, Mid, Term,_,, !, 
ac_recomp(Args, Op, Mid>. 

ac_recompC[J, OP, Term> :-
ac_opCOp, _, _, _, Term>. 

special hack 

F-------------,----------------------------------------·-------------------·--% 
match two terms, using the associativity and commutativity of+ and*• 

:chllhs, Rhs) !
functor(Lhs, Op, 2>, 
ac_op(Op, Argl, Arg2, · Rhs, _h !, 
decomoCLhs, [OplOldsl>, !, 
split_two_ways(Otds, (Cl(CslJ, [C21Cs2J>, 
recompCDl, Cop,C11Cs1J>, 
recompCD2, [Op,C2fCs2J>, 
match(Dl, Argl), 
matctd02, Arg2). 

tchCLhs, Lhs> :
atomi c(1.hs>, !. 

tchlNeg, -l•Posl :
numberCNeg>, 
evalCNeg < Oh 
evalC-Neg, Pos>, !. 

tch(-l*Pos, Neg> :
numberCNeg>, 
evalHJeg < O>, 

% atoms match themselves 

% hack round the representation of 
% negative numbers 
% rationals are around now! 

% can•t happen if Lhs is tidied 'first 



chCLhs, Rhs) :-
functor(Lhs, Functor, Arity>, 
functorCRhs, Functor, Arity>, !, 
match_arguments(Ar·i'ty, Lhs, Rhs). 

match_arguments<O, Lhs, Rhs) :- !. 
match arguments<N, Lhs, Rhs> :-

-

- argtN, Lhs, LhsNth>, 
arg<N, Rhs, RhsNth>, 
matchCLhsNth, RhsNth>, 
Mis N-1, 
match_argUfflentscM, Lhs, Rhs>. 

split_two_waysC[HeadlTaill, A, B> :-
split_two_ways(Tail, Al, Bl>• 
C A= [HeadlAll, B = 81 
f B = [Head(BlJ, A= Al ,. 

spt it_two_ways ([ J, ( J, [ J>. 

Given a Term, discover all the constants, atoms, and functors occuring 
in it. The Term is known to be ground. 

Special code for matching for Leon 
,ctors_in(Term, List> :

functors_inCTerm, Lt (J>, 
sort<L, List>. 

functors_in(Term, [TermlRl, RJ :
atomCTerm>, !. 

functors_in(Term, [AbsofRJ, R> :
number(Term>, !, 
evalCabsCTerml, Abso>. 

functors_inCTerm, (Headfll, R> :
functorCTerm, Functor, ArityJ, 
fuoctor(Head, Functor, Arity>, !, 
functors_in(Arity, Term, L, RJ. 

functors_inCC, Term, R, R> :--!. 
functors_inCN, Term, L, R> :-

arg<N, Term, Argument>, 
functors_in<Argument, L, M>, 
K is N-1, !, . 
functors_inCK, Term, M, RJ. 



POLTID: New simplification code using polynomial simplification 

Leon 

·claration% 
public 

mode 

simplify/2, 
simplify/3, 
poly_-tidy/2,. 

simplify<+,->. 
simplify(+,+,-J, 
select_letterc-,+J, 
poly_tidy(+,-J, 
pol_tidyC+,-),. 

plifyrExpr,ExprJ :- atomic<Expr>, !. 

,ptify<Expr,Simp) :
wordsin(Expr,List>, 
select_letterCA,List>, 
mult_occlA,Expr>, 
is_polyCA,Expr>, 
!, 
simplify<Expr,A,SimpJ. 

Updated: 9 September 82 

ect_letterlA,CAllistJ>.· % Use sorting property of wordsin as heuristic 
% for selecting letter for simplifying 

1plify<Expr,Sub,SimpJ :
poly_normcExpr,Sub,PbagJ, 
poly_tidy(Pbag,TidyJ, 
make_polyCSub,Tidy,SimpJ. 

y_tidy(Pbag,TidyJ :- pol_tidy<Pbag,Qbag>, z_norm(Qbag,Tidy>. 

_tidy((J,CJ> :- !. 

~idy([pol-yand<N,Expr) (RestJ,[polyand(N,Simp> ITidyRestJ> :
tidy(Expr,Tidy>, 
simplifylTidy,SimpJi 
pol_tidyCRest,TidyRest>. 



SIMP.AX: Simplification axioms for TIDY 

UBLIC 
public 

negative_angte/2, 
simptify_axiom/2. 

ODES 

mode 
negative_angleC+,->, 
simplify_axiomc+,->. 

plify_axiom<U*UA -1,1>. 
plify_axiom<UA -l•U,lJ. 

ogs 
p l i f y _ a Xi Om C. l O g ( U t U"' \l ) t V ) • 
p)4 f y_axio;n Clog CA, 1 J ,tH. 
~_)fy_axiom(UAlog<U,V>,V>. 
plify_axiom(log(A,A>,1> :- A\==1• 

Bernard Silver 
Updated: 23 February 1984 

ommon trig cases 
plify_axiom(sin<arccostX>h<l-X""2)"'(1/2)#(1-X.,.2JA(1/2>*<-1>>. 

plify_axiowCarcsinlcosCX>>,90-X>. 

plify_axiom<arccos<sin<X>>,90-X>. 

plify_axiomtsin(X>,sin<Xll* -1> :- negative_angle<X,XlJ,!• 

plify_axio~CcosCX>,cosCXl>J :- negative_angle<X,Xl>,!. 

ative_anglec-X,X> :- !• 
ative_angle<X,Xl> :-

match<X,A*B>, 
number<A>, 
! , 
eval<A<o>, 
evatc-A,Al>, 
tidy{Al*BtX1l, 
! • 



I* GPORTR: First stab at a general all level portray handler. 

Richard+Lawrence 
Updated: 26 February 1984 

This was Richard•s code for his rational stuff. 
Eventually I must fix these problems by having the •print• 
routine in the interpreter actually. descend level by level 
taking operators into account and calling portray at each 
level to see whether the users wants to handle it. 
NB: this ha,.s now been done. Why is gportr still around? 

The following magic numbers appear in putCNJ calls: 
32: Space, 40 = ff(U, 41: ff)lly 44: U.H. 91 = U(ffy 93: ff]ff• 

The magic number 1800 also appears; this is the priority of •••• 

:- public 
portray/1. 

I* MODES *I 

:- mode 
portray<?>, 

print+,+>, 
print+,+,+), 
prnff+, +, +>, 
prna<+, +, +}, 
prnpC+, +, +, +>, 
printcdl<+>, 
ooert+, ?, ?>, 

operC+, +, ?, ?J. 

r. Top level 

traytTerm) :-
prinClOOU, Term>. 

I Pi1nt a term taking account of surrounding 
% operator priorities. 

ririn<Prio, 
( 

I· 
l 

Term> :-
var (Term> 
atom(Term> 
Term= 9 $VAR 9 (Nl 

>, ! ' 
writeqCTerml. 

prinCPrio, Term> :- f*Q'*I 
portray_number(Term>, 
! • 

_N style ot variables 
ordinary atoms 
Al style of variables froE numbervars 

% if a number 



0 

I• Other user-provided portrayal methods should be called here 
prin(Prio, [HeadfTailJ) :- !, % list 

put (91}, 

prin(lOOO, Head>, 
printail(TaiU. 

o/ ,. 
prinlPrio, TermJ :- % postfix operator 

functor<Term, Functor, 1>, 
operCFunctor, Lp, O>, !, 
prnptPrio, Lp, O, 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, C, Rp>, !, 
prnp(Prio, o, Rp, 401, 
prn f {Functor, 1, O >·, 
prna(Rp, Term, 1>, 
prnpCPrio, o, Rp, 41>. 

prin<Prio, Term) !- % infix operator 
functor(Term, Functor, 21, 
opertFunctor, Lp, Rp>, 
Lp > 9, Rp > O, !, 
prnpCPrio, Lp, Rp, 4DJ, 
prna(Lp, Term, 1), 
prnf(Functor, O, Ol, 
prna(Rp, Term, 2), 
prnpCPr1o, Lp, Rp, 41). 

prin<Prio, Term> :-
functortTerm, Functor, NJ, 
writeq(FunctorJ, 
prin<O, N, Term>. 

% print one argument of a term 

prna(Prio, Term, ArgNo> :-
argCArgNo, Term, ArgJ, 
princPrio, Arg>. 

prnf<•,•, , > :- !, 
write<•, •>. 

prnfe•;•, _, _J :- !, 
writec•; '>• 

% print a functor with spaces 

prnf<•~•,L,RJ :- !, 
prnpll, 1i 1, 32>, 
write(' v *J, 
prnp(R, 1, 1, 32J. 

prnfCFunctor, L, R) :
prnpCL, 1, 1, 32>, 
writecFunctor>, 
prnp(R, 1, 1, 32>. 

printO, N, Term> :
put<40>, 

% print the arguments of a term 



prna{lOOO, Term, l>, 
print!, N, Term). 

prin<N, N, Term> :- !, 
put(lt-1). 

prinCL, N, Term> :
,, is L+l, 
writef', ~>, 
prna(lOOC, Term, M>, !, 
prin<M, N, Term). 

% Print a parenthesis if the priorities 
% around the operator require it. 

prnp<Prio, Lp, Rp, Char) :-
Prio >= Lp, Prio >= Rp, !. 

prnp(Prio, Lp, Rp, Char> :
put(Char>. 

% Print the tail of a list, being 
% careful about partial instantiation 
% at the end. 

printail!List> :-
nonvar(ListJ, list= [Head(Taill, !, 
writec•, •>, 
prin(lOOO, Head>, !, 
p-rintailCTailJ. 

printait(Tait> :-
Tail \== tJ, 
put<124h 
prin<lOOO, Tait>,!, 
printai U[JJ. 

printaiU[JJ :
put(93J-. 

u I " 

% Check for operators. Return left and right 
precedences. These are Richard•s conventions. 
Nate that prefix/postfix ops have D for their 
other precedence. 

oper{Op, left,Right) :-
current_op(Prec, Type, Op>, 
oper(Type, Pree, Left, Right>. -

ope re fx, Pree, """- Pree>. "'' oper{ fy, Pree, o, Pree>. 
operCxf , Pree, Pree, 0). 
oper{yf , Pree, Pree, 0). 
oper<xtx, Pree, Pree, Pree). 
oper{xfy, Pree, Pree, More) . More .-
oper<yfx, Pree, More, Pree> .. _ More .. 

is Prec+l. 
is Prec+l. 



1* LONG.PL: Arbitrary precision rational arithmetic package. 

:opyright tc> 1981 - R.A.o•Keefe. Updated: 30 August 82 

Designed and written by Richard o•Keefe. 
I 

Scenery by Lawrence Byrd. 

This package provides arithmetic for arbitrary precision rational 
numbers. The normal domain of prolog •integers• is extended to 
full rational •numbers•. This domain includes all Prolog integers. 
The predicate: 

number<N> 

~ill recognise any number in this extended domain. 
Rational numbers are produced by using the predicates 

eval<Command> 

eval<Expression.Answer> 

Expression can involve any form of rati~nal number, whether such 
numbers can be represented by Prolog integer .or not. Any form of 
number produced as output by 0 eval 8 is acceptable as input to it. 

For convenience the Answer produced by eval is normalised as follows: 

a> Integers X Cwhere IXI <= 99999> are represented as Prolog integers; 

b> 1/G, 0/0, -1/0 are represented as infinity, undefined, neginfinity; 

c> Alt other numbers are represented as full rationals in reduced form 
i.e. numerator and denominator are relatively prime. 

In the current representation, one normalised number will unify with 
another (including an integer> iff the two numbers are equal. But it 
is better to test for equality between arbitrary numbers by calling 

evalCNl=!=N2> 

which also handles infinity & undefined, and is guaranteed to work. 
Once created, representations of rational numbers can be passed round 
your program, used with evat, or printed. The predicate 

portray_number<Number> 

will pretty-print arbitrary numbers, and will fail for anything 
else. In particular, it will not evaluate an expression. <But 
eval<write(Expr>> combines evaluation and printing if you want.> 
If this is connected up to your general nportray 8 mechanism, you 
will never have to see the internal representation of rationals. 
It is ill-advised to write procedures which assume knowledge of 
this internal representation as it is subject to change <rarely>, 
not to mention that such activities are against alt the principles 
of abstraction and structured programming. 

NB Note that eval/1 and eval/2 will only evaluate fully numeric 
expressions. If there is some garbage in the expression <such 
as an atom> then no evaluation at all occurs and the whole 
input expression is returned untouched. If you want to evaluate 



"IXES 

mixed symbolic and numeric expressions then use tidy/2 <from 
TIDY.PL> which is designed for this purpose. 

3 April 81] 

Added the functions numerr_>• denom<_> and sign<_> to the 
· evaluator Cie eva2). 

8 April 81 J 

removed choice-points from comq• and corrected sign<.>. 
replaced the log routine completely. 

• 1 lf Apr i l 81 J 

changed all XXXr routines to XXXn (for Natural or zero> 
changed all XXXs routines to XXXm (for Modified <Natural routines>> 
changed all XXXl routines to XXXz Cfor the ring Z of integers> 
replaced "digits« by nconn° as r•ve meant to for some time. 
removed experimental •xwd• code which doesn•t work compiled. Eheu. 
changed estq.chkq.gest to estd,chkd.estg <estimate division digit, 
check digit, estimate Gcdl to avoid confusion; they don•t use rationals. 
rewrote norm_number and renamed it to standardise. 
laid the trig routines out in MY style not Lawrence•s. 
Increased the radix from 10 9 000 to 100.000 after fixing addn to use 
unsigned numbers. 

21 April 81] 

Continued tidying-things up. 
made OA(l/N) = o; this was an oversight. 

..... added new xwd(,> cod~ in eva2• and beautified portray_number • 

:a July 811 

fixed mode error bug in eva2(abs<_>._1. Foolish oversight. 

:3 Sept 81J 

fixed negative number bugs in arccos and arcsin. How long have 
these been around without anyone (except Bernard} noticing? 
Also shunted some cuts arou~d in the same general area. 

:13 Sept 81J 

correct~d typo {da=>Da} in gcdq/4. 

:2 Dec 81] 

corrected a benign bug in number/5 (100000 ha4 been written 
where R should have been>, and some minor cosmetic changes. 
Unified error reporting into tong_error[_messageJ. Added a 
few mode declarations for trig functions. 

:9 Dec 81] 

when writing eval up for EuroSam, discovered that logs aren•t 
handled property. Rewrote absq and logq to return •undefined• 



in mare cases, instead of failing. 

: 2 7 .Jul y 8 2 J 

changed prnq/3 to portray_number/3 and laid it out properly. 
changed prin/1 to putn/1 (put Natural> to avoid conflict elsewhere. 
Made this stuff cal t put/1 where it ma·de sense, and used ASCII 
codes instead of strings. Oon•t know if it matters, really. 
Also rewrote arctaneval completely, so that it should succee~ in a 
few more cases• Really, the trig stuff is PITIFUL. Please, will 
someone do a proper job of it (preferrably someone PAID to do it>. 

·30 August 82J 

fixed bug in gcdq/4 so that gcd{l/2,1/4) = 1/4, not 1/2! 

12 .Ju l y 1 9 83 J 

arctaneval used to call addn/4, and there isn•t any such 
predicate. Made it call addn/5. 



public 
number/1-, % number{N> <=> N is a number 
evat/1-, 
eval/2, 
portray_number/1, 

% eval<E> => E/rational-eval is true 
I evalCE,AJ => (A is E>lrat~onal-eval 

add/3, 
multiply/3-, 
power/3. 

'* OPERATORS */ 

r* MODES and types*/ 

% writes rational assumed radix 100000. 
% lawrence•s low Level TIOY interface 
I addCA,B,CJ => CC is A+B)/rational-eval 
% similar for*• NB A•B must be numbers 
I similar for A• NOT general terms. 

% integer quotient A div B = fix<AIS>. 

The comments at the right giye the argument types for each predicate. 
The predicates can of course be catted with any arguments, but these 
are the only types they are supposed to work on or deliver. 
? = any Prolog term., possibly including variables. 
E = an arithmetic Expression-, a term. 
A= a Prolog atom (but oot an integer>. 
I = a Prolog integer •. Generally positive, but not always. 
T = a Truth-vatue, •true• or •false•. 
S - a Sign, •••or•-•• {Sometimes can be O or*•} 
R = a Relational operator, {<-, =,>;sometimes=<,>=• =/=} 
N =along positive (Natural> number. 
Q = a rational number. 

- mode 

:% Top level %% 

number(+>, 
eval{+>, 
evaU+, ->, 

eva2<+, ->, 
relational_op(+, -, 
combine_ops(+, +, +, 

portray_number(+>, 
portray_number<+, +., +)., 

putn<+>, 

:% Conversions%% 

number<+,+,?,?, ?J, 
binrad<•, +, ->, 

standardise<+, ?J, 
1 

(% low Level %% 

add<+, +, ?>, 
multiply<•• +, ?J, 
power<+, +• ?>, 

t% Rational Arithmetic%% 

mod2(+-, ?>. 

-,. 
->, 

% Q 

% E 
% E Q 

% [ Q 

% R R T 
% R R T T 
% G 
% s N N 
% fd 

% Q I S N N 
% I I N 
% Q Q 

% Q Q Q 

% Q Q Q 

% Q Q Q 

% Q I 



intq(+,, •• ->. % Q I Q 

gedqt+., +., •• ->• % Q Q I Q 
I* invq (+,, •• ->, % Q I Q *I 

mulq(+., +, +, -),, % Q Q I Q 

divq<+, +, +, ->. % Q Q I Q 

divo<+, +, +, -, ->, % Q Q I Q Q 

powq(+, +, +,, ->. % Q'Q I Q 

negqt+, +., ->• % Q I Q 

addq(+, +, +, ->, % Q Q I Q 

subq<+, +,, +,, -) . % Q Q I Q 
comq(+,, •• +,, ?>, % Q Q I R 
nthq(+,, +,, +, -) ' % I Q I Q 

nthn(+, •• +, ->. % I N I N 
newton(+, +,, •• +., -h % I i"J N I N 

newton(+, +,, +,, +,, +., ->. % R I N N I N 

%% Long Arithmetic %% 

addz<+,+, +.,+,, +, -.->. % s N s N I s N 
addnt+, +, +, +. ->. % N N I I N 

addlC+,, +,, ->, % N I N 
comz(+,,+,, ••+• ?>, % s N s N R 

comn(+,, +, +, ?>, % N t,J R R 
comlt+, •• + • ->, % I I R R 

subz(+,+., +,+, +., -.->, % s N s N I s N 
subn(+i +., +, -,->. o/. ,~ N N I s N 

subn<+, +, +,, •• -.-,. % R N N .I s N 
prune(+,, ->' % N N 
subp<+, + • •• •• ->. % N N I I N 

subl<•• +,, ->• % N I l'J 
sign<+• +, ->, % s s s 

'* mulz(+y+, +,+., •• -.-,. % s N s N I s N *' muln(+, +., +, -,. % N N I N 
mulnc+,, +, +, +, ->, % N N N I N 

mul H+, •• + 1' ->, % N I I N 
mull(+., •• +, +., ->, % N I I I N 

powz<+,+, +, +, -,->, % s N I I s N 
pown<+, +, +, +, ->, " I N N I N 

divz<+,+, +,+. +, -.-, -,->. % s f'J s f.J I s N s N 
divn<+., +, +. -, ->. % N N I N N 

conn<?, ?, ?>, % I N N 
"', #¾ both +, +, - and -. -. + are used. 

divlC+, + 1' +,, -, ->. % N I I N N 
divm{+., +,, •• -, ->, % N N I N N 

div2<+, +, +, -. ->• % N N I N N 
estd(+, +, +, ->, % N N I I 
chkdC+, +, +, +, +, -. ->, % N N I I I I· N 

r* gcdz(+,+., +,+, +, -. -,-, -,->. % s N s N I i"J s N s N *' gcdn<+, •• +., -, -. ->, % N N I N N N 
gcdnC+., +, +, -) ' % N N I r,i 

gcdn<+, +, +., +, ->, % R N N I N 
estg(+, +,, +,, ->, % N N I I 

O! Logarithms %% 

logqC+, +, +, ->, " Q Q I Q 

logq<+,+, +,+,+.,-), % R R Q Q l'Q 
absqt+, -, ->, % Q s Q 

togq(+, -.->, % s s f'J 

oneq<+• -, ->, % Q R Q 



rat log<+, +, +, ->, % Q Q I Q 
rat log(+,+, +,+,+, ->, % s s Q Q I Q 

lograt<+,+,+, -,->, % Q Q I N N 
Loop<+, +, +, ->, % N N I N 

LoopC+,+,+,+,->, % N N N I N 
tognt+,+,+,+,-J, % Q I Q Q I I 

,: Trigonometry %% 

sineval-<+, ->, % Q Q 

cosevatc+, ->t % Q Q 

tanevat<+, ->, % Q Q 
arcsineval<+, -) t % Q Q 

arccosevat<+, -) ' % Q Q 

arctanevalt+, ->, % Q Q 

arctanevat<+, +, -, ->, % N N N N 
sinevallt?, ?), % Q Q 

,x Error handing %% 

long_error<+, ?) t % A ? 
long_error_message€+, ->. % A A 



* Implementation 

0 

~, 

-
The internal representation for rationals is of the form: 

number<Sign• Numerator. Denominator> 

where 
Sign is in{+.-} 
Numerator is a list of (Prolog> integers 
Denominator is a list of <PrologJ integers 

The lists of Prolog integers represent arbitrary precision unsigned 
long integers 

where R is the Radix. 

The Radix used in the current version is 100000. Most of the code 
in this module is completely independent of the radix - it all 
uses the value passed in by the top level procedures. However the 
printing routine currently assumes that the radix is a power of 
10 as this makes things easier. In general the radix must be such 
that both: 

RadixA2 ~ 1 
and Radix*2 + 1 

arp representable as Prolog integers <which 
are 18 bit quantities on the DEClO>. This is a little restrictive. 
however• and this implementation only assumes that RadixA2 - l is 
"obtainable" as an intermed~ate during Prolog arithmetic. On the 
DEClO intermediate results can be 36 bit quantities and so 190000 
becomes a suitable radix. 

The code actually unpacks the number terms into their sepirate 
bits for all the low level operations. At this stage the following 
additional number forms are appropriately converted 

<integer> 
irfinity 
neginfinity -
undefined 

lProlog integers> 
represented as +1/0 
represented as -1/0 
represented as 0/0 

The treatment of these strange things is not supposed to be 
mathematically beautiful• but sensible things happen using 
this representation. They are strictly an extension to the 
rationals and could be removed <with eval failing should 0 
denominator numbers ever get produced> if desired. 

Results from eval are normalised before being returned. 
This operation reverses the above transformation except that 
only integers within the range -99999 to +99999 are turned 
back into Prolog integers. 



% TOP LEVEL PREDICATES%% 

% Number recognition predicate 

umberfN) :- integerHU, ! .. 
umber<number<S,N,D>> :- !. 
umber(infinity> :- !. 
amberlneginfinity1 :- !• 
,l.lmber (undefined> :- ! • 

% Simple eval interpreter with various features. 

•valCVarJ :- var<Var>, !, long_error(eval, Var>. 
•val(B is Y> :- !, evaltY, B>. 
·valCwriteCYJ> :- !, evalCY, B>, print<B> .. 
~valtevenOO> :- !, eva2<X• A>, !, mod2<A, o,. 
,valCoddC X>> :- !, eva2CX, A>, !, mod21A, 11. 
rvalCeompareCR,A,BJ> :-

!, eva2(X, A>, eva2<Y,· B>, comqCA, B, lOOOfHh SJ, !, R=S• 
:- Term =•• CF,X,Yh retational_opCF, R, Flag>, 

!, eva2cX, A>, eva2<Y, B>, comqtA, B, 100000, S>, !, 
combine_ops<R, s, Flag, true}. 

mod2<number<_,_,[J>, M> :- !, fail. 
mod2Cnumber<_,CJ,_>, 0). 
mod2Cnumberc_,[LI_J,_J, M> :- M is L mod 2. 

% General evaluation of rational expressions 

~vat<Exp, Ans> :- % Hope for the best 
eva2<Exp, N>, 
standardise<N, AJ, !, 
Ans = A. 

;Val<Exp, Exp). % Cannot evaluate so teave alone 
t ttynl, display(•[Couldn••t evaluate: •>, 
t printtExp>, ttyput("l">, ttynl, ttynl. 

::va2(Var, C> :- var(Var>, ! ' long_error(eva2, Var>. 
::Va2(X+Y, C> . . - ! , eva2<X, A>, eva2€Y, B>, addqtA, B, HHl 'JO f.l,; C>. 
?Va20t-Y, CJ .. 

! ' eva2<X, Ah eva2<Y, B>, subq<A, B, 100001h C) • .. -
eva2( -Y, CJ :- ! • eva2 n., BJ, negq( B, 100000, c,. 
eva2<X.*Yt CJ . . - ! ' eva2<X, A)• eva2n, B>t mulqCA, B, 100000, c,. 
eva2€X/Y, CJ :- ! ' eva2CX, A>, eva2(Y, BJ• divq<A• B, 100009, c,. 
eva2(X div- Y, CJ . .. - ! , eva2<X• A>, eva2(Y,, B)' divoCAt B, 100000, c, , . 
eva20t mod v. Cl ·- ! ' eva2 < }(-., A>, eva2CY, B'), divoCA, B, 100000, -' c,. . 
eva2(X++Y, C) . l eva2t(X+Y> mod 360, c,. .. - . , 
eva2 O<--Y, C) ·- ! ., eva2< 0(-Y> mod 360, C>• .. 
eva2cx~v., C> ·- ! , eva2(X., Ah eva2<Y, B>, powq(A.., a., 100000, C).-.. 
eva2(sqrt<Y>, C> . .- ! ., eva2<Y, B>, nthq(2, B, 1000-00, C>. 
eva2<pi.,numbert+,[355l,[113J)) • . - ! • 
eva2Clogtx.,Y>,C> . .. - !, eva2<X, A>, eva2(Y., Bh logq(A., B., 100000., CJ .. 
eva2(gcd(X,Y>,C> ·-. ! , eva2C:h Ah eva2<Y, B>, gcdqtA, B, 100000, C>. 
eva2<fixOO, CJ • .- ! , eva2(X, A>, intq (A, lOQlHHl, Cl. 



sinevaltA, CJ. 
cosevat<A, C>. 
tan e val( A, C > • 
arcsinevat<A, Cl. 
arccoseval<A, C>. 
arctaneval<A, CJ. 

e~a2CsintX>, CJ :- !, eva2cx, A>, 
eva2CcosCXJ, Cl :- !, eva2<X, AJ, 
eva2CtanlXJ, Cl :- 1, eva2(X, A>, 
eva2carcsin<XJ,C)!- !, eva2<X, A>, 
eva2<arccos<X>,C>:- !, eva2cx, AJ, 
eva2(arctantX>,C>:- !, eva2<X, A>, 
eua2(abs<XJ, number<+,N, D >> :
eva2CnumerCX>, numberC+,N,(lJJ> :
eva2CdenomCX>, numberC+,O,CllJ> :
eva2(sign<X>, numbertS,B,tlJ>> :-

!, eva2<X, A>, A= number(_,N,D>. 
! , eva2<X, A>, A = m.rn,ber( .. -;·tt'f-, >. __ ,_.,.-•,v-~.. __ ,. 

- -=--~,....,_.., -- ~-....,_/'" --....., 
!, eva2<X, A>, A - numberc_,_,DJ. 
!, eva2<X, A>, A= number<S,N,_>, 

<N=CJ, B=CJ; B=Cll>, !. 
eva2CxwdCX,Y>,C> :- !, U is !CY>>>9, Vis !(Y)/\511, 

eva2CCX*512+U)*512+Vi CJ .. 
eva2CX, 
eva2(Term, 

C> :- number(X, 100000, S, N, D>, !, C = number<S, N, DI .. 
C) :- Term =•• tF,X,Yh relational_op(F,R, flag), 

!, ~va2<X, A>, eva2<Y, Bl, comqfA, B, 100000, SI, !• 
combine_ops<R, s, Flag, CJ. 

relational_op( =' =, true>. 
relational_op( \=, =· false>. 
relationat_op( <, <, true>. 
retational_op( >=, <, false). 
retationat_op( >, >, true). 
relational_op( =<, >, false> .. 
relational_opc=:=, =, truel .. 
retational_opc=\=, =, false> .. 

combine_opsCSign, Sign, Flag, Ans> 
combine_opsCSign, Diff, true,false> 
combine_ops(Sign, Diff, false,trueJ 

.. _ . ! • Ans= Flag. . . - ! .. . •. - ! .. 

% Pretty-Print a number. 
% This now always forces parentheses .. When a 
% prop~r general portray handler is written 
% this coutd be made cleverer fas it once was> .. 
% The magic numbers are 40 = ~<", 41 = ">", 
% 45 = "-", 47 = H/ff, 48 = non {ASCII codes}. 

>ortray_number<A> :-
number<A, 100000, s, N, D>, 
portray_number<S, N, DJ. 

portray_number<_,tJ, [J> :-
write<undefined). 

portray_number<+, N, [l> :
writetinfinity> .. 

portray_number<-, N, CJ> :
write<neginfinity>. 

portray_number<+, N, [1J> :
putn<N>. 

portray_number<-, N, [ll> :
put(45>, putn(N> .. 

! t 

!, 

! • 

! ' 

! • 

portray_number(+, N, D > :- ! , 

! • 

put<40>, putn<N>, put<47>, 
portray_number<-, N, D > :- !, 

putf40>, put<45>, putn<N>, 

I 0/0 = undefined 

% +N/0 = +infinity 

% -ruo = -infinity 

% +N/1 = a +ve integer 

% -N/1 = a -ve integer 

I +N/0 ~ a +ve rational 
putn<D>, put(41J. 

% -N/D = a -ve rational 
put(47>, putn<D>, put(41>. 



putn([ J 
' 

) ·-. ! • put£48l. 
putn([DJ > • .. - !, write CD>. 
putnHD pJ> . . -

putn<T>, 
04 is CD/lCtHlO) +48, put(D4>, % D4 *10"'4 + 
03 is (0/1000) mod 10 +48, put(D3>, % 03 *10A3 + 
02 is (0/100} mod 10 +48, put<02>, % D2*10A2 + 
01 is (0/10) mod 10 +48, put{Dl>, % Dl *1 !l ,.1 + 
DO is (0) mod 10 +48, put(DO>. % DO *lo .... q = o. 

0 



l INTERFACE ~ONVERSIONS %% 

umbertinfinity, 
umber<neginfinity, 
ambertundefined, 
:.tmber(number<S, N, D>. 
umber Uh R, +, L, (1 J) 
umber<N, Rt -, L, ClJ> 

binrad<O, R, [ J) 

% Conversion of a number, of any form, to its 
% essential bits. 

R, +,[l J, [J} . . - ! • 
R, -,[ 1 J, [ J) • . - ,. 
R, +, CJ, Cl> . ! • .-
R, s, N, D> .. !. .-.. .- integerHO, N >= o, !, binrad<N, . .- integer<N>, N < o, !, M is -Ph binrad01, 

.. ' , . - .. 
R, 
R, 

binrad<N, R, tMfTJ> :- K is N/R, H is N mod R, !, binrad<K, R, 

% Normalise a number 

tandardise<namber<S,[Nl,ClJ>, Ans> :- t, 
< S =••••Ans= N 
; S =•-•,Ans is -N 
>, !. 

tandardise<number<_, tl,£11>, 0 > :- !. 
~ lardise(number<S, N, CJ>, Ans> :- !, 

< N = [J, Ans= undefined 
; S =••••Ans= infinity 
; S =•-•,Ans= neginfinity 
) ' ! • 

tandardise<Number, 

;x LOW LEVEL INTERFACE%% 

Number>. 

% These routines provide a low level interface 

L>. 
l>• 

n. 

% for procedures which want to operate directly 
- % on pairs of numbers. 

% Only currently used by TIDY (27/2/81>, 
% so only those necessary are provided. 

% eval-(C is A+B). 
addq<A, B• 100000, X>, 
standardise<X, c>. 

iuttiply<A• Bt C> :- % evalCC is A*B>. 
mulq(A~ B, 100000• X>, 

' standardise<X, C>. 

>owertA, Nt C> :- % eval(C is AAB>. 
powqCA, N, 100000, X>, 
standardise<X, C>. 



I BASIC ARITHMETIC OYER RATIONALS%% 

% Integer part of a rational 

ntq<A, R, number<S, Q, Cll>> :-
number<A, R, s, N, D>, 
divn<N, D, R, Q, _>. 

% The greatest common divisor of two numbers is 
% defined for all pairs of non-zero rationals. 
% ' gcdO<,Y> = Z iff Z > 0 and there are integers 
I H,N relatively prime for which X=MZ & Y=NZ. 

cdqCA, Bt Rt numbert+,Nd,Orl>> . . -
number<A, R, _, Na, Oa>, 
numbettB, R, _, Nb, Db>, 
gcdn<Da, Db, R, _, Ga, Gb>, 
muln(Gb, Na, R, Ma>, 
muln(Ga, Nb" R, Mb>, 
gcdntMa, Mb, R, f,IQ), 

muln{Gb, Da, R, Od). 

* The a:>ove seems to be right, but I•m not sure. This IS right. 
cdq(A, B, R, numbert+,Nd,Dd>> . .-

number<A, Rt _, Na, Dal, % I A I = Na/Oa 
number CB, R, _, Nb, Db>, % Is I = Nb/Db 
muln<Na, 1 Ob, R • NU, % Nl = Na.Ob 
mu'ln (Nb, Da, R, N2),, % N2 -· Nb.Da 
gcdnPH• N2 9 R, Ne>, % Ne = gcd<Na.Ob, 
muln<Da, Ob, Rt De>• % De = oa.Db 
gcdn <Ne, De, R • _, Nd, Od>. % Nd/Dd = Ne/De 

I 

* % Take the inverse of a rational 

nvq<A, R, nu~ber<S, D, N)) :
number<A, R• s,, N, D>. 

I 

I Multiplication of two rationals 

ulqCA,· 8, R, number(Sc, Ne,, De» . .-
number<A, Rt Sa, Na" Dal, 
number<B, R • Sb, l\!b, Ob>, 
sign<Sa, Sb, Sc>, 
gcdnOJa, Db, R • ' Nal., Dbl>, 
gcdn<Da,, Nb, Rt _, Oa1, Nbll, 
muln(Na1, Nbl, R, Ne>, 
muln(Oal, Dbl, R, De>• 

% Division of two rationals 

iivq€A, B, R, number(Sc• Ne. Del) :
numberCA, R, Sa, Na, Oa>, 

in 

Nb.Oa> 

standard form 



numberCB, Rt Sb, Nb, Db>, 
signcSa, Sb, Sc>, 
gcdnC~a, Nb, R, _, Na1, Nbl>, 
gcdnCDa, Db, R, _, Dal, Ob1J, 
mulncNal, Dbl, R, Ne>, 
muln(Dal, Nbl, R, Oc). 

% Quotient and remainder of two rationals 

iivoCA, B, R, number(Sq,Nq,[ll>, number(Sx,Nx,Dx>> :-
number<A, R, Sa, Na, Da>, % A= Sa.Na/Da 
number<B, R, Sb, Nb, DbJ, % B = Sb.Nb/Db 
mutn(Na, Db, R, NlJ, % A/8 = csa.Na.Db)/(Sb.Nb.Da) 
muln(~b,'oa, R, DlJ, Z = csa.NlJ/CSb.01) 
divz(Sa,Nl, Sb,01, R, Sq,Nq, Sx,Ny>, 
muln(Da, Ob, R, Dy>, % A/B = Q + csx.Ny)/(Sb.Nb.Oa) 
gcdnCNy, Dy, Rt_, Nx, Dx>. % A= Q.B + (Sx.NyJ/Dy 

% Exponentiation of rationals 
I This is always defined for (positive or 
% negative> integer powers, however there 
% is a current implementation restiction that 
% the power be between -99999 and +99999 Cie 
% within the current Radix>. 
% This may be defined for some rational powers 
% but since there are results from this which are 
I not representable as rationals it wilt fail 
% in such cases. The code for rational powers 
% relies on numerator and denominator being 
I relatively prime, which is standard. 

OWQ(A, B, Rt C) :-
number(B, R, S, N, [1J>, !, 
powq(St N, A, R, CJ. 

owq(A., 13, R, C} :-
numberCB, R, S, N, [DJJ, 
nthq<D, At R, -X>, !, 
powqtS, N, X, R, CJ. 

powq<S, [ J, A, R, number<+,ClJ,(ll) >' :- !. 
powqC+,CNJ, A, R, number<Sc, Ne, De>> :- !, 

number<A, R, Sa, Na, Da>, 
powzcsa, Na, N, R, Sc, Ne>, 
pown<Ni Da,Cll,R, De>. 

powq<-,CNJ, A, R, number<Sc, Ne, De>> :- !, 
number<A, R, Sa, Na, Oa>, 
powz<Sa, Oa, N, R, Sc, Ne>, 
pown<N, Na,tll,R, DcJ. 

% Negate a rational 

~gq<A, R, number<Sc, Ne, De>> :-
number(A, R, Sa, Ne, De>, 
c Nc=[J,Dc=[J,Sc=+ % -undefined=undefined 



; sign<Sa, -, Sc> 
>, !. 

% -o = -<O> now. 

% Addition of two rationals 

iddq<At B, R, number<Sct Ne, De)) :
number<A, R, Sa, Na, Da>, 
number<B, Rt Sb, Nb, Db>, 
mutnc~a, Db, R, Xa>, 
mulnC~b, oa, R, Xb>, 
addz(Sa,Xa, Sb,Xb, Rt Sc,Xc>, 
gcdn<Xc, Da, R, _, Nx, Ya>, 
gcdn(~x, Db, R, _, Ne, Yb>, 
mulnCYa, Yb, R, De>, l*Q'*I Nc/Dc\::(J/CJ, !. 

iddq(A, Bt R, nµmberCSc, Ne, [J>> :- l*G'*I 
numberCA, R, Sa, Na, Oa>, 
number<B, R, Sb, Nb, Db>, 
< Na\==Cl, Nb\==Cl, Sa==Sb, Sc=Sa, Nc=(ll 
; Sc= +, Ne=[ l 
>, !. 

% Subtraction of two rationals 

ubq<A, B, R, number(Sc, Ne, De>> :
number<A, R, Sa, Na, Oa>, 
number<B, Rt Sb, Nb, Db>, 
mulnc~a, Db, R, Xa>, 
muln(Nb, Da, Rt Xb>, 
subz{Sa,Xa, Sb,Xb, Rt Se,Xc>, 
gcdnCXc, Da, Rt_, Nx, Ya>, 
gcdn(Nx, Db, R, _, Ne, Yb>, 
muln(Ya, Ybt Rt De>, l*Q'*I Nc/Oc\==t)/[l, !. 

ubq<A, B, R, number(Se, Ne, Cl>> :- l*Q'*I 
numberlA, R, Sa, Na, Da>• 

omq<A, 

number<B, R, Sb, Nb, Ob>, 
( Na\==rJ. Nb\==CJ, Sa\==Sb, Sc=Sa, Nc=[l] 
; Sc=+, Ne=[] 
h !. 

s. R, S> :-
number<A, R, Sa, 
number<B, R, Sb, 
muln(~a, Dbt R, 
mulnP4b, Och Rt 
comz(Sa, xa, Sb, 

% Comparison of two rationals 

Na, Da>, 1*9' * I Na/Da ,---- [ ]/( J. 
Nb, Db>, l*Q'*I Nb/Ob ,---- [ )/[ J, 

Xa>, 
Xb>, !, 

Xb, S>• 

% Try to find Nth root 
% This will fail in cases where the solution is 
% not representable as a rational 



0 

A• R, number<+, Nr• Dr>> . . -
number<A• R• +, Na, Da), ! , 
nthn(N 9 Na, R• Nr>• 
nthntN, Da, R • Dr>. 
A, R, number<-, Nr, Or>> ·-. 
number<A, R, -, fdat Da> • ! • 
1 is N mod 2. 
nthnCN, Na, fh Nr>• 
nthnC\lt Da• R, Dr>. 

nthn<'v, ( ]9 R, [ J) ,. 
! • . -

nthnPh [lJ• R, ( 1 J) ·- ! • . 
nthn<N• A, R, SJ . . -

newton<N, A• A, Rt S>. !. 
pownOh s. ( 1J. R• 8)9 ! • B=A. % check that SAI\J=A 

newtanlN, A, E, R• S> :
Mis N-1, 
pown<M, E. Cll• R, £1>• % El=EACN-1> 
mull(El•N• R• D21• % D2=N.EACN-1> 
muln<E, E1,R,'E2>, % E2=EAN 
mull<E2,~, R• Nl>, I Nl=<N-lJ.EAN 
addnCNl,A, D, R. N2J, % N2=<N-1>.EAN+A 

! 

divnCN2,D2•R• F, _>• % F = {(N-1>.EAN+A}dlv{N.EA<N-lJ} 
comn<F• E, =, Z>• !• % F Z E 
newtonCZ, N, A, F• R• SJ. 

. . -newton<<• N, A• F• R• $> 
newton<=, N• A• F, R• F> :- !. 



% Tak~ the lag~rithm of a rational to a rational base. 
% This can be expected to fail for almost every pair 
~ of rational numbers. To keep the search space within 

logq<B, x, R, L> is true iff 
B, X, and Lare rationals sijch that BAL= x. 

This does its best for strange mixtures, like log<-3,-27> = 3. 

ogq<B, X, Rt L) :-
absq<B, -S, C>, % BS O & IBI = C 
absq<X, r, Y>, % x To & IXI = Y 
logqCS, T, C, Yt Rt L). 

I absq<A, ~. s, B> is true iff 
% A and Bare rationals, IAI = B, and 
% S = {+,-,O,•J as A {<,=,>JO or is undefined. 

absq<number(Sa,EJ,CJ>, *• number<+,CJ,Cl>> :- !. 
absqCnumber(Sa,CJ,Da>, o, number<+,tl,Cl])) :- !. 
absq(number(Sa,Na,Oa>, Sa, number<+,Na,Da>>• 

% logq<S, T, •••> is just a case analysis of logq. 
I 

logq<+, +, Bt x, Rt L> ·-• ! t 

rat log CB, x. Rt L>. 
logqf-, +, B, x, R, L> • .- !, 

ratlog(B, x, Rt L>, 
mod2<L, cu. % L must be 11 even• 

togqC-, -, B, x. R, L> • .- ! ' 
ratlog<B, x. Rt LJ, !, 
rnod2<L, 1). % L must be "odd• 

logqc+, -. _, _, _, number<+,[ J,C J> > ·-. !. 
logqC•t _, _, -• -· number<+,[ J,[]) > • . - ! • 
logq<_, .,,,, _, _, number(+,( J,£ J> > . ! • -· .. -
logq< O, _, _, -· _, number< +,CJ ,r J> J ·- !. • 
togq<_, o, B, Xt Rt number<z, N ,t J> > . .- !, 

oneq<B, s, _>, 
LogqtS, z,ro. 

logq<+, -,[ 1 J) ·-• !. % log(B,0> = -inf for l<B<inf 
logq<-, +,t 1 J> • .- ! • % log{B,.O> = +inf fo·r O<B<l 
logqt_, +,[ J). % log<B,O> = ???? otherwise 

% oneq<A, s, B> is true when A and Bare positive 
% defined rationals, I log Al = log B, and s = sign< log 

oneq(number<_, _,CJ>,*• number(+,ClJ,.[l>> :- !. 
oneq(number<_,Na.-Na>, O, number<+,Na,Na>1 :- !. 
oneq<number<_,Na,Oa>, +, numbert+,Na,Oa>> :-

comn<Na, Da, =, >>, !. 
oneq<number<_,Na,Oa>, -• numberC+,Da,Na>>• 

% ratlogtB, X, Rt L) is true iff 
% B, X > 0 and s•L = x. 

ratlog(B, x, R, L> :-
oneq<B• s, CJ, % B s 1 & llog Bl 
oneqtx, T, Y>,!,% X T 1 & llog XI 

= log C 
= log y 

AJ. 



% ratlog<S,T, •••> is just a case analysis 

ratlog<+, +, a, x, R, number<+,t·'9D> > :- ! ' lograt<B, x, R, r,,i. o,. 
rattogt+, -, B, x, R, number<-,N,D>> • .. - h 

lograt<B, x. R, N, 0). 
rat log<-, +, B, x, R, number<-,N,O>> :- !, 

lograt<B, x, R., N, o,. 
rat log<-, -, Bt x, R, number<+,N,D>> . !, .-

lograt(B, x, Rt Nt OJ. 
rattogtO, _, -· number<+,[ l, [ ])) . _, , .--rat log·<_, o, _, _, nUmbert+,Cl,[tl>> • _, .-
rat log(+, *• _., _, _, numbert+,ClJ,[l>> :-
rat log<-, *• _, _, -· number<-,£11,CJ>> :-
rat tog<_, *• -· _, -· number<+,Cl, [ ])) • .-
rat log(*, -· -· _, _, number t+,C J, t l> > . .-

logrqt(B, X, R, N, OJ is true iff 
B > 1, X > 1 are rationals, BAN= xfto, and gcd(NtD> = 1. 

ograt<number<+,Nb,Ob>, number<+,Nx,Ox>, R, [NJ, [OJ> :-
gcdn<Db, Nx, R, U>, !, U = Cll, % Ob co-prime Nx 
gcdn(Nbt Dx, R, V>, !, V = [1J, % Nb co-prime Ox 
loop(Nb, Nx, R, G>, !, 
lognCG, 1, G, Nb, R, .D>, !t 
logn(G, 1, G, Nx, R, N>, !, 
pown<~• Ob, (llt R, Kl>, 
powntD, Ox, Cll, R, K2>, !, 
Kl = K2 • 

loop(A, B, R, G) :-
comn<A, B, =, S>t !, 
loop<S, A, B, Rt G>. 

loop<=• A, B, Rt Al • . -
loop<<, A, Bt R, G> . .-

divnts, At R, 
toop<A, Q, R, 

loop<>• A, B, R, G> . .-
dtvn<A, Bt Rt 
toop<G, Bt R, 

! • 

Q, X>, X 
G>. 

Q, X>, x_ 

G>. 

I , logn(B, Nt Pt It Rt L> is true iff 

= 

--

X X >·= B > lt P = B"'N, and X = BAL. 

logn<B, N, x, x. Rt N> • ! • . -
lognCBt N, P, x. R, L> • .-

comn<P, Xt =, <>, 
muln<B, P, Rt Q), 
M is N+l, !, 
logn<B, M, (h x, Rt L>. 

D=log<G,Nb> 
N=log(G.Nx> 

Ob""N = 

C lt !, 

[ J, !, 

! • 
! • 
! • 
! • 
! • 
! • 
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I• LP.DEF: _XREF definition File ~or LP 

X Headings , 
cross_ref_file<•lmisc!tp.ref•>. 
title(•All files of Learning PRESS•>• 
11idth€88). 
globals_file<no). 
update_globals(no). 

% User called Predicates 
called<change_method_order>. 
called<commutative(_>>. 
called<contains_nasties<_9 _>>• 
catled(dC:_>>• 
called(domioated<_._._,,. 
called(e<_>>• 
called<examples>. 
catled(explain_g<_>>. 

~alled<generate_problem). 
Ualted<give_example>. 

called<go). 
called<help>. 
called(is_disjunct<_._>>• 
called<is_mod_poly<_,_,_>>• 
called<is_productc_._>>. 
called<is_sum<_,_>>• 
called(last_equationt_>>• 
catled<Less_occt_._._>>• 
called<m<_>>. 
called<mod_iso_tracet_>>• 
called(otd_xredo>. 
calledtp~od_exp_terms_eqn<_._,_>>. 
called<r< ... >>• 
called(remove_logs<_,_._,_>>. 
called<remove_nasty<_._._J>. 
calted(rhs_zerot_>>• 
called<s<_>>. 

"alled(same_occc_._,_>>• 
-LJal ledCsr-edo>. 

called(try_attract<_,_,_>>• 
called(try_auto_methodc_._._,_>>. 
caltedCtry_collectc_,_,_>>• 
calledCtry_function_stripping<_,_,_,_>>• 
called<try_to_isolate<~•-•->>• 
called<try_poty<_._._>>. 
called<try_prep_fact<_,_,_>>. 
called(try_user_rule<_,_,_,_>>• 
calledcwc_>>• 
called<work<_>>• 
ealledCwork_solution>. 

X Know~ predicates. 

known<copy_groundt_,_,_>, utility>. 
knownCfite_exists,utility>. 
knownCgive_help<_>••MOHELP.PL•>• 

Bernard Silver 
Updated: 1 March 1984 



known(occurs_in<_,_>,utility>. 
known<portray_numbert_J,utility>. 
knowntsimple<_>,utitity>. 
known<tidy_expr<_,_>,utitity>. 
known<tidy_withvars<_,_>,utitity>. 

% Applies 
applies(process_reply<_,B,_,_,_>,B>. 
appliesCprocess_reply<_,_,_,_,E>,E>. 
applies <user _macro CA,_,,_> ,A>. 
appliestuser_macro<_,_,c>,c>. 

_Q· 



XREF.INI : Initializations for the benefit of XREF. 
Can also be used to define thing$ for unknownc_,trace>. 

Default definitions for stored things 

;serted{ ) :- fail. 

1to_rulet_,_J :- fail • 

. fficult_once( , ) :- fail. 

,tegral(_> :- fail. 

tst_created<_> :- fail. 

1own_method_auto<_,_,_,_,_,_,_> : fail. 

1own_method_schema<_,_,_,_,_,_,_,_,_J :- fail. 

rst_example<_,_l :- fail; 

,w_rule_storedl J :- fail. 

:hema( > :- fail. 

:heroa_usedC_> :- fail• 

,en_eqnC_> :- fail. 

tore_we< J :- fail. 

1known(_l :- fail. 

~Qrulec_,_,_.,_,_,_,_> :- fail. 

Bernard Silver 
Updated: 17 February 1984 



LP.MIC Load Learning Press •<SILENCE> 

Updated! 9 February 1984 
This junk allows for automatic loading believe it or not 

Call as: 

on error:backto death 
error? 

/LP 
/LP auto 

on operator:backto death 
operator! 
goto cont 
eath:: 
"C 
"'C 
if (Sa= "auto") .Let el= "error" 

LP.MIC HALTED 
mic return 
ont:: 

- to load lp (normal use} 
- used by MAKSYS 

. 
let y = Sdate.["-"•2Dl, d - Sdate.[1,"-"l+" "+Sy.Cl,"-"]+" "+Sy.["-"•4] 
if CSd.[ll = "0") .let d = Sd.[2 9 20] 

0 -lputi lC40!;,444 J •<revive> 
.- [••Learn:filin••J. 
:- versionl''LP Algebra System Mark 4 (•d> 

Copyright (Cl 1984 Dept. Artificial Intelligence. Edinburgh''>• 
:- asserta( version_date('''d'') >. 
:- ok. 

save dskb!lp[40D.444J 

0 



LPUTIL.MIC Load Learning Press Util •<silence> 
Updated: 9 February 1984 

This junk allows for automatic loading believe it or not 

Cal t as: /LPUTIL - to load LPUTIL Cnormal use> 
/LPUTIL auto - used by MAKSYS 

on error:backto death 
error? 
on operator:backto death 
operator ! 
goto cont 
eath:: 
Ac 
~c 
if CSa = "auto"> .let el= "error" 

LPUTIL.MIC HALTED 
'Ric return 

let y = Sdate.["-",20], d = Sdate.r1,n- 0 1+u "+Sy.[1,u- 0 3+u 0 +Sy.cu-•,4J 
if CSd.[lJ = non> .Let d = Sd.[2,201 

protog(400,444J •<revive> 
/ c••tearn:filuti'•J. 

:- version(••LP UTIL System <•d> 
Copyright CC> 1984 Dept. Artificial 
:- core_image, 

display<••LP Utilities Package 
reinitialise. 

save lputil~490,444l 

0 

Intelligence. Edinburgh''>• 



( a:: ,:t BASIC ARITHMETIC OVER LONG INTEGERS %% 

% Addition of two long integers 

,ddz<+,A, +,B, R, +,C> .. ! t addn<A, B, n, Rt CJ • .-
t~dz<+•At -,B, R, s,c> • ! t subn(A, B, R, s, Cl • . -
,ddzC-,A, +,B, Rt S,C> ·- ! ' subn<B, At Rt s, CJ. . 
,ddz<-,A, -,B, Rt -,Cl .. ! t addn<B, A, Ot R,, C> • .-

addn<CDllTlJ, '[02fT2J, Cin, R, l:D3JT3J> :-
, Sum is Dl+D2+Cin., ,, 

( !CSumJ >= R, Cout = 1, D3 is !(Sum>-R 
; !(Sum}< R, Cout = Ot 03 -= Sum 
>, ! t 

addn(Tl, T2, Coutt R, T3}., 
addn([ J, Lt 

,., 
!J t R, L) . .- !. 

addnH J, Lt 1, Rt f-0 • .. - ! ♦ addl<L, Rt MJ. 
addntl, [ J, o, R, L> . ! • . -
addn<L, [ J t 1, Rt M> ·-.. ! t addlflt Rt PH. 

-addl<tMITJ, R, [NJTJ> ·- N is M+lt N < R, !. . 
addl([MJTJ, Rt [0ISJ> . .- R- is M+l, ! t addl<T, 

D 
addHCJ, R, [ 1 )) • 

% Comparison of two long integers 

omz<_.tJ,_,tJ,S) :- !, 
omzt+tAt +,B, S> :- !, 
omzc+,A, -,B, >>. 
omz<-,A, +,B, <>• 
omz<-,A, -,B, S> :- !, 

s = •=•· 
comn<A, B, 

% -o = D now, alas. 
=, SJ. 

comnHDlfTll, [D2IT2J, D, S> :-
com1CD1, 02, D, N>, !, 
comn<Tl, T2, l\h s). 

comn{[J, [ J, D, S> . .- !, s = o. 
comn HJ, L·, D, <> . .- !. 
comn(L, [ J, D, >> . . - ! • 

coml(X, x, o, 0) ,._ 
!. . 

Q: coml O<, Y, D, <> .. X < Yt !. .-
comlO<, Y, o, >> :- X > Y, !. 

% Subtraction of 
' 

two tong integers 

ubzc+,A, +,B, R, s,c> . ! t subn<A, B, R, s, C). . 
ubz(+,A, -,B, R, +,C> :- ! ' addnCA, B, o, R, Cle 
ubz<-,A, +,B, Rt -,c> . 

! ' addn<B, A,· o, f·h C>. .-
ubz<-,A, -,B, R, s,c> . ! • subn(B, At fh s, C>. .-

subnCA, B, R, St C) :-
comnCA, B, =, Oh-!, % Oh for Ordering 
subn<O, At B, R, s, c,~ 

R, SJ. 



subnC>, At B, R, +, C> :- !, subp(A, B, D, R, DJ, pruneCD, C>. 
subn<=• I:... B, R, +.,( J> :- ! • 

pruneC(O(LJ, M > :- !, 
prune<L., T>., 
CT= CJ, M = [J; M = COJTJJ. 

prune([D(LJ,- [DIMJ> :- !, 
prune<L, M>. 

pruneHJ, CJ> :- !. 

subp([DlfTlJ, [02fT2J, Bin, R, [D31T3]) :-

subp<L, 
, subp<L, 

s is Dl-02-Bin, 
( s >= !h Bout =- a, 03 = s 
., s < lh Bout = 1, 03 is S+R " >, ! , 
subp(Tl, 12. Bout, R, T3>. 
[ ]9 o, R, L> .. . - ! • 
CJ, 1, R, M> . . - ! • subl<L, R, HJ. 

subl([OJTJ, Rt [KISJJ :- !, K is R-1" subl<T, R, SJ. 
subll[NfTJ, R, [MfTJ> :- Mis N-1. 

% Multiplication of Signs 

,ignCS, St+) :- !. 
;igncs, T, -> :- !. 

% Multiplication of two long integers 

uulz<S,A, T,B, Rt U,C> :-

r,/ 

sign<S, T, U>, !, 
mulnCA, B, R, C>. 

mutnHJ, B, R-. Cl> :- !. 
mulnCA, CJ, R, CJ> :- !. 
mulnCA, B, Rt CJ :- !, muln<A, Bt CJ, R, C>. 

muln([DllT1J, N2, Ac, R, [D31Prl> :-
mulltN2, 01, R, P2>, 
addn(Ac, P2t G, R, Sm>, 
connCD3, An, Sm>, !t 
muln(Tl, N2, An,R, Pr>. 

muln(CJ, N2, Ac, R, Ac> :- !. 

mull<A, O, R,, ( J> !- ! • 
mull<A, Mt R, PrJ :- !, 

mulrCA, Mt Dt R, Pr). 

mull([J, Mt O, R, CJ> :- !. 
mull<tJ, M, C, R, [CJ~ :- !. 
mull([DllTlJ, M, C, R~ [D2IT2l> :-

D2 is CDl*M+C) mod R, 
Co is (Dl*M+C) I R, 
mullCTl, M, Co, R, T2). 



% Exponentiation of a long integer to a short 
% (Prolog) integer. Note that this means the 
% power must be less than 100000 (current radix>. 
% This code should always be called with positive 
% powers. 

>OWZ(-,A, N, R, -,C) :-
N mod 2 =:= 1, !, 
pown<N, At [llt Rt C>. 

lOWZ(S,A, N, Rt +,C) :- ft 
pown<Nt At [1J, R, C). 

pown<O, At ,.,. Rt M> . . -
pown<lt At M, R, P> :-

! • 
!t 

muln<At M, R, P>. 
P<Hm (\I, A, Mt Rt P> ·-.. 

Nl is N/2, 
( N mod 2 -·- Ot --- Ml = M . 1\1 mod 2 -·- 1, mutntA, y -.-
>, 
muln<A, A, R, Al>, !, 
pown(Nl, Alt Mlt Rt P>. 

/ 

Mt R, Ml) 



% Division of two long integers 

divz(S,A, T,B, R, U,G, S,X> :-

/ 

sign(S, T, U), !, 
divn<A, B, R, Q, X). 

d1vnCA, CJ, R, _, _> :- !, 
divn(A,tll, R, A,[J) :- !. 
divn<A,[BJ, R, Q, X) :- !, 

fail.% division by O is undefined 
% a very common special case 
% nearly as common a case 

divl<A, B, R, Q, Y>, 
conncY, CJ, X>. 

divn{At B, R, Q, X) :
comn(A, B, =, S>, 
( S = •<•, Q = CJ, X = 
; S = •=•, Q = ClJ, X = 
>, !. 

divn<A, B, R, Q, X) :- !, 
divmCA, B, R, Q, X). 

conntO, CJ, [J> :- !. 
conn<D, T, ro1TJ>. 

A 
[J 

divlt[Dl!TlJ, Bl, R, Ql, Xl> :- !, 
divl(Tl, Bl, R, Q2, X2>, 
02 is <X2*R+Ol> I Bl, 
Xl is <X2*R+D1> mod Bl, 
conn<D2, Q2, Ql>. 

divlC[J, Bl, R, ~J, O>. 

% divm<A, B, ~, G, X> is called with A> B > R 

0 

divm([OllTlJ, B, R, Ql, Xl> :- !, 
divm(Tl, B, R, Q2, X2>, 
conn(D1, X2, T2>, 
div2(T2, B, R, 02, Xl>, 
conntD2, Q2, Qll. 

divmctJ, B, R, CJ, CJ>. 

div2<A, B, R, Q, X> :
estd<A, B, R, E>, !, 
chkd<A, B, R, E, O, Q, P>, !, 
subn<A, P, Rt S, X)a % S=+ 

·div2CA, B, R, , _> !-
long_error(divq, A/BJ• 

estdC[AO,A1,A2J, [BO,BlJ, R, E> :
Bl>= R/2, !, 
Eis <A2•R+All/B1. 

estd((AO,Al,A2J, tBO,BlJ, R, E> :- !, 
Lis <A2*R+A1)/($1+1>, 
mul1C(BO,B1J, L, R, P>, 
subn([AO,A1,A2J, P, R, S, N>, !, %S=+ 
estd(Nt [BO,Bll, R, M>, !, 
Eis l+M. 

estdl[AD,AlJ, [BO,Bll, R, El :- !, 
Eis CAl•R+AO+ll/(Bl*R+B01. 

estd([AOJ, _, R, OJ :- !. 
estdC[ADIArJ, [BOfBrl, R, E> :- !, 

estd(Ar, Br, Rt E>« 
estd<Cl, _, R, OJ :- !. 



chkd(A, B, R, E, 3, , ) . .--long_error(divq, A/B). 
chkdCA, B, Rt E, K, E, P> :-

mull<B, E, Rt P>, 
comn<P, A, <, <>. !. 

chkd<A, B, R • E, K, fh P> ·-. 
L is K+l, F is E-1, ! ' 
chkd(A, B, R, F, L, Q, 

% GCO of two long integers 

'"* 3cdz (S, A, T,B, R • D, S,M, T,N> . ! , . -
,/ 

0 

Q 

gcdn<A, B, R, D, M., Nl • 

gcdn([ h [], Rt [ 1 J t ( J, [ J) :- ! • 
gcdnH J, B, R, B, [ J, Ill> . ! • . -
gcdn( A, [ J, Rt A• [ 1 J,, [ ]) . . - ! • 
gcdnHlJ, B, R, [ 1], ( 1 ], B> ·- ! • % common case . 
gcdnC A, [ 1 J, R, [ 1 l, A, [ 1 J) . ~ .. - ! • % common case 
gcdn( A, B, R, D, Ph l'O . .- % A, B > 1 

gcdn<A, B, R, D>, 
divn<At o, R, Mt _>, 
divn(Bt fh Rt Nt ->. 

gcdnCA, B, R, D> . .- % A, B >= 1 
·comn(A, B, =, s>, ! t 
gcdn<S, A, B, Rt D>. 

gcdn << ,[ J, B • R, B) .. ! • . -
gcdn<<, 

gcdnt>, 
gcdn<>, 

gcdn<=, 

A, B, R • 0) . .. -
estg<B, A, R, E>, 
mutn<E, At R, P>, 
subn<lh P, Rt _, M), ! , 
gcdn<A, Mt R • 0). 
A,CJ, R, A) . ! • .. -
lh B, R, D> :-
estg<A, B, R, E>, 
muln<E, Bt Rt P>, 
subn(A, Pt R, _, Ml, ! ,-
gcdnOh B, R, 0). 
A, Bt R, A>• 

est 9 < A, [ B l t Rt E') : - ! , 
divl(Af Bt Rt Q, X>, 
( X*2 =< B, E = Q 
; addlCQ, R, E> 
>, !. 

estgU::_IAl, [_IBl, R, E> :- !, 
estg<A, B, R, E). 

! ' 

P) • 

! ! 



%1 TRIGONOMETRIC EVALUATION%% 

% This stuff needs some work done on it, and the mode 
% declarations haven•t been written yet. Taihoa. 
% To do! 
% Since at this stage all the argumentss are known to be 
% numbers we shouldn•t waste time using the general evat. 
% Approximations should be used so that the routines work 
% for ANY argument. Care is needed, since little is known 
% about rational approximations, lest the numbers explode. 

sineval<X, S) :-
eval(X < O>, !, 
eva2c-x, Y>, 
sineval(Y, T), 
eva2C-T, S). 

sinevatcx, S> :-
evalCX > 90>, !, 
eva2<.180-X, Y>, 
sineval(Y, S),. 

;inevat<X, SJ :- % O <= X <= 90 
~ sineval1-cx, S>. 

sinevall(numberC+,[J,[lJ>, 
s1nevall(numberC+,t39l,[ll), 
sinevall€number<+tC45l,Cll>, 
sinevall(numberc+,[60J,Cll>, 
sinevall<number(+,(90J,C1J>, 

:oseval<X, C) :
eva2(90-X, Y>, !, 
sinevalCY, CJ. 

:aneval<X, T> :
sinevat<X, S>, 
coseval<X, C>, !, 
eva2(S/C, Tl. 

rrcsineval(S, Xl :-
eval CS >= O>, ! , 
sinevatl<X, S). 

trcsinevat<S, )0 :
evaUS < en, 
eva2<-s, T>, !, 
sinevatl<Y, Tl, 
eva2(-Y, X). 

rccoseval<C, }0 :
arcsineval<C, Y>, !t 
eva2(90-Y, X),. 

numher<+,[J,tlll). 
number(+,(1J,t2J>>• 
number<+,[99l,C140l>>• 
numbert+,t45J,(52l>>. 
number1+,[1J,tl]>>• 



rctaneval<numberCS,N,D>, number(S,M,C>> :-
arcta~eval<N, o, M, C>• 

rctanevat(tJ,x, tJ, X> :- !. % 
rctaneval<X, X, (45J, tll> :- !. % 

arctan<O> = O, arctan<undef> = undef 
arctan<l> = 45' 

rctaneval<X,tJ, (90], [lJ> :- !. % 
rctaneval<N, D, M, C) :-

R = 100000, % 
mulntN, N, R, NsqJ, 
mutn<D, D, R, Osq>, 
addn<Nsq, Dsq, O, Rt Sq>,!, 
nthn<2, Sq, R, Oen>, !, 
arcsinevat<number<+,N,Den>, S>, 
S = namber<+,M,C). 

X ERROR HANDLING%% 

arctan<inf> = 90' 

the common radix 

ong_error(Culprit, Expression> :
long_error_message(Culprit, Message>, 
display<'**•>, display(Message>, display«•:•>,. 

,--..., print<Expression>, ttynl, 
~) break, fail. 

ong_error_message<evat, 'EVAL given a variable•>• 

I 

ong_error_message(eva2, •EVAL given an expression containing a variable•>• 
.ong_error_message<divq, •Unexpected rational division problem•>• 

J 
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X File t LP.CNG 
% Author: Bernard Sjlver 
% UPdated: 6 March 1984 

F~t.J rr .. os~f?: L. i E>t.. c:1'1.ai-lSes t.a 
Started 24 Februars 1984 

L- p . 

f ... 
i ... Notes 123 and 
LP 
1 i::, 
i--1 

LP 

mark 2 had some Plannins caPabilitw. and ~s describ&d in Research 
mark 3 Produced macros and is dPscribcd in Research PaPer 1~8 
mark 4 is described in mY thesis 

:!4 Februa,rB :i. 9H4 
Corrected sYntax errors in various files, corrected bad de~inition 0f 
:1i s_ -e;c) l tJt :i. cir~i !1 ~~i:-Jded !Tio re E,r,-t: .. ~ i e~; i~o TA:fJL.E:'" 

Z6 Febrt..tarB 1 .. S184 
:han~ed various files. added infor~ation about failins methods to SOL 

-~------

rio,.:t ... chec:l{_ .. c:rJr!d, r~t1at-i!=ied C:O?J~ .. IF~ artd Ct-!Af? t.c.• al lo!_..J 1~1...1 l r~ ( f'1a~nie) i r)r-:.·ut. .sriti atic.trt. 
~rid breaV.,. as well+ P:lso ct·iBriBei::i CJu·r atft.:i Fl.A{3 so i1-i1~or-rriat~i' .. .1e ?rciu1i:.t.~. are 
_ssued about the unknown and list of conditicms. 

~li F<-?i:JTtJar-=s 1984 
~ansed t~po in CONSTR that was causins Problems, added clause to 

•~ . ....,,a-011,Jtion, so it rt:~P(Jr··t~•d if no solist.iort h;;~d been ~;;to red,, 
·~~ GPORTR back in LP to overcome bracket Probleffis, added extra cl~use 
-0 that• Prints as v. New file called PORTR 

f;tsrc:·l·r :L9t3~1 
f.:idte,j J-iou1c1Si~riizatic.ir1 to Lf;r ir1 f'"ile t·!Of"lOG+ ItriP&s.r-1·~-t. J-1ar:tjle f~~~-,1~ .. or·:er1tial-s u,~-
\.l'\~k.zv.,1-.,-..J~ '.l .. ~·-.~~- t"'··,-1::r .;-:•n·r+ 111~r- ir":"1·.L."11~·~,•'l.·l· b!'i·i·h i·.irl4,; + .. f-1P 1;!!•t"!"".P~ a·ri.~z••- ✓ ,.~-... ~fi~~ri-,~+~.-: ~; r•• i L' 11 •• JI' ,. • \ .. _)- :.,, ~! :;... J ·- • l.1 - ·- • , •·• "'-.. . Q .... -• .. . ... -~ i :; - ·- .J. '" . - ~ , .- ,._ .... ~ !;.J' __ i -• 1 ..- l i 1. _ ..., ~ . ~ ·-'Ji;;"-:!. 

ls~where. This involved chansins several file&, TABLE, FLAG, MFTHOn, TL, SOL 
·r.r~~1v 1 .... 0.SUBY LP.CCL, LP.DEF and Possibly others • •• s .. r!'L ! .. 

hanse of Unknown solutions sometimes c~u~e duPlicate steps in ~hP trace. 
d~n't seem to be able to fix this, so as_a hack, store~steP~ now ~o~s 
maPtid~_9xamPle before storins½ The l~tter h~s been cnansect so that 

E.. • "' ,.. .. • ... " .,..... -}-...; ... .. ;:i-,.Jr·1-:i:·-••-! -~t-·••r-d"1·r•=,r,t rHJT,, t ... \4or1tt .1-~r-irst c>Lf"L• warrf:tr1s !!te-E-sases :1.r1 -kf'tlS 1~B~:-t: ❖ 1~1J..'=• A'!tvJ.t."=· 1:.-.= 1-1 :. ... i1~!1-. .... ::::- ~\-:: 

NT!fRF' and Sul" 
' 



Fif.e : LP.STS 
Author: Bernard Silver 
Updated: 28 February 1984 
Purpose: Clause count for LP 

LPUTIL 

il:utit .. ops 0 clauses 
il:arith.ops ,_ clauses '-' 
arn:ops. Q clauses 
il!files .. pt 7 clauses 
H:..rritef.pl 8" a.} clauses 
~rn:routin.ol 39 clauses 
il!flagro .. pl 3 clauses 
it:struct.pl 35 clauses 
il:long .. pl 26;1 clauses 
it:tidy.pl 110 clauses 
irn:misce .. pl 13 clauses 
::edit.pl 15 clauses 
il:type.pl 4 clauses 
il:trysee .. pl 22 clauses 

0 predicates. 
0 predicates. 
0 predicates .. 

-6 predicates .. 
25 predicates. 
20 predicates. 

7 predicates. .J 

16 predicates. 
83 predicates. 
23 predicates. 
10 predicates. 

9 predicates. 
2 predicates. 

11'c 
" predicates. 

------------------------===-====== ==-=-=-----= 

Rest of LP 

kag:match. 26 clauses C ,; predicates., 
rn:portr. 29 clauses 9 predicates .. 
hod:collec., 28 clauses 13 predicates .. 
,rn:weaknf. 16- clauses 6 predicates .. 
,rn: cond .. 59 clauses 32 p redi cat es. 
rn!char .. 37 clauses 22 predicates. 
,rn!simp.ax lit clauses 2 predicates., 
rn:rew. 37 clauses 14 predicates. 
rn:tite .. 12 clauses 7 predicates. 
rn:time. -8 clauses 6 p redi cat es., 
rn:comp .. 86 clauses 39 predicates. 
rn!polpak. 53 clauses 19 predicates. 
rn:tl .. 67 clauses 36 predicates. 
rn!out. 164 clauses 77 p redi cat es. 

: conj. 62 clauses 27 p redi cat es., 
:desc. ?"" clauses lD predicates. -~ 

, ,.! loop. 19 clauses 10 predicates. 
,rn:sol. 115 clauses 56 predicates. 
rn:imeth. 37 clauses 18 p redi cat es. 
rn:conf:ir., 43 clauses 21 p redi cat es. 
rn:flag. 76 clauses 35 predicates. 
rn:method. 55 clauses 17 p redi cat es. 
rn:specia. 14 clauses 7 predicates. 
rn!table. 37 clauses 1 predicates. 
rn:constr. 27 clauses 8 predicates., 
rn: ft.me. 4<} clauses 11 predicates. 
rn:.newmet. 64 clauses 28 predicates. 
rn:interp. 71 clauses 40 predicates. 
rn:genprb. 44 clauses 20 predicates. 

rn!nasty .. 111 clauses 50 predicates .. 
rn:axiorns. 72 clauses 3 predicates. 
rn:poly. 31 clauses 16 predicates. 



;arn: log. 
ickag!poltia .. 

32 
8 

clauses 
clauses 

16 
5 

predicates. 
predicates. 

-----------------------------------------------~----------------------- ------------------------
,tal 1616 clauses 698 predicates. 
·----------------------------------------- ------------------------------------------------·-------------------------- -------------------·--------------------------------------------- -
·and total: 2204 clauses 906 predicates., 
----------------------------------------------------------------------------------------------

) 
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