Explicit Search

Prolog Concluded

February 15-16, 2012
CS ©0: Principles of Computer Science

Assignment 4 due Monday February 20: Prolog Puzzles
Also on Monday, February 20: Guest Lecture by Paul Ruvolo (HMC *03)
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HOMEWORK: THE (GENERALIZED) 24 PROBLEM

Given:
1. Alist of possible operators (usually [+, -, *, /1)
2. Alist ofintegers (e.g., [3, 4, 21)
3. Agoalvalue

is there some arithmetic tree such that
v’ Theleaves are the given integers (exactly once each)
V" The interior nodes are from our possible operators
V' The “value” of the treeis our goal value

?- solve([+,*,/1, [2,3,4,6], 24, T).
T=1[+2,[+,4,[*3,6]1]] ;
T=1[+2,[+,4,[*6,3]1]1]1 :

[+.[/,2,3],[*.,4,6]] ;

— .
]

= [+,[*,3,[+,4,2]],6] ;

- .
I
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RELATED PuzzLE: FOUR 4’5
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MORE LOCALLY...
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MORE LOCALLY...
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A CS 60-INSPIRED FPAPER (MaTHEMATICS MAGAZINE, OCT. 2001)

Math Bite: Four Constants in Four 4s

The well-known problem of representing numbers with four 4 appeared in 1881
in a letter to the editor of Knowledge: An lilustrated Magazine of Science, Plainly
Worded—Exactly Described, an informal London science journal. The letter mentions
that all of the first 20 integers except 19 can be represented using four 4s and the op-
erations +, ~, x, and +. The problem was extended by Martin Garcner [1]: Allowing
the use of square roots, decimals, factorials, concatenations of 4s (4, 4441, etc.), and
.4 = 4444..., all positive integers less than 113 can be represented, Gardner also
claimed that 113 could not be represented.

Our variant of the extended problem is to use four 4s to approximate accu-
rately and clegantly four notable constants. These are the mathematical constants
€=271828 ... and 7 = 3.1415926. .., the acceleration of gravity g = 9.8067 .
(in muzrs/xmnd’y. and Avogadro’s ‘number Na = 6.0221 x 102

—
e @ | wa / YV % 31415932,
,/ VAT ot v ~ 9.8068
Na= @) ~6.0225 x 10°.

‘The expression for e was derived from Stirling's approximasion for !, and is ac-
curate to the 215t decimal place. It can be made arbitrarily accurate by repeatedly
repllcmg 4 with 4. The other expressions were found by trial and error using calcula-

imilar expressions for e, 7, and g could be derived using three 3s or five 5s, but
finding an expression for N4 could be difficult without using 411
REFERENCE
1. Martin Gardnes, Mathematical Games, Scientific American 207 (1964), 120-126,
—A. Bliss, S. Haas, ). Rouse, and G. Thatte

Harvey Mudd College
Claremont, CA 91711
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ONE 42

REPRESENTING NUMBERS USING ONLY ONE 4
DONALD E. KNUTH, California Institute of Technology

In the Mathematical Games section of Scientific American, January, 1964,
Martin Gardner asks his readers to try their hand at the well-known problem of
representing the number 64 using precisely four, three, and two 4's, respectively,
combined with arithmetic operations. The “two-4" problem was first posed by
J. A. Tierney in 1944 (see [1]), and some of the answers given were

64 = /+v/v/(@Y) = o/ (4T®) = 41n ) = g(p(40)) = (41)"T = 47 0D),

It is the purpose of this note to show that the number 64 can be represented with
only one 4, and indeed this may be true of all positive integers.
Using only the three operations 4/, [ ], and [, and the single digit 4, we have

64 = [VVVVVVVVVIVVVN ANV VNN AN NN
VAV VNV AN
[VIVIvvvYv .

(In this representation, the notation /%! stands for 4/(x!), not (v/x) 1)
To prove this we will compute successively the quantities inside each of the
nested brackets. The innermost brackets represent the number 5, since

53 = 232 83064 36538 69628 90625
241 = 6204 48401 73323 94393 60000
6% = 79586 61109 94640 08843 91936

and hence [v/4/+/4/4/24!]=5. The next level of brackets obviously gives 10,
since 10=[+/5!]. Proceeding similarly, we can evaluate the kth brackets to ob-
tain the integer ay, where

o o
@ < @l < (a4 1)
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HoMEWORK: THE ALIEN, SPAM, SPAMPEDE, AND MUDDER

Goal: The Mudder gets the alien, spam, and spampede from the west end of
campus to the east end.

Constraints:
v The Mudder can carry one item at a time.
v' The spampede cannot be left alone with the spam.

V' The alien cannot be left alone with the spampede.

Solution? Prolog solution?
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THE BiG IDEA

Find a sequence of legal moves leading from start to goal:

[ [alien, mudder, spam, spampede], [] ]

d mudder_takes_spampede_east

[ [alien, spam], [mudder, spampede] ]
d mudder_goes_west

[ [alien, mudder, spam], [spampede] ]

[ [1, [alien, mudder, spam, spampede] ]

What constraints are there on legal configurations?



Explicit Search

GENERAL PURPOSE PROBLEM SOLVING!

solve(C, [1) :- winning(C). %% Done (base case)
%%  Assumes we defined a
%%  rule recognizing winning
%%  configurations

solve(C, [Move | RoM]) :-
validmove(C, Move, NewC), %% Move to configuration NewC
solve(NewC, RoM). %% solve the resulting puzzle
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WHEN 15 A MOVE VALID?

validmove( [Wb,Eb], mudder_goes_east, [Wa,Ea]l) :-

%% For this specific move, before and after
%% are same except for mudder
perm( Eb, [mudder|Ea] ),
perm( Wb, [mudder|Wa] ),
%% Configuration afterwards must still be legal
%% (Assumes the "ok" predicate has been defined.)
ok( Wa ),
ok( Ea ).
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ONE PROBLEM: IT DOESN'T WORK!

[ [alien, mudder, spam, spampede], [] ]

d mudder_takes_spampede_east
[ [alien, spam], [mudder, spampede] ]

d mudder_takes_spampede_west
[ [alien, mudder, spam, spampede], [] ]

d mudder_takes_spampede_east
[ [alien, spam], [mudder, spampede] ]

d mudder_takes_spampede_west
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dynamic PREDICATES IN PROLOG

:- dynamic marked/1.
V' Declares the 1-argument predicate marked to be ‘dynamic.”

v" We can now add and remove marked facts in the middle of our search!

assert( marked(42) )
V' Addsmarked(42) tothe program's database of facts.

retract( marked(42) )
V' Deletes marked(42) from the program's database of facts.

retractall( marked(_) )
V' Deletes allmarked rules from the program’s database of facts.



Explicit Search
\

dynamic ACTION

Assume foo/1 has been declared dynamic

?- foo(X). ?- assert( foo(spam) ).
false. true.
?- assert( foo(42) ). ?- foo(X).
true. X =42 ;
X = spam.
?- foo(X).
X = 42. ?- retract ( foo(42) ).
true.
?- foo(X).

X = spam.
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WorKING GENERAL PURPOSE PROBLEM SOLVING!

:- dynamic marked/1.
solve(C, [1) :- winning(C). %% Done (base case)

solve(C, [Move | RoM]) :-
\+ marked(C),
assert( marked(C) ),
validmove(C, Move, NewC), %% Move to configuration NewC
solve(NewC, RoM). %% solve the resulting puzzle

Afterwards: retractall(marked(_)).
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