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3Create sampling rec
% {+0,+ListofRandkey, tAttribute)

create_rec{_,[], }:-true.

create_rec{N, [H|T],A):- instance(H,R1,R2),
incilude{filter(A},RZ,R22), N1 is N+1,
assert{instanceR (N1-H,R1,R22)),!,
create rec(NLl,T,A).

%filter (+AttrList, +Element)

% true or false -- filter for selected attri

filter([]l,_}:-false.

filter([H} ], (H=_)):-true,!. _
filter{tH|T], {M=V)) :-M\==H, filter(T, {(M=V)). %<<<<<<< HERE density
$TLL=[ [cutlook+sunny+3, outlooktovercast+l, outlook+rainy+3},...]

$tally (-TLL}

tally{TLL):~ findall {(A+VL,attributeR{A,VL),L),
maplist (map,L,LL),tallyAtt {LL,TLL} .

tallyAtt {LL,TLL) :-maplist(tallyEach, LL, TLL}.
tallyBach{L,TL):-maplist(finda, L, TL).

finda (A+V, (A+V+N} ) -
findall (A+V, (instanceR(_,class=C, L), (member (A=V,L); (A=class, V=C))),Res),
length(Res, N} .

map (A+VL, EL) :-maplist (add {A) , VL, EL} .
add {A,B,A+B) .

% called from MENU GUI,
% +'outlook out',+'[3,0.23)',+2,+all_cluster.pl

mainp{Di, ParaDensl, K, Fout) :~ init,

reconsult (D1}, Per=100, S§=1,

findall {X, (attribute (X, },X\=class), AL},

term to_atom{ParaDL, ParaDensl),

[%,D]=ParaDL, all_rec_dens(¥,D),create_attr (AL},

choose_sampling (Per, S, AL},

tally (TLL) ,writeln(TLL) ,writeln(end+main},

no_rec (Want,Actual),

tell{foocd.pl'}), & save densed instance --extra file

format ('~n%Density Parameter=[~a,~a]
Sampling{Percent,Typel=[~a,~al~n", [M, D, Per, 5]},

format {'~n%Want ~a records, but has ~a records~n',
{Want,Actuall},
fattributeR (X, Y),write{attribute(X,Y)},writeln('."),
fail:true),

(instanceR (N4~ ,K4,1L4), write(instance(N4,K4,L4)},

writeln('.'}), fail ; true}, t,told, % InFile='ood.pl',

format ('~ncaling ...cluster precess....~n'},

tell (Fout),

format{'$-——£file:~w~n% output of c¢lustering result', [Foutl},

format{’'%density parameter=-~w ,N¢ ¢of cluster= ~w', [ParaDensl, K]},

findall (_, {attributeR(X,Y),
format ('~nattribute (~w,~w)."', {¥,Y1)},_}.nl,

mainClust {X,AllCluster),

format{'~n~naliCluster{~w) .~ndescription{"'~w'"',~w).~n",
[pllCiuster, Fout, K31},

told.
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dens_clust_menu:-
new(Dialog,dialog{'Density Biased Clustering')),send list{bialog,
[ new(Dl, text item(input datafile,'ocutlook_out'}},
new(Dens, text item{density parameter,*[3,0.143]1")),
new(Fer, int_ item('number_cluster', low := 2, high := 83},
new(DZ, text_item{output_file,'all clusterl.pl'}},
button(cancel, message(Dialog, destroy}},
button(enter, and(message(Bprolog,mainp,
Bl?selection,
Dens?selection,
Per?selection,
D27?selection
).
message (Dialog, destroy})) % enters&destroy

1),
send(Dialcg, default button, enter),
send{Dialcg, open).

% working—-- for discrete attributes
%+Kcluter, -Al1lClust

makeInitCluster (K,ALlClust):-initClust (K, 1,AllClust]}.

g+Kcluster, +L0startK, ~A11Clust
34=Kcluster, l=start, [l*center, 2*center]

initClust(K, L0, [1}:-LO>K ,!

initClust (K, L0, [LO*L|T]):~ instanceR(LO-_, , L},
Ll is LO+1,
initClust (K, LL,T).

S+rechum, +clustNo* fallAttri], -fregMatch)
% 3 gi 208 [ownss 1 . 2%15 )
freq(¥,N*Y,N*F} :- instanceR(X-_, ,L1),
intersection(Ll,Y, I},
length(I,F).

cvalue( *V,V}.
cmax (L, A*V) :-mapiist (cvalue, L, L2} ;max_list (L2, V), member (A*V, L), !.

$+AliClust, +MaxInstanceN0, +StartAt, -AllFormatedPointList) .

append,

% AliClust, 14 % s [1-15-2,2-11-1, .. .peoint-maxFreg-clustio] }

assignPoint{ ,U,M, []):-M>U, .

assignPoint {AllClust,U,M, [M-V-2}T]}:- maplist(freq(M),ALlClust,Res),
cmax (Res, A*V},
M1l is M+1,
assignPeoint {A11Clust, U, M1,T).

$4+Kclusters, +StartAf, +AllFormatedPoint, -AllCluster
%2, 1 AllPoint, [1* {outlook=sunny, temp=hot,..},2%[..]]

reComputeCenter (K, 3, _Allpoint, []):-S>K,!.
reComputeCenter (K, 3,AY1Point, [5*NewCenter|T]): -
findall (P, member{P-_ -S,AllPoint},Z},%2 is AlLP
allpointatallAttr{Z, NewCenter},
Sl is S+1,
reComputeCenter (K, S1,ALlPoint, T} .
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%+AllPoints, -AllClust
%{1,3,...], [1* [cutloock=sunny, temp=hot, ...],2*[...]] )

allPointAtAllAttr (ALlP,NewClusters) :-—
findall (AttName, {attribute (AttName, ), AttName\==class),AttNamel),
% find all AttName
maplist (allPoint(allP), AttNamel, NewClusters}.

$+Al1Points, +tAttrName, —Attr=AttrVal
%$[1,3,4],0utlook,outlook=sunny

allPoint (AL1P,Att,A}: -
findall (Att=V, (instanceR{X-_, ,K},member (X,AllP),member {Att=V,K}),2),
maxFregq(Z,A*V) .

g+List, -MaxElement*Freq
%(a,a,bi,a*2.

maxFreqg (L, A*V) :— findall (X*C, (member (X, L}),count (X, L,C)), %}, cmax (2,A*V).

write_cluster member (K,AllPoint,NewClust):-
numlist (1, K,KList),
findall (Z-X,member (X-_ -Z,AllPoint),Ri),
maplist (filterl,NewClust),
maplist (filterll (R1},KList, ).

fiiterl (N*L):-format{'~ncluster{~w,~w).", {N,L]).
Filterll{(L,X,Res):- findall({Y,member({X-¥Y,L),Res],
format ('~ncluster member{~w,~w)."', [X,Res]).

%$+Kcluster, +A1L1Points, +A11Clust
B2, [1,3,4,5], OldClust

repeatConpute (K, Al1Point, 01dClust,Ret) :-
reComputeCenter (K, 1, A1lPoint, NewClust),
{ CldClust==NewClust ~-> [
format ('~nallPoint(~w).~n', [AllPoint}),
write_cluster member(K,AllPoint,MNewClust},
Ret=NewClust);:% exit when 0ld=New
( %% write New Cluster
dens_rec(Rec),length(Rec, Lastitemio},
assignPoint {New(lust,LastItemio,1,AllPoint2},
% assign points to new clusters
fwriteln(allNewPoint-AllPoint2),
repeatCompute (K, Al1Point2, NewClust,Ret}} ).

%+Element,+List, ~Count

%a,[a,b,a,al,3

count (_, [},0).

count {H, [XIT],C):-H\==X, !, count(H,T,C).
COURHTIH, [HIT] 8 s-cotnt (A, T, 03] ! 0 48 T% Cl.

F-————- - main———-
% +K cluster, —-Ret ReturnedCluster.

mainClust (K,Ret):- findall (¥, instanceR(X-_, , },InsLl},
length{InsL, Lenl),
{ Lenl<K -> format('~n%_not_working Instance{~w}< K{~w}~n', [Lenl,K}};
( makeInitCluster{K,AliClust},
assignPoint (AllClust, Lenl,1l,AliPoint),
0ldClust=AllClust,
repeatCompute (K, ALl1Point,0ldClust,Ret) } .




133

Gommmmmm————— MERGE CLUSTER MENU —----
merge_clust_menu:-
new{Dialog,dialeg('Merge Clusters'}),
send_list(Dialog, append, ;
[ new(Dl, text item(filel,'all_clusterli.pl')),
new{D2, text item(file2,'all cluster2.pl'}),
new{D3, text_item({output file,'all cluster.pl')),
new (K, int_item(numberOfClustex, low := 2, high = 20},
button{cancel, messagei{Dialog, destroyl),
button{enter, and(message(éproleg,mergeClust,
Di?selection,
D27selection,
D3%?selection,
K?selection
)I
message (Dialog, destroy})) § enter&erase

1),
send(Dialog, default button, enter},

send(Dialeg, open).

C %% 2L ET L2550 05%0%%000%0%0 0950000000 %0%

t‘%+inputfile,+inpu ile

$3933%

oF

- mergeClust (D1, D2, Fout,K) : ~
i format ('~nmerging. ..from~w ~w~n', [D1,D2]),
tell('tmp.pl'),
format {'$file tmp.pl~n:-dynamic attribute/Z, instance/3.'),
consult {Dl),description( ,Kl},
findall{ , {attribute (X, 2),
format ('~nattribute {~w,~w}.', [X,Z2])),_ 1},
tindall{ ., (cluster (X, 2},
format ('~ninstance {~w,class=yes,~w).', [X,2}}}._),
consult (D2),
description{ ,K2},nl,
KLast is K1+K2Z,
findall (_, (ciuster (X, 2},

N is X+K1,
format [ ~ninstance (~w, class=no,~w).', [N, 2]1)), ),
told,

mainp{'tmp.plt, ' {0,011, K, 'x.p1"'}.

§ ========= End of Data Clustering Program ===s====s===
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/¥ memmmmmss=== Classification : main program ssss=ss== %/
%

% To run the program, call this procedure:

% id3menu.

%

e MENU —==mm——mem e ——

id3menu :-

new{Dialog,dialog({'Create Rules from Id3%}},
send list{Dialog, append,

[ new(Dl, text_item(datafile,'post-operative.pl'}},

new{Per, text_item(minProb, '0.0')),
buttonicancel, message{Dialecg, destroy)).
button{enter, and(message (@precleog,callid3,
pil?selection,
Per?selection ),
message (Dialog, destroy))) % enter&destroy
s
send{Dialog, open}.
%
callid3(Dfile,Per}:-
term to_atom{Pexl,Per),
censult (Dfile),
mainId3{(Perl).

:~ dynamic current_node/l,node/2,edge/3, hasClass/2.

mainld3 (Min) -
init (AllAttr, Edgeldst),
getnode (N},
create_edge onelevel (N,AllAttr,Edgelist),
addKnowledge,
selectRule (Min, Res},
maplist (writeln,Res).

init (AllAttr, [root-nil/PB-NB]):-
writeln{limitUptod400nodes},
retractall (hasClass(_, )},
attribute{ class, [ Y1, Y21},
assert{hasClass (¥Y1,¥2}},
retractall (node( , )},
retractall (current_node( }),
retractall (edge(_, ,_}},
assert{current node(0}) ,
hasClass(C1,C2),
findall (¥, attribute{X, ) AllAttrl),
delete (AllAttrl,class,BllAttr},
findall (X2, instance (X2, class=Cl, },PB},
Findall (X3, instance(¥3,class=CZ, ) ,NB},
length(PB,N1),
length (NB,N2),
N is NL1+N2,
retractall (total+ ),
apply({assert, [total+N]).

getnode (X} : -
current_node (X),
Xl is X+1,
retractall (current_node{ }},
assert (current node(X1)),
X1 <400. % limit at 400 nodes
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.create_edge_pnelevel(_,_,{]):—!.
create_edge onelevel( , [}, _):-!.

create_edge_onelevel (N,AL1Attr, Edgelist):-
create ncdes (N, AlLlAttr,EdgeList).

create_ncodes(N,ALlAttr, [H1-HZ2/PB-NB|T]}:-
: getnede (N1),
assert (edge (N, H1=H2,N1})),
assert (node (N1, PB~NB) ),
append (PB, NBE,AllInst),
{ (PBA==[], NB\==[])->
(cand necde (All1Attr,AllInst,AllSplit},
min_cand (AllSplite, [V,MinAttr, Split]),
delete (AliAttr, MinAttr, Attr2),
create_edge onelevel{ Nl,Atfr2,8plit)}
; true },
create_nodes (N, AllAtcr, T).
create_podes{_, ,[}}:-"'.
create nodes( , [}, _}:-!.

% _______________________________

checkl :- node(X,Y),write(node/X¥+Y),fail ; true.

check2 :- edge (X,Y,Z),node(Z,N),writeln{edge/X+Y+Z*N}, fail ; true.

check3 :- edge(¥,Y,Z2),.node(X,L),nede{Z,N),
writeln{edge/X*L+Y+2*N},fail ; true.

checkd :- X>»>>Class>>N,writeln(X>>Class>>N),fail ; true.

acddKnowledge :-
findall {{A], pathFromRoctToLeaf (A, ).Res),
retractall { >> >> ),
maplist {apply(assert) Res},
write {addToKNB} .

selectRule (V,Res) -
findall {N>>X>>Class, (X>>Class>>N, N>=V),Resl),
sort (Resl,Res?),
reverse (Res2,Res) .

path({A, [HIT],C):—
edge (A, H,B),
path(B,T,C} .

path{C, [],C):—1!.

pathFromRootToleaf (V>>Class>>Num, C) 1 -
path(1,V,C},
naode (C,Valuel~Value2),
(Valuel=[] ;Value2={(]),
(Valuel={]->length{ValueZ,Numb};length(Valuel, Numb) ),
total+Total,
Num is Numb/Total,hasClass (C1,C2),
(Valuel=[]->Class=C1;Class=C2}.

min_cand([H[T], Min)} :=~ min_cand(T, H, Min}.

min_cand([], Min, Minj}.

min_cand ([H|T], Mind, Min} :- H=[V, , ],Min0=[V0, , i,
{ V<V0 ->Minl=H;Minl=MinQ),
% Minl is min{H, Min{),
min_cand(T, Minl, Min}.
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candﬁnode([HlT],CurInstL,[[Val,H,SpliteL}iOtherAttr]}:m
info(H,CurlnstL,Val,Splitel),
cand_node (T, CurlnstL, GthexAttr).

cand_node ([, _,[}):-t.
cand nede(_, [1,[1).

concat3{A,B,C,R):- atom_concat(A,B,R1l), atom _ceoncat{RL,C,R]}.

info(A,CurInstL, R, Splite) :—~ attribute{h, L),
maplist{concat3(a,=},L,L1),%make a good form
suminfo (L1, Curlinstl,R,Splite). %Ll=[size-small,size-large]

$suminfe (+[color=red, coleor=blue],+[1,2,3,4],-info, -Splitlist).

o
k]

suminfco ({H|T},CurInsti, R, [Spiit|8T}) :-
AllBag=CurinstL,
hasClass(Cl,C2),
term to atom(H1,H},
findall (X1, (instance (X1, ,L1},member (X1, CurlnstL},
member {f{1,Ll)}), BagGro},
findall (X2, (instance(X2,class=Cl,L2),member (X2, CurinstL),
member {Hi,L2)),BagPos},
findall (X3, {instance (X3, ¢class=C2Z, L3} ,member (X3,CurInstL},
member (Hl,L3)),BagNeqg},
(H11=H22) =H1,
length (Al1Bag,Nall), length (BagGro, NGro}, length{BagPos,NPos) ,
length (BagNeg, NNeq) ,
Split=H11-H22/BagPos~BagNeqy,
suminfo (T, CurInstL,R1, 8T),
{ NPos is O *~>L1 = 0; L1 is {log(NPos/NGro)/log(2)) ),
{ 0 is HNNeg *->L2 = 0; L2 is {log(NNeg/NGro)/log(2}) ),
{ NGro is 0 -> R= 009;
R is (NGro/MNall}* (-~ (NPos/NGro)*Ll-(NNeq/NGro)*L2}+R1l ).
suminfo({],_,0,{1).
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/% s=========== Post-Data Mining : main program =s===s===== */

FHmm How to run —--——---—-—
1. call id3menu.pl to create decision-tree model
2. then call expertshelll.pl
© 3. interactive with the expert system shell
with the following commands:
> expertshell.

> load. and input *1._knb*.

> solve.

> why.

> qguit
___________________________ */

:—dynamic known/l, answer/2.

expertshell :-
greeting,
repeat,
write('expert-shell> '},
read (X},
de (X},
(X == guit;X == 29},
writeln{'>»>>>>Goodhyve, see you later<<<<'), !.

greeting :-—
write('This is the Basy Expert System shell.'}, nl,
native_help.

do(help} :- native_help, !.
do{load) :— load_ kb, !.
do({solve) :- solve, !.

do {why):— why,!.

do(quit). do(99}.

do(X) :- write{X},
write(' is not a legal command.';, nl, fail.

native_help :-
write{'Type help. load. solve. why. quit. or 99.'),nl,
write{'at the prompt.'}), nl.

load kb :- write (*Enter file name in single guotes (ex. ''l.knb''.}: '),
read{F}.,
reconsult {F}.

solve ;- retractall (known{ _} V, retractall (answer{ , ]),
top_goal (X, V),
format {'The answer is _ ~w__ with probability ~w', [X, V],
assert {answer(X,V)),nl.

solve - write{'No answer found.'),nl.

menuask (Pred, Value, Menu) : -
menuask {Pred, Menu),
atcmicmlist_concat{[Pred,'{',Value,‘)'],x),
term_to_atom(T,X), known(T), !.

menuask (Pred, _}:-
atomic list_concat{[Pred,'{','_",'}"'},X), % check for recorded predicate
term_to_atom{T,X),known(T},!. % not ask again
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mannask (Attribute,Menu) : -
; nl,write ('What is the value for '},
write (Attribute),write{'?").nl,
addchoice {(Menu, MenuRes) ,writeln (MenuRes) ,
write ('Enter the cheolce> '},
read(C),
member (C~V, MenuRes),
(C=99 -> abort ; truej},
atemic_list concat{[Attribute,'(',V,"')"],X},
term_to atomiT, X},
asserta{known(T)).

why:- answer (A,V),
format {'~nThe answer is ...~w... with probability = ~w.~n',[A,V]],
findall{ X , known{X),Result),
writeln{'The known storage are'’},
writeln (Resultf).

addchoice (X,Res) 1~
length (¥, Leny,
numlist {1, Len, NumL),
map (NumL, X,Res} .

map({],[1.,[{99-exitShell]).
map ( [H|T), [XITT], [H-X|T1}) :~ map{T,TT,T1).

ID3-based algorithm with probabilistic values

%
% Rule induction program
2
%

addallknowledge: -
findall ([A], pathFromRootToLeaf (A, ) ,Res) "
retractall{ >> >> },
maplist (apply(assert),Res),
write(addToNB) ,nl. % add to knowledge base

selectRule (V,Res) : -
Findall (N»>X>>Class, (X>>Class>>N, N>=V) ,Resl},
sort {(Resl,Res2),
reverse (Res2, Res) .

path(A, [BIT],C):-
edge {A,H,B),
path(B,T,C}.

path{C, [},C}:-1L.

pathFromRootToLeaf {V>>Class>>Num, C} 1~
path{l,V,C),
node (C,Valuel-Value2),
{Valuel=f] ; Vvalue2=[]),
(Valuel=[}->length(Value2, Numb} ; length({Valuel, Numb}},
total+Total,
Num is Numb/Total,
hasClass (C1,C2),
{(Valuel=[1->» Class=C2 ; (Class=Cl;.

min_cand([H|T], Min) :-
min_cand(T, H, Min}.
min_cand({], Min, Min).
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min_cand([H|T], Min0, Min) :-
B=[V, ,_1,Min0={v0,_, 1},
{ V<VO ->Minl=H;Minl=Min0),
min cand(T, Minl, Min).

cand node{{H|T],CurlnstL, [[Val,H,Splitel] |OtherAttr]}:-
info(H,CurlInstL,Val,Splitel),
cand ncde (T,CurlnstL, OtherAttr).

cand node({},_,{]):-
cand node(_,[],{1).

concat3{A,B,C,R):~
atom_concal (A,B,RL),
atom_concat{R1,C,R) .

info (A, CurknstL, R, Splite}:-
attribute (A, L),
maplist{concat3(A,=},L,L1l},%make a good form
suminfo (L}, CurinstLl,R,Splite).

suminfo {{H|T],CurInsti,R, [Splite{ST}) :-

AllBag=CurlnstL, hasClass(Cl,C2),

term_to_atom(H1l, H),

findall(Xl,{instance(xl,_!Ll),member(Xl,CurInstL},
member (H1,Ll) ), BagGro),

findall {X2, (instance {X2,class=C1,L2) ,membex {X2, Curlnstl),
member (H1,L2)),BagPos),

findall (X3, {(instance (¥3,class=C2, L3}, member (X3, CurInstl),
member (H1,L3)),BagNeg),

{H11=Hz2) -H1,

length(AllBag,Nall},

length (BagGro, NGro},

length (BagPos, NPos),

length (Baglegq, NNeg},

Splite=H11-H22/BagPos-Baghey,

suminfo (T,CurinstL, R}, ST),

( NPos is O *->L1 = {; L1 is (log(NPos/NGro)/log{2)) ),

{ 0 is NNeg *->L2 = 0; L2 is (log(WNeg/NGro)/leg{2)) },

{ NGre is 0 -> R= 999;

R is (NGro/Nall)*(~-(NPos/NGro)*Ll-(NNeg/NGro)*L2}+R1l )
suminfo ([}, ,0,{1).

:- dynamic current node/1,node/2,edge/3,hasClass/2,type/2.

init{AllAttr, froct-nil/PB~-NB]}:~
retractall(hasClass{_, )},

attribute ( class, [ Y1, Y2]),
assert (hasClass (Y1,Y2)),

retractall (node(_, ),
retractall (current_node(_}),
retractall {type{ , ),

retractall{edge{ , , }},

assert (current node(0}) ,

hasClass (Cl,C2),

findall (X, attribute (X, },AlLlAttrl),delete (A 1Attrl,class,ALLALLL),
findall (X2, instance {X2,class=Cl,_},PB),

findall (X3, instance{X3,class=C2, },NB),
length{PB,N1),length{NB,N2),N is N1+N2,

retractall (total+ J,

apply({assert, [total+l}).
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getnode () : -
current node (X},
X1 is X+1,
retractall (current_node(_ )),
assert{current node{X1)})},
X1 «4000. % limit tree size at 4000 nodes

create_edge onelevel( , ,[31}:-!.
create_edge_onelevel {_,[],_):~!.
create_edge onelevel {N,AllAttr, Edgelist):- create nodes(N,AllAttr,EdgelList).

create nodes (N,AliAttr, [HI-H2/PB~NB|T]): -

getnode (N1),

assert (edge (N, H1=H2,N1)),

assert (node (N1, PB~NB}),

append {PB, NB,AllInst},

( (PBA==[], NB\==[])->
{cand_node (AllAttr,AllInst,AllSplite),
min cand(AllSplite, [V,MinAttr, Splitel),
delete (AllAttr,MinAttr, Attr2),
create_edge onelevel( N1,Attr2,Splite}} ; true ),

create_nodes (N,Al1Attr,T).

create nodes{_ , ,
create_nodes( , []

{3y:="'.

o el

mainId3 (Min) : -
init (AllAttr,Edgelist),
getnode (N) ,
create edge_onelevel {N,ALlAttr,Edgelist),
addAllKnowledge,
selectRule {Min,Res),
writeln{Res},
telli(*1l.knb'},
writeHeadF,
maplist {(createRulel,Res),
nl,writeTailF,
told, writeln{endProcess).

writeHeadF :-
format('$ l.knb ~n% for expert shell. --- written by Postprocess'},
format('~n% tep_goal where the inference starts.~n'},
format {'~ntop_goal {X,V}) - type(X,V).~n").

writeTailF:-
findali(_, (attribute(S,L},
format ('~n~w(X) :-menuask (~w, X, ~w) . %generated menu', {5,8,L])}, ),
format{'~n~n%end of automatic post process').

id3menu:-

new(Dialog,dialog('Create Rules from Id3'}},

send_list(Dialog, append,

[ new(Dl, text item{datafile, 'post-operative.pl'}},
new {Per, text item{minPrcb,'0.016')),
button(cancel, message({bDialog, destroy)),
button(enter, andi{message{@prolog,callld3,Dl?selection,Per?selection ),
message (Dialog, destroy})) % enter&destroy

1)

send{bPialog, open).
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@
%

callId3{Dfile, Per}:-
term to atom(Perl, Per),
consult{Dfile},
mainid3 (Perl).

:—id3menu.

% wwwwwwwwwwwww

transforml ({X=V], [Res]}:-
atomic_list_concat([X,'(',V,')'],Resl),
term to_atom(Res,Resl),!.

transforml{ [X=V|T}], [Res|Ti}}:~
atomic_list concat([X,'{',V,’}'],Resl},
term _to_atom(Res, Resl),
transforml (T,T1).

createRulal (L) :~

I=Z>>X>>Y,
transforml (X, BedyL},
format {'~ntype(~w, ~w):-',[¥,21),

myformat {Bodyl) ,
write(' & generated rule'),!.

myformat {[X]):—write{X},write{'."), .
myformat {[H{T]) :—write (H),write{','} myformat (T}.
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% __________________________________

% Data File: Post-operative.pl

% _________________________________________

% class home = after operation patient prepared to go home

% class ward = patient not in good conditicn: sent te general floor
attribute( internalTemp, fmid, high, low] }.

attribute( surfaceTemp, {mid, high, low] }

attribute({ cxygenSaturation, fexcellent, good, faix, poor] ).
attribute{ bloodPressure, {high, mid, low] ).

attribute{ tempStability, {stable, mod_stable, unstable] ).
attribute( coreTempStability, {stable,mod stable, unstable] ).
attribute( bpStability, {stable, mod_stable, unstable] ).
attribute{ comfort, {5, 7, 10, 151 ).

attribute{ class, { home, ward]).

instance (1, class=ward, [internalTemp=mid, surfaceTemp=low, oxygendaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=15}] }.

instance (2, class=home, [internalTemp=mid, surfaceTemp=high, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10] }.

instance {3, class=ward, [internalTemp=high, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStabkility=stable,
bpStability=mod_stable, comfort=10}1 ).

instance (4, class=ward, {internalTemp=mid, surfaceTemp=low, oxygenSaturation=gocod,
bloodPressure=high, tempStability=stable, coreTempStability=unstable,
bpStability=mod_stable, comfort=153] ).

instance (5, class=ward, {internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability-stable,
bpStability=stable, comfort=10} ).

instance (6, class=home, f{internalTemp=high, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=mid, tempStability-stable, coreTempStability=stable,
bpStability=unstable, comfort=15] }.

instance (7, class=home, [internalTemp=mid, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=mod_stable, comfort=5} ).

instance (8, class=home, [internalTemp=high, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=unstable,
coreTempStability=unstable, bpStability=stable, comfort=10}).

instance(9, class=home, [internalTemp=mid, surfaceTemp=high, oxygenSaturaticn=good,
bloodPressure=mid, tempStability=stable, ceoreTempStability=stable,
bpStability=stable, comfort=10] }.

instance (10, class=home, [internalTemp=mid, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=mod_stable, comfort=10] }.

instance{ll, class=ward, [internalTemp=mid, surfaceTemp=mid, oxygenSaturation=good,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=13]).

instance{12, class=ward, [internalTemp=mid, surfaceTemp=low, oxygenSaturation=good,
bloodPressure~high, tempStability=stable, coreTempStability=stable,
bpStability=mod stable, comfort=310] ).

instance {13, class=ward, [internalTemp=high, surfaceTemp=high, oxygenSaturation=excellent,
bloodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=unstable, comfort=15} ).

instance {14, class=ward, [internalTemp-mid, surfaceTemp=high, oxygenSaturation=good,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=mod stable, comfort=10] }.

instance (15, class=home, [internalTemp=mid, surfaceTemp=low, oxygenSaturation=gcod,
blocdPressure=high, tempStability=unstable,
coreTempStability-unstable, bpStability=stable, comfort=15]).

instance (16, class=ward, [internalTemp=high, surfaceTemp=high, oxygenSaturation=excellent,
blogdPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=unstable, comfort=10] ).

instance (17, class=ward, [internalTemp=low, surfaceTemp=high, oxygenSaturation=good,
bloedPressureshigh, tempStability=unstable, coreTempStability=stable,
bpStability=mod stable, comfort=15]).

instance (18, class=ward, [internalTemp=mid, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=10] }.




instance {19,

instance {20,

instance {21,

instance {22,

instance {23,

instance {24,

instance {23,

instance {26,

instance {27,

instance {28,

instance (29,

instance (30,

instance (3%,

instance (32,

instance {33,

instance {34,

instance {35,

instance (36,

instance(37,

instance (38,

instance {39,

instance {40,

instance{4l,

class=ward,

class=ward,

class=ward,

class=hone,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=home,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=home,

class=home,

class=home,

class=ward,

class=ward,
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[internalTemp=mid, surfaceTemp=high, oxygenSaturation=good,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=unstable, comfort=15] }.

[internalTemp-mid, surfaceTemp=mid,
bioodPressure=mid, tempStability=stable,
bpsStability=stable, comfort=10] }.

[internalTemp=low, surfaceTemp=high, oxygenSaturation=good,
bloodPressure=mid, tempStebility=unstable, coreTempStability=stable,
bpStability=stable, comforit=15] }.

[internalTemp=low, surfaceTemp=mid, oxygenSaturation=excellent,
biocodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=unstable, comfort=10] }.

[internalTemp=mid, surfaceTemp-mid, oxygenSaturation=good,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpstability=unstakle, comfort=15] ).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=goocd,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=107 }.

[internalTemp=high, surfaceTemp=high, oxygenSaturation=good,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=mod stable, comfort=1C] }.

[internalTemp=low, surfaceTamp=mid, oxygenSaturation=good,
bloodPrassure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=10] }.

linternalTemp=high, surfaceTemp=mid, oxygenSaturation=good,
bloodPressure=low, tempStability=stable, corefempStability-stable,
bpStability=mod stable, comfort=10] ).

[internalTemp=low, surfaceTemp=mid, oxygenSaturation=excellent,
bleoodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=mod stable, comfort=10] ).

{internalTemp=mid, surfaceTemp=mid, oxygenSaturation-excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=unstable, comfort=15]}.

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=good,
bleoodPressure=mid, tempStability=unstable, coreTemp$tability=stable,
bpStability=unstable, comfort=10]).

[internalTemp=nid, surfaceTemp=mid,
bloodPressure=high, tempStability=unstable,
bpStakility=stable, comfort=10]}.

{internalTemp=low, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStakility=unstable, comfort=10]}).

{internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=mod_stable, comfort=10]).

finternalTemp=mid, surfaceTemp=low,
bloodPressure=mid, tempStability=stable,
bpStability=stable, comfort=10¢]).

[internalTenp=low, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=mod_stable, comfort=1(]).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturatiocn=good,
blcodPressuresmid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10]).

[internalTemp=low, surfacelemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10]).

[internalTemp=low, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=mid, tempStabllity=unstable, coreTempStability=stable,
bpStability=unstable, comfort=10]}.

[internalTemp=low, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=7}).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=gcod,
bloodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=mod stable, comfort=10¢]).

[internalTemp=low, surfaceTemp=low,
bloodPressure=mid, tempS5tability=unstable,
bpStability=stable, comfort=10]}).

oxygenSaturation=good,
coreTempStability=stable,

oxygenSaturation=good,
coreTempStability=stable,

oxygenSaturation=good,
coreTempStability=stable,

oxygendaturation=good,
coreTempStability=stable,




instance (42,

instance (43,

instance (44,

instance {45,

instance {46,

instance (47,

instance (48,

instance (49,

instance (50,

instance (51,

instance (52,

instance (53,

instance (54,

instance {55,

instance{56,

instance {57,

instance {58,

instance (59,

instance (60,

instance (61,

instance {62,

instance (63,

instance (64,

class=home,

class=home,

class=home,

class=ward,

class=home,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=home,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=ward,

class=home,

class=ward,

class=home,
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oxygenSaturation=good,
coreTempStability=stable,

[internalTemp=low, surfaceTemp=mid,
bloodPressure=mid, tempStability=stable,
ppstability=stable, comfort=15]).

[internalTewmp=high, surfaceTemp=high,
bloodPressure=high, tempStability=unstable,
bpStability=stable, comfort=15]}.

[internalTemp=mid, surfaceTemp=mid, ocxygenSaturation=good,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpsStability=stable, comfort=10]).

[internalTemp=low, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure~mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=i0]).

[internalTemp=low, surfaceTemp=mid, oxygenSaturation=goocd,
bloodPressure=mid, tempStability=unstable, coreTempStability= stable,
bpStability=stable, comfort=10]).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
blcodPressure=mid, tempStability=unstable, coreTempStability=stable,.
bpStability=stable, comfort=10]}.

[internalTemp=mid, surfaceTemp=high, oxygenSaturation=gcod,
bloodPressure=low, tempStability=unstable, cozeTempStabl11tyﬁstable,
bpstability=stable, comfort=10}}.

finternalTemp=mid, surfaceTemp=high, oxygenSaturation=good,
blocdPressure=mid, tempStability=unstable,
coreTempStability=mod_ stable, bpStability=mod_stable, comfort=10]).

{internalTemp=low, surfaceTemp=high, oxygenSaturation=excellent, :
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=14]).

[internalTemp=mid, surfaceTemp=low, ocxygenSaturation=excellent,
bloodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=unstable, comfert=10}}.

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=good,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=mod stable, comfort=10]}.

[{internalTemp=high, surfaceTemp=high,
bloodPressure=mid, tempStability=unstable,
bpStability=mod_stable, comfort=10]).

[intexrnalTemp=mid, surfaceTemp=mid, oxygenSaturation=good,
bleoodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=15]}.

[internaiTemp=high, surfaceTemp=mid, oxygenSaturation=gocd,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=unstable, comfort=15]}.

[internaiTemp=mid, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=high, tempStability=unstable, coreTempStability=stable,
bpStability=mod stable, comfort=19]}.

[internalTemp=low, surfaceTemp=low, oxygenSaturation=good,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10}}.

iinternalTemp=mid, surfaceTemp=high,
blocdPressure=mid, tempStability=stable,
bpStability=mod_stable, comfort=10]).

[internalTemp=mid, surfaceTemp=high,
bloodPressure=mid, tempStability=unstable,
bpStability=unstable, comfort=10}).

[internalTemp=mid, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpsStability=stable, comfort=10]}.

[internalTemp=mid, surfaceTemp=mid,
bloodPressure=mid, tempStability=stable,
bpStability=unstable, comfort=10]}.

[internalTemp=mid, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=unstable, comfort=10]).

[internalTemp=high, surfaceTemp=mid, cxygenSaturation=excellent,
bloodPressure=mid, tempStability=unstable,
coreTempStability=unstable, bpStability=unstable, comfort=101}.

[internalTemp=rid, surfaceTemp=mid, oxygenSaturation=good,
bloodPrassure=high, tempStability=stable, coreTempStability=stable,
bpStakility=stable, comfort=10]}.

oxygensSaturation=good,
coreTempStabllltyfstable

oxygenSaturation=excellent,
coreTempStability=stable,.

cxygenSaturation=good,
coreTempStability=stable,

oxygenSaturation=good,
corelempStability=stable,

oxygenSaturation=goocd,
coreTempStability=stakle,




instance (65,

instance (66,

instance (67,

instance (68,

instance (69,

instance (70,

3

class=ward,

class=ward,

class=wazxrd,

class=ward,

class=ward,

class=home,

/* **% Test Data

instance (71,

instance (72,

instance {73,

instance (74,

instance (75,

instance (76,

instance (77,

instance (78,

instance(7%,

instance {8,

instance {81,

instance {82,

instance (83,

instance (84,

instance (85,

instance (86,

*/

class=ward,

class=ward,

class=ward,

class=wazrd,

class=waxrd,

class=home,

class=ward,

class=waxrd,

class=home,

class=ward,

class=ward,

class=ward,

class=home,

class=ward,

class=ward,

class=home,
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[internalTemp=mid, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=10]}.

[internaliTemp=mid, surfaceTemp=mid, oxygenSaturation=ezcellent,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=10]}.

[internalfemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10}}.

[internaziTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=low, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10]}.

[internalTemp=low, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10])).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=mod stable, comfort=10}}.

[internalTemp=mid, surfacefemp=mid, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=10]).

[internalTemp=mid, surfaceTemp=low, oxygenSaturation=excellent,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=mod stable, comfort=10}}.

{internalTemp=low, surfaceTemp=mid, oxygenSaturation=good,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpsStability=unstable, comfort=10]).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=mod_stable, comfert=10]}).

{internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=unstable, comfort=10]).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=unstable,
coreTempStability=unstable, bpStability=stable, comfort=10]}.

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=good,
bloodPressure=high, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=3i0]}.

[irternalTemp=mid, surfaceTemp=mid, oxygenSaturation=excelleat,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=13]).

{internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excelleat,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=stable, comfort=101).

[internalTemp=high, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=unstable, comfort=3]).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bloodPressure=mid, tempStability=stable, coreTempStability=stable,
bpStability=unstable, comfort=101).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
biloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=10}).

[internalTemp-mid, surfaceTemp=mid, oxygenSaturation=excellent,
bioodPressure=mid, tempStability=unstable, ¢oreTempStability=stable,
bpstability=stable, comfort=13}).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturation=good,
biloodPressure=mid, tempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=151}.

{internalTemp=mid, surfaceTemp=mid, oxygenSaturation=excellent,
bioodPressure=mid, tempStability—unstable, coreTempStability=stable,
bpsStahility=stable, comfort=1G]).

[internalTemp=mid, surfaceTemp=mid, oxygenSaturaticn=gcod,
bloodPressure=mid, LtempStability=unstable, coreTempStability=stable,
bpStability=stable, comfort=15]).
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Clustering is a task of grouping data based on closeness or similarity. A standard k-means algorithm groups
ta by firstly assigning all data points to the closest clusters, then determining the new cluster mean of each cluster
ased on the average value of its members. The algorithm repeats these two steps until it converges; that is until
’lhe_fre is ho change in cluster means and cluster assignment among data points. Performance of the algorithm
pends on the number of data points, number of data clusters, and number of iterations. To speed up the clustering
_:cess, we develop the density-biased reservoir sampling algorithm as an efficient data reduction technique. Instead
f$imply randomly selecting data for clustering, we evaluate data densily and draw samples from the dense area.

e proposed algorithm has been implemented with a functional programming paradigm using the Erdang language.



The declarative style of Erlang facilitates a rapid prototyping. Our experimental results reveal the effectiveness i

drawing samples of high density from the Zipf distributed data. The shift of cluster means is minimal, whereas _
decrease in memory usage is significant. The proposed density-biased reservoir sampling technique thus showé_-
great potential on dealing with large and streaming data. Moreover, the Erlang language itself has an importar
feature of concurrent programming on a multi-core architecture that can help speed up the computation of large an

continuously generated data.

Keywords: Density biased sampling, ERLANG language, Automatic data clustering program
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