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In this paper a new way for generatiocn of tha deaision
trees immedigtely from initial data matrix X(N,M) is
proposag,. The use of the featuras axtractad in con=

Junctien with the theory of monobenic systeas iz de-
scribed, The corregspoending algcrithms are estimated.

1. Formulation of the prablem

Formgtion and use of the so=called decigicn trees
(') deaerves deep atteantion, The problem involvas the
following.,

Let us agsume Ghat X(H,M) {8 a final data matrix, whae
H 18 the number of objects and M is the pumber of guantities
Fj in X, in which each element Xij zan have value from
Interval 0 = 1, .uesBie

The decision tree <T,"x>» ia deflied ms g rooted tree
T with a root Fx a0 that sll subtreea T1 of the tree T have
exactly the same seccesacrs as they had in the tree T,Px» ,

The beat declslor troes 12 called g tree £T,Fxp | to
which the gresteat velue covreaponds geocording to the pre—
vioualy determined criterioa of "goodneszs"™,

2, The presant situation

Ta golve bthe gbove-—mentioned problem the algorithms
for formaticn of s declsiovn tree, the criterlon of Mgond—
ness" and an algorithm of extraciion the beat DT are pr o=
posed in 13,

It ia supposed that from data matrix X(H, M) by the
GUHA method [2] elementary conjunctiona Ei, 1 = 1,...,0L,
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ware previously generated whleh are the nodea of g decision
tree, and the corresponding output resulbts D5, B=1,...40:
1,e, slementary implicaticns Kl —-— Dg are determined, For
each Dg its own besi decision bree is generated, Value V=
=4/B,whera &4 i the nembar of cobjecta in X(H,M), for which
Kl-=» Dg f{s true on X, B iz the nuuber of objects in X,
contglolng El, serves gs g crilterlon of "“gdednesa"™ of g
deciglon tree,

It is agsumed that the best decision btree 1s the one
to which the greateat value of griterion V correaponds,

Genersl slgorithm for geperation of the best DT, ac-
sording to [i], is the following:

1) form g tree for Fx gecording to Bk from {E1);

2) datermine the exlatence of one wholea branch from
a root (Cj)Fx to a leaf (i.e, that it containa all quan-
titiea j=1,...48 in the branch as nodea) on € T,Fx >}

3) eaglenlepte the meggure of g DP poodness, If ¥Vx >

» Vmax, then Vmexi= V¥ and elementary conjunctions, cor—
responding %o nedes JEA4T,Fx> |, J=T,...,8, B&H, being
excluded from {K1};

4} if there gre no more trees, Lhep the beas DT is
found, or else determina tha next root quantity and pass
to 1,

For DE foermetion g tgble 1s conatructed which megaure-—
menta

11

Pzix«hNles ';.»:_1 Bj, where li1 - the number of input
quentitiea, HM=M1,

If, for example, M1=10 and Ex=BEj=3, then P=900 cells,

Exanple 1

Let {K1} be a set of elementary conjunctions, gener-
ated by the GUHA method from X, 1=%,...,711. Lat P11, F2, I'3
be input gquantitiea and F4 an output gquantity, For each Kl
it is debarmined, what result Dg=T4 it comes to (see example
in [11).

Let ua introdoce elementery implicationa Kl--=y Dg by
table X(11,4):



3 Fl ¥2 F3 T4
K
1 ! 1
2 5 2
3 2 1
4 2 vdl 1
L - T 2
6 B i 2
7 2 2 2
8 2 i
9 < | 1 2
10 L 2 1
1 T e 2

For example, to the eleventh row of X corresponds the
elementsry implication (3)P1 & (2)F2 & (1)F1 - (2)Fi,

If you neglect the reasulting quantity F4, then at the
exlstence of elementary conjunction K12 (2)F1 from the
root F1 by the dats of tha %able X, s DT is generated

Pl -2 (1)M
— (2)P1 - (2)72
- (1)P2 == (1)F3
- (Z2)F3
-z (FIP2
-3 (31

The node {3)F1 1a a list because an eleneniary con-
Junetion im {K1} equal to (3)F1 & (2)F2 does not exist,

3. A new aclution

Solution of the problem suggested in[1] haa A ome
Taulta,

Firat, the saet of elamentary conjunction {X1}, gen-
erated from X by the GUHA method and the corresponding

elementary implications are the initial for DT ganaration
algorithm, not the initial data matrix X(H,M),

Phe applicstion of the GUAH methed is a polynominsl
process, GUHA does not gusrantee coverage of elemanta of the
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initial data matrix X with generated by it elementsry im-
plicationd Kl—» Dg because of existence of

a) subjective restrictions, The resesrcher deiermines
previocualy the maXimum length of the elsmeantsry conjuncitions,
It ia assumed that the short conjunetions gre "more intepaat
ing" thao long ones,

b) algorithmical restrictiona, They do mot have guick
glgorithms for determingtion of gll elementary conjunctione
in X,

Secondly, the alporithm suggested for generation of
the best DT is guite work-consuming:

1)} the vaage of the GUHA method,

2) vomstructing a tahle for each Fx,

3y detarminakion of exisbtence of bhe whole branch from
g root Fj to g lasf (do there exist sll guantitiesd j=T1,...
sssyll 88 nodes), If 1t is ag¢, we have to determine whether
tnis branch is the best one,

Further we suggest a new approach for reeligation of
the deseribed problem using the theory of mopotonic aystems,
The glgorithma suggested can be used for generaticn of all
DT on the initial data matrix X(H,M), or the best DT om X,
or the corresponding DT also on the matrix of elementary im-—
plications, generated by the GUHA method or by ite analogoes
{(see example 1),

3.1, Depeription of the algorithm
A decision tree (DT) is defined in C1] as follows:

1) in one tree with a roet Fx zll values Fx¢ 1,,..,Bx
are the nodes of the rooti

2) the sequence of gquantities in DT for all branches
#with a root Fx la the same,

Using the eriteriom given in [1] , the best Dt im the
cne which hes the greatest nuober of leaves,

In [Z] the combinatorigl glgorithm for genersting the
bggt DT by the definition abeve directly from the  initdal
dats matrix is suggested, In [3) it is shown that the best
DT is the tree which hss Lhe greastest coverage of elementa
of the ipitlal dats matrix, i,e, the best DT is the tree
with the greatest number of leavaa,
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Below wa will introduce a new solution of the
problem, aspecify s DT, describe the alporithms =nd ecriteris
of "goodnesg" for generating the beat DT,

In (11 it is suggested that from the examined dats
watrix by the GUHL methed Diree nodes are previoualy gen—
ergted, From these nodes various DT are formed and on the
bgzis of the criterion, suggested by the authora, the best
one is defined. From this point of wiew the auggeated cri-
terion satiafies the goals,

In reality it is more complicsSed, For example, dur-
ing tha expert interrogationa g certain part of the a¥parte
mgy give similar anawersz, It means %that the cholce of ori-
teriag of the best I may be put some other way too, tak-
ing ae a principle also frequency of suggestions of certain
gnawers or ite combinations, For ewxample, if we heve two
deciszion branches

1) K9= (2)™ & (2)F2 & (1)F3 given by diffarent  ex-
parts 10 timea and 2) K1C= (2)F1 & (2)F2 & {2)T3 nccordingly
& timez, then at the egual criterico value by [11 they cen
be agual, but E9 ia preferable by the axpert evaluaticn,

Concluding the above desceribed discussion, we will
auggest a new ceritericn snd & new glgorithm generation of
the besat DT direect from the inltial data matrix X(H M),
According to this, to generate from X one node of the tres
laas than 2HM operations zsre needed,

Forther, under the best DT we shall assumes g . whole
branch of DT (from root to leaf), to which the ETeatest
eriterion value T (will be determined further) correspondsa,

The algorithm for DT formation suggested below is bosed
upon bthe theory of monotonie aystems [4,57, To creste &
monotonic aystem on X the so-called fregquency comversion
dageribed in [5] iz wsed,

Let X(H M) bte g final metrix of nominal data, whera
sach element Xij may bave a value from the intervsl Cj=1,2,.
""133*

In glgorlithm & we uwge the followiur deaotetions:

¥ - the subset of X, Xrex, ot 'ext, x° = x(u,uM),
max 1 £ K

51 = the table oi Tregquencies of the subszet 11, Al+q
: J‘l -
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ALGORTTHM

A1, Find frequensiea for every auantity J=7,,..:M
values Cj=1,...2j from X° (they form eble 4®) and find
the greatest of them: MAN:=max|Cjl. Fi=ji Ti=Cj; l:=0; ti=0y
Et:=(Y)F,

A2, Tind from X objects which contain s Et, They form
detas uwmebrixz E;*1.

43, Pind frequencies for every quantity J=1,...,M
values Cf=1,,..,8j from xi+1 (we form tabls &1+1}. ti=ta,
Phe volues of quantities, whose frequencies gre squal to
the value of MAX, form an elemsntary conjunction Kt-ﬁ{Iu}Fu
with a frequency MAX,

A%, li=141, If sll gquentitiss sre described in Et,
then DO 42T e=a1™? = 41, 1:al=1, If 1=0 then go to A5, ExD,
Go to AZ.

A5, The end of the algorithm

The freguency of the elementary conjunction is a
monotonle function of weight, Elementary conjunctions K%,
sgparated by the algorlithm A4, are kernals gccording to +the
theary of monotonic systems [4], The corresponding theorems
ere proved in [3],

Let us repreaent the slements of the sot {K1% (zee
exanple 1) in the form of a dota matrix ond sssuming that
Zero corresponds to "ia not determined™, we obtain the data
matrix T(11,4)1
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Table of frequencies for gquantities in X is gs follows:

J M F2 F53 W
S

L] 2 3 (2] (1]

1 1 3 3 &

26 SN -y

3 2 ;i 0 ]

Exaompleae 2

Using X ss the initisl for the slgorithm A4 and assum—
ing that

a) zerc value is not comsidered in the analysis,

b) the quantity P4 ias not considered in formation of
bz,

o) sequence of quaotities in the DT is not defined
previcualy, then in answer to the algorithm A ussge, wa
acquire the following DT:

& 3 1
1) = (2} =» (1IF2 =2 (1)F3 (=10)
1
- (2)F3 (=10}
2 1
==  (2)F3 — (1)F2 (=9)
.
- (1)F5 & (1)F2 (=8)
1
-3  (2)F2 (=72
1
— (3)F2 (=7)
& - 2 1
2) —» (2)F2 —> (1)F3 —=p (I)F1 (=72
1
- (2)F1 {=5)
1

= (M & (1F3 (=6)
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3 1

3) —» (1)F2 & (2)P1 — (1)F3 (=7)
-‘
-> (2)F3 (=7)
3 2 1
4) —> (1)F3 —» (2)F2 —> (3™ (=B)
1
% 1)F2 & (209 (=5)
2 1
5) = (2)F3 & (2)M1 —> (1)F2 (=5)
2 1
6) ==> (3)F1 —3 (2)F2 & (1)F3 (=4)
-i'I
7) —> (3)F2 & (2)M ({=2)
't »
B8) == (1)F1 {=1)

In the represented trees the numbers above the pointera
indicate fraqguency of a conjunction corresponding to the
code j (it is an elementary conjunction which contains all
antecedent to the node j elsments ()Fx of the tree), For
axgmple, in the DT Mo, 1 1({2)M| =E,Hl(2]11&(1}FEI=5. etc,

We suggested the measure T = 5], where 5] is

welght of the node J, me a criterion of the DT branch "good-
ness",

The combination of velusa of gquantities (see example
2, tha fourth branch of DT No, 1) may asrve ss g noda, Ac=-
cording to (1] it means that there is no branch from the
root node ()Fx which contains all quantities as the nodes
of DB, On the bgale of our suggestions and the oriterion of
the DT "goodness™, quantities, which belong to the node j,
are not geparated in relations to the node J-1, i,e, we do
not prefer any of them.

If in the node j there are several elements (aa a
combination of velues seversl quantitiesa), the weight of
the node is celculated as S)= Qj « Zj, where Qjis the number
of elements {)Fx in the node ] snd Zj 1s an elementary conjunc-
tion freguency in X corresponding to the node j,
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The corresponding values of the critericn T are given
in tha breckets through the lgbal "=" gt the énd of each
branch of the DT, The messurement T of esch node - of g DT
ia calculated immediately in generation of DT,

Let ud agsume that the ipitial valoe of the measure-
ment T=0 e;nd gfter genergtion ¢f the firat braoch Tmex:=T1,
Then for each following branch b we may lmmedistaly aay
whathar it is better or not: if Tb > Tmax then Tmax=Th,

Forming a DT with tha halp of tha algorithm A, for-
maticn of a new branch does not begln from the roct Ex, butb
from the antecedent node b-1, If there are no more patha
from this branch, then it is from b-2, ete, Por each’ node
the corresponding measurements egual to g sum of welghta of
the previous nocdes are recorded, If in the formation of &
new branch from a node b a value U (so-called forecast)
U=Ty 4 + (M=b) +« 5b <Tmax (where Ty_,ie the measurement of

the previous ncde to b, M~b is the number of this branch
quantitiea not yet described), then we may finish formation
of all branches from this node, because the measure T will
always be less than Tmax, This is determined by monotonoos
of the weight function,

If for the succedent root of DT its forecast U< Tmax,
then wa finigh work of the algorithm A, becsuse we cgnnot
find a new branch on X whese measure T> Tmax,

Toerefore in our exsmple we have to form only three
completed branches:

& 3 g
—3 (2)P1 —» (1)F2 == (1)F3 =10)
1
-3 (2)F3 (=10}
2 1
—r (2)F3 - (1)g2 (= 9)
U=b42¢ 2210 < 2 Tmax=10
For
(=) b
— (2)M —=> (1)P2 & (1)P3 —»,,. and we go to
Uz3e6u18>Tnax U=642+1 < Tmax form & new DT

from rook (2)F2.
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For the next branch
4 2
2) == (Z)F2 ~ (1)F3,,, wa finigh the formation

of branches from the
Us3«4> Tmax  Usi+2e2< Tmax node (2)F2 and go to &

new rootb.
3
U=Fe 3= < Tmax
Since alresdy for the root of the tree 3) the forecaat
U< Pmgx, the beat DT is found and there is no reason to

procesed,

How let ua concentrate our attention uponm a peculiarity
of measure T suggeasted by wa, You may have noticed that itas
value can change if the sequence of quantitiea in the branch
changes, It means that the algorithm & determinas also
the sequence of ateps F1,...,Fn in making decisions, i.e,
what is the beat gequenca of leading to the required result,
The best gegquence is the ons to which the greatest valope of
a function T correaponds,

Taking into account alsoc the resulting quantity F4 in
choosing the beat DT, the shape of the generated DT atrongly
changes, becguse depending on the values F4, we obtaln  two
best DT, cne for the data matrix X1 ard the other for I2:

1) I1(5,3) and 2) X2(6,3):
1. 2 3 % 1 2 F &
i B 1 R s ol 11 % .0 .9 2
L o 1 Y ARThPun B
32 e 2. 3% 02
A Qo3 401 &L 3 0O 2 2
o Lo SR - 5 2.1 1.2
______ el % 2 1 2

4. Concluaion

In conclusion, we will present the final algorithm of
extractiug the beat DT,
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ALGORTTHM B

B1, =0, j=1, Y=1 (contents of ¥ is Mo, of g branch
=j).

B2, By the slgorithm A we generate ope pode j of DE,
Let us computa the forecast U=Tj-1 + (M-j)=5j.

If U< Tmax, then if j=1 (the node is a root), then
go to B3, otherwise Jj=j-1 and go te B2,

If the node j is & leaf, then Tmax=Tj, T=j, j=j+1 and
g0 to B2,

B5, The end of algorithm,

This slgorithm ensures g falrly rapid proceas of
generation of the beat DT from the initial data matcix
X{H,d), because there 18 no nead for preliminary formation
and tracing of all DT, By the suggested criterion T we can
preliminary to value "goodnesa™ of DT, i,e, if it can aserve
a8 the beat DT, or not, If the value of the forecaat for a
root node la not greater than Tmax, then according to the
suggested algorithm, the beat DT is found,

If we take into account that the search for the com-
bination, corresponding to the node of LT, differs froam
the combinatorial algorithms ond needs no more than 2HM
operations, then the generaticn process of the best tree
is very fast.

The slgorithm suggested enablea ua to generate also
K of the besat DT, or even the worst one, Adding to the algo-
riths B the requirement that in s genersted tree the sejuence
of quantitisa related to a root should be equal for all
brgnches of the DT, then it is possible to gepnerate also
DT according to definition [1],

The slgorithms described sbove are reglized on PO
IEM/AT,
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honoboonsete susteemide teooria rakendusest
otgugepuude formeerimigel

Kokkuvote

Esesolevas artiklis esitatakse uus lahenemine na, obtx
ausepunde formeerimiseks, neiat parima leidmiseks wahetult
nominaslsete algandmete maatriksist X(N,M) ilma koiki  ot-
susepuid labimata, Kirjeldatud lshenemine pShineb monotoon-
sete susteemide teocorisl, =ositatakse vastavad alzoritmid,
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