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DEDUCTIVE DATABASE/TOP-K RANKING/MEMBERSHIP FUNCTION

In this research, we study the problem of ranking top-k answer for deductive
database. Top-k ranking is the selection for the best k information to answer the
question that has ambiguity in the query. In the past, there have been several
researches proposed to find top-k answers with scoring function technique to reduce
ambiguity in the question. But the research that uses membership function technique
is quite a few. This research thus proposes top-k ranking technique with membership
function for deductive database to improve performance in the ranking of top-k
answers in deductive database by ranking only data range of interest. We show
comparative results for each kind of membership function using datalog language for

top-k ranking and using membership function to evaluate membership value.
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1. Trapezoidal Function
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1. 92A9U (Atom)

A 1A Y 9 A 3 A v a
’am’auﬂ’am‘w!,mumamammﬂmmmaﬂmjﬂ Iﬂﬁl 1 9gaou ﬂgﬂigﬂ'ﬁlﬂl’lﬂﬂﬂﬁlLW'ﬁﬂ

. 4 ]
1IAN (Predicate) HAZWIU(Term) LBU
path(A,B).
a . A oA 9 9 9 v W
- INIAAN(Predicate) ABAINUNUAIIUDAINY ﬂ%ﬂigﬂﬂﬂqﬂﬂﬂﬂﬂﬁﬂﬂyi

v o A

o Y q9 o Ay y 2 9 9 o o A g 1 % o 1 A
2P IGRI) mu% NUTY IﬂﬂﬁJ‘U@‘U\iﬂ‘U ADVEADIVUAUAIYAIDNH T WNUNLANINTIUY Glumamﬂu
A a A
FAUNTAANAD path
o A a g & A
- WA (Term) ﬂﬂﬁﬁuﬂizﬂf]‘]Jﬂ'lEJGlu"UfN!Wiﬂ!ﬂﬂ Iﬂﬂﬁnﬂﬁmﬂuulﬂﬂﬂfnﬂ\i‘ﬂ
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2. V0119934 (Facts)
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edge (a,b).
edge (a,c).
edge (b,d).
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MIndornavsanidudodiedn szansansylagiuiniadlandueiaie vin
9 o 1 I a A ] Y v A1 Q3 a A S 9 <3 A A
A1901m101W91 edge (a,b). Wuasanse lusznawlanuiitnilues e esnniidernoiein
3 a ] 1 o 1 I a ]
edge (ab) Wuvsalsingeglugiuanud uamndldowdiomwa edge (a,d). Wuvsansols

o 1 3 a 4 < a . I a 1 ]
Maoude laiiluaie ot ndemansai i edge (a,d) nasalildlsingeglugiuniuglae

g2 Yy 2 any 9 o X
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edge (a,b).
edge (a,c).
edge (b,d).
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3. N§)(Rule)

ngAegUuuUYeInWIIe InsoduReu v lumsmmae 1wy

path(X,Y) :- edge (X,Y).

v Y H S [ 1 1
Falaen 1 ng@eutiuinazai ldgmsmanug Tnq 18 wu

edge (a,b).
edge (a,c).
edge (b,d).
path(X,Y) :- edge (X,Y).

Mt lddeioaseaase 11/i

9 <3 a Ay Y Y 1

GUEJLW]%Nﬂllﬂmﬂgmmmgwuﬂg
edge (a,b).
edge (a,c).
edge (b,d).

Yy & a Any

uazdoinaa39n lannngpath(X,Y) - edge (X,Y).
path(a,b).
path(a,c).
path(b,d).

242 nalpmsmamazienyluaidiaen

a2 .
1. M358 (Recursive)

Ao O Y =

g A A o Y g A Y g 1
Lﬂumimmamtymmmywnmaaﬂ mmmﬂmymwmaaﬂ‘lwmﬁnum N

o @ 9 [ = A =1 %’ 9 ] Y ] 1
i]"llﬂuﬁﬂx‘i’f)"lﬁﬂﬂﬁl"‘uEJ‘L!ﬂg]‘VIlIﬂ"IiLiEJﬂ‘ﬂf"llflj”IiJHf’JEJGI,uﬂ"ISWTﬂ’JHIEGh’ilJﬂ YU
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edge (a,b).
edge (a,c).
edge (b,d).
path(X,Y) :- edge (X,Y).

path(X,Z) :- path(X,Y), edge (Y,Z).

Yy 3 a Ayy YA 1

Fo1na939n Iwanguanuiniiey
edge (a,b).
edge (a,c).
edge (b,d).

Y & a Any

mamiﬁ]im"lﬂmﬂﬂ;]path(x,Y) - edge (X)Y).
path(a,b).
path(a,c).
path(b,d).

uazdeiinnzai a0 ona19nngpath(X,2) - path(X.Y), edge(Y,Z).

path(a,d).

2. Was (Negation)

o J ]

a { [ { ?x’z [~ a
M3 ldiias asn1snaidesnislianudunusneguuliiluase Tasazly

U

o v

yanwal Tt 130 notdan0eusY

edge (a,b).
edge (a,c).
edge (b,d).

path(X,Y) :- edge (X,Y), not edge(a,c).

T01M9397 1801nAgpath(X,Y) - edge(X.Y), not edge(a,c). i
path(a,b),
path(b,d).



19

3. Extensional Database (EDB)

A Y & a Ayny Y 1
EDB ﬂﬂl“ﬁ@"l]’f]\iell@mfl]"l]ﬁ\i‘ﬂ]lﬂi]”lﬂi"luﬂ'ﬂllg (YU

edge(a,b).
edge(a,c).
edge(b,d).

22 181 u99 EDB A0 {edge(a,b), edge(a,c), edge(b,d)}

4. Intensional Database(IDB)

A Ay ¥ Y
IDB ﬂ’EJLGIfWU’E)\‘lﬂ{]VI1ﬂﬂ1ﬂﬂ1ﬂ§1uﬂ’31h§' LB

path(X,Y) :- edge(a,b).
path(X,Z) :- path(X,Y), edge(Y,Z).

22 1810049 IDB Ad {(path(X,Y):-edge(a,b)), (path(X,Z) :- path(X,Y), edge(Y,Z))}

5. Herbrand Universe

4 A

4 Jd a U {2 { 1 1 a
1gesIUTUAYIIOI T AolsaveIaInINNInuafioglugiunnd 1wy auyaad

g dade il
edge (a,b).
edge (a,c).
edge (b,d).

9218 Herbrand Universe = {a, b, c, d}

6. Herbrand Base

¢ 4 A = ! A .
S GRSIRRTCIS TG ﬂm@mmmﬂinaz@aummumﬂmmﬂsmgiu Herbrand Universe
1 Y

{ ] ] a a l a [ f
Taof liauladomonssiinadu wuauyatigiuanuiaail

edge (a,b).
edge (a,c).
edge (b,d).
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9218 Herbrand Universe = {a,b,c,d}

11y Herbrand Base = {
edge(a,a), edge(a,b), edge(a,c), edge(a,d),
edge(b,a), edge(b,b), edge(b,c), edge(b,d),
edge(c,a), edge(c,b), edge(c,c), edge(c.,d),
edge(d,a), edge(d,b), edge(d,c), edge(d,d)
H

7. Minimal Model

A o ? &4 Y Yy & a Aa X & I o

ﬂmwmmmﬂauwwmﬂ‘mﬂu"lﬂ"lﬂiﬂaﬁu%m@mmiwmﬂmu SEILHAATND UUD
=

Minimal Model 921U31n0gluIrAR1AOUYDI Herbrand Base @01BUNY 15U auyAIN

4
gruanuiassae Ui

edge (a,b).
edge (a,c).
edge (b,d).
path(X,Y) :- edge(X,Y).

path(X,Z) :- path(X,Y), edge(Y,Z).

9218 Herbrand Univers = {a,b, c,d}

Herbrand Base = {
edge(a,a), edge(a,b), edge(a,c), edge(a,d),
edge(b,a), edge(b,b), edge(b,c), edge(b,d),
edge(c,a), edge(c,b), edge(c,c), edge(c,d),
edge(d,a), edge(d,b), edge(d,c), edge(d,d),
path(a,a), path(a,b), path(a,c), path(a,d),
path(b,a), path(b,b), path(b,c), path(b,d),
path(c,a), path(c,b), path(c,c), path(c,d),
path(d,a), path(d,b), path(d,c), path(d,d)
b

118 Minimal Model = {
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edge(a,b), edge(a,c), edge(b,d),
path(a,b), path(a,c), path(b,d),
path(a,d)

b
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Q
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VoyanaAn

top-|

Y
“azeglugiunuasae il

q(X,S) <- 3Ybody(X,Y), S = f(p,(z)).

Taeh

A @ o A I o
X pomnsuannzitlumaouved query

v o

A o A 1 [
S Ao LY SMNUMAZLUUMTIADUAVAINOY

Y o

A o ~ 9

Y Aedautlssesildlszneumsaumney
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body(X,Y) e disjunctive vosadaenazaen 19iuiden lvilszneumssummaey
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zAoFaveennai wieauslu X Wie Y
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¥ Y ) k4 Y . . A 1 o
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2.6 ldsupsuaored (Datalog Education System)

Tisunsuaded Wullsunsunamisalssumuiaidiaonla (@usna1ilvaa

=1

% g’z a 4
14917 http:/des.sourceforge.net)  Ha1Usunsuadiea Ineuuuiidumesma uazuyy

command prompt Llﬁﬂ\‘lﬁ’igﬂﬁ 2.13

a S —
e
File Edit Project View Configuration Help
CisEa=1 1ty

consult process listing dbschema open_db dose_db abolsh o Is p\@ |

B~ ) DES3.2 New El
i~ & aggregates.d
- §p aggregates.ra
O agaregates. sgl 1 I
@ bomd
@ factd
@ famiy.dl
L kg family.ra
@ family.sgl
e kg relop.dl
[ DEoST Dataloy FOUCACIONAl SySCem w.o. =
* *
* Type "/help” for help about commands *
* ® .
* Fernando Saenz-Perez (c) 2004-2013 #*
* GPD UCH *
* Please send comments, questions, etc. To: *
* fernan@sip.ucm.es *
* Web site: *
* http://des.sourcefcrge.net/ * E
* *
* This program comes wWith ABSOLUIELY MO WARRANTY, is *
* free software, and you are welcome to redistribute it ¥

* under certain conditions. Iype "/license™ Ior details *
****************

Mew Grammar: bytes | Lexicon Configuration: default || 1:1 || MumLines: 1 INS | 11:11:01

51% 2.138wme i laves Tusunsuddioa

9 9
mslFamldsunsuadealunuided 1z 14lu 4 juu o5uneldasl
3 R : . .
1. BDUERUIW (query) Hlumsszyuuudouny Maoui IdvzasanunuudounIun

seyad i) uaasdlegamsszymo uazmnouhn ldasgln 2.14
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r ™
[ ACIDE 0.9 - DES3.2 b
_—

File Edit Project View Configuration Help

E02Earm? @

consult process listng dbschema open_db dose_db EE

) DES3.2

Q aggregates.dl == E‘

v aggregates.ra

i) aggregates.sgl 1 |node (=)

. @ bom.dl 2 |node (B) .
@ fact.d 3 |node {c} .
@ famiy.d 4 [node {d) . o
@ family.ra 5 |edge(a,b). [P UBUR
@ famiy.sql & |edgela,c). v
i@ relop.dl 7 |edge (b, d).

g |edge{d,c).

DES3 path (X, ¥Y):- edge (X, ¥) {(— P QUery ﬁa@uﬂ’]m

Info: Processing:
path(X,¥) :-
edge (X, Y) .

path(a,b), > ﬁ’]ma‘u
pathia,c),
pathib,d),
pathid,c)
}
Info: 4 tuplea computed.

DES>

MNew Grammar: bytes || Lexicon Configuration: default | 4:9 | MumLines: 8 INS | 11:05:11

d‘ (% 1 o A
519 2. 14@ e amsmwmonluldsunsuadiod

U

v ) 1 Y
puvaeuaunsyyn liiedunidiaou fie path(X,Y) Tasiitouluasaelii

path(X,Y) :- edge(X,Y).

AMuINEYes I AD 1FAa path(X,Y) Taefitonluin 9804 edge Mdouan X 'l v
99ziFenN path(X,Y)ﬁW]@‘]_l‘ﬁL‘ldJullﬂﬁ'mﬁ;@ull"uﬁizmﬂﬂﬂﬁﬂ
{
path(a,b),
path(a,c),
path(b,d),
path(d,c)

.. . = 9 A 3 ° A
2. Disjunctive query 3¢iIaseainluguuumagen Wugduuumsommaiwni

vy 9 ° ' &Ly Y ' Yo A
LﬁuﬂNﬂu“ri1ﬂWI’e‘)‘Umﬂmmmmummﬁmm@ElN"lﬂmg‘iJ‘w 2.15
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F k!
[§ ACIDEOS - DES3.2 [E= >

File Edit Project View Cenfiguration Help

CERE-A 1 IOEY

consult process listing dbschema open_db dose_db EE

=) DES3.2 . E'
- (g aggregates.dl
- @ aggregates.ra
- @ angregates.sql 1|e=dge(a,kb).
@ bom.dl Z |edge (a,c).
- i@ fact.dl 3 |edge(b,d).
- @ family.di 4 |edge(d,c) . |
- @ family.ra S path{X,¥) :- edge(X, ¥).
- g family.sql 6||path({¥,¥) :- edge(X,Z), edge(Z,Y).
- (@ relop.dl
DES» path (X, ] . v
{ ng) 1u§ULLU‘U Disjunctive query
path{a, b},
pathia, c},
pathia,d),
pathib, c),
path(b,d),
path{d, c)
}
Info: 6 tuples computed.
DES>

MNew Grammar: bytes | Lexicon Configuration: default | £:35 | MumLines: & INS | 11:10:51

L — = e = 4

A o ' ° . A . 24
319 2.1509819msnpuMa g IuDY Disjunctive query TuTisunsuAdioa

131t 2. 155 umsa e pathey) ufeliudaudunia vie path fienTeann X
Tés yagiiszylugmanud ezl patX Vamnsamiminen'ld 2 maden
Tagmadonusn Tannngpath(X.Y) - edge(X.Y). 92 lamaow el
{
path(a,b),
path(a,c),
path(a,d),
path(b,c),
path(b,d),
path(d,c)
¥
Aumadeniians 1AvInngpath(X,Y) :- edge(X.Z), edge(Z,Y). 12 ldmaouuanuiionin

A A a g A
NNABDNUININUANYUUT D



path(a,d),

path(b,¢)
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=) 3 . A = 3 A o " o A
3. MILTINYT (Recursive) ABNITLITINNY W) Lwammmuiugﬂgmﬂwu ﬂ\ig'ﬂ‘ﬂ 2.16

E¥ ACIDE 0.9 - DES3.2

T T

File Edit Project View Configuration Help

DEsE-A I KR

consult process listng dbschema open_db d(@

=) DES3.2
O aggregates.d
O aggregates.ra
- @ aggregates.sq
i@ bom.dl

@ famiy.d

w- igh family.ra
O family.sql
i@ relop.d

edge.pl El

edge {a,b) .
edge {a,c) .
edge (b, d) .
edge{d,c).

L JRL N ISRy X Ry

path (X, ¥)
path (X, ¥)

- edge (X,Y).
:- path(X,Z),edge(Z,¥).

DES> path(X,¥).

{
path{a, b),
pathia,c),
pathia,d),
pathik, c),
pathib, d),
pathid, c)
t
Info: 6 tuples computed.

DES>

vV 4 ¥
ﬂ{ﬂugULLUUﬂ’]iLiEJﬂ”lﬁ

m

New

Grammar: bytes || Lexicon Configuration: default || 8:34 | MumLines: &

INS || 11:52:12

d' v 1 [ = % ax
717 2.1667081umsae o Tugduuuvesmsisonsr lulsunsuaviea

110317 2.16 a1iiu 1871 path(X,Y) Timsengunsann path 999ngpath(X,Y) - path(X,Z),

A ° A4 o 2
edge(Z,Y). NI UNINNANYUN

v v W A 9 9 = 9 [ =\
4. NFIADUAY top-K ADNITAUNIVDYALASIADNUDYANT K 9UAVLTN Iﬂﬂugﬂl!‘ﬂﬂ

Y
aaae i

Taeh

top(K, order_by(p(X,Y), [Y], [d])).

A o Ay o
K AU IUNADINITANDU

A a Ay v v
p ABINIAANNABINITINBDUAL
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(X, Y)foauals w?aﬁwmﬁﬁag:mﬂ“lumiamﬂ

[Y] fedautsiladlums sasusy

[d] ¥szyinzlisasusuedluguunla cunsald [d) wie [a] Tavdi [d] AeldBusdidy
nnn liles uaylal AnldiFesdduanniesliin

fvgramanaumain a suduusnluTilsunsy adwa Tasmimuald k=5 uaaldaq

)
O AcDE0S-Dess2 T— oo 5 [

File Edit Project View Cenfiguration Help

(=« O2@akem

consult process listing dbschema open_db c@

lI &-{J DEs3.2 opk.pl El

- i aggregates.dl
- ig) BOgregates.ra
- ) aggregates.sql 1| :-type(test{name:string,amount:int)). |+
- &g bom.dl 2 |score('a",10).
g fact.dl 3 |score('b",15). =[N
&g family.dl 4 |score('c’,13). T
- igh family.ra 5| score{'d", 3).
- family.sql £ |score('e’,9). N
- 4 relop.dl 7 |score('£',11). -

»

DES> top(5,order_by(score(X,Y),[Y],[d])).

Info: Processing:
anawer (X, Y)
in the program context of the exploded guery:
answer (X,¥) :-
top (5, "$p0" (¥, X)) .
sp0t (Y, E) -
order_ by (score(X,Y), [¥], [d]).

anawer (b,15) , —> ANROUIINNITINDUNU top-k
answer{c,13),
anawer(f,11),
answer(a,l10),
answer (e, 9)
}
Info: 5 tuples computed.

DES> &7

C:\Users\User\l Grammar: bytes | Lexicon Configuration: default | 8:1 || NumLines: 8 INS | 12:05:35

d' U ] o . U aA
gﬂ“ﬂ 2.176wgumsaoumaasuauusn Tullsunsuadod

U

a t-'i t-'i 4
2.7 J1HIVENINEIVD]

v
v 9 o v o @ Aav aA

a ! 2’, v <
NUIBNNITOINVNITIABUAY top-k uuﬁu1mJ18«?0%mu"lﬁ'mmmnwumi
Y

W IauoIUIAANMIIABUAY top-k ttazMsUSUIFI6anes NuMIIABUAY top-k Aaae 11l

T3] A.71. 2006Umberto Straccial7,8] lAtauaIzn153asua top-k Iaal¥daneii 3

o a

anesnuAe Disjunctive Threshold N13 14 top-k retrieve engines Uag N3 19 Naive solution 39
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v o 9 Y 9 . . ' Yax . . ?
U Uﬂl@ﬂgﬁﬂ?ﬂm’iﬁlﬂf scoring function WANITNAND ﬂi1ﬂ§]’ﬂﬁ‘1ﬂ1ﬂﬂ‘ﬁ Naive solution U
o Y o 1 = SR v Y [ Yy 1 9
sufuvzdeamuialunnas tuples ¥9019920D9NANAU tuples aawald luazainlunis 1y
M3IIAOUAD top-k Tugadoyantivuialng dau3ATn3 top-k retrieve engines 321N HINTU
9 A <] ax v v W £y @ a KR .. . Y v
gadoyaNTvLIAEN 1azIBNIIAOUAD top-k AI8BANDI NN Disjunctive Threshold 1ANAANT
I {0 {
Hunimelanga
1138871 Umberto Straccia[9] 1alaueITnssasudy top-k aredanes nuuyuyIn
Y U o @ a X I [ [ ° Y A A
Aremsuendiumsiauvessanesnueentu 2 diu Tasluarvusnezsimihngen
. Aq ¥ a o Y 1 Y A 2 o Y A o 1
predicate N1150FU18n137191UYDING(rule) HAIAIAD INAIUN 2 FINHINNAIUIUAT score
1Az IAOUALLIADY tuples
13l A.91. 2012 Umberto Straccia 182 Nicolas Madrid [10]1@1uauedsmsmuin
v o o Y [ Aa X 1 9 . .
1azIAOUAL topk A80ano3sNuLUUINN 1aen15 1% membership functionHan15NAADY
1513111519 membership  function 191M1FITASUAD dwrsavildnsTacud Ll
a a A 2
UszanTmmnunguu
Y o @ 9 A~ 1 1
Agnes Achs [2] laviuaueginunvesmsianisdoyaniiniuluuivenlasns
¥ UA fuzzy knowledge-base TH1IA1G N1 background knowledge ttazindusInsead wuog

mamuaaidlul 1diwerh llfuise vieowmudanesinaun

9
v A

[ 9
fﬂ']ﬂﬂﬁﬁﬂ‘HNWH’J%EJﬁlﬁﬁl’J‘ﬁI@\i NUINITIADUAU top-k Glmmazmm%uuwmﬂ%’m
scoring function (& membership function Tumsdtaouay top-k "IIEN"f’lijy'a Tag scoring
. o 1Y [ % [ 9 d‘d = a 9 g‘/ d’d ]
function lflﬂﬂgﬁTVi'i‘UﬂTii]ﬂf)’L!WUGU’EHJ”'ﬁ“VIiJﬂ’JHJﬂ'qNlﬂifﬂﬂfJWﬂ'lﬁﬂﬂsU’ﬂiJ”ﬁ“VI\‘lﬁiJﬂﬂiJﬂg
@94 membership function 1HNIZAIMTUNITIATUADTOYANTANUAGUIATD TABTIITA
' 9 ' = au AN Y o v o v 9 =
IRWITHINUVDY AT INT U Glmmnau"lﬂwwuﬂﬂmﬂiummﬂauﬂu top-k VoNUDYan
Y v a 9 ] = 9 9 a o v Y a A
ﬁ'HJﬁﬂGl“Ifﬂ’Uﬂ']iWiniﬂl1“1]@3;!@111!%’3\‘1%1!\‘1‘]ﬂ’]fJﬂ151“1111/1?]14?]ﬂﬁﬂWH’]ﬂlﬂ'lﬂﬂﬂ‘h’uaiﬂ‘lfﬂLW@
v v o 9J < 9 1 9 Jd o a 1 J o Y
NITIADUAD top-k Iﬂﬁlllﬁﬂ\‘lal?im‘1!"11’E'JLWIﬂ@lN"ll’fJ\‘lﬂﬁi%’ﬁ\‘lﬂ‘]ﬂ!ﬁﬂﬂfﬂilﬂlﬂﬁ%ﬁﬂﬂ“h’l!“lfli 4

Jd o o [ ao A [ !
Wanduuag IahmsuSeuiiounuauiseon q a3d1daeaisien 2.5
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ti' = a o d' d' 9 [ [ [
ATTINN 2.5?[?1.]&1]%3‘1.]?”31.]\1’]1!3 gNINYIVVINUNITIADUAY top-k
] NUIVENNEIVD4
NISUIUDTITINNNIU
1] U f D]
Aan v o o
A5NITIAOUAL top-k
8ane3 Ny Threshold v v v v
Naive solution v
Top-k retrieve engines v v
Fuzzy set v v
MWL
Datalog v v v v
Datalog™ " v v v v
Scoring function v v v
Membership function v v
"U@U!sllﬁsll@ﬂﬂ'ﬁ?ﬁ/ﬂ
uienagevlszansom v v v v
uiierauenuIfa I v v v v
L @ a
imsdszgnaldnudeyania v v v
Av A A 9 vy
HNAL16) JTHUYNINYIVDN ﬂixﬂ@ﬂl’lﬂﬂ'}ﬂ

N UNUIIUIVYYBY Umberto Straccia. (2006ab) [7,8]

U UNUNUIVIVDI Umberto Straccia. (2007¢) [9]

f LNUIUIVIVDI Umberto Stracciatld Nicolas Madrid (2012) [10]
3 UNUNUIIBVDI Agnes Achs (2007) [2]

9
 UNUNUITBYR NI NUT ATV
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= v v W

a o tdyd 1] d A o AA o =
NUIBUNINYY T AIANOANHINITIADUAL top-k GU@\‘]ﬂ']ﬂ@‘UGlUﬂﬁﬂlcﬂﬂ']ﬂ'uﬂJﬂq'nJ

Q

A 9 Y a o v v @ o A A 9 v o =2 &
ﬂtjll!ﬂﬁ'ﬁiﬂEITJ3$Qﬂﬂcl“lﬁlix‘]ﬂﬂﬂ15§]ﬂﬂuﬂﬂﬂ’l§l@ﬂﬂ!ﬂﬂﬁﬂlﬂ\iﬂ’]ﬁnuﬂuﬂig‘]f'lﬂijaﬂclﬁlﬂu

9 A A Y o =] 9 a o dy
VOYANTUAUIINTUIAT 1an uazummu‘nﬂclugﬂuuummgmmayauiut’J Tuunilee

1 =R A a o d' A d' FY a o 1 Aa v = =
NA1INY A5N5IV8 1ATOINN 1% 1UN5IY LRASNITUIUNITANC UBINTTIVY Taelis1oaz0oa

Y
[

=\
U

U

3.1 NSOUUUIAAVDINITIVE

@

a @ a A a v v W Y Jd o a o o o 9
HUIAAUANVDINIUIYUAD NITIADUAU top-k ﬂ’)ﬂﬁﬂﬂ%uﬁhﬂfﬂﬁWﬁiﬂuWﬂﬂﬁl%lu

9 a

Y ' a aou &2 < g v 2 .
mumanauiuﬂﬂElmm'iaumm’e)“]JLLu’Jﬂﬂ“ll’e‘JNmai]ﬂﬁaf)mﬂu 2 YUNDU Ulﬁlllﬂ ﬂlu@l@uﬁ 1

EX] QU

v v
N139ANQU(Clustering) HAZUUABUN 2 NMITIADUAY top-k

311 Tueaui 1: 35M339angH (Clustering)

9
% oA 3 Y 1 o o
GULW’]@LlLliﬂsllﬂ\‘]ﬂ”liﬂ”lﬂ!ﬂﬂTﬁ]gLﬂuﬂ1§ﬂﬂﬂ@ﬂﬂgl}ﬂialla Tﬂﬂﬂzm%uammu

Uszwns Tanfsaunndszmenaz hilduteszausiuiulszanns vtenguuesdoya

]
1 I3

< ' 1 A AA o ' o Y A
aamﬂu 3 nquy Tﬂﬂﬂ@lllliﬂﬂi’]ﬂi%mﬁ‘ﬂuﬂ”miu‘ﬂi%ﬂﬂﬂi@giui%ﬂﬁu%)ﬂ NQUNTOIAND

Q

'
AA o

Uszmeniisaulsznnsogluszauhunais wagnguganenolszmeanisuaulszsns

agluszauunlagazlinsouuuina Az 3.1
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v aatoualuduiidhusuau
Toya g
sz1ns vaz¥elszme
A\ 4
uieFIveyan T IuIY
v 1lszang
Ay Y 1 9
uNUNUYaNIBFIT0YA
Nulsemnsg

A 4

o 9 v v W
hdoyalUIaoua wpk

ﬂﬁ 3. lﬂiﬂﬂlluﬁﬂﬂﬁ‘ﬁﬂﬁﬁ]ﬂﬂau (Clustering)

d' a [ 1 9 g’/ [ [ dy
%Wﬂ‘i’lh/] 3.1 ATDULUIAANITIANQU ﬂ%ﬂi%ﬂ@ﬂqﬂﬂﬁﬂ 4 YUADUYDY AU

Y ]

Y
1) mmauaiumumﬂummuﬂﬁ Glﬂﬂ'ill,a‘““lfﬂﬂﬁ MNADBNUN mawm“lumn* ‘ﬂEJ“Ijlqlx‘l

]
A

lAns9aduaY topk vostmaulszanns Tan Jelddoyafiossiurvilszang Tanuazdo
Uszma

v 9 o 1 3 oA ' A
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4 9y = 1 Ao o 1 [
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A Y ' 9 ° A o ¥ A ™ '
3) unundoyaslerisdoyadiuiulszains Aemshdeyadiunssangulu
9y v
JunounpuIMURYadey AN
TAA

4) SSUAY topk Aemstasusmtenlud Alamvua vz ladoyagaluuninsg

SAS U top-k Adou'ly
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2.

YV v U Y

312 Yumeui 2: MIIAIUAL top-k YBIYDNA
o A Y { I v v W o
nmsaniumslutuaoui 2 szidunstadudy wpk vesvoyasiuI
Uszans landirumsdangu Tasaziihgadoyalunaaz nquudasuay opk amSoulun

glammvuadli) Taelinsounufadagili 3.2

qou lvndlFimua

U

>
i

)
3¢
=

U top-k

y

UMY 52HINT top-k

v o 4
duaumuou v

d' a v v W 9 U 1
517 3.2n50UUUIAAMITIAOUAY top-k mawayja“luﬂqmaa

U

v W 9 Y d 1 @ d"
INOUA top-k VOIUDYA ﬂzﬂigﬂﬂﬁll‘ﬂﬂilﬂ 3 UUNDUIDY AU
A 9 d‘ 9 1 1 1 9 9 1
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2) 3A8UAY top-k muieu luidldszadnun Tasmsiasadeulunglddesnsda
v v 9 J
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d‘ 1 v o @ 3’./ v 9 9 Y o [ A
3) WeHIUMITABUAY topk  Tuvuaeuneunii gy sz laouduilszmanasiny

] v 1] 4
[oulangldmmua oihdeyagaill1dauae 1
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3.2 M999NUUUDANDINY

321 eenuuudanasnumMsdangudeyad1uIulsz1nsanddg k-means
8ano3 N k-meansd2 1FMANNITAALLT (Partition) uUeIAgTIUIU N Aalu

) 3 o Y ' vy A T -
ﬁmmagaaamﬂummu kN AYNITUNULUADSNYUAIYAURAAYUBDINQY Fapunastozilu

4 J

9 Y
fgﬂﬂuﬂﬂmwmﬂquiumiam:azmwm%’ay‘amwmhﬂqmamﬂu VYUABUNITUUINQN

G

]
=1

#0020 NY k-means uaadlaaagil 3.3

/ quAIYDIYA centroid /

MUIVTZHZHTZNINTOYANDYA centroidiiazin

9 9 '

n‘ 1 9/:'
TJoyariinguieglnanga

l

MuIaA1 mean Tuunazngulny

mean

4
nlasunlag

/ s1eudeyalunaazngudos /

!
Lo

v 9
51N 33AUnARIUADUNMITANGNAIBAND3 TN k-means

G

Y
o/ v

d' A % [ 1 Y [ a R =1 o dy
mﬂgﬂw 3.3ﬂi’]PNQ"I'Lli'l«lﬂ”lii]ﬂﬂquﬂ’m@aﬂﬂiﬂll k-means TagNvuADUNITINUATH
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1) ielim3isusiau agsiimIguaicentroid (SUAUTIUIU k AN

v

2) MNAIINGUA1 centroid FNAU IAUAI9ZTINITHITTEZHINTENINTDYANUYA
. 9 a0 Y . v A 9 £ 1% ] 1 g
centroid ¥nUayalalia1lnan19a centroid ngulaunnga voyayatuzgnined lunguiy
3) NAIINMITZEZHIV0ITYANTUNNAD TUTOLINIAD 929 INITAIUIUAT mean
lunaazngudmiuiivuanicentroid Tnal 1agiia15w111AImean ldounilasnse 1 wina
= A Y 2 o ¥ 9 a Y o ' '
meanfim3lasunilas aznavluisuvide 2 nazde 3 DnATIIUNTZNIAT meanvoILAAZNQN
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4) o meantianua lifmsiasunas vz 18%eyayaluif 185 umsutanguudn
322 99nUUUSaNeINNMIIAOUAD top-k
8aN3INUNITIABUAY top-k w2 1¥ndnnsveanssdmsumuIan
score YBUAAY tuples 1A1DINA score 71 1AUITASHAY $11490 k Suduusn Taesudeyatiun
afsay 1 tuples LAZHAIVINAIUINA score U tuple vt arunda vzsmsaseaeuig

Ao ] o o ' A ] 3’, v v w Y o A
doyanda lugninnmiuaun score W30 Il Tastiunoumsdnouay op-k uaaslanagili 3.4
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File Edit Format View Help
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[3 ACIDE 0.9 - DES3.2 N o o e |

File Edit Project View Configuration Help

B u @ . . \_P] @ . | consult process lising dbschema open_db dose_db abolish od Is E|

=S| D!ESS.Z test.pl B
- igh aggregates.dl

- ig) aggregates.ra - - n
- i@ aggregates.sql :-type (test (name:string, amount:int) ).

- igh bom.d|

g fact.dl test('aa',1).

1
&
&
@ famiy.d i Nl dummuariavestoy
3
7
a

@ family.ra test({'cc',3) .| E
- igh Tamily.sql tesc('dd', 7).
- igh relop.d teat('ee',12).
test('fL',14).
9 test{'gg",33).
10 cesc('hh',22).
11| test{"ii',8).
12 | test('53",14). L
13| test {"kk',19). [ @IUUBYD
14f test("11",31).
15| test {("mm", 15} .
16 [ test{'nn", 25} .
17 | test('o0’,29) .
18 jtesc{'pp',32) .
13 ftesc{'qg',39).
0fceat(tert 71, | i
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[ £ Weka Explorer EIL

Preprocess | Classify | Cluster | Assodiate | select attrbutes | visualize | 1 |

[ Cpen file... :| [ Open URL... ] [ Open DB... ] [ Generate... ] Undo [ Edit... ] [ Save... ]
Filter
[ Chooze ]|Nune |[ Apply ]
Current relation Selected attribute

Relation: datatest Mame: xplane Type: Mumeric

Instances: 7 Attrbutes: 2 Missing: 0 (0%) Distinct: 5 Unigue: 3 (43%)

Attributes

Statistic Value I
Al ] [ Nane ] [ Invert ] [ Pattern ]

Maximum [
Mean 3
B RELE StdDev 4 2
2| Jyplane
3 Class: yplane (Mum) - [ visuglize Al

I

Remave

1 35
Status
0K

507 3. 7mhaneTdsunsunaz dausznouaen Tu weka 3.6
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o oA Y ] [ I 1 [ A
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===

About

displayStdDevs
distanceFunction
dontReplaceMissingValues

maxIterations

weka. dusterers. SimpleKMeans

Cluster data using the k means algorithm.

False

ManhattanDistance -R first-last

False

500

Capabilities

numClusters

2

preservelnstancesOrder

seed

Falze

10

o] |

Save...

] [ oK ] ’ Cancel

U
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| Preprocess I C\assn‘y| Cluster ‘ Associate I Select attributes I Vlsuallze|
Clusterer
I Choose ]|5impIeKMeans -M 2 -A "weka,core, ManhattarDistance -R First-last” -1 500 -5 10 |

Cluster mode Clusterer output
@ Use fraining set o
B === Model and evaluation on training set =—=
() Supplied test set Set...

(7) Percentage split % |os
(7 Classes to dusters evaluation kizans

{Mum) yplane
[¥] Store dusters for visualization Nurber of iterations: 2
Sum of within cluster distances: 3.2
] Mizsing walues globally replaced with mean/mode

Ignore attributes

Cluster centroida:
Stop Clusters

Result list {right-click for options) Lttribute Full Data 1} 1

22:59:42 - SimplekMeans (7} {5) (2)
xplane 2 2 2.5
yplane 3 3

m

Time taken to build model (full training data) : 0 seconds

=== Mopdel and evaluation on training set =—=

Clustered Instances

] 5 | 71%)
1 2 { 20%)
A 1 3

Status

ok #xuﬂ

d‘ U 1
31U 3.9Tuwaveamsdangu

U

A 9 A o 9y oA a a g Y
103N 3.9 voyangnialveglungui 1 UNavua Stuple ARLIlY 71% vosvoya

9 '
[ 1 =

A A a 4 @ Y 1 VoA A . 1
NUUA UAsTIUNKADDN 2 tuple Anu 29% Qﬂ%ﬂiﬁﬁ]giﬂﬂqu‘ﬂ 2 14939A centroid YDINYN

]
S A

N 1 uazngui 2 Ao (2, 3) 1az (2.5, 6) MUAIAY

doyangnineglungui 1 1aun 2, 3), (5, 1), (2, 2), (6, 4) uaz (1, 3) daudoyangn

U U U

valreglunqui 2 1aun (1, 5) uag (4, 7) fagali 3.10
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ﬁ testcluster - Notepa |- =

File Edit Format View Help

Brelation datatest_clustered

Battribute Instance number numeric
Fattribute xplane numeric

Fattribute yplane numeric

Battribute Cluster {clusterd,clusterl}

Edata

0,1,5,clusterl
1,4,7,clusterl
2,2,3,clusterl
3,5,1,clusterl
4,2,2,cluster0
5,6,4
6,1,3

r

socluster)
socluster)

r

r

519 3. 100095 10021BERVRITOYANAIHIUMTIANGY

333 MSIAOUAD top-k
=} Y- 1 (% w % g’/ =) % |l
msizenlyllsunsuluaiuueansdsndual opk Huazligdunvuazaieda

msisenlH1sunsumsvaoua opk Azl 3.11

top(K,order by(predicate(Name,Amount,Score),[Score],[d])).

51U 3. 1130uuumsGen 19 TUsunsumsIAs UAY top-k

1ngUa 3.11 AegluuumsBenldlUsunsuludiuveinsdaoudy opk Tasiian

Y
IR

v

A o [ A o
K ADUIUUDIDUAUNADINIT

. A A Ad 9
predicateIDFONTWNNUUDY A
A A .
Name A9 Dattribute
A oA EY o 1 3 a
Amount f"li’]ﬂ”lVIi"lfll.!ﬂ”liﬂ”lu’Jmﬂ”lﬂ’J”llllﬂuﬁﬂJ”l"ﬁﬂ
A J I a
Score ﬂ?)ﬂ”lﬂ’a”lulﬂuﬁiﬂﬂfﬂ
v o o Y Y Jd o a . . o A 4
ﬂﬁi]ﬂ@uﬂ‘i_lﬂilflﬂ"licl%ﬁﬂﬂ%uﬂll”lﬂfﬂ Triangular  Function Tﬂamwummu"lmm
d'd 1

9 9 YA (% A v W = A Y v A
mmmimauamﬂﬂﬂamﬂmu 18 UINNFA 5 OUALLLITN E‘ﬂllﬁﬂl,"‘llﬁlmﬂﬂu]lsll]lﬂﬂﬁﬂ% 3.12
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% Triangular Function

total(Name,Amount,Score):-test(Name,Amount),Amount < 18 ,
Score = max(0,((Amount-0)/(18-0))).

total(Name,Amount,Score):-test(Name,Amount),Amount > 18 ,
Score = max(0,((40-Amount)/(40-18))).

topTotal(Name,Amount,Score):-top(5,order_by(total(Name,Amount,Score),[Score],[d])).

‘]Jﬁ 3. 12L!€‘Tﬂ\1!,\1’f)u"lﬁlﬂUﬂ”lii]ﬂ’f)‘l!ﬂﬂﬂ?flﬂﬂﬂ%uﬁﬂﬂ%ﬂ Triangular Function

dl a d‘ [ [ 9 o dy
1ngA 3.12 awnsaesineteu lumsiaouay Taael
- 1 Amount UANTBENI 18 MIAIUIAT Score = (Amount-0)/(18-0)
- §1 Amount UAININAIT 18 MIATUIUAT Score = (40-Amount)/(40-18)

A A 1A 0 o ' I a A A 1
- 1D Amount f"l’f)ﬂ"l‘i/ﬁ]%‘lﬂllTﬂTLl’JﬂlﬁTf"l1ﬂ'J"l§JﬁJ1!ﬁ3J']°lfﬂIﬂfW] 40 11az 0 ADAIFIFA

[
=1

:, [ o w 1 { v J v v W
nazaga lumsvesdoyanaulanudin naz1s Aearnaulesz lawadnsn1saoua top-

k e Triangular function ﬁﬁgﬂﬁ 3.13

File Edit Project View Configuration Help

1] B iy
(") f‘) B B p Q‘jﬁ B | consult process lstng dbschema open_db cose db abolsh cd Is pwd verbose noverbose license builns help | )|

B0 DESE.2 testpl [k

-G aggregates.d 1
- & aggregates.ra T e . ] A
- agoregates.sql 19 |testi'qy’,39) . A 2 o
e | el douluiiim
@ factd 21 . 4
- family.dl 22 |[sTri =]
@ family.ra 23 |[total (Wame, Amount, Score) : -test (Name,Amount ), Amount. < 18 , Score = max (0, { (Amount-0)/(18-0))).
@ family.sql 24 |[total (Wame , Bmount, Score) : -test (Name,Anount ) , Anount. » 18 , Score = max{(0, { {40-Bmount)/ {40-18))) .
@ relopdl 25 [[topTotal (Wame , Amount, Score ) : ~top{S, order_by(total (Hame, Amount, Score) , [Scorel, [d]}) .

. s

DES> topTotal (Name, Amount, Score) :—top (5, order by (total (Name, Amount, Score), [Score], [d])) - 1

Info: Processing: \
topTotal (Name, Amount, Score)
in the program context of the exploded query: ) 2 v v v
topTotal (Name, Amount, Score) :— ﬂ’]il’iﬂﬂ(‘l%ﬂqiﬂﬂal‘lﬂu tOp k
top (5, "$p3" (Score, Amount, Name) ) .

'Sp3' (Score, Amount, Name) :-—
order_by(total (Name, Amount, score) , [Score], [d]) .

m

{

topTotal (Kl 10 0 0545454545 4SAS4¢6)

topTotal (rr,17,0.9444444444444444),

topTotal (ff,16,0.86888568858680888), 9 o o o v Y
topTotal (mm, 15,0.8333333333333334) , VOYAUAINNNMIIADUAVAIY
topTotal (hh,22,0.8181818181818182) —> 7w . .

N Waneu Triangular Function

Info: 5 tuples computed. W

C:\sersWser\Donnloads'des \Project\test. ol

Grammar: bytes | Lexicon Configuration: default | 18:15 | NumLines: 43 INS | 00:04:37

ﬂﬁ 3.13 LAAIHAANT INATIABUAL top- kY Triangular Function
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911n317 3.131109A0UAD top-k A28 Triangular Functionaz ladeyaniialndifesny

U

18 1nfiga 5 sudy 1&un kk, rr, ff, mm tazhhIastiananudluaindn 0.955, 0.944, 0.889,

0.833 118 0.818 AIUA A1

(% v 9 1

@ Jd o a o 4
M5 UAVA8N1T 1¥WIAFUA TN Trapezoidal Function Tagniviuadeau 1y

9 9 Aa Y A 1 = ~ v W = A Y o =1
G]i’]xiﬂ”li"]]ﬂuﬂ‘vmﬂﬂﬂamm%?ﬂ15 03 21010NgA 5 BUAVLUTN ﬁﬁJﬁﬂHJfJuN@l!llsllllﬂﬂﬁﬂﬂ

Y U

3.14

% Trapezoidal Function
total Trap(Name,Amount,Score):-test(Name,Amount),Amount > 15 , Amount < 21 , Score = max(0,1).
total Trap(Name,Amount,Score):-test(Name,Amount),Amount < 15 ,
Score = max(0,((Amount-0)/(15-0))).
total Trap(Name,Amount,Score):-test(Name,Amount),Amount > 21 ,
Score = max(0,((40-Amount)/(40-21))).

topTotal Trap(Name,Amount,Score):- top(5,order_by(total Trap(Name,Amount,Score),[Score],[d])).

A A v o v 9 Jd v 2 . .
gﬂﬂ 3.14!&@1’@\1!3@1!“1"1111'!ﬂﬁ*ﬂﬂ@uﬂﬂﬂ’)ﬂﬂﬁﬂ“ﬁuﬁnW%ﬂ Trapezoidal Function

Y
v A

A a A v v W Y

17 3.14 awnsoesieteu lumsdaouay laaed

- 1 Amount TAININAI 15 1A MDY 21 A1 score IETAUNNY 1

- 1 Amount TANTPEAN 15 MIAUIUAT score = (Amount-0)/(15-0).

- §1 Amount TAINAI 21 MIATUIUAT score = (40-Amount)/(40-21).

A A 1A ) o 1 I a ~ A 1
- 1§10 Amount AvAmRvzIIABMIMANUIUAINFn Tagh 40 uaz 0 AvA1gaga
o ' 9 A o w VA v 1 1 a A VoA 9

uazamge lurnvesdoyanaulanuday wazmiuinnit 15 ua lunu 21asmnauleez 14

v J v v W [ {
HAANTNITIADUAUtop-k fe Trapezoidal function ﬂﬂg‘ﬂﬁ 3.15
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File Edit Project View Configuration Help

p—
IJ ?) H LJ \E $ @ | consult process listing dbschema open_db dose_db abolish od |s pwd werbose noverbose license builins help _)|

& J D_E53'2 tESt‘D‘ E
i~ @ agaregates.d

n_; aggregates.ra I [test{Too™, Z5].
- @ aggregates.sdl 16 |test{'pp’,32).

- & bom.d 19 |test{"qq'.39).

' '
20 |test{rex',17). A 'l ac
. Noulunmuua
i 22 |3Tra |5|
23 | totalTlrap(Name, Amount, Score) :-test (Name, Amount) , Amount > 15 , Amount < 21 , Score = max(0,1). b |
i Z4 | totallrap(Wame, Amount, Score) :-test (Mame, Amount) , Ameunt < 15 , Score = max(Q, ((Amount-0)/(15-0))).

25 | totalTrap(Name, Amount, Score) :~test (Name, Amount) , Amount > 21 , Score = max (0, ({40-Amount)/ {40-21)})
26 |toplotallrap (Name, Amount, Score) :-top (5, crder by (tetallrap(Name, Emount, Score), [Score], [d])).

28 | 8Tri

»

DES> topTotalTrap (Name, Amount, Score):-top(5, order by (totalTrap (Name,Zmount,Score), [Score], [d]}}) -

Info: Processing: \
topTotalTrap (Name, Amount, Score)

in the program context of the exploded gusry: = o v o o
topTotalTrap (Name, Amount, Score) :— ﬂ']jlﬁﬂﬂ[l{’]fﬂ’]iﬁ]ﬂauﬂu tOp‘k

top (S, '$p4' (Score, Amount, Name) ) .
'Sp4' (3core, Bmount, Name) :—

m

order by(totalTrap(Name,amount,Scors), [Score], [d]] -

{
topTotalTrap (ff,16,1), 9 o v v o Y
topTotalTrap(rr,17,1), VOYANAININNITIADUAVAIY
topTotalTrap(kk,1%,1), —> o
[ @
topTotalTrap(hh,22,0.94736084210526315), ﬂ\jﬂeh'u TrapeZOldal FunCthn
topTotalTrap(j3,14,0.5333333333333333) L
1L
Info: 5 tuples computed. o
I C:WUsers\User\Downloads \des\Project \test. pl Grammar: bytes || Lexicon Configuration: default | 22:5 | NumLines: 50 INS | 22:18:15

{ v J v v W
g‘ﬂﬁ 3.15 UAAINAANTNITIADUAY top-k f Trapezoidal Function

91N 3.15 1W0IABUAY top-k A28 Trapezoidal Function 9 ldtoyaniin1lndifea

G

1 . v W ' 1 I a
5T 15 D9 21 wnfiga 5 suauusn laun £ mr, kk, hhiag jjlaolinnnuduandn 1, 1,

1,0.947 118 0.933 AUAAY

v o Y

v J o a o 4 1
N1TIADU mwmﬂ%’ﬁm%uﬁm% Left Shoulder Function Iﬂﬂﬂ"lﬁuﬂﬁﬂullsll’ﬂ

U

9y 9 A Y 9 ~ v W =S A Y o ~
aosmMstoyania lnaineeany 18 UINNGA S DUAVLLTN ﬁ1ﬂ13ﬂlellﬂUL\‘]f]uvlsllhlﬂﬂ\‘]§ﬂﬂ 3.16

% Left Shoulder Function

totalLFunction(Name,Amount,Score):-test(Name,Amount),Amount > 18 ,
Score = max(0,((0-Amount)/(0-18))).

topTotalLFunction(Name,Amount,Score):-

top(5,order_by(totalLFunction(Name,Amount,Score),[Score],[d])).

A A v v v Y J o a .
gﬂﬂ 3.16l!ﬁﬂﬁlﬂﬂu1m1Uﬂ1§%ﬂ@u@ﬂﬂjﬂﬁQﬂ‘BUﬁNVBﬂ Left Shoulder Function
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Y
v A

tﬂ' a Li' v v W 9
1ngii 3.16amn300F 110U lumsvasua Tdasil
- §1 Amount Tin1feena118 M3fUIMA1 Score = (0-Amount)/(0-18)
A A 1A ) o 1 I a A A 1o '
- 1fio Amount Aomiisziunduammanuiuaindnlasio Aemdmgalusia
{ ' { v J v v o
yostoyandulonazis Aemfiaulevz lanadnin159A0UAD topk @20 Left shoulder

function ﬁﬂgﬂ‘ﬁ 3.17
3 acipe 0o - pesz A T

File Edit Project View Configuration Help

NE-d I IEKy |

Ly

consult  process

listing dbschema open_db dose_db sbolish cod Is pwd verbose nowerbose license bultins help J‘

=) DES3.2 testpl 3
- aggregates.d
- & aggregates.ra T g g =
- i agaregstes.sgl 17 |test('oo', 29).
@ bom.dl 16 |test('pp’, 32).
- @ factdl 10 ltestitag, 39). i
- @ famiy.d 20 |tesc{'rr',17). E|
@ famiyra 21
@ family.sl 22 |sL A Ao
- @ relop.d 23 |toralLFunction (Name, Amount, Score) :-test (Name, Amount) , Amount < 18 , Score = mabﬂ@mb]lﬂh%ﬂﬂmuﬁm.
24 | topTotal LFunction {Name, Amount, Score) :-top (5, order_by (totalLFung (Mare, Amount, Score) , [Seore], [d])].
25 -
DES> topTotallLFunction (Name,Amognt, Score) :—top (5, order by(totallFunction (Name,amount, Score), [Score], [d])) . ol

Thfo: PIocessing: |

N

a v v o o
ﬂ?ﬁliﬂﬂi"]ﬁﬂ"ﬁﬁ]ﬂﬂﬂﬂﬂ tOp-k

topTotallFunction (Name, Amount, Score)

Inm the program context of the sxplodsd guery:
topTotal LFunction (Name, Amount, Score) :—
top (5, '$p4" (Score, Bmount,Name) ) .
'Sp4"' (Score, Amount,Name) :—

m

order by (tctalLFunction (Name, Amount, Score), [Score], [d]).

topTotallFunction(rr,17
topTotallFunction(f£, 16

,0.9444444444444444),
,0.888686868888888488) .

topTotalLFunction{mm, 15
topTotalLFunction{(jj,14
topTotallFunction(ee, 12
+
[nfo: 5 tuples computed.

,0.6333333333333334),
,0.77T7TT77TTTITTTE) ,
,0.6666666666666666]

\Users\ser\Pownloads\des \Projecttest.pl

Gramua .
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Wa ﬁ( %¥U Left Shoulder Function

Lyes | LeAn

I AU 1 WSS | Jo L | NI e, a0

INS | 22:42:21

{ v J v v W
gﬂ‘ﬁ 3.17 UHAIWAANTNITIADUAU top-k @28 Left Shoulder Function

1031 3.17

M 18 MINNGA 5 BU

v

13109 UAD top-k A28 Left Shoulder Function 3¢ 1avayaniialndifes
4

v v A

AU AU , ff, mm, jjuaz

0.778 1ag 0.667 ANA1A1

v v v

G

Y A

eelaoiannudluansn 0.944, 0.889, 0.833,

Y ) o a . . ° A '
N173ADU Uﬂ?ﬂﬂ?ii%ﬂﬂﬂ%uﬁﬂ\l'ﬂﬂ nght Shoulder Function Tﬂﬂmwummu'lm’n

Y 9 Aa
G]’E)Qﬂ"lile@Na‘Vl?Jﬂﬂﬂ

G
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=

@ ~ Y =S d' Y o 1
AUAYINT 18 WINNTA 5 DUALLLIN ﬁ']lﬂﬁﬂlsllflumﬂunhlllﬂﬂﬂﬁﬂﬂ 3.18

U

% Right Shoulder Function

totalRFunction(Name,Amount,Score):-test(Name,Amount),Amount > 18 ,

Score = max(0,((40-Amount)/(40-18))).

topTotalLFunction(Name,Amount,Score):-

top(5,order_by(totalLFunction(Name,Amount,Score),[Scorel,[d])).




‘]Jﬁ 3. 18LLﬁ’ﬂ\1N’E]uleUGlumSﬂﬂﬂuﬂﬂﬂ)ﬂﬁﬂﬂ%uﬁﬂ’l%ﬂ Right Shoulder Function

1n317 3.18mM

Y A
- 91 Amount Uf

- Lﬁ’ﬂ Amount

Yo

3J'IiﬂE]‘ﬁ‘]J'IEJNﬂu"laUﬂ'lﬁlﬂﬁluﬂ‘UllﬂﬂQu

11AN 18 MIAIUIAUAT Score = (40-Amount)/(40-18)
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File Edit Project View Configuration Help

NE-A 1 Tk 1

consult process listing dbschema open_db dose_db abolish cod Is pwd verbose nowerbose license bultins help J‘

=) DES3.2
- @ aggregates.dl

testpl 3 |

- & aggregates.ra
- i agaregstes.sgl
-+ bom.d

L@ factdl

~o@ famiy.d

Il e fmiva
@ family.sql

- @ relop.dl

TETESTT I 29T
17 |test('on',29).
18 |test('pp’, 32).
15 |test('qq’, 39).

a0 |test('er', 17) .
21 /

A A o
Rou lynfvua

ZZJ iR

24 [ topTotalRFunction (Name, Amount, Score) :-top(S, order_by (totalRFunction (Name,Amount, Score), [Score], [d])) .

23 | totalRFunction (Name, Amount, Score) :-teat (Name, Amount) ,Amount > 18 , Scors = max(0, ((40-AZmount)/(40-18))).

[m]

||| DES> topTotalRFunction (Name

,Amount, Score) :—top (5, order by(totalRFunction (Name,amount, Score), [Score], [d])) |

|| Info: Processing:

topTotalRFunction (Name, Amo

topTotal RFunction (Nams, Amo

'Sp4"' (Score, Amount, Name)
order by (totalRFunction(

top (5, "8p4" (8core, Bmount,

unt, Score) \

in the program context of the sxploded guery:

=1 9 v @ g
untrSoore) i M3i5onl¥MIvAouAD top-k

Name) ) .

Name, Amount, Score) , [Score], [d]) .

topTotalRFunction(kk,19,0.
topTotalRFunction(hh, 22, 0.
(| topTotalRFunction{nn, 25, 0.
topTotalRFunctionf{oo,29,0.
H topTotalRFunction(l1l,31,0.
|

$545454545454546) ,

e181810181818182), ToYaNaIINMITAUA A
&818181681al81818), —>

3.
4090909080505091)

a9 Right Shoulder Function

H Info: T tuples computed.

m

C:\Users\User\Donrloads\des Project\test.pl
I

Grammar: bytes | Lexicon Configuration: default || 56:1 | MumLines: 55 INS | 22:53:25

‘]Jﬁ 3.19 UEAAINAANE MITASUA top-k f Right Shoulder Function
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93U 7N 3.191193A0UAD top-k 728 Right Shoulder Function 92 IadeyaniiaIndiAe

U

A 18 MIAAGA 5 SURD A3l kk, hh, nn, oottaz I1Tasiiananuiluainn 0.955, 0.818, 0.682,

0.5 148 0.409 MINA1AY

Aa v

3.4 psesienlFlumside

Y

A A Aq Av A Y s 7 S oA
Lﬂﬁ@\?ﬂ@ﬂi%ﬁluxﬂu?*ﬂﬂu ﬂ'3'8ﬂ’E)‘iJﬂ’JEJ815@&&')3&!;@3%@%]@]&05 PNU

A3

4 a d o [ ] v v W o

1. 1n503AoNN RS d T uNa Tsunsunstnoual topk Toyadwauilszrng

=) =) % tﬂy
Tan Taglsrvazioen Al

- nU2esZuIaNanaN ; Intel® Core i5-2410M CPU @ 2.30 GHz 2.30 GHz

- 11UI8ANTIT1309 640 GB

- ¥11U8ANTINAN 8.00 GB

A 4 [ a 3
- gUnsaliaiudun wu and ufluiui dludu
a o d o [ @ v v W

2. szvvigiiamsuas Tlsunsualsggnddimsumswann T sunsun1s3adual top-k
doyadwauilszanilan Usznovldae

- Sz‘]J‘]_I‘]Jﬁ 1UANS : Windows 7 Ultimate 64-bit Operating System

- ineeloTumsuangy :Weka 3.6

- in3eeiie lumsaur1dsunsy : Datalog Education System3.2
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UNH 4

msnageutazenisiena

Y

Aa a Y I o a
mMsnaaevlszaninmvesszuuiu szdlumsSeuieunmsaeumoiudlemaiia

v a v o P ) N ' o &R = Y] )
MR 89 1A SUALLTNAEWINTUTINFIuaazTInTU 9 lumsfSeumneuns lalensu

a g I ' 1 Jd o . .
amnFnuuszitlumanfFeuiiounsldaulusznineaegWansu Ao Trapezoidal Function

~ o . . 1 Jd v . = [
158 UN8UNY Triangular Function 11825212 19WINTU Left Shoulder Function (1/381Ne 1Ny

Right Shoulder Function

y 1]
41 deyanl¥lumnaaeu
lumsnaaeumsnsumaIualemaiinnIssaEod 1 suauusnuuunguaielu
) Y Yy =2 Q9 A v o . =
gudeyaisivelFioyaasgiu Fuiludeyamernuiuiuilszsins lan (Population) 1l
v v
2012 @1150A17 1%an 18N hitp://databank.worldbank.org/data/  TnsdoyanInuaii21g o1 3
[ 4 9 A 1 A [ =~ = o [
Aedut Ysznoudie Feilsuma(de)¥olsume wazsmuiudszring Taelisieavidenadiodng

9 o

ToyanInNIT 1N 4.1



A o ' 9 o .
ATT NN 4.lGI’J’E]EJN‘U@Hﬁ%1u3uﬂ3$“ﬁ?ﬂiiaﬂ (Population)

48

Forlszime (€9) Forlszime uaudszring
ABW Aruba 102,384
ADO Andorra 78,369
AFG Afghanistan 29,824,536
AGO Angola 20,820,525
ALB Albania 3,162,083
ARE United Arab Emirates 9,205,651
ARG Argentina 41,086,927
ARM Armenia 2,969,081
ASM American Samoa 55,128
ATG Antigua and Barbuda 89,069
AUS Australia 22,683,600
AUT Austria 8,426,446
AZE Azerbaijan 9,297,507
BDI Burundi 9,849,569
BEL Belgium 11,142,157
BEN Benin 10,050,702
BFA Burkina Faso 16,460,141
BGD Bangladesh 154,695,368
BGR Bulgaria 7,304,632
BHR Bahrain 1,317,827
BHS Bahamas, The 371,960
BIH Bosnia and Herzegovina 3,833,916
BLR Belarus 9,464,000
BLZ Belize 324,060
BMU Bermuda 64,806
BOL Bolivia 10,496,285
BRA Brazil 198,656,019
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' ' v % Aa K
42 MUVINQUAIBDANDINU k-means
G % o w T \J Y Y] a K
42.1 938N YOYAAIHIUNIHLNGNAILDANDI NN k-means
Tumsutsngudeyad miumsaoumnuaemalinnsIniEes 1A SUALLTD
nuuaguase lugudoyatisie vz 19 1Usunsy Weka lunisuiangudledanes iy k-means

] J 4 [ o
nazdoyavzeglugiuunves g arff e 1¥ianumunzaudumsihauvesTUsunsums

[ U

Y
ANgN A18T031NAYDINITIANGUAIYINATA k-means  clustering  N1FIANGUAIBINATIAT

o @ A Y o v Jdo =\ = 9 o 1 A
ﬂWnJuﬂ%xﬁﬂﬂlrnﬂw1$ﬂﬂauuﬂ1u3uﬂﬁ$%1ﬂiiaﬂUW8QﬂﬂaNiuﬂﬂiqﬂiﬁiuﬂﬁiﬂﬂﬂQMLWB

Y 1% '

S o ] 9 o [ A
ANUYNARIvEIMIInngu Taslidtedndeyasiuanilszanns Tanlugiuuy arff aagilii 4.1

@relation popClustering
(@attribute amount numeric
(@data
102384
78360
29824536
20820525
3162083
9205651
41086927
2969081
55128
89069
22683600
8462446
9297507
9849569
11142157
10050702
16460141
154695368
7304632
1317827

710 4. 1ded19deyasuauilszanns Tanfegluguuuves arff
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422  WAVBINIIHLNNGNAINIAND3 NN k-means

9 A A @ ]

ethdeyawson lidmiunsutanqualesanssfiu k-means Tiutisngu

G

=h.

a0 Ti)sunsy Weka 182 vz ldwadniasgali 4.2

@relation popClustering
@attribute amount numeric

@attribute Cluster {cluster0,clusterl,cluster2 }

@data

102384, cluster2 Mean

78360, cluster2 Cluster0 = 96706764
29824536,clusterl Cluster]l =24983291.5
20820525, cluster] Cluster2 = 2105575

3162083, clusterl
9205651 ,cluster2
41086927, clusterl
2969081 ,cluster2
55128, cluster2
89069, cluster2
22683600,clusterl
8462446,cluster2
9297507 ,cluster2
9849569, cluster2
11142157 cluster2
10050702,cluster2
16460141 clusterl
154695368, cluster0
7304632,cluster2
1317827, cluster2
371960, cluster2
3833916,cluster2
9464000,cluster2

324060, cluster2

d‘ Y ] 9 d' 1 1 1 9 [} a R
g‘ﬂﬂ 42070 NUDYANAIUNTHINNYUAIYDANDINY k-means
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'
AA o

! a 4 1 1 v 1
ﬂ']ﬂ:a:ﬂﬁ 4.2?”1115'9’]&?]51514Waﬂ1ill‘]_]\1ﬂﬁjuvl@gl}'ﬂ Cluster0 Lmuﬂ’quﬂim‘wﬁ‘wummu

'
AA o

Usz31n30g 1 uszauge , Clusterlununguilszmanidiuivlszrinsegluszauiunais

tag Cluster2ununguisemaniaivlszmnsogluszaud

43  MIADUMDINAILNAUANIIIAIIL 1A DUAVUIN

431  aulanduaansouaazilanyu

o

d‘ a 9 dl 1 1 1 a’; Y
Llli’]Wﬁnim”l“’llﬂﬂai]”lLl'JLliJi%ﬁlf”lﬂiTﬂﬂ‘i/]N11!ﬂ”liLL']J\1ﬂQ3JTNW3Jﬂ il%blﬂ?]”l

v
=

- Tunquuendszmanidulseminseglussauge ssisulsemnsaigaves

v

ngueagh 60,917,978 AU LA FITABYTN1,350,695,000 AL

G Q U

'
AA o

- Tunguuealszmanusiviulszyinsegluszaviunaie sgliduilszying

MgaveINguogn 13,724,317 AU Hazgigaegh 52,797,319 A

]
A

- Tunquuealszmanidiulszannsedluszaud sztiuivlszmnsdigaves

NAUBEN 9,860 AU LA TITADYN 12,448,175 AL

[

Y J o a 1 d v ya Y o o
MIAT W FUaTIULAaz WaNTu E‘J]’Jﬁ]Elulﬂﬂﬁ‘iuﬂﬂl@‘ﬂL"ll@l"llﬂ\‘l“lﬂuﬁuﬂig‘]ﬂﬂiiﬁﬂ
a 4 ' 1o 1 U o
ﬁﬁﬂﬂﬁ’]tﬂﬂ%ﬁﬂ1ﬂﬂW’G;f\‘lijﬂl,!ﬁ%ﬂ'lﬂﬁjﬂﬂlﬂx‘llmazﬂﬁ]}J Tagvounvosnuiulszxns lanlu

uAaznguIzAd loguonmiloanmmgauazagigaveaazngy

1. Trapezoidal Function

A o

Jd o a 1 { ]
WaAFUETUI¥N Trapezoidal Function lunguveslszmanisiuiulszansoglu

Y A

szauga gave ldmenldmow "mlszmanisiuauilszans Indifeanusae 90,000,000 Al
493,000,000 AU Tagilszmaniiuniinsarzdoalsnuiulszansuinnii 65,000,000 AL

ua 1384 200,000,000 AU W AR FuauIFn Trapezoidal Function Aa31/ii 4.3

Amount > 90000000 , Amount < 93000000 , Score = max(0,1).
Amount < 90000000 , Score = max(0,((Amount-65000000)/(90000000-65000000))).

Amount > 93000000 , Score = max(0,((200000000-Amount)/(200000000-93000000))).

= . . ! Ao ' v
3109 4.3ueA4 Trapezoidal Function vaanguilszmanuiuiuilszansedlussauga
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maummaﬂﬂuiﬂuumﬂwﬂ ansouansldneg 1051 4.4

15 Trapezoidal Function

0.5

65,000,000 90,000,000 93,000,000 200,000,000

319 4.4n51M1@A Trapezoidal Function v0angu1lse sinanilsznslusy LA

d v a 1 1 o ] [
WIRFUANIBN Trapezoidal Function Tunguaellszmanisiuiuilszansegluszau
thunas fave ldidenldmom "mlszmaniisaulszanns Indifieanuss 24,000,000 AL
84 27,000,000 AU Tagilszmaniiuiasanazdoalisnuivilszymniuinnai 15,000,000 A

1 1349 35,000,000 AU Fa¥i1 1% &R FuaunFn Trapezoidal Function #1331l 4.5

Amount > 24000000 , Amount < 27000000 , Score = max(0,1).
Amount < 24000000 , Score = max(0,((Amount-15000000)/(24000000-15000000))).
Amount > 27000000 , Score = max(0,((35000000-Amount)/(35000000-27000000))).

51l 451004 Trapezoidal Function veanguiszmafiiswiulszmnsegluszauiunas

LN@H13J1LL?T@Q1H§1JLHJ1JﬂSW\I W f’fﬁﬂiﬂl!ﬁﬂﬂll \1 ']J‘ﬁ 4.6

Trapezoidal Function
1.5

0.5

15,000,000 24,000,000 27,000,000 35,000,000

310 4.6n31M11@A9 Trapezoidal Function mamauﬂiumﬂmﬂiw%mﬂm zauiluna
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d v a 1 1 o 1 1%
WIRFUANITN Trapezoidal Function Tunguueilszmanisuiuilszasnsegluszau
a1 gaveladenldmoin "lse mefi sz s 1ndiRe e u¥e 2,050,000 AU 9
2,500,000 A1 Taedsemafiiinfinsanzdeaiis1uiulse ¥ nsana I 1,000,000 A4 e la)

945,000,000 Au" #1717 IdWanFuau13n Trapezoidal Function #4317 4.7

Amount >2050000 , Amount < 2500000 , Score = max(0,1).
Amount < 2050000 , Score = max(0,((Amount-1000000)/(2050000-1000000))).
Amount > 2500000 , Score = max(0,((5000000-Amount)/(5000000-2500000))).

319 4.7031M1@A Trapezoidal Function voanguilszmanisiuiuilszyinsegluse SUen

LﬂJi’Ju”IﬂJ”ILLfTﬂQluiTJmJUﬂTW\I W ﬁ"lﬂﬂiﬂ!,!,ﬁﬂﬁll \1 517 4.8

Trapezoidal Function
1.5

0.5

15,000,000 24,000,000 27,000,000 35,000,000

d . _ . oo . e
319 4.8n31M1@A4 Trapezoidal Function voanguilszmanilssynsegluszaum

2. Triangular Function
Jd o a
WaNFUdU1T Triangular  Function GLummmaJs L‘Vlﬂ nimaulse GIf”IﬂSi’JEJiLl

JLAUGN %’3 "lmaaﬂhmmu "i11lse mﬁTliJinl!’Jl!ﬂiw‘Iﬂﬂi(lﬂmﬂENﬂ‘]_I 90,000,000 AY Tag

U G
]

Uszmanaziunasanazdealis1uIulszsnsuInnI 65,000,000 AL 1@ 1359 200,000,000

: o Jd o a . . 1% .
au" e 19 IdWanduau¥n Triangular Function Aa31/#1 4.9

Amount < 90000000 , Score = max(0,((Amount-65000000)/(90000000-65000000))).

Amount > 90000000 , Score = max(0,((200000000-Amount)/(200000000-90000000))).

317 4.90@A4 Triangular Function ¥83nquilszmanlisiuivilszannsodluszaugs

maummaﬂﬂuiﬂuwmm% ansouanaslaneg <1041 4.10
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Triangular Function
1.5

0.5

65,000,000 90,000,000 200,000,000

= . . ! A 1 [
317 4.10n319uU@A9 Triangular Function vesnguilszmanidszannsegluseaugs

Jd v a 1 ! o 1 [
WINFUAUIFN Triangular Function Tunguueilszmanidnmuilszannsegluszau

unae faselddenldmaiy "mlszmaniisiuiulszsinsIndifead 25,000,000 AL

U
]

Tagdszmanaziiufiasaazdealsuiulszs1nsuInNII 15,000,000 AU LA 11D

35,000,000 A" %Qﬁﬂﬁﬂﬁjﬂ\iﬁ“ﬁum\ﬂ%ﬂ Triangular Function ﬁﬂgﬂﬁ 4.11

Amount < 25000000 , Score = max(0,((Amount-15000000)/(25000000-15000000))).
Amount > 25000000 , Score = max(0,((35000000-Amount)/(35000000-25000000))).

d’ . . v td'd o ' [
3109 4.11u@A4 Triangular Function ¥84nguilszmanisiuiulszmnsegluszauiunas

werhwmaaslugdununs i szamnsonaasdasgli 4.12

Triangular Function
1.5

0.5

15,000,000 25,000,000 35,000,000

a . . ! A 1 [
317 4.12n319U@@A Triangular Function veanguilszmeantilszannsedluszauilunais

o

WIulserInseg lusza

]
= =

d v a 1 H
WINFUANIFN Triangular Function 1unauuelseimani
g )
a1 faselaidenldminiy "mlszmaniisiuaulszyinsIndiReany 2,100,000 au Tag
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Uszmanaziuniosazdoals1uIuls251nINIANIT 1,000,000 AU LA 1D 5,000,000

: o d v a . . [ {
Au" ¥ 17 IR FUauIFn Triangular Function #a31/91 4.13

Amount < 2100000 , Score = max(0,((Amount-1000000)/(2100000-1000000))).
Amount >2100000 , Score = max(0,((5000000-Amount)/(5000000-2100000))).

2 _ , . Ao . o b
317 4.130/@A4 Triangular Function ¥03nguilsgmanidauilszannsegluszaud

U

dovhwwaaslugiuuonsvl szamnsouaaslansg i 4.14

Triangular Function
1.5

0.5

1,000,000 2,100,000 5,000,000

4 ) , : A . o b
317 4.14n319U@A Triangular Function ¥eanguilszmeantilszannsodluszaud

3. Left Shoulder Function

'
AA o

J v a 1 ]
WINFUANIFN Left  Shoulder Function Tunguuedlszmaniiiuivulszanseglu
szauga v lamenldmon "mlszmaniiswaudszanns Indifeany 90,000,000 au Tag

Uszmanaziunasanazdealis1uIulszsns NI 65,000,000 AL L6 135101190,000,000

au" Fai 17 1aadFuaI1Bn Left Shoulder Function #4317 4.15

Amount < 90000000, Amount > 65000000 ,
Score = max(0,((Amount-65000000)/(90000000-65000000))).

317 4.15u803 Left Shoulder Function voanguilszmanianuivlszannsegluseaugs
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werhwuaaslugluounsl szansonaasldasgli 4.16

Left Shoulder Function
1.5

0.5

65,000,000 90,000,000

d' . 1 d’d 1 %
317 4.16n3191a@A Left Shoulder Function ¥e4ngquilszmaniidszannsegluszaugs
¢ v a 1 4 o 1
WIAFUANIFN Left Shoulder Function Tunguuealszmaniisiviszyinseglu
szauthunan §ave lddenldmon "wilszmandsaulszannsIndifesny 25,000,000
Ay Tagdszmanazainunasanszdealsnuiuilsznsuinnii 15,000,000 AL te 1unu

25,000,000 A" Fvi1 17 1A ua1%N Left Shoulder Function 7331l 4.17

Amount < 25000000, Amount > 15000000 ,

Score = max(0,((Amount-15000000)/(25000000-15000000))).

51U 4.17udA3 Left Shoulder Function ¥@anguilszmanuiuiuilszannsedluseau

U

SIRITRGRR

werhwmaaslugduouns szamnsonaasdasgli 4.18

Left Shoulder Function
1.5

0.5

15,000,000 25,000,000

d' . 1 d‘d ' [
317 4.18n3191@A4 Left Shoulder Function ¥e4ngquilszmanilszannsegluszay

G q

IR
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J v a 1 { o 1
WINFUANIFN Left Shoulder Function Junguuadlszmaniiiuiulszansoglu

v
o

szaud fvelddenldgmiaiy "mlszmantisiulsznslndifeany 2,100,000 au Tae

U

UszmaNnaziuNTazdoals 145251 NIANIT 1,000,000 AY LA 1IDI 2,100,000

au" #9178 IaWaiFuau®n Left Shoulder Function #1a31/f 4.19

Amount < 2100000, Amount > 1000000 ,

Score = max(0,((Amount-1000000)/(2100000-1000000))).

317 4.190@A4 Left Shoulder Function voanguilszmaniinuiulsesinsogluse S

dovhwwaaslugiuuonsvl szamnsouaaslansg i 4.20

U

Left Shoulder Function
1.5

0.5

1,000,000 2,100,000

319 4.20n31M11a@A4 Left Shoulder Function ¥83nquilszmaniiilszannsoedlussan

4. Right Shoulder Function
Wan¥uaun¥n Right Shoulder Function Tunguuesilse ez suulse znsodlu

sesuaa el didenldmom szmaiiisuaulszrnglndiaeety 90,000,000 AL 1ag

U G
v

UszmanazinuNTazdnali 1111 525105 81ANI 90,000,000A1 16 13159200,000,000

au" Fai 19 IaladFuain®n Right Shoulder Function #3317 4.21

Amount > 90000000, Amount < 200000000 ,
Score = max(0,((200000000-Amount)/(200000000-90000000))).

3191 4.211@A4 Right Shoulder Function ¥83ngquilszmanisiuivilszannsogluszaugs

maummam“luiﬂummﬁml wansoudnalanag 1041 4.22
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Right Shoulder Function
1.5

0.5

90,000,000 200,000,000

317 4.22n319ua@A4 Right Shoulder Function voanguilszimaniiszmnsogluszauga

d o a [ { o [
WaNFUaNIFA Right Shoulder Function Tunguvelszmaniinuiuilszynseylu
szaulunan §ave lddenldmon "wilszmanisuaulszannsIndifesn 25,000,000
au Taglszmanazinuiansanszdealisnuiuilsznsuinnii 25,000,000 AL e laHu

35,000,000a1" #9119 1@TaAFua1Fn Right Shoulder Function #ag1lfi 4.23

Amount > 25000000, Amount < 35000000 ,
Score = max(0,((35000000-Amount)/(35000000-25000000))).

517 4.23u803 Right Shoulder Function ¥o3nguilszmaniduivilseminsegluszau

U

1hupang
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werhwmaaslugdununsl szansonaasldasgln 4.24

Right Shoulder Function
1.5

0.5

25,000,000 35,000,000

317 4.24n31 1@ A4 Right Shoulder Function voanguilszmaniilszannsegluszay

U

IR

d o a [ { o [
WINFUFNIFA Right Shoulder Function IUnauvedlszmeanisiuiuilszansoslu
g q U

v

szaud gaveldiaenldmo "mlszmaniisiaulszansIndifesny 2,100,000 au Tag

Uszmanaziinniionsanvzdalsuulszsnsuinnan 2,100,000 A i l1de 5,000,000

au" Fai 19 IaladFuain¥n Right Shoulder Function #3317 4.25

Amount > 2100000, Amount < 5000000 ,

Score = max(0,((5000000-Amount)/(5000000-2100000))).

31091 4.25ueA4 Right Shoulder Function ¥94nguilszmanisiuiulssminsegluszaudm

dovhwwaaslugiuuunsvl szamnsouaaslansg i 4.26

Right Shoulder Function
1.5

0.5

2,100,000 5,000,000

317 4.26n3191aA9 Right Shoulder Function ¥03anguilszmaniilszmnsodluszan
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%database code of national

:-type(popCode(name:string,code:string)).

popCode('Afghanistan’,'AFG').
popCode('Albania’,'ALB').
popCode('Algeria','DZA'").
popCode('American Samoa','ASM’).
popCode('Andorra’,'ADQ').
popCode('Angola’,'AGQ").
popCode('Antigua and Barbuda','ATG').
popCode('Argentina’,'ARG").
popCode('Armenia’,'’ARM').
popCode('Aruba’,'ABW').
popCode('Australia’,'AUS').
popCode('Austria’,'AUT").
popCode('Azerbaijan','AZE").
popCode('Bahamas','BHS').
popCode('Bahrain’,'BHR').
popCode('Bangladesh’,'BGD').
popCode('Barbados','BRB').
popCode('Belarus','BLR').
popCode('Belgium','BEL').
popCode('Belize','BLZ').
popCode('Benin','BEN').
popCode('Bermuda’,'BMU").
popCode('Bhutan','BTN").
popCode('Bolivia','BOL').
popCode('Bosnia and Herzegovina','BIH').
popCode('Botswana','BWA').
popCode('Brazil','BRA').
popCode('Brunei Darussalam','BRN').
popCode('Bulgaria’,'BGR').
popCode('Burkina Faso','BFA').
popCode('Burundi','BDI').
popCode('Cambodia’,'KHM').
popCode('Cameroon’,'CMR").
popCode('Canada’,'CAN').
popCode('Cape Verde','CPV').
popCode('Caribbean small states','CSS').
popCode('Cayman Islands','CYM').

popCode('Central African Republic','CAF').

popCode('Chad','TCD').
popCode('Channel Islands','CHI').
popCode('Chile','CHL').
popCode('China’,'CHN").

%database Population Total
:-type(popTotal(code:string,amount:int)).
popTotal('AFG',29824536).
popTotal('ALB',3162083).
popTotal('DZA',38481705).
popTotal('ASM',55128).
popTotal('ADO',78360).
popTotal('AGO',20820525).
popTotal('ATG',89069).
popTotal('ARG',41086927).
popTotal('ARM',2969081).
popTotal('ABW',102384).
popTotal('AUS',22683600).
popTotal('AUT',8462446).
popTotal('AZE',9297507).
popTotal('BHS',371960).
popTotal('BHR',1317827).
popTotal('BGD',154695368).
popTotal('BRB',283221).
popTotal('BLR',9464000).
popTotal('BEL',11142157).
popTotal('BLZ',324060).
popTotal('BEN',10050702).
popTotal('BMU',64806).
popTotal('BTN',741822).
popTotal('BOL',10496285).
popTotal('BIH',3833916).
popTotal('BWA',2003910).
popTotal('BRA',198656019).
popTotal('BRN',412238).
popTotal('BGR',7304632).
popTotal('BFA',16460141).
popTotal('BDI',9849569).
popTotal('KHM',14864646).
popTotal('CMR',21699631).
popTotal('CAN',34880491).
popTotal('CPV',494401).
popTotal('CSS',6968753).
popTotal('CYM',57570).
popTotal('CAF',4525209).
popTotal('TCD',12448175).
popTotal('CHI',161235).
popTotal('CHL',17464814).
popTotal('CHN',1350695000).

! (J 1 o a3
1 4.27d70d10deyaswulszns Tanlugduuuvesnimiadiaen (ph)




62

o (Y] U U A a v
4.4  HAMSADUADINNITINIIL 1A auwmnmmumwmﬂugmﬁi’fay’au‘mﬂ
o v A [ YY) Vv d a
441  HANINAADIDINMTABURIOINNITIASEY 10 dUAVUSNAIBWNINTHAITN
Trapezoidal Function

1ANITNAAVINIAINBUNIIIAGEI 10 DUAVLINAIEWINFUAUITN
Trapezoidal Function Tunguuestszmanisiulszmnsegluszaugs dreminim "
Uszmandsiuivuilszans1ndiReanuaie 90,000,000 AL 89 93,000,000 AL Tagilszman
NI ABINT 1MUY TZINTVIAAI 65,000,000 AL L6 1359 200,000,000 AL TdHa

MINAADIAIAITIN 4.2

~ v W 1 A o Y Y] ]
ATINN 4218009 10 ’E)‘L!ﬂ‘U!ljﬂGll’E)\'iﬂﬁjiJ‘iJ‘ixmﬁ‘ﬂﬂJ%1u3uﬂ§$%1ﬂ31ﬂalﬂﬁlﬂﬂﬂﬂfﬂ 90,000,000

AU D4 93,000,000 AU ﬁ}ﬁﬂﬂﬂﬁ"fu Trapezoidal Function

FoUszmn auszans manuiluaanin
Ethiopia 91,728,849 1
Philippines 96,706,764 0.9654
Vietnam 88,775,500 0.9510
Mexico 120,847,477 0.7397
Japan 127,561,489 0.6770
Germany 81,889,839 0.6756
Arab Republic of Egypt 80,721,874 0.6289
Russian Federation 143,533,000 0.5277
Islamic Republic of Iran 76,424,443 0.4570
Bangladesh 154,695,368 0.4234

1na131eit 42a30a71 1890 dszmaiisiuaudsznns IndiRessugas
90,000,000 A 54 93,000,000 AU Taedszmaiiunfinsanzdesisaulszymnsnani
65,000,000 A 4@ 1359 200,000,000 AW 10 SUAVLIA TALAUTZINA Ethiopia, Philippines,
Vietnam, Mexico, Japan, Germany, Arab Republic of Egypt, Russian Federation,Islamic Republic
of Tran 1821)52IMA Bangladesh Fafimanuiluaan®n 1, 0.9654, 0.9510, 0.7397, 0.6770,

0.6756, 0.6289, 0.5277, 0.45701a2 0.4234muaa sy ld ez dlszmaniainnuilu
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a 3 A 1 g‘/ A o 1 1 =
aurmiu 1 Lu’E]\‘]%WﬂﬂﬁglﬂﬁlﬁﬁWHUNﬁ]'lu@uﬂﬁ%“lﬂﬂi@giu‘lf')ﬁ 90,000,000 AU D3

= 1 YA I a ~
93,000,000 AU fﬂﬂmwaﬁlwummmzﬂuﬁquww

o @ v W Jd @ a .
INNITNAABIHIAIADUNITIAGEL 10 SUAULITNAIOWINFUANIFN Trapezoidal
Function Tunguaelszmaniisiulszannsegluszauihunais dreon "milszmeah
A o Y A [ 1 = A o a
uuulserns Indmeanuesag 24,000,000 AL D9 27,000,000 AL TagisemaniiaiaIsw
Y

32A090911UILINTVINAI 15,000,000 A 1A 13D 35,000,000 AU" TdHANITNARDIAT

A
M1T NN 4.3

A1599 4.3uaa9 10 Suguusnvesngulszmandsiuauilszanns Indifesnusae 24,000,000

AU D4 27,000,000 Al ﬁ"mﬂqﬁ%u Trapezoidal Function

szina uilszyins manuiuainin

Ghana 25,366,462 1
Mozambique 25,203,395 1
Democratic People Republic 24,763,188 1
of Korea

Republic of Yemen 23,852,409 0.9836
Nepal 27,474,377 0.9407
Australia 22,683,600 0.8537
Saudi Arabia 28,287,855 0.8390
Syrian Arab Republic 22,399,254 0.8221
Madagascar 22,293,914 0.8104
Cameroon 21,699,631 0.7444

A o

11013197 43amsaayd 1891 dszmaifisiuoudserins lndifvatuga
24,000,000 AL 4 27,000,000 A Tavdszmaitiniinanizdesiisuiulizynunah
15,000,000 AL 146 13999 35,000,000 AY 10 SUAVLTN 1AUNUTZINA Ghana, Mozambique,
Democratic People Republic of Korea, Republic of Yemen, Nepal, Australia, Saudi Arabia,
Syrian Arab Republic, Madagascar wazszme CameroonGT'Nimﬂﬂmﬂuﬁn1%ﬂ 1, 1, 1,

0.9836, 0.9407, 0.8537. 0.8390, 0.8221, 0.8104 11a20.7444 mudray Tagazitiuldneeh
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A I a I A 1 ?,‘, A o 1 ]
Yszmanumanuduaundndlu 1 Wesnntssmemvaiiuliuiulszansoglusig

=

= =2 1 YA 1 I a
24,000,000 A D3 27,000,000 AL ama IRTAANUTUAINFngInge
o Y] o o J v a .

1NNTNARDIMIAINOUNITIATEY 10 dUAVLITNAWWIAFUANITN Trapezoidal
Function lunguuesdszmaniiiiuaudszrinsegluszaud aredini "mlszmand
o Y A [ ] = d' o a
NuINszIng InaReenueyae 2,050,000 AU 949 2,500,000 AU TasdlszmaniiiuinTan
2@0a09 11U 5291ATVINNIT 1,000,000 AU ua 1389 5,000,000 AL" TdWan1snaasind

A
AITNN 4.4

A v oo 1 AA o Y A (% 1
13190 4.4Ua93 10 B‘L!ﬂ‘l_luiﬂ"’IJE’Nﬂquﬂi%mﬂ‘ﬂ1]muﬁuﬂi%ﬂﬂﬂiiﬂmﬂﬂﬂﬂﬂ%ﬁﬂ 2,050,000

AU D4 2,500,000 A ﬁaaﬁqﬁ%u Trapezoidal Function

szinea uilszains manuiuainin
Lesotho 2,051,545 1
Qatar 2,050,514 1
Namibia 2,259,393 1
Macedonia FYR 2,105,575 1
Slovenia 2,058,152 1
Pacific island small states 2,252,782 1
Latvia 2,025,473 0.9766
Botswana 2,003,910 0.9561
Jamaica 2,712,100 0.9152
Mongolia 2,796,484 0.8814

11AA15199 4 4amnsnag a4 Usemaitisautlsz s IndiRestugg 2,050,000
Al 142,500,000 AL Tasszmaiinuiinnganazdeadisuiuilizngninnn 1,000,000 Ay
ue 13949 5,000,000 AL AY 10 suAULIH 1AUAsZIMALesotho, Qatar, Namibia, Macedonia
FYR, Slovenia, Pacific island small states, Latvia, Botswana, Jamaica wazdseine Mongoliaéﬂﬁ

aanusuau¥n 1, 1, 1, 1, 1, 1, 0.9766, 0.9561, 0.915211820.8814a 8190 Tagazriuldn

o

=\ A I a I A 1 3‘/ =\ ] ]
seilszmanumanuduandndu 1 mesnniszmaraniuiinuavlszynnsod lurg

=

= =2 Y 1 | a
2,050,000 AU 94 2,500,000 AU ‘1]\1ﬁ'\‘lNﬁiﬁNﬂWﬂ’NMﬂuﬁNW%ﬂq\iﬂﬁﬂ

C)
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o (%) YY) d a

442 HANINABLIDINNITABUMDINMTIASEI 10 dUAVUIAAIEBWINFUaINTN
Triangular Function

o [ [ [ d o Aa

1NNITNAADINIAIABUNITIAGEL 10 SUAVUIAAI8TIAFUANIFA
. . 1 PR ) 1 v k) o

Triangular ~ Function Tunguuelszmaniiiulssanseglussangs argiaiy "m
UszmanisuivlszynglndiReany 90,000,000 Al Taglszmanaziiuiasanszdod
3115 9INTNINAI 65,000,000 AU 1 13D 200,000,000 AL" TANANITNAADIAINITIN

4.5

A v o 1 AA o Y A o
137190 4.5Ua93 10 ﬂuﬂ‘ﬂuiﬂ"’IJE’Nﬂquﬂi%mﬂ‘ﬂMﬂ1u3uﬂ§$ﬂ51ﬂ31ﬂalﬂﬂﬂﬂﬂ 90,000,000 AU

Y 2o . .
AN Triangular Function

Foulszma annuilszins manuiuainin
Ethiopia 91,728,849 0.9843
Vietnam 88,775,500 0.9510
Philippines 96,706,764 0.9390
Mexico 120,847,477 0.7196
Germany 81,889,839 0.6756
Japan 127,561,489 0.6585
Arab Republic of Egypt 80,721,874 0.6289
Russian Federation 143,533,000 0.5133
Islamic Republic of Iran 76,424,443 0.4570
Bangladesh 154,695,368 0.4119

1NN 4 samnsaaglldn Uszmaftisiuauilszanns IndiResiy 90,000,000
au Tatlszmaniozininfinsanizdeadisuaulizanininni 65,000,000 au e lids
200,000,000 AU10 DUAVLIN ul,ﬁg])l,!,ﬁﬂizmﬁ Ethiopia, Vietnam, Philippines, Mexico, Germany,
Japan, Arab Republic of Egypt, Russian Federation, Islamic Republic of Iran wazdseng
Bangladesh FafiArnnuniluani®n 0.9843, 0.9510, 0.9390, 0.7196, 0.6756, 0.6585, 0.6289,

0.5133, 0.4570 ttag 0.4119M W89
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[ [

o [Y] d v a .
IANITNABBINIAINOUNITIAGEL 10 SUAVUTAATINFUANIFA Triangular
. 1 AA o ' v 9 o =
Function Tunguveaszmanuiiuivlszyinsedluszauiunais adedionn "vilssmean
A o Y A (% d’ ) a 9 A o
WuIuszns Indneesny 25,000,000 A TagllsmANIZHININIITUIILADINIIUIU

15295195810N 1 15,000,000 AL 1 1354 35,000,000 AU 1dHANITNAADIAINITIN 4.6

A [ 1 Aa o Y A Y
#113190 4.64d043 10 B‘Llﬂ‘l_luiﬂGIJi’Nﬂquﬂizm?ﬁ/]3J€|]”I‘L!’J°L!1J§$%1ﬂi‘1ﬂamflﬂﬂﬂ 25,000,000 A

v ¢ . .
ANINTU Triangular Function

Foulszma nuilszins manuiuainin
Mozambique 25,203,395 0.9797
Democratic People Republic 24,763,188 0.9763
of Korea
Ghana 25,366,462 0.9633
Republic of Yemen 23,852,409 0.8852
Australia 22,683,600 0.7684
Nepal 27,474,377 0.7526
Syrian Arab Republic 22,399,254 0.7399
Madagascar 22,293,914 0.7294
Saudi Arabia 28,287,855 0.6712
Cameroon 21,699,631 0.6700

1N 4.6amnsoaglldn Uszmaftisuauilszanns Indiesia 25,000,000
au Tastlszmaniozininfinsanizdeadisuaulizanininnit 15,000,000 au e lids
35,000,000 AU10 DUALLLTN 1aundszimne Mozambique, Democratic People Republic of Korea,
Ghana, Republic of Yemen, Australia, Nepal, Syrian Arab Republic, Madagascar, Saudi Arabia
wazal33met Cameroon Faiannuiiuau®n 0.9797, 0.9763, 0.9633, 0.8852, 0.7684, 0.7526,
0.7399, 0.7294, 0.6712118% 0.6700 MNAIAY

1NN1TNAADIMIAINBUNITIAITEY 10 BUAVUINAIEWIAFUANIFA Triangular

Function lunguuesdszmaniisiuiulszrinsegluszaud aredinin "mlszmani
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o Y A 7 A o a Y = o
uaulsesinslnatfesny 2,100,000 AU Tagds2mnaNaziInInITuI9ABINTIUIY

152951958101 1,000,000 AU 1e 1119 5,000,000 AU JANANITNAADIAIAITIIN 4.7

A v W 1 AA o Y 2 [
13190 4.7Ud93 10 @u@ﬂllﬁﬂéll'fNﬂﬁjuﬂﬁm‘ﬂﬁﬂ3J‘ﬂ'lu'3uﬂﬁgcb'1ﬂﬁalﬂalﬂﬂ\1ﬂﬂ 2,100,000 AU

Y o . .
AN FU Triangular Function

Forlszme uuilszanns manuiuaindn
Macedonia FYR 2,105,575 0.9981
Slovenia 2,058,152 0.9620
Lesotho 2,051,545 0.9560
Qatar 2,050,514 0.9550
Pacific island small states 2,252,782 0.9473
Namibia 2,259,393 0.9450
Latvia 2,025,473 0.9323
Botswana 2,003,910 09127
Jamaica 2,712,100 0.7889
Mongolia 2,796,484 0.7598

11AA5199 4. 7aans0a311an Uszmeriisiuaualszanns IndiResia 2,100,000 AU
Tagdszmafioziiuifiorsanzdeedisiuaudlszsinsuinni 1,000,000 A 16 1309 9
5,000,000 AU10 DUAVLIN ul,ﬁg])l,!,ﬁﬂizmﬁ Macedonia FYR, Slovenia, Lesotho, Qatar, Pacific
island small states, Namibia, Latvia, Botswana, Jamaica sazseime Mongolia «T'Nﬁﬂ'mamﬁﬂu
AT 0.9981, 0.9620, 0.9560, 0.9550, 0.9473, 0.9450, 0.9323, 0.9127, 0.7889 ias 0. 7598

AN

o (Y] YY) Jd v
4.4.3 Wﬁiﬂ?ﬂﬂaf’)\?§]1ﬂﬂ15ﬂf’)‘ﬂﬂ1ﬂ13~lﬂ15°ﬁﬂ!‘%ﬂ\1 10 ﬂuﬂﬂ!!ﬁﬂﬁ?ﬂﬁﬂﬂ“ﬂuﬁu1aﬂ
Left Shoulder Function

o [ v W Y a

i]"lﬂﬂ15%@@@@W1ﬂ1@9ﬂﬂ13%ﬂ§8\1 10 ﬂu@ﬂ&tﬁﬂﬁ?ﬂﬁﬂﬂ“ﬁuﬂlﬂﬂfﬂ Left
. 1 AA o ' v Y o

Shoulder Function Tunguuealszmaniinuivilszynsedluszauge asemny "milszma

AA o Y A o = o A Y Ao
%mm’mﬂszmﬂﬂﬂammﬂu 90,000,000 AN Tﬂﬂﬂigﬁﬂ?ﬁ/]5]31!1%1‘1/“]15@“%3@]9\111%11!31!

1525158INN I 65,000,000 AL 16 100U 90,000,000 AU TANANITNAADIAINITIN 4.8
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A v W 1 AA o Y 2 [
1137190 4.841d93 10 @uﬂ'lllljﬂéll'fNﬂﬁjuﬂﬁm‘ﬂﬁﬂN%1u3uﬂﬁggﬁ1ﬂ31ﬂalﬂﬂ\1ﬂﬂ 90,000,000 AU

9 Jd o .
A8WINFY Left Shoulder Function

Foulszma uilszins manuiuainin

Vietnam 88,775,500 0.9510
Germany 81,889,839 0.6756
Arab Republic of Egypt 80,721,874 0.6289
Islamic Republic of Iran 76,424,443 0.4570
Turkey 73,997,128 0.3599
Thailand 66,785,001 0.0714
Democratic Republic of the 65,705,093 0.0282
Congo

France 65,696,689 0.0279

A Y1 Aao Y @
PINATITINN 4.8ﬁ11ﬂ§ﬂﬁ§ﬂ1ﬂ’]1 ﬂixmﬁﬂll%1u3uﬂ’§$%’1ﬂﬂﬂmﬂENﬂ“]J 90,000,000

A ] a Y A o v 1 122
au Taglszmanaziinnosaizasslsiviudsexnnsuinnii 65,000,000 AU L!@Iulllﬂ\‘]

200,000,000 A 10 OUAVLUIN Taunalszmer Vietnam, Germany, Arab Republic of Egypt,

Islamic Republic of Iran, Turkey, Thailand, Democratic , Republic of the Congo uazszime

France Fafimanuiluaansn 0.9510, 0.6756, 0.6289, 0.4570, 0.3599, 0.0714, 0.02821a%

0.0279 1NN

o o v v J o a
1NNIINAADINIAIABUNITIALT O 10 @u@ﬂuiﬂﬁjﬁlﬂﬁﬂﬂ‘ﬂuﬁﬂ”ﬁﬂ Left Shoulder

Function Tunguuealszmaniisiwiuilszannsogluszauiunais arediow "milsziman

Ao Y A o A o a Y Ao
3J5]11!31!1J5$°]51ﬂ51ﬂﬂlﬂf]\1ﬂﬂ 25,000,000 AU TﬂEJ']J53L1/]ﬁ1/]5]31!1111wfl]15m1§]$9]ﬂ\13Jﬁ]1u3u

1529113119031 15,000,000 AL 16 13AY 25,000,000 AU" IdHaN1TNAABIAIATIAN 4.9
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A v W 1 AA o Y 2 v
137190 4.9Ud93 10 @uﬂ'lllljﬂéll'fNﬂﬁjuﬂﬁm‘ﬂﬁﬂN%1u3uﬂﬁggﬁ1ﬂ51ﬂalﬂﬂﬂﬂﬂ 25,000,000 AW

9 Jd o .
A8WINFY Left Shoulder Function

Foulszmea Muilszeins manuiuainin
Democratic People Republic 24,763,188 0.9763
of Korea
Republic of Yemen 23,852,409 0.8852
Australia 22,683,600 0.7684
Syrian Arab Republic 22,399,254 0.7399
Madagascar 22,293,914 0.7294
Cameroon 21,699,631 0.6700
Romania 21,326,905 0.6327
Angola 20,820,525 0.5821
Sri Lanka 20,328,000 0.5328
Other small states 19,919,957 0.4920

T RERRL 49anunsoazlldn Uszmaiiisaulszannslndiasady 25,000,000
au Tastlszmafioziihufinnsansedesisiuaualszsnsaunnnii 15,000,000 A ua'luify
25,000,000 AL10 OUAVLLIN 1@un1seima Democratic People Republic of Korea, Republic of
Yemen, Australia, Syrian Arab Republic, Madagascar, Cameroon, Romania, Angola, Sri Lanka
1az1)5ZIMA Other small states Falanuiluaundn 0.9763, 0.8852, 0.7684, 0.7399, 0.7294,

0.6700, 0.6327, 0.5821, 0.5328 LA 0.4920 MUAIAY

o o v o a
ﬁ]1ﬂﬂ1§1/]ﬂﬂ@\ﬁ’i”lﬂ1ﬂ@llﬂWﬁJQGEN 10 @uﬂﬂlliﬂﬁﬁﬂﬁﬂﬂ‘]ﬁuﬁﬂT“ﬂﬂ Left Shoulder
. J A ) 1 v :; k) o A A
Function 1uﬂq3JGuaaﬂsxmﬂmmmmﬂimmiagiuszme A28f1014 "H1dszmanil
o Y o = o A Y Ao
ﬂ1u3uﬂ5$%1ﬂilﬂﬂlﬂﬂ\1ﬂﬂ 2,100,000 AU Iﬂﬂﬂﬁm‘ﬂﬁ‘ﬂﬁ]%u13J”IW§]”I§'EI!”I§]$@I’OQ‘JJ§]”I°L!’JU

1529113119031 1,000,000 AL 16 119 2,100,000 AU" TAHANTNABDIAIAIT19N 4.10
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A v W 1 AA o Y 2 [
137197 4.100893 10 @uﬂ'lll!ﬁﬂellfNﬂ@uﬂﬁ&‘ﬂﬁﬂN%’]uﬁuﬂﬁgcﬁWﬂﬁiﬂalﬂﬂQﬂﬂ 2,100,000 AU

9 Jd o .
A8WINFY Left Shoulder Function

orlszme uilszanns manuiuaindn
Slovenia 2,058,152 0.9620
Lesotho 2,051,545 0.9560
Qatar 2,050,514 0.9550
Latvia 2,025,473 0.9323
Botswana 2,003,910 09127
Kosovo 1,806,366 0.7331
Gambia 1,791,225 0.7193
Guinea-Bissau 1,663,558 0.6032
Gabon 1,632,572 0.5751
Estonia 1,339,396 0.3085

A Y1 AA o Y o
1131 4. 10ansoagl a0 dszmandisuaudsernsIndifesny 2,100,000
d‘ o a 9 A o 1 [ R
AU Iﬂﬂ'ﬂi%!ﬂﬁﬂ%$u1N1Wﬁ]1’iﬂH‘ﬂ$ﬁ@\1N“l]TL!’J“L!“IJi%‘]ﬂﬂﬁlﬂﬂﬂ’ﬂ 1,000,000 AU !,lelllﬂx‘l
2,100,000 AU10 suauusn launlszme Slovenia, Lesotho, Qatar, Latvia, Botswana, Kosovo,
. . . 3 : ' I a
Gambia, Guinea-Bissau, Gabonitaz1)5LMe Estonia #43A1A10 3 uaun¥n 0.9620, 0.9560,

0.9550, 0.9323, 0.9127, 0.7331,0.7193, 0.6032, 0.575111a% 0.3085 A1UA1AY

o [ YY) d o
444  WANIINABDIDINMIABLAMMNMITAZEI 10 duAUNINAIBWINTHaINTN
Right Shoulder Function
o [ v W Jd o a .
INNITNAADIHIAIABUMTIAGE 10 DUAUNTNRIGWINFUAUITN Right
Shoulder Function lunguesllszmaniitiavilszmnsogluszaugs aredinin "milszmst
Aa o Y 2 [ A ] a Y A o
nuTvlszmnglndinesny 90,000,000 Ay TagszmanszininsaazAoIlTIUIU

15251958101 90,000,000 AL 1A 13159 200,000,000 AL TANANITNAADIAIAITINN 4.11
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A v W 1 AA o Y 2 [
M1319N 4.1 1189 10 @uﬂ'lll!ﬁﬂellfNﬂ@uﬂﬁ&‘ﬂﬁﬂN%1NQUﬂ3$%1ﬂ51ﬂalﬂﬂ\1ﬂﬂ 90,000,000

Au Meland Right Shoulder Function

orlszme uilszanns manuiuaindn
Ethiopia 91,728,849 0.9843
Philippines 96,706,764 0.9390
Mexico 120,847,477 0.7196
Japan 127,561,489 0.6585
Russian Federation 143,533,000 0.5133
Bangladesh 154,695,368 0.4119
Nigeria 168,833,776 0.2833
Pakistan 179,160,111 0.1895
Brazil 198,656,019 0.0122

MnAsndn 4.1 1ansaagllan dsamaniisnaudsznnsIndifesny 90,000,000

= o a Y A o ' 1 1R
au  Taglszmanazihuniinsauizaesliuindsemnsunnn 90,000,000 AU LL@IUhJEN

200,000,000 AUI0 DUAVLLIN launszinea Ethiopia, Philippines, Mexico, Japan, Russian

Federation, Bangladesh, Nigeria, Pakistan wazalseine Brazil @ﬂﬁﬁwmmaﬂuﬁm%ﬂ 0.9843,

0.9390, 0.7196, 0.6585, 0.5133, 0.4119, 0.2833, 0.18954a% 0.0122 AUAIAY

o o v W Jd o a .
NNMINABIHIAIADUNITIAGEY 10 auﬂmwﬂﬁ}wﬂmﬁvuﬁmw Right Shoulder

. [ d‘d o ] [ 9 o d'
Function lungquuesllsemaniisuiulseminseglussaviunaiy dremai "vlszmean

Ao Y o A o A Y Ao
mm’suﬂizmﬂﬂﬂamﬂmu 25,000,000 AU Tﬂﬂﬂim’ﬂﬁ%ﬂzuTNWWﬁnﬁmﬁ]g@]?JQ?J"U”IH’JU

152911319031 25,000,000 AL L4 1A Y 35,000,000 AU TANANITNAADIAINITIN 4.12
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A v W 1 AA o Y 2 [
139N 4.120899 10 @uﬂ'lll!ﬁﬂellfNﬂ@uﬂﬁ&‘ﬂﬁﬂN%1NQUﬂ3$%1ﬂ51ﬂalﬂﬂ\1ﬂﬂ 25,000,000

AumeanG Right Shoulder Function

Foulszme Muilszeins manuiuainin
Mozambique 25,203,395 0.9797
Ghana 25,366,462 0.9634
Nepal 27,474,377 0.7526
Saudi Arabia 28,287,855 0.6712
Small states 29,141,492 0.5859
Malaysia 29,239,927 0.5760
Uzbekistan 29,776,850 0.5223
Afghanistan 29,824,536 0.5176
Venezuela 29,954,782 0.5045
Peru 29,987,800 0.5012

15 1ed 4. 2aunsaa31 18 Usemanitisiuaulszans Indifesn 25,000,000
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Macedonia FYR 2,105,575 0.9981
Pacific island small states 2,252,782 0.9473
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1M1 4.13an50a51 1d0 Uszmeiisuilszsns IndiReety 2,100,000
au Tagdsemafiozihniiansanzdeeils 11529011 2,100,000 A ua liids
5,000,000 AU10 duauusn 1aunilszme Macedonia FYR, Pacific island small states, Namibia,
Jamaica, Mongolia, Armenia, Lithuania, Albania, Kuwait 1azlseIne Oman éﬁﬁmﬂﬂm:ﬂu
ANIHN 0.9981, 0.9473, 0.9450, 0.7889, 0.7598, 0.7003, 0.6947, 0.6338, 0.60331a¢ 0.5814
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Tsunsumaumean n suaunsnlugudoyaiisiiy

-type(popCode(name:string,code:string)).

:-type(popTotal(code:string,amount:int)).

popCode('Afghanistan',' AFG").
popCode('Albania’,’ALB").
popCode('Algeria',']DZA").
popCode('American Samoa',/ASM").
popCode('Andorra', ADO").
popCode('Angola',AGO").
popCode('Antigua and Barbuda', ATG").
popCode('Arab World',/ARB").
popCode('Argentina',) ARG").
popCode('Armenia',) ARM").
popCode('Aruba', ABW').
popCode('Australia’,’AUS").
popCode('Austria',) AUT").
popCode('Azerbaijan','AZE").
popCode('Bahamas','BHS').
popCode('Bahrain', BHR').
popCode('Bangladesh', BGD").
popCode('Barbados','BRB").
popCode('Belarus','BLR").
popCode('Belgium','BEL).
popCode('Belize','BLZ").
popCode('Benin',' BEN").
popCode('Bermuda’, BMU').
popCode('Bhutan',' BTN").
popCode('Bolivia', BOL").
popCode('Bosnia and Herzegovina','BIH").
popCode('Botswana', BWA").
popCode('Brazil',/BRA").
popCode('Brunei Darussalam','BRN").
popCode('Bulgaria', BGR").
popCode('Burkina Faso', BFA").
popCode('Burundi', BDI'").
popCode('Cambodia’,KHM").
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popCode('Cameroon',CMR").
popCode('Canada',/CAN").

popCode('Cape Verde','CPV").
popCode('Caribbean small states','CSS').
popCode('Cayman Islands','CYM").
popCode('Central African Republic',/CAF").
popCode('Chad',' TCD').

popCode('Channel Islands','CHI").
popCode('Chile',)CHL").
popCode('China',)CHN").
popCode('Colombia','COL").
popCode('Comoros','COM").
popCode('Democratic Republic of the Congo',’ZAR").
popCode('Republic of the Congo','COG").
popCode('Costa Rica','CRI").
popCode('Ivoire Cote','CIV").
popCode('Croatia', HRV").
popCode('Cuba','CUB").
popCode('Curacao',/CUW").
popCode('Cyprus','CYP").

popCode('Czech Republic',/CZE").
popCode('Denmark','DNK").
popCode('Djibouti','DJT").
popCode('Dominica’, DMA").
popCode('Dominican Republic', DOM").
popCode('East Asia & Pacific (all income levels)','EAS').
popCode('East Asia & Pacific (developing only)','/EAP").
popCode('Ecuador','ECU").

popCode('Arab Republic of Egypt,'EGY").
popCode('El Salvador','SLV").
popCode('Equatorial Guinea',GNQ').
popCode('Eritrea','ERT').
popCode('Estonia','EST").
popCode('Ethiopia',)ETH').

popCode('Euro area', EMU").

popCode('Europe & Central Asia (all income levels)','ECS").

popCode('Europe & Central Asia (developing only)',"ECA").

popCode('European Union','EUU").

popCode('Faeroe Islands','FRO").
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popCode('Fiji','FIT").
popCode('Finland','FIN").
popCode('France','FRA").
popCode('French Polynesia', PYF").
popCode('Gabon',GAB').
popCode('Gambia',  GMB').
popCode('Georgia',GEOQ").
popCode('Germany','DEU").
popCode('Ghana',GHA").
popCode('Greece','GRC").
popCode('Greenland',GRL").
popCode('Grenada',GRD").
popCode('Guam', GUM").
popCode('Guatemala',GTM').
popCode('Guinea','GIN").
popCode('Guinea-Bissau', GNB).
popCode('Guyana',/GUY").

popCode('Haiti', HTT').

popCode('Heavily indebted poor countries (HIPC)','HPC").

popCode('High income', HIC").
popCode('High income: nonOECD','NOC").
popCode('High income: OECD','OEC").
popCode('Honduras', HND').
popCode('Hong Kong SAR China',HKG").
popCode('Hungary',HUN").
popCode('Iceland', TSL").
popCode('India', IND").
popCode('Indonesia', IDN").
popCode('Islamic Republic of Iran', TRN").
popCode('Iraq',TRQ").
popCode('Treland', TRL").

popCode('Isle of Man', TMY").
popCode('Israel', ISR").
popCode('Italy', TTA").
popCode('Jamaica','JAM').
popCode('Japan', JPN").
popCode('Jordan','JOR").
popCode('Kazakhstan', ' KAZ").
popCode('Kenya',' KEN").
popCode('Kiribati','KIR').
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popCode('Democratic People Republic of Korea', PRK").
popCode('Republic of Korea', KOR").
popCode('Kosovo','KSV").

popCode('Kuwait', KWT').

popCode('Kyrgyz Republic',KGZ").

popCode('Lao PDR','LAQ").

popCode('Latin America & Caribbean (all income levels)','LCN").
popCode('Latin America & Caribbean (developing only)','LAC").
popCode('Latvia','LVA").

popCode('Least developed countries: UN classification','LDC").
popCode('Lebanon','LBN").

popCode('Lesotho','LSO").

popCode('Liberia','LBR').

popCode('Libya','LBY").

popCode('Liechtenstein','LIE").
popCode('Lithuania', LTU").

popCode('Low & middle income',)LMY").
popCode('Low income','LIC").

popCode('Lower middle income','LMC").
popCode('Luxembourg','LUX").

popCode('Macao SAR China',)MAC").
popCode('Macedonia FYR',' MKD").
popCode('Madagascar',MDG").
popCode('Malawi', MWTI').

popCode('Malaysia',MYS').
popCode('Maldives',MDV").

popCode('Mali', MLI').

popCode('Malta',)MLT").

popCode('Marshall Islands',MHL').
popCode('Mauritania', MRT").
popCode('Mauritius', MUS'").

popCode('Mexico', MEX").

popCode('Federated States of Micronesia',)FSM").

popCode('Middle East & North Africa (all income levels)',' MEA").

popCode('Middle East & North Africa (developing only)',MNA').
popCode('Middle income', MIC").

popCode('Moldova',MDA").

popCode('Monaco',MCO").

popCode('Mongolia', MNG').

popCode('Montenegro', MNE").
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popCode('Morocco',MAR").
popCode('Mozambique',MOZ").
popCode('Myanmar', MMR").
popCode('Namibia',NAM").
popCode('Nepal','NPL").
popCode('Netherlands','NLD").
popCode('New Caledonia',NCL").
popCode('New Zealand',NZL").
popCode('Nicaragua','NIC").
popCode('Niger','NER").
popCode('Nigeria', NGA").
popCode('North America',NAC").
popCode('Northern Mariana Islands',MNP").
popCode('Norway', NOR').
popCode('OECD members','OED").
popCode('Oman’, OMN").
popCode('Other small states','OSS").
popCode('Pacific island small states','PSS').
popCode('Pakistan', PAK").
popCode('Palau',PLW").
popCode('Panama’, PAN").
popCode('Papua New Guinea',PNG").
popCode('Paraguay', PRY").
popCode('Peru','PER").
popCode('Philippines', PHL").
popCode('Poland','POL").
popCode('Portugal', PRT").
popCode('Puerto Rico','PRI").
popCode('Qatar',/QAT").
popCode('Romania’,ROM").
popCode('Russian Federation', RUS').
popCode('Rwanda', RWA").
popCode('Samoa', WSM").
popCode('San Marino','SMR").
popCode('Sao Tome and Principe','STP').
popCode('Saudi Arabia','SAU").
popCode('Senegal','SEN").
popCode('Serbia’,'SRB").
popCode('Seychelles','SYC').

popCode('Sierra Leone','SLE").
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popCode('Singapore','SGP").

popCode('Sint Maarten (Dutch part)','SXM").
popCode('Slovak Republic','SVK").
popCode('Slovenia','SVN").

popCode('Small states','SST').
popCode('Solomon Islands','SLB').
popCode('Somalia','SOM").

popCode('South Africa',ZAF").
popCode('South Asia','SAS").
popCode('South Sudan','SSD").
popCode('Spain','ESP").

popCode('Sri Lanka','LKA").

popCode('Saint Kitts and Nevis',' KNA'").
popCode('Saint Lucia','LCA").
popCode('Saint Martin (French part)', MAF').

popCode('Saint Vincent and the Grenadines','VCT').

popCode('Sub-Saharan Africa (all income levels)','SSF").
popCode('Sub-Saharan Africa (developing only)','SSA').

popCode('Sudan','SDN").
popCode('Suriname','SUR").
popCode('Swaziland','SWZ").
popCode('Sweden','SWE").
popCode('Switzerland','CHE").
popCode('Syrian Arab Republic','SYR').
popCode('Tajikistan', TIK").
popCode('Tanzania','TZA").
popCode('Thailand', THA").
popCode('Timor-Leste', TMP").
popCode('Togo',' TGO").
popCode('Tonga', TON").
popCode('Trinidad and Tobago', TTO').
popCode('Tunisia', TUN").
popCode('Turkey', TUR").
popCode('Turkmenistan', TKM").
popCode('Turks and Caicos Islands', TCA").
popCode('Tuvalu', TUV").
popCode('Uganda', UGA").
popCode('Ukraine', UKR').
popCode('United Arab Emirates',' ARE').
popCode('United Kingdom',’GBR").
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popCode('United States','USA").

popCode('Upper middle income','UMC").

popCode('Uruguay','URY").
popCode('Uzbekistan','UZB").
popCode('Vanuatu','VUT').
popCode('Venezuela', VEN').
popCode('Vietnam','VNM").
popCode('Virgin Islands','VIR').
popCode('West Bank and Gaza','  WBG").
popCode('World','WLD").
popCode('Republic of Yemen',' YEM").
popCode('Zambia','ZMB').

popCode('Zimbabwe', ZWE').

popTotal('AFG',29824536).
popTotal'ALB',3162083).
popTotal('DZA',38481705).
popTotal'ASM',55128).
popTotal('ADO',78360).
popTotal'AGO',20820525).
popTotal('ATG',89069).
popTotal'ARG',41086927).
popTotal'ARM',2969081).
popTotal'lABW',102384).
popTotal('AUS',22683600).
popTotal'AUT',8462446).
popTotal('AZE',9297507).
popTotal('BHS',371960).
popTotal(BHR',1317827).
popTotal('BGD',154695368).
popTotal('BRB',283221).
popTotal('BLR',9464000).
popTotal('BEL',11142157).
popTotal('BLZ',324060).
popTotal('BEN',10050702).
popTotal('BMU',64806).
popTotal'BTN',741822).
popTotal('BOL',10496285).
popTotal('BIH',3833916).
popTotal'(BWA',2003910).
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popTotal('BRA',198656019).

popTotal('BRN',412238).
popTotal(BGR',7304632).
popTotal('BFA',16460141).
popTotal('BDI',9849569).
popTotal(KHM',14864646).
popTotal'(CMR',21699631).
popTotal'CAN',34880491).
popTotal('CPV',494401).
popTotal('CSS',6968753).
popTotal('CYM',57570).
popTotal('CAF',4525209).
popTotal('TCD',12448175).
popTotal('CHI',161235).
popTotal('CHL',17464814).

popTotal('CHN',1350695000).

popTotal('COL',47704427).
popTotal'COM',717503).
popTotal('ZAR',65705093).
popTotal('COG',4337051).
popTotal('CRI',4805295).
popTotal('CIV',19839750).
popTotal'HRV',4267000).
popTotal('CUB',11270957).
popTotal('CUW',151892).
popTotal('CYP',1128994).
popTotal('CZE',10514810).
popTotal('DNK',5590478).
popTotal('DIT,859652).
popTotal'(DMA',71684).
popTotal('DOM',10276621).
popTotal'ECU',15492264).
popTotal'(EGY',80721874).
popTotal('SLV',6297394).
popTotal'GNQ',736296).
popTotal('ERI',6130922).
popTotal('EST',1339396).
popTotal'(ETH',91728849).
popTotal('FRO',49506).
popTotal('FJ1',874742).
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popTotal('FIN',5414293).
popTotal('FRA',65696689).
popTotal('PYF',273814).
popTotal'(GAB',1632572).
popTotal'(GMB',1791225).
popTotal'GEO',4511800).
popTotal('DEU',81889839).
popTotal'(GHA',25366462).
popTotal('GRC',11280167).
popTotal('GRL',56840).
popTotal('GRD',105483).
popTotal'GUM',162810).
popTotal'(GTM',15082831).
popTotal('GIN',11451273).
popTotal'(GNB',1663558).
popTotal('GUY",795369).
popTotal('HTI',10173775).
popTotal('(HND',7935846).
popTotal('(HKG',7154600).
popTotal'(HUN',9943755).
popTotal('ISL',320137).

popTotal('IND',1236686732).

popTotal('IDN',246864191).
popTotal('IRN',76424443).
popTotal('1RQ',32578209).
popTotal('IRL',4588798).
popTotal('IMY"',85284).
popTotal('ISR',7907900).
popTotal('ITA',60917978).
popTotal((JAM',2712100).
popTotal('JPN',127561489).
popTotal('JOR',6318000).
popTotal('KAZ',16797459).
popTotal('KEN'43178141).
popTotal('KIR',100786).
popTotal('PRK',24763188).
popTotal'KOR',50004000).
popTotal(KSV',1806366).
popTotal(KWT',3250496).
popTotal('KGZ',5582100).
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popTotal(LAO',6645827).
popTotal('LVA',2025473).
popTotal(LBN',4424888).
popTotal('LSO',2051545).
popTotal('LBR',4190435).
popTotal(LBY',6154623).
popTotal('LIE',36656).
popTotal('LTU',2985509).
popTotal('LUX',531441).
popTotal'(MKD',2105575).
popTotal('MDG',22293914).
popTotal(MWI',15906483).
popTotal(MYS',29239927).
popTotal'MDV',338442).
popTotal('MLI',14853572).
popTotal('MLT',418366).
popTotal('MHL',52555).
popTotal(MRT',3796141).
popTotal('MUS',1291456).

popTotal'(MEX',120847477).

popTotal(FSM',103395).
popTotal'(MDA',3559541).
popTotal('MCO',37579).
popTotal'(MNG',2796484).
popTotal(MNE',621081).
popTotal'(MAR',32521143).
popTotal('MOZ',25203395).
popTotal(MMR',52797319).
popTotal(NAM',2259393).
popTotal('NPL',27474377).
popTotal('NLD',16767705).
popTotal(NCL',258121).
popTotal('NZL',4433100).
popTotal('NIC',5991733).
popTotal('NER',17157042).

popTotal(NGA',168833776).
popTotal('NAC',348859337).

popTotal'(MNP',53305).
popTotal'NOR',5018869).
popTotallOMN',3314001).
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popTotal('OSS',19919957).
popTotal('PSS',2252782).

popTotal(PAK',179160111).

popTotal'PLW',20754).
popTotal(PAN',3802281).
popTotal('PNG',7167010).
popTotal('PRY',6687361).
popTotal('PER',29987800).
popTotal('PHL',96706764).
popTotal('POL',38542737).
popTotal('PRT',10526703).
popTotal('PRI',3667084).
popTotal'QAT',2050514).
popTotal'(ROM',21326905).

popTotal('RUS',143533000).

popTotal'(RWA',11457801).
popTotal('WSM',188889).
popTotal'SMR',31247).
popTotal('STP',188098).
popTotal('SAU',28287855).
popTotal('SEN',13726021).
popTotal('SRB',7223887).
popTotal('SYC',87785).
popTotal('SLE',5978727).
popTotal('SGP',5312400).
popTotal('SXM',39088).
popTotal('SVK',5410267).
popTotal('SVN',2058152).
popTotal('SST',29141492).
popTotal('SLB',549598).
popTotal('SOM',10195134).
popTotal('ZAF',51189307).
popTotal('SSD',10837527).
popTotal('ESP',46217961).
popTotal('LKA',20328000).
popTotal(KNA',53584).
popTotal('LCA',180870).
popTotal'(MAF',30959).
popTotal('VCT',109373).
popTotal('SDN',37195349).
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popTotal('SUR',534541).
popTotal('SWZ',1230985).
popTotal'SWE',9516617).
popTotal'CHE',7997152).
popTotal('SYR',22399254).
popTotal('TJK',8008990).
popTotal('TZA',47783107).
popTotal('THA',66785001).
popTotal('TMP',1210233).
popTotal('TGO',6642928).
popTotal('TON',104941).
popTotal('TTO',1337439).
popTotal('TUN',10777500).
popTotal('TUR',73997128).
popTotal('TKM',5172931).
popTotal('TCA',32427).
popTotal('TUV',9860).
popTotal(UGA',36345860).
popTotal'UKR',45593300).
popTotal'ARE',9205651).
popTotal('GBR',63227526).
popTotal('USA',313914040).
popTotal('URY",3395253).
popTotal('UZB',29776850).
popTotal('VUT',247262).
popTotal('"VEN',29954782).
popTotal("VNM',88775500).
popTotal('VIR',105275).
popTotal'WBG',4046901).
popTotal('YEM',23852409).
popTotal('ZMB',14075099).
popTotal(ZWE',13724317).

Hommmmmee- Define membership function---------- #
Hommmmmm e Group low population----------- #
Hommmmm Triangular function--------- #

total Tri(Name, Amount,Score):-totalName(Name, Amount),Amount < 2100000 ,
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Score = max(0,((Amount-1000000)/(2100000-1000000))).
total Tri(Name,Amount,Score):-totalName(Name,Amount), Amount >2100000 ,
Score = max(0,((5000000-Amount)/(5000000-2100000))).

topTotal Tri(Name,Amount,Score):-top(10,order_by(total Tri(Name,Amount,Score),[Scorel,[d])).

totalTra(Name,Amount,Score):-totalName(Name,Amount), Amount > 2050000 , Amount < 2500000 , Score = max(0,1).
totalTra(Name,Amount,Score):-totalName(Name,Amount), Amount < 2050000 ,

Score = max(0,((Amount-1000000)/(2050000-1000000))).
totalTra(Name,Amount,Score):-totalName(Name,Amount), Amount > 2500000 ,

Score = max(0,((5000000-Amount)/(5000000-2500000))).

topTotal Tra(Name,Amount,Score):-top(10,order_by(totalTra(Name,Amount,Score),[Score],[d])).

totalLeft(Name,Amount,Score):-totalName(Name,Amount),Amount < 2100000, Amount > 1000000 ,
Score = max(0,((Amount-1000000)/(2100000-1000000))).

topTotalLeft(Name,Amount,Score):-top(10,order_by(totalLeft(Name,Amount,Score),[Score],[d])).

totalRight(Name,Amount,Score):-totalName(Name,Amount),Amount > 2100000, Amount < 5000000 ,
Score = max(0,((5000000-Amount)/(5000000-2100000))).

topTotalRight(Name,Amount,Score):-top(10,order_by(totalRight(Name,Amount,Score),[Score],[d])).

total TriMed(Name,Amount,Score):-totalName(Name,Amount), Amount < 25000000 ,
Score = max(0,((Amount-15000000)/(25000000-15000000))).

total TriMed(Name,Amount,Score):-totalName(Name,Amount), Amount > 25000000 ,
Score = max(0,((35000000-Amount)/(35000000-25000000))).

topTotal TriMed(Name,Amount,Score):-top(10,order_by(total TriMed(Name,Amount,Score),[Score],[d])).

total TraMed(Name,Amount,Score):-totalName(Name,Amount),Amount > 24000000 , Amount < 27000000 , Score = max(0,1).

totalTraMed(Name,Amount,Score):-totalName(Name,Amount), Amount < 24000000 ,
Score = max(0,((Amount-15000000)/(24000000-15000000))).

totalTraMed(Name,Amount,Score):-totalName(Name,Amount), Amount > 27000000 ,
Score = max(0,((35000000-Amount)/(35000000-27000000))).

topTotal TraMed(Name,Amount,Score):-top(10,order_by(totalTraMed(Name,Amount,Score),[Score],[d])).
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totalLeftMed(Name,Amount,Score):-totalName(Name,Amount),Amount < 25000000, Amount > 15000000 ,
Score = max(0,((Amount-15000000)/(25000000-15000000))).

topTotalLeftMed(Name,Amount,Score):-top(10,order_by(totalLeftMed(Name,Amount,Score),[Score],[d])).

totalRightMed(Name,Amount,Score):-totalName(Name,Amount),Amount > 25000000, Amount < 35000000 ,
Score = max(0,((35000000-Amount)/(35000000-25000000))).

topTotalRightMed(Name,Amount,Score):-top(10,order_by(totalRightMed(Name,Amount,Score),[Score],[d])).

total TriHigh(Name,Amount,Score):-totalName(Name,Amount),Amount < 90000000 ,
Score = max(0,((Amount-65000000)/(90000000-65000000))).

total TriHigh(Name,Amount,Score):-totalName(Name,Amount),Amount > 90000000 ,
Score = max(0,((200000000-Amount)/(200000000-90000000))).

topTotal TriHigh(Name,Amount,Score):-top(10,order_by(totalTriHigh(Name,Amount,Score),[Score],[d])).

total TraHigh(Name,Amount,Score):-totalName(Name,Amount),Amount > 90000000 , Amount < 93000000 , Score = max(0,1).
total TraHigh(Name,Amount,Score):-totalName(Name,Amount),Amount < 90000000 ,

Score = max(0,((Amount-65000000)/(90000000-65000000))).
totalTraHigh(Name,Amount,Score):-totalName(Name,Amount),Amount > 93000000 ,

Score = max(0,((200000000-Amount)/(200000000-93000000))).

topTotal TraHigh(Name,Amount,Score):-top(10,order_by(total TraHigh(Name,Amount,Score),[Score],[d])).

totalLeftHigh(Name,Amount,Score):-totalName(Name,Amount),Amount < 90000000, Amount > 65000000,
Score = max(0,((Amount-65000000)/(90000000-65000000))).

topTotalLeftHigh(Name,Amount,Score):-top(10,order_by(totalLeftHigh(Name,Amount,Score),[Score],[d])).

totalRightHigh(Name,Amount,Score):-totalName(Name,Amount),Amount > 90000000, Amount < 200000000 ,
Score = max(0,((200000000-Amount)/(200000000-90000000))).

topTotalRightHigh(Name,Amount,Score):-top(10,order_by(totalRightHigh(Name,Amount,Score),[Score],[d])).
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Abstract

The objective of this research is to study top-k ranking in the queries that are
ambiguous. In this paper we used world population for ranking in deductive data base .The
cause of most problems are wrong ranking because some questions have ambiguity such as
“Find the country which have the population between 1,500,000 and 3,000,000 people by the
most densely population is approximately 2,400,000 people.” This research proposes top-k
ranking technique using membership function to evaluate and rank possible answers. We show
comparative results for each kind of membership function.
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Body Aedwfiagilyn dudiudiseavans - (edge(X,Y) fainoein)
Fact Aodoyaiilusisiiiveglugiuaiud 1wy edge(ab).

Rule Aoguuuurssrmnuaislaerdafioulalunsmmneu 1y path(XY) - edge(X,Y).

2) fins1m3TAIuU top-k

a w e

fwAon©* Aonsdumduduiifiias k Sufulasazedluguuuudsialyifz)

q(X.9) <- Aybody(X,Y), S = Apfz)).

1. X Aefmudswan

2. S AsuwlsuatAz L

3. Y Aafhudsses

4. body(X,Y) fia disjunctive ¥asnWnAanaznou
5. 7, AaldnresAnad wSerudstu X vide v

6. i Aofladimsndiem

7. £ Ao Anod3eileddu Tne £ xdieneglu [0,1]

3) AnwileAduannin

fleffuzandn (Membership Function) fAeflsdduiivatlunisiviundrranuandn s
Iﬂaﬁﬂﬂiaﬂﬁaq 2 sy 1dun Trapezoidal Function wae Triangular Function usrNS U
firwiiytundnaesileidy WA Left Shoulder Function wae Right Shoulder Function [5.71. @

hAfuiiersiifiufuantuiligaduagiinamantioendiuagdwnnnii IFiendnisld 2 fladduusn

1. Triangular Function

0, x<a

) a<x<m

/\ M = ?E;L:;: m<x<hb
/ \ bin)lg x=>h

A i Ay s
a fiafnAitlouTign
d Aafmiiniign
Value Aariienla

‘ﬂa(\/atue<b
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2. Trapezoidal Function

0, (x<a)or(x>d)

xX—a
P—r a<x<h
/ \ nix) = 1, b=<x<c
T T 1 d—x
a b c d s c<x<d
d—c
a AoAiitosiign
d ferminniiga
b Aarniesiigaivhlvaesuduaudndu 1
¢ ReAnfnnlgaiivhldarunduaundndu 1
fla<b<c<d
3. Left Shoulder Function
0, x<a
/ i <x<b
X) = N asx=
W) =97—
/ 1, x>hb
a b
T L |
a AaAfitoavign
b AeAfinaula
Vla<b
4. Right Shoulder Function
0, x<d
d—x
\ u(x) = , c<x<d
d—-c
\ 1, x>c
. .

c AoAritaula
d Aeiuniiga

flc<d

4) TauszAvEmun1IInausu top-k mewsAtuauBnusaz et

nM3¥suAy topk vardauUssnnslan deldidenldflaiduaudin Trapezoidal Function,

Triangular Function, Left Shoulder Function Wag Right Shoulder Function Tumsdnduduituau

Uszmnslanlnafimiurguiesatosioya

Feazlddoyadnnudszyinslantud 2012 0
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http://databank worldbank.org,

o
o

Uszmnslandiuru 15 sAresa

AT 1 fegnsdayaduiusznnslan

A o ¢ S E e v s
EHE‘]MM;]"IU'QU 245 13ARRIR IMNAITNNT Lﬂuﬂ]@ﬂ'\i‘ﬂﬂl&ﬁ'ﬂ?u]u

Uszine Uszunns(au) Uszine Uszyns(aw) Uszma dszans(au)
Lithuania 2985509 | Armenia 2969081 | Mongolia 2796484
Pacific island
Jamaica 2712100 | Namibia 2259393 2252782
small states
Macedonia
2105575 | Slovenia 2058152 | Lesotho 2051545
FYR
Qatar 2050514 | Latvia 2025473 | Botswana 2003910
Kosovo 1806366 | Gambia 1791225 | Guinea-Bissau 1663558

1) Trapezoidal Function

dimhdeyadnnulszeinsianiunssuiumsdadudiu topk Menisiwualeuly "Hoamam

dszmanfidiunulssrinsiiogseing 1,500,000 au fa 3,000,000 aAu leefiassasdidnuoudssnns

TndiAsaiueae 2,200,000 AW B4 2,500,000 AU mmﬁiqv\ 10 dusiu" M Trapezoidal Function s

W gl v -] 3 ' = a = & o w o
NﬁﬁWﬁmﬂﬂﬂﬂM'mﬂEl“ﬂﬂﬂiﬁmﬁ NuuYszans LI.EWF]'WF]'J"Il.lLUU?ILH’Hﬂ@l?ﬂklﬂﬂlﬂﬂﬂ?ﬂuﬂwﬂ,ﬂ 120

A5 2

a5l 2 Bradeyaiildannsdeduduiieilsiduamndn Trapezoidal Function

Useine FUUIETINI(AY) ArAsduandn
Namibia 2,259,393 1
Pacific island small states 2,252,782 1
Macedonia FYR 2,105,575 0.865
Slovenia 2,058,152 0.797
Lesotho 2,051,545 0.788
Qatar 2,050,514 0.786
Latvia 2,025,473 0.751
Botswana 2,003,910 0.720
Jamaica 2,712,100 0576
Kosovo 1,806,366 0.438

= @ i A o s ° ' & W as 2
ANV 2 %mulﬂfﬂmauwa;&ammudwﬂmﬂﬂanlﬂmuniﬁmuﬂﬁﬁmﬂumu tOp—k [20ld)

fladu Trapezoidal Function ﬂi:mmﬁiaﬁ'ﬂmuﬂizmniﬁa@luﬂw 2,200,000 §ia 2,500,000 azdAn

aaduandadu 1 lduAdsema Namibia Faiduaudsssins 2,259,393 au wasUsewa Pacific
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island small states @sfidnnulszanns 2,252,782 au dulsanaduueiiamananiuandnamudauly

o

fifmuadnly
Z) Triangular Function

ginhdeysdnaulszrinslandiunssuiumsdaduiu topk Mensiwuadauly "Feamam
Uszmaiifidiumulssrinsiiogseuing 1,500,000 ey fs 3,000,000 Ay leefiasdasdidnuoulssnns
TndlAsafiu 2,400,000 Au wINfign 10 Tusiu” e Triangular Function Fawadwsnildeanuifeds

Uszna Snnudssning wasarmuduaannenudouleiismuadild fawnsei 3

17197 3 Bndeyafilannmidadudusieilaiduain@n Triangular Function

Uszia druulszrns(au) Anruduaundn
Namibia 2,259,393 0.844
Pacific island small states 2,252,782 0.836
Macedonia FYR 2,105,575 0.673
Slovenia 2,058,152 0.620
Lesotho 2,051,545 0.613
Qatar 2,050,514 0.612
Latvia 2,025,473 0.584
Botswana 2,003,910 0.560
Jamaica 2,712,100 0.480
Kosovo 1,806,366 0.340

= I SV . o w o

PN 3 ilxmulmﬂLuam‘nﬂyammuﬂi:'tﬂnﬂanlﬂwmnﬁzmumiimaumu tap-k A8
flandfu Triangular Function Usswaiiiiduudssyinslnaldesny 2,400,000 Au uwnﬁajmiﬁLLﬁﬂﬁzlwﬂ
Namibia, Pacific island small states, Macedonia FYR, Slovenia, Lesotho, Qatar, Latvia, Botswana,

Jamaica wazUseina Kosovo #1udisu TnafisuudszennsuasimanuduauBndduanddunsed 3

3) Left Shoulder Function

dimhdeyadnaulsvinslaniiunasuiumsdaduiu topk mensiwuaiaule ‘Feaman
Uszmadilidruulsernsiisgsewdng 1,500,000 Au fia 3,000,000 Au laedezdasidoulsenns

v

IndiAeafiv 2,400,000 AU 1NTign 10 dudiu’ fae Left Shoulder Function Teadnsfildanunfifote

Usznd Innudssnnaavmanuduandnaudeulviismundilufimsng
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A15197 4 Fadayailannmsiadusiudeflaiduandn Left Shoulder Function

Usziva Fruaudszansay) | eranuduanda
Namibia 2,259, ,393 0.844
Pacific island small states 2,252,182 0.836
Macedonia FYR 2,105,575 0.673
Slovenia 2,058,152 0.620
Lesotho 2,051,545 0.613
Qatar 2,050,514 0.612
Latvia 2,025,473 0.584
Botswana 2,003,910 0.560
Kosovo 1,806,366 0.340
Gambia 1,791,225 0.324

A 4 %Lﬁulﬁfhgﬂaﬁﬁayaﬁwmuﬂ1:1"mnﬂanlﬂdﬂunﬁxuuuﬂﬁﬁmé’uﬁu top-k fe
flardu Left Shoulder Function azldUssmeiifisuautszannslndifusiy 2,600,000 Ay :J']ﬂ‘?iﬂﬂ
1#unuseina Namibia, Pacific island small states, Macedonia FYR, Slovenia, Lesotho, Qatar, Latvia,
Botswana, Kosovo uavUseind Gambia madndu Tasfidnauuszanns waviamniuanningifiuans

Tupsnai 4

4) Right Shoulder Function

Lﬁﬂﬁﬁaa&aﬁﬂmuﬂﬁ:‘mnﬂﬁnmmizmumii’ﬂﬁuﬁu top-k faenisimuadauly "Fosmemn
Ussweifi nudssansflagssnine 1,500,000 Ay fa 3,000,000 Ay Tneflssdesdidoulssnng
TndiAsaiy 2,400,000 Au mnﬁia.ﬂ 10 dusu" e Right Shoulder Function Fadnsideanunffete
Usuwe Snudssnnsuasmanuuandnamudeulviifmundly Fensed

aradl 5 dasdagaiilivnmsindudfumeflsdduaudn Right Shoulder Function

Uszine Awlsvnslau) aemudugundn
Jamaica 2,712,100 0.480
Mongolia 2,796,484 0.339
Armenia 2,969,081 0.052
Lithuania 2,985,509 0.024

nsadt 5 suiuldiudimidagadnnussenslanluimunssuiunsindudu topk fe
i Right Shoulder Function vzldssmpddsnulssunslndifasiu 2,400,000 Ay wnfige
IAunUseme Jamaica, Mongolia, Armenia wasUseine Lithuania muddu Taofidiunwlssnns uay

' 2} a5 w s = o = & w oA = = o 3
ﬂ"lﬂT]LlLﬂuﬂuq‘ﬁﬂﬁﬂﬂkkﬁﬂﬂluﬂqiqﬂw 4Iﬂﬂ'ﬂ¥‘“w‘|ﬂﬂ 4 ﬂuﬂUVlﬂﬁﬁFl"l?JNﬂulWGﬂl.mﬂqvluﬂl,“ﬂﬁllﬂ
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Wan1sIuY

aATedldvimsmeasnuoufioulsEansamamsnsuiu topk vasfayadnumudssrinsian
femslifeiFuan@n s 4 uuy (Trapezoidal Function, Triangular Function, Left Shoulder
Function uay Right Shoulder Function) ainnsnpaasaztiuladnmsly Trapezoidal Function uag

Triangular Function vglauadninieenmilouty uwikandstunssiidaduanin dvsdiueyiu

<

Feulvfifvuadily desud

k]

15

1 La
P /\\ = = Trapezoidal-Function
05 7 N\ . .
3 / N e Tri@angular-Function
0 ! '

1,500,000 2,200,000 2,400,000 2,500,000 3,000,000

U 1 nmlFeuliisusening Trapezoidal function iU Triangular function

e s w '

dumild Left Shoulder Functien asSuuiatioufunmmmdeyaiiiidndeaniviteniiudiidesms

& Right Shoulder Function tstunsmdeyaniiauinnimiamiiuaiaeants sgui 2

15

/ ~ = = = R-Function

0.5 > .

- ~ s | -Function
~

4] L

1,500,000 2,400,000 3,000,000

Eﬂ'ﬁ 2 nmilRBuiisusswing Right shoulder function iU Left shoulder function

asUuazafiusnona

MIMBUSU  top-k mmw"aga:i’wmuﬂwmnsianuzuﬁqﬁw SyiianAontsimundaulyvastie
Uszrnnaiandasnsfium dosnmsdmuadeultlunsdumiieuetiouiumssdaumaite
Fnumanuiiuanga Semnudusndaelilumsdndusiu topk sudu sufumnfvuadauly
Rawanm o199sdaalinadnsnleimuamaeasulUliguiy

InAsARRRInaIaiiulAd fladduain®n Trapezoidal Function ffu Triangular Function
wbimarmuduaninesnuuananiu  uwiasfimlUluiiamadeniu  mngdmivmahludngusu
Teyeitemueguieteluduesmsimunieulsiifinssyreumueddsiseinsiedudy  Taown
ﬁmmiﬁ"ﬂé‘um"ui@Hﬁﬁﬂﬁhﬁnﬂﬁmwnau’Lmﬁ'ﬂamLﬁsn m3lafeiFuaandn Triangular Function azil

AnugniBLaziivgwInnIInsiefeidusandn  Trapezoidal Function Tunnenduriu vindiAndiien
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aulannnimiial msldferiduandn Trapezoidal Function axdinmugnAesuazusiugunnndinisly
fladduannni@n Triangular Function @uilsiduaindn Left Shoulder Function uas Right Shoulder

Function winzdwiunmihludadudufeyaiifrdesndt vieunnivddisiosms auddu
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malwgainmyraulsnnaamunaluladaisaune (National Conference on Information Technology: NCIT) a3 6

mmauﬁﬂmuﬁqﬂmmﬁﬁmsmuqu

o

- o’ A S a - -
fiszan@ Fuans, findend iadszaw, faen halszaw

s imnrueanAaeat Sindiaanssemaa amInndomaluladgawd

Emails: mikaiterng@gmail.com

unaata

ae e cd R
nwiisliiliagleasdiiodianawwafawasiimney
o * o wm oA a - 5
a1 uasdaudayalifanalndifosnunisidld
Arllansadilade (Wlanalndidsenuneuyed

< R & e L
unfiga) lamlusuaduasuuaziinsudasandayaf
Wunwenedanliaglugduuuves Controlled Natural

v & wme 8 4 P

Language ANUURITYIIANHINTINITLTL W Controlled
(Attempto
Gontrolled  English) laamsienzwmaazidunisany

Natural  Language fduiniadila ACE
d1oudr s sdangeRanidiaauInnTIzyasd

ﬂ‘nufﬁagﬁugﬂuuumm Controlled Natural Language
o . e a2
ﬁ'lﬁ'lﬂly- ﬂ'lﬂ']ﬂ'ﬂ]'q“, Lama, aaInan

1. uniin
ﬂaqﬁ'uﬁ'a:dagn:‘i’mﬁnj.ﬁ'ag;'lugﬂLLUUﬁiﬂaaTﬂﬂaﬁaa:Lﬁu
agluguaud udlaorialudadlaialdvinaauala

e - @ i @ 8w P
mnfillunsGongtayamatuldvn msldayad
o ws v aovd .
wivagluguanuiieindudosandbfidurmymedu
Fudayaiinsulastayalwagluguuuudglaialy
#aamsI

indgwiiglavialivanuglanisfldlung
= o & o - - = o
Gonadayamariulaoin windszuuwlamnifudaya
- . r U
wignnwdinnlaiinsalfiivdoyaailu

> a ° - o 5 - R
swarwg wiamuiniy fanalndidastunsdgls
o ax - . oS
W lldw (i dannw) Ssezdenaldiflaiallewnn
. . oo
rhanwldazainannilu
o Fa o ca .

MuidpifaluaneiEnisulastayasinnies

ad18an (Datalog) 1Wagluzluuy Controlled Natural

Language iatidoyaliifinlugiuanuiuazaudniy

o . PO 9 v o
LWDWIAABY TﬂnqaLuuﬂmmﬂmammaanqu’lumf

. = > s
W8 ﬂi‘l“llj mn'lu‘ﬁ_‘mmm;nm:mu RligtY)

v &
2. MEIAIeaan
mE1andlden (Datalog) tdunmmdmsunadun
TdawnsuiGaaiang g3l wuuraInsadaantaznayly

#18[1,2).

head(X,Y) :- body(X,Y).

Head Aadufiagadne fiauflalpsasmane -
a_ . o4 T o &, 4
Body fadufoyaun duasudaTamans -

u

Fact Aatayanduatsiiivagluguanud i

country(Thailand, Asia).

Rule AayUuuuwasausislasadpdawlalumam

dmay 1

continent(Name, Con) :- country(Name, Con).

3. Controlled Natural Language

Natural Language lﬂuﬂ‘mﬂﬁa‘m‘ﬁmﬁﬂuﬂauﬁ?Lﬂa{
Tavldqduuunasnisansdldiay ﬂ"'u&"aag'luﬁﬂuuu'ﬂﬂ
wilnaumed udeaaiiaaiasimaudal¥aanunlug
finouAneadidnlole mmﬁgnaﬁﬁww‘mmﬂlﬂaﬁ
MIFIUIEUUEIF 810y (Expert system) NNTTTUINA
azldmuuganug (Knowledge Base System) daslu
nﬁui]ﬁﬂ'nuumﬂmmﬂ"ﬁ'\:maq

Controlled Natural Language Lﬂummﬁmimmﬁ
ndfa Wunfimuedsnuasuiiaaiionisls
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mulegainmzaulssnaaanalwlagan

zﬂLLuumaamngmzf uddadaadinisaruguundi

o w P <, o & =¥ =
walvnouRaiaadauisovinaulduszddafianana
dosad arentu

-

lugruamug fdoymduntwandrfan sl

~type(counTry (name:string, topography:string)).

counTry(Thailand, Tropical-wet).

& - ., € o o
Mnuanwd asfuldugesdithlenshany
whladayathaduldin udilabhdayanuladdaglu
EiJlL'Llll'uad Controlled Natural Language azlel

p:Thailand is a country and has a n:Tropical-wet.

n: Tropical-wet is a n:Tropography.

mnmaulaslwagluglunuyas Controlled  Natural
Language 321691 Thailand  luidlszina uazdianw
Qﬁaﬂmﬁaqlumm?awﬁwu Faazfuirawiallman
wWhlaldinedu mmussoiacldintesdalunadon
Controlled Natural Language f8 ACE (Attempto
Controlled English)

4. ACE (Attempto Controlled English)
ACE (Attempto Controlled English) 1Juta3asianilad
mmmﬁ'muiugﬂuuumm Controlled Natural Language
IFFumwaw aH’lﬂumisnﬁ'l‘n”Lmummj nanafala
dndudosiaaiuiainnisiiudeyaday
Mmaeufiaed uazinnsdumdan1snauRaes
Wigsadaden udamusnfudays usssaunudays
dummilndifssiuaiwansd Tasausnld ACE
English)  Hwwib il lad

(Attempto  Controlled

hitp:/fattempto.ifi.uzh.ch/site/resources/

5. LLﬂaaﬂ‘as&mﬁu Controlled Natural Language
n1sutasdagaifarlioglusduyuvas Controlled
Natural Language #isulatdanlatoysiuauthzmns
Tan sasnsiia uaz aasnisen  lumsdun iy

. 4 . .
gauwarrwd Favzlddoyannn
http:/fdatabank worldbank org/ aysiiid1uau 245 13aa
250 INe TR 1 udrnisdayaimomn 14 1sAnaTA

(National C on

ion Technology: NCIT) @337 6

-~

= ¥ o
A1979N 1 W?aﬂﬂ-ﬂﬂlﬂ%a'ﬂ'\ wiwlszmnslan

. TUIN i m;] 5l ﬁl‘i;l

szans AMEne | AEan
Japan 127,817,277 8.30 0.781
China 1,344,130,000 13.50 0.875
India 1,221,156,319 21.00 1.084
Singapore 5,183,700 9.50 0.981
Thailand 66,576,332 10.75 1.015
Switzerland 7,912,398 10.20 1.061

United States 311,687,816 12.70 0.968

United
Kingdom 62,752,472 12.90 0.914
Angola 20,180,490 45.57 2.084
Australia 22,323,900 13.29 1.472
Argentina 40,728,738 17.06 1.333
Spain 46,174,601 102 0.983
Saudi Arabia 27,761,728 20.32 1.427
Brazil 196,935,134 15.33 1.318

mm]"ay‘nlumﬁaﬁ 1 Lﬁaﬂﬂﬁagﬂﬂﬁ?ﬁmjuﬁ‘mmm

v = 4 da X oo X
adndannnidaulanidaudu aat

lowOfPop(Name,Pop) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
Pop < 60,000,000.

medOfPop(Name,Pop) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
Pop > 60,000,000, Pop < 1,000,000,000.
highQfPop(Name,Pap) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
Pop > 1,000,000,000.

lowOfBirth(Name, BirthOfRate) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
BirthOfRate < 10.
medOfBirth(Name,BirthOfRate) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
BirthOfRate > 10, BirthOfRate < 20.
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mulegainmzaulssnaaanalwlagan

(National Confe on Inft ion Technology: NCIT)ﬁ%ﬁﬁ

highOfBirth(Name,BirthOfRate) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
BirthOfRate > 20.

lowOfTerm(Name, TermOfTrade) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
TermOfTrade < 1.0.

medOfTerm(Name, TermOfTrade) :-
counTry(Name,Pop,BirthOfRate, TermQOfTrade),
TermOfTrade>1.0, TermOfTrade<1.4.
highOfTerm(Name, TermOfTrade) :-
counTry(Name,Pop,BirthOfRate, TermOfTrade),
TermOfTrade > 1.4.

o e ] o =
a:LLmnqumagaluﬂ‘mm 1 leasansen 2

4, A, fea W v =
A1 NN 2 TAYRNHTRIIULINFHAIDNEINTATREN

FIUIN 20513 ans1
szine - .
dszrns \nA asan
Japan normal low low
China high normal low
India high high normal
Singapore low low low
Thailand normal normal normal
Switzerland low normal normal
United
normal normal low
States
United
normal normal low
Kingdom
Angola low high high
Australia low normal high
Argentina normal high normal
Spain normal normal low
Saudi
low high high
Arabia
Brazil normal normal normal

o = w 3o
FINAITNN 2 'mﬂmwauﬂlugﬂumwgmnmm

u
oo

o = v, &
ANAIRAN m:‘lmﬁmm‘mgmu

-type(counTry(name:string, pop:string,
birthrate:string, termoftrade:string)).
counTry(Japan, normal, low, low).
counTry(China, high, normal, low).
counTry(India, high, high, normal).
counTry(Singapore, low, low, low).
counTry(Thailand, normal, normal, normal).
counTry(Switzerland, low, normal, normal).
counTry(United States, normal, normal, low).
counTry(United Kingdoem, normal, normal, low).
counTry(Angola, low, high, high)
counTry(Australia, low, normal, high)
counTry(Argentina, normal, high, normal).
counTry(Spain, normal, normal, low).
counTry(Saudi Arabia, low, high, high).

counTry(Brazil, normal, normal, normal).

A e v = ¥
mammagamnmﬂm 2 N'Iltﬂadcl“ﬂgﬁtugﬂlkﬂﬂ“ﬂﬂd
Controlled Natural Language m:"Lrﬁgmm'mjﬁag‘.h

Fluuuas Controlled Natural Language aadn it

p:Japan has a normal population and has a low
n:term-of-trade and has a low birthrate.

p:China has a high population and has a low n:term-
of-trade and has a normal birthrate.

p:India has a high population and has a normal
n:term-of-trade and has a high birthrate.
p:Singapore has a low population and has a low
n:term-of-trade and has a low birthrate.

p:Thailand has a normal population and has a
normal n:term-of-trade and has a normal birthrate.
p:Switzerland has a low population and has a
normal n:term-of-trade and has a normal birthrate.
p:United-States has a normal population and has a
low n:term-of-trade and has a normal birthrate.
p:United-Kingdom has a normal population and has
a low n:term-of-trade and has a normal birthrate.
p:Angola has a low population and has a high

n:term-of-trade and has a high birthrate.
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The following minimal subsets of the axioms answer the query:

s Subset1

= 10: p:Australia has a low population and has a high n:term-of-trade and has a normal birthrate.

= Substitution: what = Australia

* Subset 2

= 6: p:Switzerland has a low population and has a normal n:term-of-trade and has a normal birthrate.

= Substitution: what = Switzerland

MWA 1 HRANTIINNTIONAFINY " What has a low population and has a normal birthrate?"

The following minimal subsets of the axioms answer the query:

e Subset 1

= 9: p:Angola has a low population and has a high n:term-of-trade and has a high birthrate.

= Substitution: what = Angola

n‘m?.l 2 waawsaInMIINAdana " What has a high birthrate and has a high n:term-of-trade?"

p:Australia has a low population and has a high
n:term-of-trade and has a normal birthrate.
p:Argentina has a normal population and has a high
n:term-of-trade and has a normal birthrate.

p:Spain has a normal population and has a low
n:term-of-trade and has a normal birthrate.
p:Saudi-Arabia has a low population and has a high
n:term-of-trade and has a high birthrate.

p:Brazil has a normal population and has a normal

n:term-of-trade and has a normal birthrate.

6. HAN13IVE

ianerauvhmnashmuiierdinay aInd1ma

1) What has a low population and has a normal
birthrate? vz |dadnsaamwi 1

a1 azdiuldin ﬁﬁﬂauﬁ‘lﬁaanmﬂ:ﬁag 2
ﬂi:melﬁmammﬁ'iau‘lﬂ "low population and normal
birthrate* lsiuritlazing Australia dsldanngimanaii
18an31 "p:Australia has a low population and has a high
n:term-of-trade and has a normal birthrate." wazil3zine
Switzerland 'i”mgﬂummé”ﬁuaniﬂ " p:Switzerland has a
low population and has a normal n:term-of-trade and has

a normal birthrate.”

2) What has a high birthrate and has a high n:term-
of-trade? 9z lAHAGWEAIN WA 2

ainmnd 2 anduldin daavdldoaninesday 1
dszinafiassanuiiaulay "high birthrate and high term-of-

) o i .

trade” @alauniazine Angola NN "
p:Angola has a low population and has a high n:term-of-
trade and has a high birthrate.”

3) What has a high population and has a high
n:term-of-trade?

wlifianatenmadauluitasnnbidizuenad
4 . A . o o
‘ﬂ'uarmiJ's:mﬂ‘hﬂum‘m'mﬂi:'mniay‘luszﬂugaLLﬁ:u

o

AAIINTIAN ag]‘lm:é‘n’ug«

7. aqluazandnana
mmﬂaaﬁam"amnmmmﬁﬂﬁaﬁlﬁag;'luaﬂu:umma
Controlled Natural Language 5\1 ﬁ'ﬁmﬁaﬁaamm
Taensalaas Controlled Natural Language #n laifwua
'l:!mnﬁnhmﬁ'nﬁ'ﬂﬁﬁuanmﬁamnﬁlﬂay;a:eiawa'lﬁ"l.ﬂ
muﬁnaaun‘mﬂ”nﬁm‘fuﬂﬁ nrimualrsinsalls
fdwri slianusaty

innmwmaaﬁ’anmw:lﬁu'lﬁi‘uﬁaLLﬂaafaHaﬂwn
mmaddaniiaglugduuuuas Controlled  Natural
Language Wazivhlifulugmaiufudszawninniy
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Lm:‘lﬁuaﬁ'mﬁ‘gnﬁaamugmmmﬁﬁagj

Tuadada’lyl am%ﬁ‘nﬁmm}uﬁumﬁ'mnmm
jﬂumwfﬂﬁﬂ Controlled Natural Language vl'ﬂg'mi

ﬁnm‘lugﬂuumjaa OWL Language
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Top-k Ranking with Membership Function for
Deductive Database

Keerachart Suksut, Pasapitch Chujai, Nittaya Kerdprasop and Kittisak Kerdprasop

Abstract—The objective of this research is to study top-k
ranking in the queries that are ambiguous. In this paper we
demonstrate our query answering strategy for ranking world
population for deductive data base .The cause of most
problems are wrong ranking because some questions have
ambiguity such as “Find the country which have the
population between 1,500,000 and 3,000,000 people by the
most densely population is approximately 2,400,000 people.”
This research proposes top-k ranking technique wusing
membership function to evaluate and rank pessible answers.
We show comparative results for each kind of membership
function.

Index Terms—ER Data mining, Datalogtop-k, Datalog,
Deductive database

1. INTRODUCTION

Ranking of data is highly important because its help to
define direct scope of target with goods which we want to
attribute or design and create new products which market
demand during that time[1].

Ranking can make by determination only one condition or
more. Ranking the fuzzy data for finding least fuzzy answer
by using membership function technique to reduce fuzzy of
data. Result ranking the fuzzy data have more precision.
Correct ranking can increase business profit highly[2].

In paper, main idea is apply the membership function to
reduce fuzzy data in part of membership value computation.
We show some difference of apply the membership function
(Triangular Function, Trapezoidal Function, Left Shoulder
Function and Right Shoulder Function).

Aforementioned, researcher exhibit ranging technique of
the fuzzy data by member function for find the best ranking
of data to increase more accuracy and precise
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II. BASIC DATALOG

Datalog language used for logical programming in the
form [1.3]

head(X,Y) :- body(X,Y).

where head(X,Y) is the head of the rule, and
body(X.Y). is the body of the rule.

Fact is the data is actually stored in the knowledge base

and in the form
data(X,Y).

Rule is form of fact-based conditions of find the
answer. Rule in the form

‘ findData(X,Y) :- data(X.Y), Y < 10,000. ‘

TOP-K

III. DATALOG
Datalog™®"*[4,5] is finding ranking top k in the form

q(X.,S)« dybody (X.Y).S = f(Pi(Zi)) (D

1. X are the distinguished cariables;

2. S is the score variable;

3.Y are non-distinguished;

4. body(X,Y) is disjunctive query of atom;

5. zi is set of constants or variables;

6. pi is all fuzzy predicate;

7. f is scoring function taking values in [0,1];

Fuzzy Set is scope of the fuzzy information and
different from crisp, Crisp Set have 2 wvalues of
membership degree (true/false or 0/1) but fuzzy set have
multiples value and taking values in [0,1] , fuzzy set used
membership function for indentify value of membership.
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membership function[2,6,7]
A. Triangular Function

AN
7N\

a Value b

a is a lower limit
b is an upper limit
Value is interested value

Where a < Value <b

0.x<a

x—a
,a<x<m

m—=da

ux)=

bh—x
m<x<b

b-m

xx=h

5

B. Trapezoidal Function

a is a lower limit

d is an upper limit

b is a lower support limit
¢ is an upper support limit
Wherea<b<c<d

0,(x<a)or(x>d)

X—d

,asxsh
u(xy=10-4
I,Lh<x<c
d_x,c<x<b
d-c

@

3)

C. Left Shoulder Function

pd
e

a b

a is a lower limit
b is interested value

Wherea <b
O,x<a
u(x)= ;:Z,ansb (4)
Lx>bh

D. Right Shoulder Function

c d

¢ is interested value

d is an upper limit

Where ¢ <d
0,x<d
d—x

u(x)= dic,cixid 3)

lLLx>e¢

IV. Topr-K COMPUTING

Datalog®™*  of population, Rescarcher selected
membership function such as Trapezoidal Function,
Triangular Function, Left Shoulder Function and Right
Shoulder Function for find ranking top-k answering. and
select data  of  population in 2012  from
http://databank. worldbank.org/ , this data have 245 record,

in table I is example data of population 15 record:
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Table 1. example data of population

Table IIL. Population top-10 ranking with trapezoidal

A. Triangular Funetion

Population top-10 ranking "finding the country which
have the population between 1,500,000 and 3,000,000
people by the population approximate 2,200,000 to
2,500,000 people most" with trapezoidal function in table
IL

Table II. Population top-10 ranking with triangular

function.
. Membership
Country Population Value

Namibia 2259393 1
Pacific island 2252782 1
small states

Macedonia FYR 2,105,575 0.865
Slovenia 2,058,152 0.797
Lesotho 2,051,545 0.788
Qatar 2,050,514 0.786
Latvia 2,025,473 0.751
Botswana 2,003,910 0.720
Jamaica 2,712,100 0.576
Kosovo 1.R06.366 0.43R

Form table II. After top-k ranking with trapezoidal
function. Country which have the population between
1,500,000 and 3,000,000 people by the population
approximate 2,200,000 to 2,500,000 people most and have
value of membership value is 1 is Namibia which have the
population 2,259,393 people and Pacific island small states
which have the population 2,252,782 people. Other country
have the value of membership according to the condition.

B. Trapezoidal Function

Population top-10 ranking "finding the country which
have the population between 1,500,000 and 3,000,000
people by the population approximate to 2,400,000 people
most" with triangular function in table III.

Country Population function.

Lithuania 2,985,509 Crrriim Population Membership
Jamaica 2,712,100 Value
Macedonia FYR 2,105,575 Namibis 2,259,393 0.844
Qatar 2,050,514 Pacific ~ island 2,252,782 0.836
Kosovo 1,806,366 small states

- Macedonia FYR 2,105,575 0.673
Armenia 2,969,081 Slovenia 2,058,152 0.620
Namibia 2,259,393 Lesotho 2.051,545 0.613
Slovenia 2,058,152 Qatar 2,050,514 0.612
Latvia 2,025,473 Latvia 2,025,473 0.584
Gambia 1,791,225 Botswana 2,003,910 0.560
Mongolia 2,796,484 Jamaica 2,712,100 0.480
Pacific island small states 2,252,782 Kosovo 1.806.366 0.340
Lesotho 2,051,545
Botswana 2,003,910 Form table III. After top-k ranking with trapezoidal
Guinea-Bissau 1,663,558 function. Country which have the population between

1,500,000 and 3,000,000 people by the population
approximate to 2,400,000 people most is Namibia, Pacific
island small states, Macedonia FYR, Slovenia, Lesotho,
Qatar, Latvia, Botswana, Jamaica and Kosovo respectively
and have the value of membership according to the
condition.

C. Left Shoulder Function

Population top-10 ranking "finding the country which
have the population between 1,500,000 and 3,000,000
people by the population approximate to 2,400,000 people
most” with left shoulder function in table IV.

Table IV. Population top-10 ranking with left shoulder

function.
. Membership
Country Population Value

Namibia 2,259,393 0.844
Pacific  island 2,252,782 0.836
small states

Macedonia FYR 2,105,575 0.673
Slovenia 2,058,152 0.620
Lesotho 2,051,545 0.613
Qatar 2,050,514 0.612
Latvia 2,025,473 0.584
Botswana 2,003,910 0.560
Kosovo 1,806,366 0.340
Gambia 1,791,225 0.324

Form table IV. After top-k ranking with left shoulder
function. Country which have the population approximate
2,400,000 people most is Namibia, Pacific island small
states, Macedonia FYR, Slovenia, Lesotho, Qatar, Latvia,
Botswana, Kosovo and Gambia respectively and have the
value of membership aceording to the condition.

D. Right Shoulder Function

Population top-10 ranking "finding the country which
have the population between 1,500,000 and 3,000,000
people by the population approximate to 2,400,000 people
most" with left shoulder function in table V.
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Figure 1. Difference between trapezoidal function and triangular function.
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Figure 11 Difference between trapezoidal function and triangular function.

Table V. Population top-10 ranking with right
shoulder function.

. Membership
Country Population Value
Jamaica 2,712,100 0.480
Mongolia 2,796,484 0.339
Armenia 2,969,081 0.052
Lithuania 2,985,509 0.024

Form table V. After top-k ranking with right shoulder
function. Country which have the population approximate
2,400,000 people most is Jamaica, Mongolia, Armenia and
Lithuania respectively and have the value of membership
according to the condition.

V. CONCLUSION

Top-k ranking of population. Condition step is very
important because condition for find item is a create
equation for evaluate membership function. Which
membership function is a ranking top-k of population if
wrong evaluate of membership value then wrong top-k
ranking.

According to experiments can be seen that membership
function Trapezoidal Function and Triangular Function will
generate in different membership value while both of
function have same wvalue direction. The ambiguity
information is suitably to sort in condition range. If
interested value have one value. Triangular function have
accuracy more than Trapezoidal function. If interested
value have more one value. Trapezoidal function have
accuracy more than Triangular function (In Figure I).

Additionally, membership function Left Shoulder
Function and Right Shoulder Function are properly to
classify information that less or greater value, respectively
(In Figure II).
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