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Reputation-Based Selection of Language Services
Shinsuke GOTO
Abstract
Services computing, which is a new research field in the software development,
is now attracting much attention in both research and business communities.
In services computing, selecting the service from available services with the
equivalent function is an important topic. If the right service can be found before
the use, the cost of developing compound services can be reduced. To date,
Quality of Service (QoS), which is the numerical value of service evaluation, is
the most common factor of service selection. For the language services such as
machine translation services, translation accuracy can be used as QoS metric.
However, the usefulness of language services may vary according to the foreign
language ability of the users, or the difficulty of the tasks.

In this study, I proposed to use reputation information for judging the use-
fulness of services instead of the QoS metrics. The reputations are defined as
the information expressed by the user, task, and service. Based on reputation
information, a system assumes what service is useful to carry out the task for
the user. To realize this method, we face several problems.

Formalization of the order relation acquisition

based on reputation information

If the order relation between the ability of the users, the difficulty of the
tasks, and the accuracy of the language services are obtained, useful ser-
vices could be selected. However, the order relation cannot be determined
by reputation information and background knowledge only. Therefore, the
formalization method to acquire the order relation from reputation infor-
mation is needed.

Integration of order relation acquisition and service execution
In order to construct the service selection platform, we need to integrate the
order relation acquisition engine, that is based on reputation information;
and the execution engine which calls the service.

In this study, I propose the hypotheses acquisition method using the hypo-

thetical reasoning in order to resolve the problem. Hypothetical reasoning is an



v

assumption method to obtain the consistent set of hypotheses from background
knowledge and observation result. Firstly, the framework of hypothetical rea-
soning is used to obtain the order relation between the ability of users, the
difficulty of tasks, and the accuracy of service from reputation information.
Then, order relation obtained from hypothetical reasoning is used to recom-
mend useful services by inference. Service selection system gets the information
of the user and task from the query, then uses this to assume which service is
useful.

The architecture of this system consists of the two components: the hypothe-
ses acquisition component and the service selection conponent. The hypotheses
aquisition component acquires the order relation information of users, task, and
services from reputation information. The service selection component recom-
mends useful services obtained from order relation information and reputation.
We implemented this integrated system in Language Grid. Contributions of
this research are as follows:

Formalization of the order relation acquisition method

based on reputation information

Suppose that hypotheses are the order relation among users, tasks, and
services, and background knowledge is the inference rule based on each
definition, we formalized the order relation acquisition method necessary
to service selection.

Integration of order relation acquisition and service execution
We showed the interaction between the order relation acquisition engine and
the service execution engine. Moreover, we integrated the two components
and then implemented the service selection platform to recommend services

according to user’s query.
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Algorithm 1 0000000000 acquire_hypotheses(K, H, R)

1

> W

o

10:
11:

13:

14
15
16

24
25

K /0000000 %

cH /0000 *

R={r,..,r,} /0000000 */

CH /000000000 0O00ooooooooooooog */
P /0000 000000000O0O0O0O */
ppCH/*O0000000000000000000Op; €P;*/
ICCK /*OOooOg */
A/*p,.,P,0000000000000000CDOOOOOODOOOO
oo0oooooog */

ar =A{p,..,pn} €A /*00000000000000O0O0O0O0OO n-O
*/

PH /*000000O0D0O0OOOOOODOOOO */

for all r; in R do

12. P < abduction(K U (R — {r;}), H,1;)

end for

AT P

. CH <+ 0

. for all a;, in A do

17 PH <+

18:  for all p; in a; do

19: PH + PH Up;

20:  end for

21:  if check_consistency(K U R, PH,IC') then

22: CH <+ CHePH

23:  end if

: end for

: return CH

11



Algorithm 2 0000000000000 check_consistency(K, H, IC)
1. if KUHF IC then

2:  return false
3: end if

4: return true

Algorithm1 0 O O O O acquire_hypotheses12 0 0 O abduction(K, H,0) 0O
000000000000 00 KODOOO HOOOooooooooooo o
oooooooooooooo P={H,...H, }J HHCcHOOOOOOOOO
00000000oooooooboooodnnodddacquire_hypotheses22
O00e0000D00OD0ODODODO0ODOODOODODODODOOODOO
check_consistency 1000 FOOOOOOOOOOOOOOOOOOOOOO
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Algorithm 3 Web OO OO OODOOOOOO service_selection(Q)
. K /0000000 */

22 CH /*000000000000000000000O0OOOO */
3 R/*0000000 */
4 Q= (u,t) /¥ 000000000000000w0000000¢000
o */
5: S ={s1,...,} /¥ 000000 */
UsS /000000000 */
BK /*0000000D000COOOOO0OOOOOO */
US « 0
BK +~ KUCHUR
10: for all s; in S do
11:  if BK F useful(s;,u,t) then
12: US <+ US es;
13:  end if

14: end for
15: return US
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gOooooOgd 1: Main.java

package abduction;

import java.io.x;
import java.util.ArrayList;

import jpl.Term;
public class Main {

T

* @param args reputationsFileName, abductionfilename , repsize,
filename

*/

public static void main(String[] args) {

Reputation repSet = new Reputation(args[0]);
ArrayList<String> rep = repSet.getAllRep ();
ReputationProver proverl = new ReputationProver(repSet ,rep.
get (Integer.valueOf(args[2])) ,args [1]);
ArrayList<Term> hypotheses = proverl.getHypotheses ();
try {
BufferedWriter buf = new BufferedWriter (new FileWriter (
args [3]));
for (Term hyp: hypotheses){
System.out.println (hyp);
buf.write (hyp.toString ());

}
} catch (IOException e) {



e.printStackTrace ();

gOo00O0Ogd 2: Reputation.java

package abduction;

import java.io.sx;
import java.util.ArrayList;

public class Reputation {
private int repSize;
private ArrayList<String> str;
public Reputation(String filename){
try {
BufferedReader rep = new BufferedReader (new FileReader (new
File (”../conf/?+filename)));
String line = null;
int lineNum =0;
this.str = new ArrayList<String >();
while ((line = rep.readLine())!= null){
lineNum++;
this.str.add(line);

}

this.repSize = lineNum;

} catch (FileNotFoundException e) {
e.printStackTrace ();

} catch (IOException e) {
e.printStackTrace ();

public ArrayList<String> getAllRep () {
return this.str;



public int getRepSize () {
return this.repSize;

OO0000O0 3: ReputationProver.java

package abduction;

import java.util.ArrayList;
import java.util.Hashtable;

import jpl.x;

public class ReputationProver {

private ArrayList<Term> hypotheses;

@SuppressWarnings (” unchecked”)

public ReputationProver(Reputation repSet, String reputation

String abd){

consult (”../conf/alp.swi”);
this.hypotheses = new ArrayList<Term>();
//00000000000.0o0oood
consult (”7../conf/”+abd);
//abducible_predicatesd O O
consult (”../conf/hypotheses.swi”);

consult (”../conf/knowledge.swi”);

ArrayList<String> reps = repSet.getAllRep ();

// Compound facts = new Compound(” facts” ,repSet.getRepSize()—1);
Compound [] facts = new Compound[repSet.getRepSize () —1];
int i =0;

for (String rep :reps){

if (!rep.equals(reputation.replace (”[],”, 77)) && rep !=
null){
facts[i] = (Compound) jpl.Util.textToTerm(rep.replace

(77 » 7”’)),
* ) i



}
}
// Atom[] temp = {new Atom(reputation.replace(”.”, 77))};
Compound [] temp = new Compound[] {(Compound)jpl.Util.
textToTerm (reputation.replace (7.7, 77))};
// Compound obs = new Compound(” obs” ,temp );
jpl.Variable D = new jpl.Variable(”D”);
Term [] arg = {jpl.Util.termArrayToList(facts),jpl.Util.
termArrayToList (temp) ,D};
jpl.Query query = new jpl.Query(” abduction” ,arg);
System.out.println (query);
// if (I query.hasMoreElements ()){
if (! query.hasSolution ()){
System.out.println ("no answer”);
return;
telse{
while (query . hasMoreElements () ) {
Term ans = ((Hashtable<String ,Term>)query.nextElement
(). get ("D”);
this.hypotheses.add(ans);
}
}
// Hashtable<String ,Term>[] solution = query.allSolutions ();
// for (Hashtable<String ,Term> hyp : solution){
// System.out.println (hyp.get (”D”).toString ());
// this.hypotheses.add ((Compound)hyp.get ("D”));
/! }
// while (query . hasMoreElements () ) {
// System.out.println (" test”);
// Term ans = ((Hashtable<String ,Term>)query.nextElement ()).
get ("D7);
// System.out.println (ans);
// this.hypotheses.add (ans);
/1l }
}

public ArrayList<Term> getHypotheses() {

return this.hypotheses;

private static boolean consult(String dcgPath) {

if (dcgPath = null) {



System.out.println (” file not found”);
return false;
}
jpl.Query query = new jpl.Query(” consult(’” + dcgPath +
” 3)77).
boolean isSucess = query.hasSolution ();
return isSucess;

000000 4: ConsistentChecker.java

package abduction;

import java.util.ArrayList;
import java.util.Arrays;

import jpl.Term;
import jpl.Variable;

public class ConsistentChecker {
private ArrayList<String> consistent;
private int [] hypNum;
private int[] hypSize;
private int repNum;
public ConsistentChecker ( ArrayList<ReputationProver> prover)

////00

consult (”../ conf/reputations.swi”);

this.consistent = new ArrayList<String >();
hypNum = new int [prover.size ()];

repNum = prover.size ();
int i;
for (i=0;i<prover.size ();i++){
hypNum [ i]=0;
}
hypSize = new int [prover.size ()];
for (i=0;i<prover.size ();i++){
hypSize[i] = prover.get(i).getHypotheses().size()—1;

}

ArrayList <Term> hyp = new ArrayList<Term>();



//00000000
do{
Term [] temp = new Term[0];
for (int j=0;j<prover.size ();]j++){
Term cur = prover.get(j).getHypotheses().get(this.
hypNum [ ]);
System.out.println (" hypothesis:”+cur);
temp = this.addhyp (temp, cur);
}
hyp.add(jpl.Util.termArrayToList (temp));
}while (updateNum () );
for (Term check : hyp){
System.out.println (check);
if (check_consistency (check)){
this.consistent .add(check.toString ());

//000000000D0DO0O0O00O0O0DOD

private boolean check_consistency (Term check) {
Variable D = new Variable(”D”);
Term [] term = {check ,D};
jpl.Query query = new jpl.Query(”demo”  term);
return query.hasSolution ();

private boolean updateNum () {
return updateNum (0);

private boolean updateNum(int i) {
if (hypNum|i]<hypSize[i]){
this . hypNum/[i]++;
return true;

}

else{



if (i<repNum—1){
this . hypNum|[i]=0;
return this.updateNum(i+1);

}

else return false;

private Term[] addhyp(Term|[] hyp, Term cur){
if (cur.toString ().equals (7[]”7)){
System.out.println (" test1”);
return hyp;
telse if (hyp.length==0){
System.out.println (” test2”);
return jpl.Util.listToTermArray (cur);
telse{

ArrayList<Term> temp = new ArrayList<Term>(Arrays.asList (
hyp));
Term [] newTerm = cur.toTermArray ();
for (Term term :newTerm){
if (temp.contains (term)){
System.out.println (" test3”);
temp . add (term );

}
}

Term[] ret = new Term[temp.size ()];
temp.toArray (ret );

return ret;

public ArrayList<String> getConsistent () {

return this.consistent;

private static boolean consult (String dcgPath) {
if (dcgPath = null) {
System.out.println (” file not found”);



return false;

}

jpl.Query query = new jpl.Query(” consult(’” + dcgPath +
9 3)77),

boolean isSucess = query.hasSolution ();

return isSucess;

A2 J00O0OO0OOO0OODDOOOODOOOOO

OOoOgggg b: selection.swi

package service;

import java.util.ArrayList;
import java.util.Hashtable;
import java.util.regex.sx;
import jpl.x;

public class Main {

[/ #%

* @param args

* username , task

*/

@SuppressWarnings (” unchecked”)

public static void main(String[] args) {
// Prologd 00000000
consult (7./conf/service.swi”);
consult (7./conf/knowledge.swi”);
consult (7./conf/reputations.swi”);

(77

consult (7./conf/consistent_hyp.swi”);

// 00000000000
final int MAX_SERVICESIZE = 100;
Variable S = new Variable(”S”);
Variable F = new Variable(?F”);
Term term[] = { F, new Atom(args[0]), S, new Atom(args[1l]) };
Query q = new Query(” query”, term );
// 00000000000 0O0O0
QoSO UODODOUDUDODUOUDDODOUUDDOODOO



if

}

('q.hasSolution ()) {
Variable S1 = new Variable(”S1”);
Variable S2 = new Variable(”S27);
Term param[] = { S1, S2 };
Query qos = new Query(” high_QoS”, param);
int [] good_count = new int [MAX SERVICESIZE];
int count = 0;
ArrayList<String> serviceName = new ArrayList<String >();
while (qos.hasMoreElements()) {
String betterService = ((Hashtable<String , Compound>)
qos
.nextElement ()).get(”S1”).toString ();
if (!serviceName.contains(betterService)) {
count+-+;
serviceName .add (betterService );
good_count [count] = 1;

1 else {

good_count [serviceName .indexOf(betterService)|++;

}
// 0000000000000 000

int max = argMax(good_count, serviceName.size ());
System.out.println (” service:” + serviceName. get (max));
System.out.println (" reputation:We have no appropriate

service.”
+ 7 So the service of the best QoS is selected.”);

// 00000000000
else {

ArrayList<Term> slist = new ArrayList<Term>();
ArrayList<Term> flist = new ArrayList<Term>();
while (q.hasMoreElements()) {
Hashtable<String , Compound> hash = ((Hashtable<String,
Compound>) ¢
.nextElement ());
// 000000 00oo0oooooao
Term bound_to_s = (Term) hash.get(”S”);
Compound bound_to_f = (Compound) hash.get ("F”);
// 00000000000 O00O0
if (!slist.contains(bound_-to_s)) {
slist .add(bound_to_s);
flist .add(bound_to_f);

}
// 0000000000



Variable S1 = new Variable(”S1”);
Variable S2 = new Variable (”7S2”);
Term param[] = { S1, S2 };
Query qos = new Query(” high_QoS”, param);
String betterService;
int [|] order = new int[slist.size ()];
while (qos.hasMoreElements()) {
betterService = ((Hashtable<String , Compound>) qos
.nextElement ()).get(”S1”).toString ();
for (int i = 0; i < slist.size (); i++) {
if (betterService.equals(slist.get(i).toString())) {
order [1]++;

}
// high_ QoSO ODODUDDOUOUODODODOODOODOOD

for (int i = 0; i < slist.size(); i++) {

int max = argMax(order, slist.size());

// 000000 O0oooooo

System.out.println (” service:” + slist.get(max));

System.out.println (getRepMessage ( flist .get (max).
toString ()));

System.out.println (getHypMessage (flist . get (max).
toString ()));

System.out.println (getRuleMassage (flist .get (max).
toString ()));

order [max] = —1;
}

}
}
// int0 0 0000000000000 00OO
private static int argMax(int[] array, int size) {

int temp = —100;

int argTemp = —1;

for (int i = 0; i < size; i++) {
if (temp < array[i]) {
temp = array[i];
argTemp = 1i;

}

return argTemp;



// 0000000 0Qo0ooooooao
private static String getRuleMassage(String reason) {
Pattern hypPattern = Pattern
.compile (7 (high_QoS|easy_task | high_ability )\\((.+7?),
+7)\\)7);
Matcher hypM = hypPattern.matcher (reason);
if (hypM.find ()) {
it (hypM.group(1l).equals(”high_.QoS”)) {
return ”"rule:Using inference Rule \”The higher is the
QoS, the more useful the service\””;
} else if (hypM.group(1l).equals(”easy_task”)) {
return "rule:Using inference Rule \”The easier is the
task , the more useful the service\””;
} else if (hypM.group(1l).equals(” high_ability”)) {
return "rule:Using inference Rule \”The lower is the

user\’s ability , the more useful the service\””;

}

return null;

// 0000000000000 0O0O0O0
private static String getHypMessage(String reason) {
Pattern hypPattern = Pattern
.compile (7 (high_QoS|easy_task | high_ability )\\((.+7?),
47\
Matcher hypM = hypPattern.matcher (reason);
if (hypM.find ()) {
if (hypM.group (1).equals(”high-QoS”)) {
return "hypothesis: There is a hypotheses \”” + hypM.
group (2)
+ 7 has higher QoS than ” 4 hypM.group(3) + ”"\”7;
} else if (hypM.group(1).equals(” easy_task”)) {
return "hypothesis: There is a hypotheses \”” + hypM.
group (2)
+ 7 is easier task than ” + hypM.group(3)
} else if (hypM.group(1l).equals(” high_ability”)) {
return "hypothesis: There is a hypotheses \”” + hypM.
group (3)
+ 7 has lower English ability than ” 4+ hypM.group
(2)
TN

ki Y.
+ T\



}

return null;

// 0000000000000 O0O0OO0oOo
private static String getRepMessage(String reason) {
Pattern repPattern = Pattern.compile(” (useful|useless
YO CH7V))™)s
Matcher repM = repPattern.matcher (reason);
if (repM.find ()) {
return “reputation:Reputation of ” + repM.group(2) +

R

? was

+ repM.group (1);

}

return null;

// prologOOO0OOOOODOO
private static boolean consult(String dcgPath) {
if (degPath = null) {
System.out.println (” file not found”);
return false;

}

jpl.Query query = new jpl.Query(” consult(’” + dcgPath +
b2 7)7’);

boolean isSucess = query.hasSolution ();

return isSucess;

}
A3 ProloglOOODOOOOODOOOO

gudddb 6: reasoning.swi

% Declarations %
:— dynamic abducible_predicate /1, ic /0,
useful /3,useful /4, useless/3,useless /4,
high_ability /2, low_ability /2,
high_QoS /2, low_QoS/2,
easy_task /2, difficult_task /2,
task /1, service/l, user/1,
consistent /0 ,dummy/1,
ability _consistent /1, qos_consistent/1,task_consistent

/1.



% Theory %
useful (U1,S,T) :—
dummy(a),retract (dummy(a)), high_ability (U2,U1),useful (U2,S,T),
assert (dummy(a)).

useful (U,S1,T) :—
dummy(b) ,retract (dummy(b)),high_QoS(S1,S2),useful (U,S2,T), assert
(dummy (b)) .

useful (U,S,T1) :—
dummy(c),retract (dummy(c)),easy_task (T1,T2),useful (U,S,T2),
assert (dummy(c)).

useless (U1,S,T) :—
dummy(d) ,retract (dummy(d)), high_ability (U1,U2),useless (U2,S,T),
assert (dummy(d)).

useless (U,S1,T) :—
dummy(e),retract (dummy(e)),high-QoS(S2,S1),useless (U,S2,T),
assert (dummy(e)).

useless (U,S,T1) :—
dummy (f),retract (dummy(f)),easy_task (T2,T1),useless (U,S,T2),
assert (dummy(f)).

% Integrity Constraints %
ic :— high_ability (U,U).
ic :— high_QoS(S,S).

ic :— easy_task(T,T).

%0 0 0

ic :— high_QoS(S1,S2),high_QoS(S2,S1).
ic :— easy_task(T1,T2),easy_task(T2,T1).

ic :— high_ability (U1,U2),high_ability (U2,Ul).

%0 0 O
ic :— high_QoS(S1,82),high-QoS(S2,S3),high_QoS(S3,S1).



ic :— easy-task(T1,T2),easy-task(T2,T3),easy_task (T3,T1).
ic :— high_ability (U1,U2), high_ability (U2,U3), high_ability (U3,U1).

%facts and observations must be list!
abduction (Facts, Observations ,D) :—
assert_dummy ,
assert_all (Facts),
print_all (Facts),nl,
demo (Observations ,D),
print_consistent (D),
assert_dummy ;
retract_all (Facts), fail.

print_all ([X|Y]) :—
write (X),nl, print_all(Y).
print_all ([]).

assert_dummy :—
retractall (dummy(-)),
assert (dummy(a)), assert (dummy(b)), assert (dummy(c)),assert (dummy(
d)),assert (dummy(e)), assert (dummy(f)).

assert_all ([X]|Y]) :—
asserta (X),assert_all(Y).
assert_all ([]).

retract_all ([X|Y]) :—
retract (X),retract_all(Y).
retract_all ([]).

print_hypotheses :—
write (’Hypotheses are:’) ,nl,
abducible_predicate (X),write(X),nl, fail;true.

print_consistent (Delta) :—
write (' Consistent hypotheses set: ), write(Delta),nl.

OO0O0000 7: hypotheses.swi

abducible_predicate (high_QoS).
abducible_predicate (easy_task).
abducible_predicate (high_ability ).



OO0O0O000 8 knowledge.swi

task (news).
task (chat ).

service ('NICTJServer ’).
service (’GoogleTranslate 7).
service (' Translution ).

user (userA).
user (userB ).
user (userC).

0O00ddon 9: reputation.swi

useful (userA ,’ Translution ’,chat).
useful (userB,’ GoogleTranslate ’, chat ).
useful (userC, ’NICTJServer’ ,news ).
useless (userC,’ GoogleTranslate ’, chat ).
useless (userC,’ Translution’, news).
useless (userB,’ Translution ’, chat).



