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ABSTRACT

To help programmers quickly develop their software systems, research
communities have proposed some approaches for automatic search of
Sfunction APIs, mostly based on keywords used in the API descriptions.
However, the accuracy of those approaches is still limited. Formal
specification with the rigor of the syntax and semantics can be applied to
improve the research results of this direction. In this paper, we firstly
present a survey on formal specification techniques for sofiware design.
Next, we propose a framework for searching and reusing API functions
automatically based on formal specification described by JML. In
addition, the framework also supports automatic composition of API
functions to meet the requirement demand. Some case studies are also
presented to imply the practical potential of our approach.

TOM TAT

Pé gitip cho cac ldp trinh vién phat trzen nhanh hé thong phan mém ciia
ho, céng dong nghién ciru da d‘e xudt mot sé cdch tiép can cho viéc tim
kiém tw dong cdc ham APL. Hau hét cac nghién cieu nay déu dwa trén cdc
tir khoa duwoc s dung trong cac mo ta cua cdc ham API. Tuy nhién, do
chinh xdc ciia cdc hiedng tiép cdn ndy van con han ché. Pdc ta hinh thik
Véi sw chdt ché trong cii phdp va ngit nghia cé thé dwoc dp dung dé cai
thién két qua cua cdc hiéng nghién ciru ndy. Trong bai bdo nay, ddu tién,
chung t6i trinh bay mot khao sat vé cdc ky thudt ddc ta hinh thire cho thiét
ké phan mém. Tiép theo, ching t6i dé xudt mét khung thire cho viéc tim
kiém va tai sir dung cac ham API ty dong dva trén ddc ta chinh thicc dwoc
mo ta boi JML. Ngoai ra, khung thirc con ho~ tro viéc 16 hop tw dong cdc
ham API dé dap img cac yéu cau phan mém. Mot so két qua thir nghiém
ciing dwoc trinh bay dé cho thdy kha ndng thuc té trong huong tiép cdn
cua chung toi.

1 GIOI THIEU

Qua trinh thiét ké noi chung trong hau hét cac
nganh ky thudt déu co sy tai sir dung cac thanh
phan (component) da dugc xdy dung san. Trong
cong nghé phan mém, viéc tai st dung cac thanh
phan phan mém 1a diéu da duoc dé cap va ap dung
tir rat som [1]. Viéc xay dung phan mém dua trén

co 0 tai sir dung cac thanh phan da c6 s& lam cho
chi phi va thoi gian xdy dung thip hon va chat
luong cling tang 1én [2]. Tuy nhién, bén canh cac
loi diém, viéc tai st ~dung cac thanh phan hién tai
cling gap phai mot s6 han ché trong viéc Ung dung
thuc té. Trong d6 khé khan thuong gip nhat la viéc
lwa chon thanh phan tai st dung. Do sb luogng cac
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thanh phén dugc xay dung sin trong cac thu vién
1a rat 16n, cac lap trinh vién thuong phai ton kha
nhiéu cong sirc dé tim hiéu va lya chon thanh phan
phtl hop v6i nhu cau cia minh.

Trong linh vuc tai st dung thanh phan thi viéc
tim kiém va goi thyc thi cac ham thu vién API
(Application Programming Interface) la cong viéc
duoc thuc hién thuong xuyén nhat. D3 c6 nhiéu
nghién ctru nhim hd trg viéc tim kiém ham thu
vién dap tng yéu cdu cia ngudi lap trinh. Tuy
nhién, hiu hét cic huéng nghién ctru nay cha yéu
dua trén viéc so trung chudi (tir khoa), nghia 1a dya
vao cac mo ta bang ngdn ngit ty nhién ciia ham thu
vién va cua 161 yéu ciu goi ham. Ching han nhu
[3] nghién ctru v& may tim kiém ham dya trén truy
van ngon ngl tu nhién; Assieme [4] la may tim
kiém ma nguon dua trén tir khoa; SNIFF [5] thuc
hién céc truy van bang ngon ngit tu nhién va tra vé
cac doan trich ma nguén phu hop véi muc dich cua
ciu truy van. V&i cac cach tiép can trén thi ching
ta nhan thiy mot didu 1a do chinh x4c cua cac cong
cu tim kiém nay rat khac nhau, tham chi véi mot
cong cu tim kiém, nhung trong cac tinh hudng khac
nhau ciing s& cho mirc do dang dén khac nhau.
Mtrc d6 chinh xac cla cac cong cu trén c6 su khac
nhau 1a do ching lam viéc trén ngdn ngit tu nhién,
von luédn chira dung sy nhap nhé’mg va da nghia.

Mot nhuoce diém khac cua cac nghién ctru nay
1a chung chi ¢6 thé tim ra mot ham cy thé dap tng
yéu cau (phu hop theo tir khoa truyén vao). Kha
ning két hgp nhiéu ham lai v6i nhau dé tong hop
thanh mot 161 giai hién vin dang gip nhiéu kho
khan, vi dé 1am duogc didu nay doi hoi chuong trinh
tong hop phai “hiéu” dugc ngit nghia ciia cac ham
thu vién, thay vi chi co thé nhan dang dugc cac tir
khoa md ta cac ham thu vién nay.

Mot trong nhitng hudng tiép can co thé vuot
qua cac kho khan trén 1a st dung cac dac ta hinh
thire (formal specification) [6] dé tim kiém va tong
hop cac ham thu vién. Vi cach tiép can nay, céc
dic ta hinh thirc, thuc chét 1a cac ménh dé logic,
v6i su hd trg ctia cic cong cu suy luan va chimg
minh dinh 1y ¢ thé cho dugc mot 11 giai ding va
ddy du cho mot yéu cu tim kiém ham thu vién.
Bén canh do, viéc st dung ngon nglr dac ta hinh
thirc s€ loai bo dugce tinh nhap nhéng va da nghia
ctia ngdn ngir ty nhién. Pong thoi, hudng tiép can
nay co thé hé trg viée dua ra mot 1oi giai tong
hop bao gom mot tap cac ham long ghep véi nhau
dé co6 thé dap ung dugc yéu cau, diéu ma cac
phuong phap tim kiém dua trén tir khoa 14 khong
thé lam duoc.
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Trong cic phuong phap phat trién phan mém
dua trén dac ta hinh thirc hién nay thi phuong phap
Design by contract (DBC) [7] ndi 1én nhu mot
trong nhitng phuong phap phat trién nhanh va chat
ch&. Y tuong chinh ctia phuong phap niy 1a mot
16p hoac mot phuong thirc va khach hang cua né
(d6i twong sir dung) c6 mot “théa thudn” (contract)
v6i nhau. Thoa thuan nay thé hién thong qua tién
diéu kién (pre-condition) va hdu diéu kién (post-
condition). Khach hang phai dam bao cac didu kién
trude khi goi mot phwong thire va két qua tra vé tir
phuong thirc ciing phai théa duoc cic yéu ciu ma
khach hang can. Trong bai bio nay, ching toi s&
dua ra mot khung thirc dya trén hudng tiép can
“thoa thuan” dé tim kiém va tong hop cac ham thu
vién nham dép ing mot yéu cau lap trinh ban dau.

Céc dong gbp cta chung t6i bao gom:

— Chung t6i dua ra mot khao sat chi tiét vé
cac hudng tiép can dic ta hinh thic theo phuong
phap “thoa thuan”.

— Chung t6i dua ra mot khung thirc dé tu dong
tim kiém va téng hop cac ham API dua trén cac
dac ta hinh thtc theo phuong phap “thoa thuan”.
Két qua tra vé& c6 thé 1a mot ham dap ung yéu cau
cuia nguoi goi, hodc ciing cod thé 1a mot chudi cac
ham goi tuan tu hodc 1dng nhau.

— Trong khung thirc dé nghi, chiing t6i dwa ra
hudng tiép can tinh toan d6 tuong tu giita cac dac
ta hinh thitc cua cac APL. Nho d6, khung thirc cho
phép st dung cac ky thuat xir ly thong minh cua
linh vyc tri tué nhan tao nhu /Idp ké hoach
(planning) [8] dé tim kiém va tong hop cac API can
thiét mot cach hiéu qua.

Phan con lai cta bai bao nay dugc to chirc nhu
sau: Phan 2 trinh bay vé cac ngon ngir dic ta hinh
thirc theo phuong phép “théa thuan”. Phan 3 trinh
bay ¥ tuong vé khung thirc cho viéc tim kiém ham
tu dong dwa trén dic ta hinh thac JML. Phan 4
trinh bay v& mot sb két qua thi nghiém. Cudi cing,
Phan 5 1a két luan ctia bai bao.

2 CAC NGON NGU HINH THUC PAC
TA THEO PHUONG PHAP THOA THUAN

2.1 Dic ta hinh thirc va hwéng tiép cin
thoa thuin

Dic ta hinh thirc cho phin mém di dugc quan
tdm tir 1au trong linh vuc khoa hoc may tinh. T
cudi nhitng nim 1940, Turing di cho ring céc
chuong trinh tudn tu c6 thé duge tao ra mot cach
don gian bang cach danh cha thich cac trang thai
cua cac thudc tinh ctua hé théng tai cac thoi diém
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cu thé [6]. Vao cudi nhing nam 1960, Floyd,
Hoare va Naur dé xuit ky thuat tién dé& dé chimg
minh sy nhat quan giita cic chwong trinh tuan ty va
cac mo ta cua chung, dugc goi la cac dac ta
[9][10][11]. Sy quan tim vé cac dic ta hinh thic va
cac ung dung da dang cua chung trong linh vuc
cong nghé phan mém da phat trién lién tuc cho dén
hién nay [12][13].

Mot trong nhing két ~qua moi va c6 tinh thuce
tién nht trong hudng tiép can nay la viéc dua ra
cac “thod thudn” giita yéu cdu ciia mot ham va hién
thuc ciia ham d6 [7]. Nhu da gidi thiu trong Phin
1, mot “thoa thuan” dugc biéu dién thong qua cac
tién diéu kién va hau diéu kién. Vi du, mot “thoa
thudn” cho phuong thirc sgrt (nhan vao mot sé va
tra vé cdn bac hai cua nd) dugc biéu dién bé’mg
ngon nglt IML (Java Modeling Language) [14]
nhu mb ta trong Hinh 1. Trong vi du nay, ménh d¢
require thé hién tién diéu kién, 1a bién x truyén vao
phai 16n hon hodc bang 0. Ménh dé ensure thé hién
héu diéu kién. O vi du nay, gia tri tra vé (\result)
phai théa diu kién 14 binh phuong cua né phai
bang lai gia tri ciia bién x truyén vao.

//@ requires x >= 0.0;

//Q@ ensures \result * \result
public static double sqgrt (double
X)

{ /*..

X

VAN

Hinh 1: “Théa thuin” caa phwong thirc sgrt
dugc bieu dién bang ngon ngir JML

2.2 Cac ngon ngir dic ta hinh thirc theo
huong tiep can “thoa thuin”
2.2.1 Ngon ngit JML

JML (Java Modeling Language) [14] 1a ngdn
ngit dac ta hanh vi, dugc st dung dé dic ta hanh vi
clia cac md dun trong ngdn ngir Java. N6 1a sy két
hop phuong phap “théa thuan” véi phuong phap
dac ta dua trén mo hinh cua ngdn ngir Larch [15].
JML st dung logic Hoare [16] két hop vdi viée
diic ta cac tién/ hau diéu kién (pre-/post-condition)
va céc bat bién (invariant) cta cac thudc tinh, cac
cu trac.

Cac dac ta JIML duoc thém vao ma Java dudi
dang cac chu giai (annotation) bén trong cac chi
thich (comment). Cac chu thich trong ngdén ngit
Java dugc hiéu nhu 13 cac chu giai IML khi n6 bét
dau bang ky tu “@”. Vi du trong Hinh 2 minh
hoa viéc st dung JML dac ta cho 16p Purse. Trong
do, truong balance dugc dac ta voi bat bién
(invariant) 1a balance ludn trong doan tir 0 dén
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MAX_BALANCE. Trudng pin 1a mft mang thudc
kiéu byte voi bat bien 1a pin c6 ding 4 phan tu va
cac phan tu chi c6 gié tri tir 0 dén 9.

public class Purse {
final int MAX BALANCE;
int balance;
//@ invariant 0 <= balance &&
balance <= MAX BALANCE;

byte[] pin;

/*@ invariant pin
pin.length 4 &&
(\forall int i; 0<=i&&i<4;

O<=pin[i]&&pin[i]<=9);

null &&

*/

/*@ requires amount >= 0;

@ assignable balance;

@ ensures
balance==

amount

&& \result balance;

@ signals (PurseException)
balance == \old (balance);

\old (balance) -

*/

int debit (int amount) throws

PurseException;

}

Hinh 2: Vi du minh hoa vé dic ta JML

Phuong thttc debit nhan vao d6i sb amount.
Phuong thirc nay s€ trir amount vao balance va tra
vé gia tri cia balance sau khi trir trong truong hop
balance 16n hon hodc bing amount. Trong trudng
hop balance nhd hon amount, moét ngoai 1¢
PurseException s€ dugc tra vé. Tién diéu kién
(requires) cua phuong thirc nay 1a amount phai l16n
hon hodc bang 0; hau didu kién (ensures) la
balance bi trir di mot lugng amount va tra vé két
qua sau khi trir. Phuong thitc nay con c6 mdt hau
diéu kién nita cho trudng hop phuong thirc tra vé
ngoai 1¢ (signals).

2.2.2 Spectt

Spec# [17] 1a mot ngdn nglt hinh thic cho cac
“thoa thuan” API (c6 sy anh huong tir IML), no 1a
su mo rong cua ngdn ngit C# véi viée bd sung cac
tién/ hau diéu kién va bét bién cho cac ddi tuong.
Spec# 14 ngdn ngit dic ta cho phép kiém tra dong
cling nhu kiém tra tinh chuong trinh. Hé thong
Spec# cung cap mot kién trac hoan chinh, bao gdm
trinh bién dich, thu vién hd trg va cac cong cu phat
trién. Cac dic ta cua Spec# cling duogc bién dich
thanh mot phan cua chwong trinh thyc thi, trong d6
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chung sé& dugc kiém tra tu dong. Di kém véi Spectt
12 mot bo kiém tra chuong trinh ty dong, co tén la
Boogie [18]. N6 cho phép kiém tra cac dic ta theo
k¥ thuét phén tich tinh [19].

Hinh 3 minh hoa vé dic ta cua Spec# cho 16p
ArrayList. Trong d6, phuong thuc /nsert dugc dac
ta v6i cac tién diéu kién (requires), hau diéu kién
(ensures). Dac biét, Spec# con cho phép cac dac ta
¢6 thé thira ké 13n nhau. Piéu nay gitp cho cac dic
ta ctia Spec# rd rang, dang tin cay va dé doc hon so
v6i cac ngdn ngit dic ta khac. Chi tiét vé& cach
thirc sir dung Spec# chung ta c6 thé tham khao
trong [17].
class ArrayList {

public void Insert
(int index,

object
value)
requires 0 <= index &&
index <= Count
requires !IsReadOnly &&
! IsFixedSize;
ensures Count old (Count) +1;
ensures value == this[index];
ensures foral{int i in
0:index;

old (this[i])==this[i]};
ensures foral{int i in
index:o0ld (Count) ;
old(this[i])==this[1
11}

{ /%coo®l

Hinh 3: Minh hoa vé dic ti Spec#
2.2.3 Frama-C va ngon ngit ACSL

Frama-C [20] 1a mot nén tang danh riéng cho
viéc phan tich tinh mad ngudn chuwong trinh dugc
viét bang ngon ngir C. Frama-C tap hop mot sb k§
thuét phén tich tinh [19] vao trong mét khung thure
duy nhat. Bé duoc phan tich boi Frama-C, céac
chuong trinh C cin dugc dic ta boi ngén ngir
ACSL (ANSI/ISO C Specification Language) [21].
Pbay 1a ngbén ngli dic td hinh thitc cho phép
chung ta ddc ta cac thudc tinh cua mdt chuong
trinh C. ACSL ciing duoc “liy cam himg” tir ngon
ngir JML.

Khai niém quan trong nhit trong ACSL d6 1a
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thoa thugn ham. Mot théa thuan ham cho mot ham

Jtrong ngdn ngir C la mét tép cac yéu cau trén céac

dbi s6 cua f va mot tap cac thudc tinh can dugc
dam bao sau khi két thuc viéc thue hién f. Ching ta
hay xem xét vi du v& ham max (Hinh 4). Him nay
khong can tién diéu kién, khong can bat ky sy rang
budc nao trén cac dbi sd truyén vao. Hau didu kién
cua chung mo ta réng két qua tra vé cua ham max
luén 16n hon hodc bang gia tri cua x, y va s& bing
mdt trong hai tham s x hodc y truyén vao.

/*Q@ ensures \result >= x &&
\result >=
Yr
ensures \result == x ||
\result == y;
Y/
int max
{ return

(int x,
(x > vy) yi o}

Hinh 4: Minh hoa vé diic ta ACSL

int vy)
? X

Ngoai tién va hau diéu kién, ACSL con hd trg
dic ta bat bién cho cac dbi tuong va vong lap. Tuy
nhién, ACSL lai khong c6 co ché xur Iy ngoai 1€
nhu JML. Chi tiét vé ACSL chung ta c¢6 thé tham
khao trong [21].

2.2.4 Jahob

Jahob [22] 1a mot hé thdng kiém tra danh cho
cac chwong trinh viét bang ngdn ngir Java (tip con
cua ngdn nglr Java). Sir dung Jahob, cac nha phat
trién c6 the chiing minh theo phuong phap phan
tich tinh ring cac phuong thirc hién thuc c6 phu
hop véi cac “théa thuan” dac ta cua ching hay
khong. Jahob con cho phép dic ta cac bat bién vé
céc cdu tric dir lidu quan trong ciing nhur cac rang
budc thiét ké. Y tuong co ban ctia Jahob 1a mé hinh
hoa céc trang thai ciia chuong trinh va cac cu trac
dir liéu ma no6 sir dung thanh céc tap triru tuong cac
d6i twong va cac mdi quan h¢ gilra cac d6i tuong.
Jahob s& hd trg phat biéu cac rang budc trén tip cac
d6i twong nay. Ching ta xét vi du vé dic ta cua
Jahob cho 16p List nhu duge mo ta trong Hinh 5.

Trong vi du trén, dac ta cia lop List st dung
bién dic ta content dé chi tap cac ddi twong thé
hién trong danh sach. Tap nay khong ton tai khi
chuong trinh chay — n6 don gian la mét sy triru
tuong. Chuong trinh Jahob chi st dung n6 cho muc
dich dic ta va bo kiém tra Jahob sir dung nd dé
kiém tra chuong trinh. Chi tiét vé cu triic va cu
phap cua ngdén ngit dic ta cho hé théng Jahob
chung ta ¢ thé tham khao trong [22].
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class List

{

/*: public static specvar
content objset;
=
public List ()
/*: modifies content
ensures "content = {}" */

public void add(Object o)
/*: requires "o ~: content &
o ~=
null"
modifies content
ensures "content
old content Un {o}"

*/

public void remove (Object o)
/*: requires "o content"

modifies content

ensures "content

old content -

{ o } "

*/

}

Hinh 5: Minh hoa déc ta cho 16p List theo hé
thong Jahob

2.2.5 ADA 2012

Ada [23] la ngbn ngir lap trinh do Bo quoc
phong My dau tu phattmen,vao khoang ntra dau
thap nién 80 cua thé ky 20. Qua nhiéu nim phat
trién, phién ban Ada 2012 [24] c¢6 rit nhiéu thay
dbi, trong d6 c6 mot sb bd sung dang ké nhu sau:
hd trg dic ta hinh thirc trong chwong trinh, cho
phép khai bao cac tién va hau diéu kién cho cac thu
tuc, cac bat bién cua kiéu dir liéu. Tt ca cac su bd
sung nay nham muc dich kiém tra tinh dung ciia
chuong trinh can xay dung.

Hinh 6 m6 ta mét vi du vé dic ta cho g0oi Stack
bang Ada 2012. Trong vi du nay, bién Stack dugc
khai bao v6i bit bién kiéu (Type Invariant) 1a céc
phin tir trong Stack khong trung nhau. Cic ham
dugc dic ta ngay sau phan khai bio va bit
dau bang tir khoa wirh. Tién didu kién dugc khai
bao voi tir khoa Pre theo ci phap Pre =>
<expression>. Tuong tu, hau diéu kién duoc khai
bao voi tir khoa Post.
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package Stacks is
type Stack is private;
with Type Invariant =>

Is Unduplicated(Stack);

function Is Empty(S: Stack)
return
Boolean;
function Is Full(S: Stack)
return
Boolean;
function Is Unduplicated
(S: Stack) return
Boolean;
procedure Push(S: in out
Stack;
X: in Item)
with

Pre => not Is Full(S),
Post => not Is Empty(S);
/..
end Stacks;

Hinh 6: Minh hoa dic ti cho géi Stack bing
ngon ngir Ada 2012

2.3 So sanh cac ngon ngir dic ta

Bang 1 téng két va so sanh lai cic ngén ngit
dic ta dua trén mot sb cac tiéu chi. Trong s6 cac
ngén nglr dac ta theo phuong phap “thdéa thuan”
néu trén thi cach st dung, cach thirc 1am viéc cua
céc phuong phap 1a kha giéng nhau.

Hau hét cac ngdn ngir trén déu bat dau tir y
tuong nén ting cia JML, ddy 1a ngdn ngit tién
phong cho cdc ngdn ngir dic ta theo phuong phap
“théa thuan”. JML c6 uu diém la cau trac va ca
phép 1o rang, dic ta dua trén ngdn nglr chu la ngdn
ngit Java di trd nén rat phd bién. Su tach biét giita
ma dic td va mad xu ly gip cho hai cong viéc
nay hau nhu tach biét nhau. JIML cho phép 1ong
ghép cac dac ta phi hinh thirc chung véi cac dac ta
hinh thtc nhdm hd trg nhiéu mac dic ta cho
chuong trinh.

Ngoai cac wu diém cua ban than ngén ngit,
JML con c6 mot s uu diém khac ma ching toi
quyét dinh sir dung n6 cho khung thirc ctia minh.
Do 1a: thu vién API cia ngon ngilt Java da duoc dac
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ta day du bang ngoén ngit IML; JML c¢6 nhiéu cong
cu hd tro cho viéc kiém tra chuong trinh nhu
ESC/Java [25], KeY [26],... Do vay, trong phan
tiép theo ctia bai bao nay, JML 1a ngon ngit dic ta
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hinh thttc dugc chung t6i lya chon dé tiép tuc phat
trién cho khung thtrc tim kiém, tong hop va tai
st dung ham API ty dong dugc dé cap trong cac
phén sau.

Bang 1: So sanh cac ngon ngir dic ta hinh thirc theo hudng thoa thuin

JML Spec# ACSL Jahob ADA 2012
lc\lhgl;)n ngw Java Mo¢ rong cia C#  C Tap con cua Java  ADA 2012
Chén vao dudi Pua thém tir Chén vao dudi  Chén vao dudi Pua thém tu
Cach thuc dang chu giai i s dang chu giai dang chu giai khoa vao
khoa vao ngay
dic ta trong cac chu trone nedn nedt trong cac chu trong cac chu ngay trong
thich gne g thich thich ngdn ngir
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3 VA TAISUDUNG HAM API TU PONG

Hinh 7 mé ta khung thtrc cho viéc tim kiém va
tai su dung ham API ty dong. Khung thirc nay cé
ba khéi chtrc ning chinh sau déy:

3.1 B danh gia sw twong tw giira cac dac ta

Khdi chirc ning nay giai quyét bai toan co ban
dé thyc hién viéc tim kiém cac dic ta phu hop véi
mot yéu cau dau vao. Do 1a danh gia sy tuong tu
gilta cac cong thire logic dac ta cac ham. Nho véy,
ching ta co thé thu hep khong gian tim kiém ham.
Viéc thu hep nay dya trén sy tinh toan muc do
tuong ty cta dic ta yéu cau véi cac dic ta cia ham
API c6 trong thu vién.

Nguyén ly cho viéc phén loai ham dua trén hoc
may la véi mot tdp cac ham da cho (P) va mot 1oi
yéu cau (c), giai thuat s& tién dodn nhitng ham tir P
¢6 kha ning théa man dugc yéu ciu cua c. Huéng
tiép can nay dua trén mot s6 dinh nghia sau:

Dinh nghia 1: Ma tran phu thudc
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Goi I' 1a mot tap dic ta duoc biéu dién dudi
dang logic cua cac ham thu vién. Khi d6 chung ta
dinh nghfa:

=T xI' 01}
1 néup cd kha ning thda man
dwoc yéu cau cla ¢
B (c,p)=\0 nguoc la:
Dinh nghia 2: Ma tran dic trung
Goi T={1,, ..., tn} 1a tap cac ménh dé (term) ddc
ta trong r. Chung ta dinh nghia ham ® nhu sau:
o= x{1, . m — {01}
1 néut; xuat hién trong c
® (c,i)= L0 nguoc lai

Dinh nghia 3: Ham dac trung
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r

thuoe I thi ching ta c6 vector ¢° € {0,1} thoa
didukien @ =19 @ (ci)=1.

Ham dic trung ¢: — {0,1}™, v6i mdi ¢

Dac ta hinh
thirc cua 10i

Chwong trinh/
Prototype
trong ngdén

yéu cau goi

ham nglr Java

Bo6 téng hop l&i giai

[

B6 danh gia sw

)

Bo tich hgp ham

twong ty gitra
cac dac ta

m&i vao thw vién
dac ta

| ‘

’-Tén dac ta hinh thirc cho cac ham Jaﬁ

Hinh 7: Khung thirc cho viéc tim kiém va tai sir
dung ham API ty dong

Dinh nghia 4: Ham phan loai

Cho mbi p trong r , ham phan loai dugc dinh
nghta nhu sau Cy(.): T — R, voi mdi 16 yéu ciu ¢
thi ham phan loai Cy(c) s& tinh toan mirc d6 phu
hop ctia ham p so voéi 101 yéu cau c.

Viduy, v6i cac ham /1, /2 va f3 dugc mo ta trong
Hinh 8, néu chung ta ky hiéu cac ménh dé p,, p»,
p3, ps tuong Uung voi cac tap toan tir {+,-} {*},
{>, <}, {log}!, chung ta s& ¢6 ma tran dic trung
nhu sau:

@ | P2 ps ps

fi 0
f 1
fa 1
//@ ensures \result == 2 * x;
double f1 (double x);

SO =

0
0
1

— o O

//@ ensures \result == - x;
double f2 (double x);

//Q ensures

//@ (x>0)==>(\result==
//@

(x0) ==>(\result==log(x2)) ;
double f3 (double x);

Hinh 8: Mt s6 dic ta ham bang JML

x+1) &&

! Bay 1a mot sy phén loai toan tr thuong gip dua
trén d6 uu tién,
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Khi do, chung ta s& tinh dugcc vector dac trung
cho ting 161 goi ham dua vao . Vi du dva vao
ma tran tréggzchﬁng ta co vector dai dién cho 101 goi

ham f> 1a =[1,0,0,0] (gia tri 1 & cot thir i nghia

1a ¢; c6 dac trung i). V6i vector  vura tinh duoc,
ching ta c6 thé phat trién cic phwong phap tinh
toan do twong tw. Cac phuong phap nay co6 thé don
gian 1a phép tich goc giira hai vector, hodc ¢6 thé 1a
mot phuong phép hoc may nhu Naive Bayes [27],
tuy theo do phurc tap cua bai toan.

3.2 B tong hop 1oi gidi

Khdi chirc nang thi hai 13 bo téng hop 10i gii.
Day 1a bo phan quan trong nhit trong khung thtc.
Nho vao viéc cac ham thu vién duge dic ta béng
cac ham logic va phuong phap tinh d¢ twong tu
giita cac dic ta xdy dung dwoc, ching ta ¢ thé
phat trién mot co ché tim kiém va téng hop cac
ham API dép Gng nhu cau ban dau dwa trén ky
thuat lap ké hoach trong linh vyc Tri tué Nhan tao
(Al Planning).

B6 tim kiém ham st dung k¥ thuét 1ap ké hoach
dua trén tri tu¢ nhan tao hoat dong theo nguyén tic
sau: Xuat phat tir yéu cau ban dau (c) va tap cac
ham P c6 do twong tu trong ngudng quy dinh ddi
vo6i (c), b lap ké hoach s& chon ra mot ham ptaP
(theo do wu tién vé mirc do phu hop), néu tién diéu
kién cta p phu hop véi tién diéu kién cua c thi qua
trinh tim kiém két thuc va tra két qua vé. Nguoc
lai, giai thuat xem tién diéu kién ctia p nhu la mot
hau diéu kién méi va lap lai qua trinh tim kiém.
Trong truong hop qua trinh tim kiém bé tic, giai
thuét s€ quay lui lai véi cac ham p’ trong P (p ' #p).

Vi cac ham thu vién nhu mo ta trong Hinh 8,
gia st chung ta c6 mot 161 yéu cdu goi ham duoc
dac ta nhu sau:

//Q requires x 2 0

//@ ensures \result log (x2)
Véi thu vién ham va 10i yéu cau nhu trén, qua

trinh /dp ké hoach cua chung ta duoc thyc hién

thong qua cac budc nhu trong Hinh 9.

EE= ==l w=={) w>=(]
? | [ skip

? :[) =0 =0

A =% f2 2
%= %=l %<0
(e] [B] [=]

logix®) log(x®) logix) log(x")

Hinh 9: Qua trinh tim kiém ham dya trén 1ap
ké hoach
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Ban diu, hé thong s& c¢b ging tim mot ham co
kha ning dua ra két qua 1a log(x?) tir yéu cau ban
dau 1a x >0. Str dung co ché tinh toan tuong ty giita
cac dac ta nhu mo ta trong Phan 3.1, b lap Kké
hoach xac dinh dugc ham phu hop nhét 13 f3. Dé c6
thé tao ra két qua 1a log(x?), ham f; yéu ciu ngd
nhap phai thoa diéu kién x<0. Nhu vay bo lap ké
hoach can tim mot ham thoa man subgoal : {x >0
= x<0}. Mot lan nita, viéc tinh toan do tuong tu
gilta cac ham s& xac dinh ham phu hop nhat cho
subgoal nay 1a 2. Dén day, mot 10i giai tong hop
da dugc hinh thanh day di nhu sau: £(f(x)).

3.3 Bo tich hgp ham méi vao thw vién dic ta

Chtrc nang nay dong vai tro gitp cho thu vién
déc ta cac ham cua ching ta phong phi thém, gitp
cho nhimg lan sau khi g@p nhimg y€u cau tuong tu,
hé thong s€ co san cac ham/ chu01 cac ham dép tng
yéu cau, gitp t6i uvu hiéu suét cta hé thong.

Két qua dau ra cua khung thirc nay 1a mot doan
mi hodc mdt nguyén mau phian mém (prototype)
trong d6 ¢6 chira cac 101 goi ham can thiét theo yéu
cAu ban dau cua nguoi stt dung. Vi dy, sau khi tim
ra 101 giai tong hop cho yéu cau dwoc mé ta trong
Phan 3.2, déc ta va 10i giai nay lai duoc tiép tuc luu
trir vao thu vién nhu mot ham méi (ham £z) dé phuc
vu cho nhitng yéu cau tim kiém va tong hop 1o
giai madi sau nay.

4 MOT SO BAI TOAN MINH HOA

Sau day la mot s6 vi du minh hqa viéc st dung
dac ta JML de dac ta cho cac yéu cau tim kiém va
goi ham ty dong tir mot so truong hop thue te.

Truong hop 1: Tim ngay dwgc mjt ham phu
hop, dap irng yéu cau.

Yéu ciu 15 “Cho mot hinh }ép phuong, canh cé
d6 dai dai s6 la a. Tinh thé tich cta hinh lap
phuong d6”.

Chung ta dic ta yéu cau trén nhu sau:

//@ requires a > 0

/*@ ensures \result > 0 &&
@JMLDouble.approximatelyEqualTo
@ (a”~3, \result, 0.001);

=/

2 Pé tinh toan dugc rang dic ta cia £ (x=-x) la
trong duong voi dac ta cua subgoal, chiung ta sé
can dén mot cong cu chirng minh (prover). Ba co
rat nhiéu prover dugc phét trién trong cong dong
nghién ctru, nhung trong khuén khd ciia bai bao
nay, ching t6i khong thao luan dén cac prover.
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Bing cach phan tich do tuong thich giita hau
diéu kién (ensure) cua yéu cAu v6i hau diéu kién
cua cac ham co trong thu vién thi chiing ta nhan
duoc mot ham phu hop ngay, d6 1a ham pow() cta
16p java.lang. Math. Ham pow() nay cé dac ta JML
nhu sau®:

/*@ ensures
@JMLDouble.approximatelyEqualTo

@ (a”b, \result, 0.000001);
7/
public static double pow
(double a, double b);

Tién diéu kién cua ham pow() dugc bo qua
nghia la tién diéu kién luén dung. Do d6, noé thoa
man véi tien diéu kién cua yéu cau. Nhu vay
pow(a,3) 1a ham can goi.

Yéu ciu 2: “Chén mét phin tir x vao dau Stack
S”.

Pic ta JML cho yéu ciu:

//@ requires S.size<S.maxSize-1;
/*@ ensures

S.size==\0ld(S.size+1l)
@ &&

S.firstElement () ==x;
=/

Vé6i phuong phap twong tu nhu yéu ciu 1,
khung thire ciing dé dang tim duoc 1 ham thoa méin
yéu cau trén 1a ham push() cua 16p Stack, véi dic
ta nhu sau:

/*@ requires size < maxSize - 1;
@ assignable size;
@ ensures size \old(size + 1)

&& S.firstElement ()==x;

@ ensures redundantly (\forall
@ int i; 0<i && i<size-1;
@element (1) ==\old (element (i))) ;
@*/

public void push (Object x);

Truwong hop 2: Can tinh ché dic ti méi cé thé
tim ra loi goi ham.

Yéu cau 3: “Tra vé vi tri clia phan tir x trong
mang a. Néu phan tir x khong ton tai trong méang a
thi tra ve -17.

Dic ta JML cho yéu ciu trén nhu sau:

3 Pic ta nay da co trong thu vién vé déc ta cua céac
ham thu vién cua Java.
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//@ requires a null;
/*@ ensures \result==-
@ (\result20 &&
\result<a.length

@ && al[\result]
=/

);

Can ctr vao hau diéu kién cua dic ta yéu ciu
trén, chung ta s€ tim dugc ham binarySearch() cua
16p java.util. Arrays véi dac ta nhu sau:

/*@ requires a null &&
@ (\forall int 1i; 0<i &&
@ i<a.length; a[i-1]<al[i
@ ensures \result==-1 ||
@
(\result20&&\result<a.length
@ && al\result]==key);
=
public static int binarySearch
(int[] a, int

1):

key) ;

Tuy nhién, tién didu kién cia ham
binarySearch() lai chua phu hop voi tién dleu kién
cua yéu cau. Do do, qua trinh tim kiém va tong hop
101 giai lai tiép tuc nhu co ché da dugc mo ta
trong phan 3.2. Qua trinh tim nay s& thu dugc ham
sort() cua 16p java.util. Arrays. Ham sort() c6 dac ta
nhu sau:

!'= null;
null &&
i; 0<i &&
ali-

/*@ requires a
@ ensures a
@ (\forall int
i<a length;
11<afi]);*/
publlc statlc void sort (int[]
a);

Dén day, tién dicu kién cia ham sor#() nay
hoan toan phu hop vdi tién diéu kién cua yéu ciu.
Nhu vy qua trinh tim kiém s& két thiic va chung ta
¢6 mot ké hoach goi thuc thi cadc ham nhu sau:

java.util.Arrays.sort(a);
java.util.Arrays.binarySearch (a,
X) ;

5 KET LUAN

Viéc ap dung ngon ngir déc ta hinh thirc vao co
ché tim kiém va tai sir dung thanh phan ty dong 1a
mot huéng nghién ciru méi, gitip cho két qua tim
kiém sé& tot hon so véi cac nghién ciru dwa trén tir
khéa. Cho dén nay, cdc nghién ctru vé viéc ung
dung déc ta hinh thie, dac biét la voi huong tlep
can thoa thuén, chi chu yeu tap trung vao viée kiém
chimg tinh dung ctia phan mém. Trong bai bao nay,
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chung t6i dé xuét str dung cac dic ta hinh thirc vao
viéc tim kiém va tong hop cac thanh phan can thiét
theo nhu cau cua ngudi 1ap trinh. Tir d6, ching t6i
trinh bay mot khung thirc dé tim kiém va tong hop
cac API duge mé ta bang ngon ngit IML. Hon thé
nita, co ché hoat dong cua khung thic nay cho
phép luu trit va bd sung cac ham thu vién méi tir
két qua tong hop dugc. Mot sb thi nghiém ban dau
v6i nhiing bai toan 1ap trinh thuong gip da thu
duogc két qua kha quan trén khung thirc cua chung
t6i. Piéu nay khich 1& chung t6i cong bd két qua
nghién ctru cia minh dé thu thap thém y kién dong
gop tir cong ddng.

Hién tai, khung thirc do ching t6i dé nghi chu
yéu duya trén déc ta JML va str dung dé tim kiém va
tong hop cac ham API cho ngdn ngit Java. Tuy
nhién, do ban chat cua hinh thirc ddc ta trong
khung thtrc 1a cac cong thirc logic Hoare [16] nén
khung thirc nay hoan toan c6 thé tuy bién hi¢u qua
dé ap dung cho cc ngon ngir lap trinh dang cu
lénh (imperative) khidc nhu C, C++, C#, Scala,
Pascal ...
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