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TOM TAT: Véi cdch tiép cdn kho dit liéu (data warehouse-Dwh) trén mét co sé dit
liéu (CSDL) phdn tdn, théng tin tit mSi ngudn lién quan sé dugc rit trich va luu lai trong mét
Dwh [1]. Khi xdy ra mét truy vdn, né sé dugc thi hanh truc tiép & Dwh. Bai bdo nay gidi thiéu
: mét thudt todn do J.Ullman va nhém céng sy xdy dung dé lia chon 161 wu cdc khung nhin cdn
luu tai Dwh sao cho khéng gian lwu trié (KGLT) di# lidu gidm xudng ma thoi gian truy vdn
(TGTV) gdn nhu khéng d5i [3], mdt s& cdi tién ciia thudt todn [4]. Chuong trinh thit nghiém
dugc thwc hién bing ngén ngit Java.

1. MO PAU

a) Cdc khdi niém [1,2]:

-Khung nhin (View-V): 12 mdt quan hé dudc dinh nghia nhu mét ham trén mét tdp quan hé
cd s3 tif nhiéu ngudn. Haim nay c6 nhiém vu tinh to4n lai mdi khi V dugc tham khio.
-Khung nhin da cu thé (Materialized View - MV): 13 V nhung luu lai c4c bd tai Dwh sau khi
da tinh todn va kém theo cu tric chi muc.

-Khéi dit liéu (Data cube —DC): dugc biu dién trong moét khéng gian n-chiéu, mbi chiéu
biéu di&n mot thudc tinh clia MV. Tai mdi dinh trong kh&i bi€u dién mdt ham téng (sum,
avg,..) trén 1 hay nhiéu thudc tinh ctia MV,

Vi du 1: gia st mot hé théng ngin hang sit dung lwge d6 CSDL nhu sau dé€ quan 1y s6 du tai
khodn khich hang va céc giao dich x4y ra trong ngay [4]:

(1) Khach (Makh, Tenkh, Quoctich, Diachi) (K): quan 1§ théng tin vé khéch hang.

(2) KhTk(Tkkh, Loaitk, Makh, Sodu, Psco, Psno) (Kf): quin 1y théng tin vé tai khodn cia
mdi khach hang: s& tai khoan, loai tai khodn, ma khéch, s6 du , phéat sinh ng, c6.

(3) Giaodich(Sogd, Ngaygd, Loaigd, Tkkh, Tknh, Sotien) (G): quén Iy cdc giao dich xay ra,
bao gém sd tht ty giao dich, loai giao dich, s& tai khodn khdch hang, s6 tdi khodn ngén
hang, s& tién. _

(4) NhTk(Tknh,Matien,Sodu, Psco, Psno)(Nf): quan 1y théng tin tai khodn cia ngin hang,.
Thudc tinh d4u tién ciia mbi quan hé 12 khéa clia quan hé. Ta ¢6 c4c rang budc toan ven
tham chi€u (RBTVTC): (1) Kt.Makh->K Makh (2) G.Tkkh->Kt. Tkkh (3)G.Tknh->Nt.Tknh
Céc quan hé dudc phin manh ngang theo ma chi nhanh, nghia 12 m&i chi nhanh chi lwu théng
tin clia chi nhdnh dé.

Xét mot giao dich x4y ra tai mét chi nhdnh vé8i cdc théng tin gém: loai ti€n (matien), tai
khodn ngén hang (tknh), thi khodn khdch hang (tkkh) véi mot s6 tién (sotien) xé4c dinh. Ta
quan tdm dén 3 dai Iugng (ba chiéu) 1a : matien, tknh va tkkh. Vi thé m3i 6 (m,n,f) trong DC
3 chiéu nay 12 tdng tri gi4 da giao dich cila loai tién m dugc thyc hién trén tai kkodn ngin
hang n vdi tai khodn khéch hang d6i @ng .
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Ngudi sit dung cling c6 th€ hdi téng tri gid cda loai tién m da giao dich trén tai khoan khéch
hang ¢ (khong quan tim d€n tai khodn ngan hang). BE thuc hién cAu hdi nay, ta ¢6 thé dua
thém vao nhitng 6 c¢6 gi4 tri ALL @ng v8i mdi chiéu. Vidu tacé 6 (m,ALL,f) dugc thém vao
chiéu tknh.

Mét 56 nhdn xét:

- Trong DC, gié tri ctia nhiéu 6 ¢6 th€ dudc tinh ti¥ nhitng 6 khac. Ta goi nhitng § nhu th¢ 1a
nhitng & phu thudc. Vi duy, ta cé thé tinh 6 (m,ALL,f) & trén bing cdch cOng tat ¢ nhitng 6
(mny,1),... (mnx, 1), trong d6 Nyan 12 s tai khoan ngin hang tudng @ng. Nhu viy, cing
nhidu 6 dugc cu thé thi t6c d6 truy vAn cang nhanh. Tuy nhién khéng gian bé nhé khéng cho
phép ta luu hét 1@t cd cdc 6 trong DC, do dé diéu quan trong la chon nhitng 6 nao dé luu lai,
~Ta s& st dung mé hinh quan hé d€ lwu DC. Tép céc 6 clia DC dudc lwu trong cac quan hé,
T4t ca nhitng 6 khdp vi tri clia gi tri ALL dudc dat trong ciing mdt tap. Mdi tap chuyén
thanh mot truy vdn SQL. Vi du gié tri trong tép céc 6 (_,ALL,_ ) dudc thé hién bdi truy vén
sau:

SELECT matien, tkkh, SUM(sotien) AS Tong FROM Giaodich GROUP BY matien, tkkh
Trong ménh dé GROUP BY s& khdng c6 thudc tinh Wng vdi gid tri ‘ALL’, do d6 cédc truy van
SQL ciia tap cdc 6 khdc nhau chi phan biét théng qua nhitng thudc tinh dudc group by. Ta
ti€n d&€n mét khéi niém 1a: quyét dinh chon tdp 6 nao cdn leu twong ditong vdi viéc chon MV
nao dé cu thé.

b) Pat vin dé

Vi du 2: Xét 3 thudc tinh: matien, tknh, tkkh. Nhu th€ c¢6 8 khd nidng nhém cdc thugc tinh. Ta
it ké cdc MV va s6 b gid dinh :

1. matien, tknh,tkkh (6 triéu b6 - 6M) 2. matien,tkkh (6M)

3. matien,tknh (0.8M) 4, tknh,tkkh (6M)

5. matien (0.2M) 6. tknh (0.01M)
7. tkkh (0.1M) 8.none N

none : khéng ¢é thude tinh ndo duge nhém trong ménh dé GROUP BY. Hinh I thé€ hién m6t
1udi (ta s& ban dén khai niém luéi trong muc II) gdm 8 MV nay.

mnt 6M
mt 6 mn' 0.8M nt 6M

none 1
Hinh 1: 8 MV ¢é thé tao bdi nhém cdc thudc tinh matien (m), tknh (n), tkkh (1).

Gia s& mdt truy v&n yéu cAu théng tin giao dich nhém theo thudc tinh matien. Ta c6 thé sit
dung MV 5 (thdi gian 12 0.2M) hoac MV 2 (thdi gian 1a 6M) dé€ tra 191. Qua d6 ta théy:
1.Nén cu thé€ bao nhiéu MV thi hgp 1y ?

2.V4i mot khéng gian S cho trudce, chon nhitng MV ndo &€ cu thé nhim gidm 161 thi€u thdi
gian truy van.
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3.Ngudc lai, néu thdi gian truy van cé thé gia ting mot sai s6 X% so vdi thdi gian truy v&n
trung binh, thi khéng gian S cdn st dung 12 bao nhiéu ?

Chéng han & vi du 2, n&u ta cu thé toan bd DC thi KGLT s& khoang 19M. Nhan xét:

-Ta bit budc phdi cu thé MV1 (mnt), vi né khéng thé suy dudc tit MV khéc.

-Né&u cy thé MV 2 (mt) thi mét truy vAn st dung MV nay ddi hdi phéi xit I 6M bé. Trong
khi d6 ta c6 th€ stt dung MV1 va ciing chi xi Iy 6M b => khéng cin cu thé MV 2.

-Tudng tu, ta ciing khéng cin cu thé MV 4 (at)

-Céc MV con lai cAn cy thé vi KGLT khéng dang k& d€ cho TGTV nhanh.

=> KGLT sé& gidm ddng k€ (chi cdn khdang 7M, gidm hon 60%) ma TGTV tudng dwdng.

II KHUNG LUOGI [2,3]

Nhiing truy van dugc dic trung bdi c4c thudc tinh trong ménh d& GROUP BY, do d6 ta biéu
thi mdt truy v&n bing cdch dit nhitng thudc tinh nhém trong d&u ngoic don.Vi du truy van
c6 thudc tinh nhém 12 matien va tkkh duge biéu thi 12 (matien, tkkh).

a) Quan hé phu thudc trén nhiing truy van

Xét 2 truy vidn Q; va Qa, ta néi Q; < Q, néu va chi néu Q ¢6 thé dugc tra 15i chi bing két
qué cia Q. Khi dé ta néi Q; phu thudc Q,. Vi du & muc Lb, truy van (matien) cé thé dudgc tra
135 chi biing k&t qua cia truy van (matien, tkkh). Nhu th€ (matien) < (matien, tkkh).

b) Cdc chii thich ‘

Ky hiéu (L,< ) 12 mdt ludi L v6i cdc thanh phin 13 nhitng MV va quan hé phu thudc <. Véi
thanh phdna va beda (L,<), a< bnghiala a<b va azb.

T4 tién: t6 tién ctia mot thanh phén trong (L,< ) dudc dinh nghia nhu sau :

ancestor(a) = {b/a<b)

Con chdu: con chau mdt thanh phén trong (L,< ) dude dinh nghia nhu sau :

descendant (a) = {b /b <a}

M®i thanh phin cia ludi s& 12 t6 tién va con chdu cilia chinh né.

Téap next(a) = {b/a< b, !3c,a<c,c<b} :1a tp nhitng thanh phan 12 t8 tién truc ti€p cla
thanh phén a.

c) D6 thi

Ludi (L, ) duge biéu di&n nhy m6t d8 thi, mdi thanh phin trong 1wdi 13 mot dinh va tdn tai
mdt canh tif a 16n b néu va chi néu b thudc vé next(a).

d) Su phén cdp

Trong c4c Wng dung thyc t&, chiéu clia mdt DC thudng cé hon mét thudc tinh, trudng hdp
nay mdi chiéu dudc 8 chitc thinh mét phin cip cic thudc tinh. Vi du chiéu date trong mot
DC c6 thé dudc phan c4p thanh : day, month, year.

e) Két hop nhiéu ludi

Ta c6 2 lgai phu thudc:

-Phu thu6c bdi chiéu (thudc tinh) (nhu vi du 2)

-Phu thudc bdi st phan cip trong mot chiéu (I1.d)

Thyc hién két hgp cdc loai phu thude trén bing cdch sau: mdi phu thudc loai 1 58 dude md
rong bang cdch thyc hién céc t6 hgp nhém céc thudc tinh phin cAp cia loai 2, vi du: xét 2
chi€u matien va tkkh. M3i chiéu nay dugc t6 chfc phan c&p thanh nhiéu thudc tinh :
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- chiéu tkkh dugc phéAn cAp thanh : tai khodn khéch hang (#), loai tai khoan ().
- chiéu matien dudc phan c&p thanh : ma loai tién (m), ti gié (i), nhém (h).

t m
= i« i@ h
none none

Hinh 2: Su phdn cdp ciia chiéu matien va tkkh
C6 thé c6 nhitng truy van k€t hgp x3y ra nhu : nhém theo loai tai khodn (t), nhém theo tai

khoan khéch hang, nhém tién (an) ... Do d6 ta c6 ledi két hgp duge tt 2 udi phan cp trong
hinh 2 nhu sau :

Hinh 3: K&t hop 2 ludi phan cdp
Céch ti€p can ludi ciing cho ta bi€t mét thit ty cu thé cdc MV. Vi du cho mdt tip MV cén cu
thé S = {Qy, .., On}. X4y dung mdt Iudi (S,< ) vdi cdc thanh phan Q;réi thuc hién mdt phép
sip x&p topo trén todn ti < theo thi ty gidm din. Gid st k€t qud 12 Q,,, ... Qu, . Ta
thue hién viéc cu thé theo thit tw nay. D€ cu thé cdc MV diu tién (khéng cb t8 tién) thi phai
truy xudt vao di liéu ngudn. Tuy nhién nhitng MV k& ti€p c6 thé dude cy thé bing cich st
dung nhitng MV da cu th€ ma n6 phu thude=> gidm TGTV mdt cich dang ké.

1L TOI UU KHUNG LUGI [3]

Cho trudc s6 MV cin cu thé 13 k, cAn xdc dinh MV nao sé dudc chon d€ TGTV it nhit.
Thuat todn s& dung 13 gidi thuat ‘greedy’ : ti€n hanh chon tdp gém k cdc MV sao cho mdi
MV dugc chon 12 t6t nhit. Ta ciing s& chitng minh thuat todn nay gin t&i wu.

a) Thuit todn Greedy [3]

Cho trudc mét khung ludi :

goi C(v) 12 kich thudc (s6 bd) ciia MV v.

goi k 12 s6 MV cén cu thé.

goi S 12 tAp MV dudc tuyén chon (c6 chita MV ma khéng ¢ (8 tién), ta dinh nghia ham
B(v,S) -ham Igi ich clia viéc chon ti€p MV v d6i vdi S- nhu sau:

V6i mbi w < v, dai lugng By, dudc dinh nghia:

Goi 1 1a MV ¢6 kich thudc nhd nhat trong S sao cho w < u.
Néu C(v) < C(u) thi By = C(u) — C(v) , ngudc lai By, =0
B(V,S) = wava
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Y nghia ciia ham B(v,S) : mudn chon MV v, ta x4c dinh cdc MV w < v, sau d6 so sanh chi

phi thi hanh w ma st dung v va chi phi thi hanh w ma sit dung mét MV u ¢6 chi phi nhd nhit
trong S (w < u). Néu mudn chon v thi C(v) phai nhd han C(u), d6 1€ch d6 cb nghia 1a lgi ich
néu chon v. Cong tat ca cdc d) 1éch lai ta c6 dugc ham 19i ich B(v,S). MV v nao ¢6 ham 1gi
ich 16n nh4t sé dudc tuyén vao tip S. Ta cd thudt todn Greedy nhu sau:
Vao:
- Khung Ivwéi (L, <).
- k12 s6 MV xéc dinh d€ cu thé.
Ra: - tap S la tip cdc MV dudc chon gin t61 vu.
Thuit todn :
S= {MV khéng c6 t6 tién trong Iudi}
For i=2 to k do {
Chon MV v khéng nim trong S sao cho B(v,S) 16n nhit ;
S=8 U {v};
}
Vi du 3: cho 1u6i nhut hinh 4 gdm 8 MV tiY a -> h, cAn chon k=4 MV sao cho TGTV it nht:
Hinh 4 : Khung luéi vdi kich thudc cho trudc.

- MV a véikich thude 100 bt budc phai dugc tuyén vao S, ta cAn chon thém 3 MV nita:

- V38ii=1 : ta c6 bang phan tich I1gi ich néu chon m6t MV trong ludi nhu sau:

chon b : B(b,S) =By + By + Be + By + By=(C(a)-C(b)) x 5=50x5=250.

chon ¢ : B(c,S) = Be+ Be + Bs+ By + By=(C(a)-C(c) ) x 5 =25 x 5 =125.

chon d : B(d,S) = By + B. = ( C(a)-C(d) ) x2 =80 x2=160.

chon e : B(e,S) = Be + By + By=(C(a)-C(e) ) x3=70x3=210.

chon f : B(f,S) = Bt + By, =(C(a)-C(f)) x2=060x2=120.

chon g : B(g,S) = Bg= C(a)-C(g) = 99.

chon h : B(h,S) = B, = C(a)-C(h) = 90.

Nhu vay , néu chon b s& ¢6 Igi ich 16n nhét, nén S={a,b}

Tudng t¥ vdi i=2, néu chon f s& c6 1di ich 16n nhét: B(f,S)=( C(a)-C(f) ) + (C(b)-C(f)) =60 +
10 =70 nén S={a,b,f} va vdi i=3, n€u chon d sé c6 1di ich 16n nhat : B(d,S) =( C(b)-C(d) ) x
2 =30x 2 =60 nén S={a,b,f,d} )

Tap MV dugc chon d€ cu thé 1a S={a,b,f,d}, 16 rang néu chi cu th€ MV a thi TGTV s& 1a
800 so v6i TGTV néu cu thé tap S 1a : 100 (cda a) + 50 (clia b) + 40 (cda f) + 20 (cia d) +
100 (ciia ¢, dua vao a) + 50 (clia e, dya vao b) + 20 (cia g, dya vao d) + 40 (clia h, dya vao
f) =420
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Vi du 4: thuc hién thuét todn greedy vdi khung 1wdi nhu trong hinh 3. Ta c6 k&t qua nhu hink
5. Vi du nay chifng té tai sao ta khéng cy thé toan b MV trén ludi (KGLT chi€m t3i 22.3M
trong khi d6 TGTV gidm khéng déng k€ 13 22.3M).

b) Phdn tich thudt todn

Goi vy, V2, ... , vk 12 tAp k MV dudc chon bdi thuét todn greedy, a;1a gid tri 1di ich cia viéc
chon v;, vdi i=1,...k. Pinh nghia A=} a;

Goi wy, Wz, ..., Wi 1a tip k MV t61 wu, nghia 12 téng gié tri Igi ich s& 12 cuc dai. Goi b;1a gid
tri 1gi ich cia viéc chon wy, vdi i=1,...k . Pinh nghia B=Xb; .

S6§ MV | MV  dudc | Lgiich TGTV KGLT
k chon

1 tm Khéng xd 72M 6M

B li ~24M ~48M ~6M
3 lh ~24M ~36M ~6M
4 t ~5.9M ~30.1M ~6.1M
5 m ~5.8M ~24.3M ~6.3M
6 ti ~IM ~23.3M ~11.3M
7 Im ~IM ~22.3M ~16.3M
8 th ~0.01M ~22.3M ~22.3M
9 h ~rit nhd ~22.3M ~22.3M
10 1 ~rit nhd ~22.3M ~22.3M
11 i ~rit nhd ~22.3M ~22.3M
12 none ~rit nhd ~22.3M ~22.3M

Hinh 5 : Két qud ciia thudt todn Greedy cho ludi hinh 3.

8OM

60M

K thdi gian

20M khong gian /

123456 789 1011 12
Hinh 6: P4 thi tuong quan giita TGTV vaKGLT

Ta mudn so sdnh viéc cai ti€n thdi gian truy van cila mdt MV u bat ky do cdc MV v; va w;.
Hinh 7 cho thdy su so sdnh nay :

Vi V3 V7

Vi gidi thuét greedy |

Vi gii thuit t61 vu |

W2 W3 Ws Weg
Hinh 7
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Vi du: trong vi du 3 bling thuét todn greedy, thdi gian truy van g dugc cdi ti€n tr 100 xudng
20. Trong d6 : 50 do chon b, 30 do chon d.
- (101 x;i 12 gid tri qui chi€u 1gi ich clia w;thanh vJ Ta cé bt déng thitc sau :

X% <a; : téng cac phan qui chiéu cilia tit ca céc w; thanh v thi khong thé vudgt qué
b; < aj, Vi That vy, néu khéng thi w; s& dudc chon diu tién bdi gidi thuat greedy thay vi
v . Tuong tu, 14n hwa chon thit 2 cia thuét todn greedy cho ta két qua:
b - Xi1 < a2 : Iy do 14 1gi ich clia cdc w; cho 14n chon thit 2 12 b; trit cho phén da qui chi€u vao
vy , tc 12 x;;. VA theo thudt todn thi a; phai c6 gi4 tri 1dn nht trong 14n lra chon thit 2. Téng
quét, ta c6 bat ddng thitc sau cho Idn tht j:
bi - Xit- Xi1 - .. - Xij1 £ &

Téng hai v€ clia cdc bat déng thitc trén, ta dudc :

(1) > b <ka,

k ' k

@) Y by S ka,+ Y [ %y,

g . Y . : )
ZH (Skdg+ ) Xy D Xk ) X

k

Do Z, i = va 1 Vi Sa, nén ta c6 két qua sau:

B gka1

B <kaj +a;

(k) B <kag+a; +a;+ .+ ag Hinh 8:Hé bdt ddng thitc

Vi B khéng 18n hon gié tri nhd nhét cia cdc v€ phai cla cdc bat déng thic trén, nén gid tri
cin trén gin nhat cia B x4y ra khi c4c v& phai clia cdc bat ddng thifc biing nhau. Hiéu cia 2
v& phai bit ding thitc thit i va i+1 13 kayy — (k-1)a;=0
=>  a= ay Kk

k-1

= 4= Z” ‘1[ k } a, (T dinh nghia A=Y a;) =)
i=0 k ’
k k-1 ;
- By od k[ﬁ] a,  (TWhe bt ding thic hinh 8) (%)
1 B k i-k+1
Tt (*) va (*%) : A/B z =¥ L"l(k _IJ

T (k—l]z [k—l]H
Sl L] e ] o, ] e
k k k k
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Véik=2 thi A/B >3/4, c6 nghia la thuét todn greedy t6i thi€u dat 3/4 hiéu qua cia thuét
todn t61 uu.
=17 '

o o (T] =1/ i th€ A/B > 1- 1/e = 0.63 : thuat toén greedy ludn dat hiéu
qua khong th&p hon 63% thuét todn t6i wu d6i vdi moi khung ludi.
N&u a; 16n hdn it nhidu so v6i céc gié tri a; khéc, thi thuét todn greedy gén nhut t6i wu. Bdi
vi xét bAt ding thitc cudi ciing trong hink 8 coi nhu B < a;, va vi A x&p xi a; v4i gid thi€t nay
nén B < A. '
Né&u céc a; bing nhau, thi thut todn greedy t81 wu. That vay, xét b4t déng thitc ddu tién
trong hinh 8 : B <ka, , do A=ka; nén B < A. '
IV. CAI TIEN THUAT TOAN [4]
ThuAt todn dudc cdi ti€n theo cc hudng sau:
- Ham C(v) s& dugc thay biing E(v), vdi E(v) = C(v)* S(v). Trong dé C(v) I kich thudc cia
MV v, va S(v) 1a tdn sudt truy vén cia MV v. Bdi vi ¢6 thé c6 mot MV c6 kich thudc nhé
nhung do tin sudt truy v&n 16n nén 1gi ich do MV d6 néu dugc tuyén vin mang lai nhiéu hon.
- Thut to4dn khong cén 1é thudc tham s6 k, khi d6 thuat todn chi quan tim dén viéc chon tap
n cdc MV sao cho KGLT gidm xudng cyc tiéu ma TGTV khong ting 1én bao nhiéu. Trong
trudng hop niy, ngudi viét thit cai dat mot ham heuristic € chon s8 n bang céch xdc dinh
56 16n nhét gitta d6 1éch ciia KGLT vA d6 1éch clia TGTV giita 14n chon thit i va i+1, k€t qua
tuong do6i t6t qua cdc mau thi nghiém.
Thudt todn cdi tién:
- Tinh lai ham B(v,s) :
Véi mbiw < v, dai lugng By, dugc dinh nghia:
Goi 1 12 MV c6 kich thudc nhé nhét trong S sao cho w <u.
Néu E(v) < E(u) thi By, = E(u) - E(v) , ngudc lai By =0

2) B(V’S) = Zwi vByw
- Ham T(S) : 1a TGTV t4t c cdc MV trong khung 1u6i (L, <) khi chon dudc tap S.
-Ham Q(S) : 1a KGLT cdc MV c6 mit trong tip S.
Vao:

- Khung ludi (L, ).
Ra: -tap SIa tAp cdc MV dugc chon gan t61 wu.
Thuit todn :
S= {MV khéng c6 t& tién trong ludi}
T'=T(S); Q’=Q(S);
A=k p=t;
For i=2 to size(L) do

Chon MV v khéng n3m trong S sao cho B(v,S) 16n nhét ;

S=8SU {vi}; J/ danh s khung nhin v dugc thém vao S
If (ITS)-T 1 /71Q(S)-Q’l > A) then
{

A=IT(S)-T’ | 1 1Q(S)-Q’l)
=1
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}

T'=T(S); Q'=Q(S);

S=S\ {Vi}vi>n

AB

APPLICATION OF THE GREEDY ALGORITHM FOR SELECTING
MATERIALIZE VIEWS IN DATA WAREHOUSE

Nguyen Dang Cao

STRACT: A warehouse is a repository of integrated information drawn from remote data

sources. Since a warehouse effectively implements materialized views, we must maintain

the

views as data sources are updated. A lattice framework is used to express dependencies

among views. This paper introduccs a greedy algorithm that works off this lattice and
determines a good set of views to materialize. A program written by Java illustrated the
algorithm.
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