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Abstract. A range query applies an aggregation operation over all selected cells an OLAP data cube
where the selection is specified by providing ranges of values for numeric dimensions. We present fast
algorithm for range queries for the most popular aggregation operation: SUM.

1. GIO'I THI~U

Kho dii li~u (Data Warehouse) diroc xay dirng tir cac CO'S(1 dii' li~u (CSDL) tac nghiep [khac
nhau) nh~m h~ tro' cho vi~c ra quydt dinh. Kho dii li~u th!&irng rat ltrn, lu u. trii nhiing dii li~u co
tinh lich sJ theo thiri gian, theo ch,], aitm, khong thay aD'i (khong a!&C(cc4p nh4t) vu. iiu o:« tich. hq'p
tU:nhi'eu nguon dii li~u kMc nhau ([1], [4], [6]). Mo hlnh thfch hop cho cac kho dfr li~u la khoi dii
li~u (Data Cube) hay con goi la CSDL nhieu chieu (nhfrng phuong dien khac nhau hay la nhirng
thu9C tfnh d9C l~p) ([1], [7]). Cac kho dfr li~u IOn, da chieu thiro'ng c6 chira nhisu thOng tin (tri
thirc] fin kin ma nhirng cong cv truyh th~ng nhir ky thu~t truy van SQL rat kh6 va nhi'eu khi
khO'ng phat hi~n ra dmrc. Vi du ong Giam d~c xi nghiep mudn biet: "Nhirng m~t hang nao ban
chay nhat, trong vung nao, th ang nao trong narn va nhirng tang 16-pkhach hang (nh6m tu5i, nganh
nghe, v.v ... ) nao tieu thu nhi'eu nhfit ?". Khong d~ gi c6 diroc cau td. lai cho nhimg cau hoi nhieu
chieu (4 chieu trong cau hoi tren: m~t hang, vung, thOi. gian, va nh6m tu~i) b~ng each s11-dung cac
ky thu~t truy van truyen thong trong cac mf hlnh dir li~u quan h~, vi du SQL, ma phai dira tren
nhfrng ke't qua phan ttch. dii li~u nhieu chieu. HO'n the nira, yeu cau cila nguci s11-dung lai thuo'ng
xuyen thay d5i, doi hoi cau td. lai phai diro'c x11-ly theo th1i' t'J khac nhau: hie thi theo vimg, khi
thi theo thai gian, khi khac lai theo nh6m tu5i, V.v... Do v~y doi hoi phai thuc hien xtl: l'lf phan
tich iru:c tuyen (OLAP - On-Line Analytical Processing do Codd de xuat [3]) tren nhirng dir li~u
km va h~n hop. Chiing ta c6 hai each chinh truy nh~p trirc tie'p vao kho dfr li~u. Cdc]: thv: nhat la
truy nh~p tr'Jc tiep vao dii' li~u trong kho thong qua cac khung nhin (view) nhieu chieu va th€ hi~n
no nhir la cau true nhieu chieu ph uc vu cho vi~c phan tfch va l~p bao cao Cl cac tram lam vi~c. D~
tlnrc hi~n hi~u qua OLAP tren cac khung nhin dii' li~u, ngujri ta thuong t~p trung xfiy dung cac
thu~t toan d~ chon t'J d9ng cac bang t5ng hop va chi so h6a cac khung nhm ([5], [8], [9]). Cdch.
thtl hai la phan tfch trtrc tiep cac khdi dii' li~u nhieu chieu diroc tao l~p tir cac kho dii' li~u va tao
ra kha nang t5ng hop, g9P chung, h~ tro' cho vi~c ra quye't dinh ve dir bao, phan tfch xu the ph at
trign va phan tfch th~ng ke ([2], [3]' [7]).

Trong bai bao nay chung toi gi&i thi~u m9t so thu~t toan thirc hi~n nhirng phep toan sd- dung
thirong xuyen trong OLAP, phep toan thirc hi~n M tra l<'richo nhimg truy van dfr li~u theo mien
nhu phep SUM xac dinh t5ng theo mien dii' li~u cua khdi dfr li~u.

2. TRUY VAN THEO MIEN TRONG OLAP V6"I KHOI DU L~U

Mo hmh ph5 bien cho cac img dung cua OLAP la CSDL nhieu chieu hay con goi la khoi dii:
li~u (Data Cube). Tir cac kho dii: li~u (Data Warehouse)' ta co th~ chon ra m9t so thudc tfnh can
thiet dg tao ra kh~i dfr li~u phuc vv cho vi~c phan tfch, khai thac thOng tin h~ tr<[ cho viec ra quyet
dinh. M9t so trong nhirng thu9C tinh d6 clura nhirng gia tri do dem diro'c ma ngiro'i sd- dung quan
tarn nen tlnrong dtro'c goi la thucc tinh dQ do (metric), con nhirng thuQc tfnh khac thirong diroc goi
la thu{k tinh chieu (hay thudc tinh chirc nang]. Nhimg thuoc ti1fh d9 do cho phep tlnrc hi~n diroc
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nhfrng phep ke't hop, g9P chung (vi du tfnh t5ng) hay so sanh diro'c d~ xac djnh nhirng gia tri C,!C
dai, C,!C tie'u trong tjrng vung dir li~u. Nhu v~y khoi dfr li~u co the' xem nhir la cac bang d-chieu,
ma cac chi so cua no ttrcmg ling vai nhirng thudc tfnh ve chieu, con cac gia tr] cua m~i phan tU- la
gia tr] thudc tfnh d9 do ttro'ng ling ([lJ, [6J, [7]).
Vi du 1: Xet khOi dfr li~u BH diroc xay dung tU- cac kho dir li~u cua hang bdo hi~m BV drroc t5
clnrc theo 4 chieu: tu5i, nam, tlnh.t.hanh va 10~iJtInh_BH. Tu5i co gia tri t ir 1 de'n 100, narn tfnh
tU- narn 1985 de'n 1998, tlnh.thanh bao g<lm 61 tinh thanh cua d. mroc con 10~iJtInh_BH thl g<lm:
bao hi~m bat d9ng sin, 0 to va y te'. Kh5i dir li~u BH se co 101 * 14 * 61 * 3 0 hru trir dfr li~u ve
tien dong Mo hie'm tircrng u-ng vo'i t5 hop cii a 4 thudc tinh tren. Cluing ta eo the' thtrc hi~n phep
gqp (aggregation operation) nhir SUM - tfnh t5ng va MAX - xac dinh gia tr] C,!Cdai M trd l<'richo
nhfrng cau hoi truy van theo mien, vi du nhir: "TIm so tien dong bao hie'm ve 0 to ciia khach hang
tu5i tU- 30 den 50, trong nhirng narn 1990 den 1995 & trong ca mro'c ?"

Khi thirc hi~n phan tfch dir li~u de' h~ trq' ra quye't dinh, chung ta thtrong phai thirc hi~n nhirng
truy van theo mien (range queries) de' tra lai cho nhirng cay hoi ttro'ng t'! nhir tren. Muc tieu cua
cluing ta la xay dung nhfrng thu~t toan hi~u qua, thirc hi~n nhanh nhirng phep truy van theo mien
[phep tfnh SUM, MAX theo mien) vai khOng gian hru trir la tuye'n tfnh,

2.1. Mo hinh dfr lieu

Tru'o-c tien chung ta hay nghien ciru mo hinh ciia khdi dir li~u va dang bi~u di~n cda cac eau h6i
truy van theo mien. D = {1, 2, ... , d} t~p cac chl so tuong u-ng vai thuoc tfnh chieu, Khoi dir li~u
d-chieu diroc bi~u di~n bhg bang d-chieu A eo kich thiroc nl X n2 X ... X nd, vo'i 2 :=:; nj, j E D.
Gii thiet rhg cac chi so cua bang luon Mt dau tU-o. £)~ cho ti~n cluing ta goi m~i phan tU- cua
bang la m9t o. Kich thiroc cua bang A se la

d

N = IT nj.
j==1

(0)

Chung ta phan tfch bdng A vai kich thiroc N (d-chieu) de' co dircc cau tra lai cho nhirng eau
hoi (truy van) lien quan de'n nhieu chieu, Trong thirc te', m~i chieu cda A se la m9t mien pharn vi
tmrng ling v&i thu9C tfnh cti a khoi dir li~u. £)~ cho don giin ve ky hi~u va cong thirc, cluing ta co
the' gii thiet [khong mat tfnh t5ng quat) rhg t<ln tai m9t anh xa don gian tir mien xac dinh cua
thu9C tfnh (khong nHt thiet phai lien tuc] sang mien chi so (0, ... , nk, kED).

Cac ky thu~t thuc hi~n truy van theo mien co thg ap dung cho nhirng toan tu' nhi nguyen EB
co roan tU- dao e, nghia la a EB be b = a, voi moi a, b trong mien xac dinh, vf du: phep + eo phep
dao la -, phep * co phep dao la [, v.v ... 0- day cluing ta quan tarn den phep tfnh t5ng SUM theo
mien dira tren cac toan tU- (+, -), bOi VI no la phep g9P thirong 'xuyen sUodung nHt trong cac irng
dung cua OLAP (thu~t toan ciing se hoan toan tirong t'! doi vai nhirng phep toan EB eo toan tU-
dao e nhir & tren].

2.2. Thu~t toan tinh tong SUM theo mien

Van de tfnh t5ng SUM theo mien cua cac chieu dircc danh chi so t ir lj den hj, j E D trong
khdi dir li~u A co the' dinh nghia m9t each hlnh thu-c nhir sau:

hl hd

SUMA(ll : hI, ... , ld: hd) = L ...L A[i1, ... , id],
i1==11 id==ld

(1)

trong do 0 :=:; li :=:; hi :=:; ni, i E D.
Theo cong thtrc (1) cluing ta eo the' d~ dang tinh diroc SUMA (11 : hI,'" , Id : hd) v&i d9 phirc tap
ve th&i gian la O(N), N kich thu&c cu a A.

£)~ tang toc d9 xu-Iy phep g9P theo mien chung ta co the' su- dung t5ng phan ilau [Prefix.sum],
phep toan da diro'c xay dlPlg trong cac CSDL ([2]) va 6- day se dU'q'Cphat trign, m& r9ng cho khoi
dir li~u.
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Bang P dU'q'cgQila bang tfnh trU'&ccac phln dlu cua khgi dii li~u (bang A) va dU'q'cxac dinh
theo cong thlh: sau:

"'1 "'ci

P[Xl, ... , Xd] = SUMA (0 : Xl, ... , 0: Xd) = L ...L A[i1, ... , id]'
i1=0 ici=O

(2)

P[X!, ... , xd]la t5ng cila t't d. cac phan tn- dau trong cac mien xac dinh b<n: thu9c tfnh thli' nh't
tU-0 dgn Xl, thu9C tfnh thli' 2 tU-0 dgn X2, ... , thu9c tfnh cugi cung tU-0 Mn Xd.

Vi du 2: khi d = 2, bang dfr li~u A co nl = 8 va n2 = 4 dU'<!cxac dinh nhu sau:

BhgA
Chi sg 0 1 2 3 4 5 6 7

0 2 5 4 1 6 2 1 5

1 5 2 6 7 4 1 8 9
2 1 3 6 8 4 2 7 10
3 4 5 7 6 12 5 6 2

Cluing ta tfnh trrroc cac t5ng phan dau cila A theo (2) va hru vao bang P.

'" y
P[x,y] = SUMA(O: X, 0: y) = L LA[i,jj.

i=O i=O

BhgP
Chi sg 0 1 2 3 4 5 6 7

0 2 7 11 12 18 20 21 26
1 7 14 24 32 42 45 54 68
2 8 18 34 50 64 69 85 109
3 12 27 50 72 98 108 130 156

Dinh ly sau giup chiing ta co diroc thu~t toan tinh t5ng SUM theo mien cua A tir 2d phan tn-
ttrong li'ng cila P.

TrrrcYctien cluing ta qui dinh: P[Xl, ""Xd] = 0 ngu co kED va Xk = -1;

, ( ') { 1 neu xi = hiV) E D s) = .•
-1 neuxi=li-1

Dinh IY.
d

SUMA (Ll : b«, ... , Ld : hd) = L {(IT s(i)) * P[x!, ... , Xd]}
V"'jE{lj-l,hj},iED i=1

(3)

vm 0 ~ Li s hi s n;, i E D.

Chttng minh. D~ clnrng minh (3) clning ta chtmg minh cong thu-c t5ng quat sau:

SUMA (Lt : h!, ... , Lt : ht, 0: Xt+l, •.. ,0: Xd)
t

= L {(ITs(i))*P[x1"",Xdj}
V"'jE{lj-l,hj},I:$i9 i=1

(4)

Cluing ta nM,n th'y ngay rlng (3) la. trirong hcp d~c bi~t cda (4) khi t = d. Cong thirc (4) co
thg dU'q'cchjrng minh thOng qua qui n~p toan hoc theo t.
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VOi t = 1, chiing nhan tha:y (4) dtro'c suy true tigp tU- dinh nghia (2), Cia. thigt rhg (4) dung
vrri t = k va 1 ~ k ~ d, nghia la:

SUMA (Ll : hI' .." lk : b», 0: Xk+l, .. ,,0: Xd)
k

L {(ITs(i))*P[Xl, .. "Xd]}
\fxjE{lj-l,hj},l~j~k ;=1

(5)

Chung ta can chirng minh (4) dung voi t = k + 1.

Thay Xk+l = lk+l vao (5) chung ta eo

SUMA(ll : hI, .." lk : hk' 0: lk+l, 0: Xk+2, .. ,,0: Xd)
k

L {(IT s(i)) * P[Xl' .. " Xd] }
\fxjE{lj-1,hj},1~j~k ;=1

(7)

Tirong tl! thay Xk+l = hk+l vao (5) chiing ta se eo

SUMA(ll : hI, .." lk : hk' 0: hk+l' 0: Xk+2, .. ,,0: x,d
k

L {(IT s(i)) * P[Xl' .. " Xd]}
\fxjE{IJ-1,hj},!~j~k ;=!

(8)

D~ do'n gian, chting ta ky hieu nhirng hang thrrc trong cac cong thirc tir (6) dgn (8) lan hrot la
T1, T2, T3, T4, TU- do cluing ta eo

SUMA (ll : ht, .. " lk : b«, lk+l : hk+l' 0: Xk+2, .. ,,0: Xd) = T3 - T1 = T4 - T2
k+l

L {(IT s(i)) * P[X1' .. "Xd]},
\fxjE{lj-l.h;},!~j~k+l ;=1

nghia la (4) cfing dung vci t = k + 1. Do la dieu can phai chirng minh.

Vi du 3: A.p dung dinh ly tren d€ tinh SUMA (2 : 4, 1 : 2) cua bang A va P t ir vi du 2:

SUMA (2 : 4, ] : 2) = P[4, 2]- P[4, 0]- P[l, 2] + P[l, 0] = 64 - 18 - 18 + 7 = 35,

Theo dinh ly neu tren chung ta eo th€ xfiy dung diro c thu~t toan thuc hien phep gi?p theo mien
SUM voi di? phrrc tap O(2d) tot hori thu~t toan thirc hien theo dinh nghia ban dau (v&i de? phirc
tap O(N)), trong do N la kfch thurrc ciia khdi dir li~u va thirong la rat Ion. Lu'u y la M eo CO' sc)'
so sanh di? plnrc tap ve thci gian thu'c hi~n cua cac thu~t toan, clning ta xem toc de? truy nhap vao
cac phan tU- cu a bang A va cac bang P la nhir nhau.

Dg ap dung diro'c dinh ly tren thi cluing ta phai tinh bang P (t5ng cac phan dau cu a A) va
thu%t toan tinh P theo dinh nghia (2) eo de? phtrc tap O(N2), Chung ta xay dung thu~t toan mo i
thirc hi~n phep ge?P theo mien voi de? phirc tap O(d * N) nlnr sau,

Thuat toan Prefix-sum /* Thv-c hi~n trong d bucc */
Input: d /* So chieu cua khdi */

nk, 1~ k ~ d /* Chi sO'cu a m~i chieu */
A[X1" .. ,Xd], 0 ~ Xk ~ nk, 1 ~ k ~ d /* Khoi dir li~u */

Output: P[x!, .. " Xd], 0 ~ Xk ~ »«, 1 ~ k ~ d /* T5ng phlin dau cii a A */
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r Tfnh Prefix.sum d~ thq-c hi~n c9ng d~n theo chih thu- nh't va hru Ut qd vao P

(ky hi~u PI) *I
PlO, X2, "" Xd] = A[O, X2, .. " Xd], ° 5 Xk 5 n/c, 2 5 k 5 d

P[i, X2, .. " Xd] = A[i, X2, .. " Xd] + P[i - 1,X2, .. " Xd], ° 5 Xk 5 nk, 25 k 5 d

va 1 5 i 5 nl
/* Burrc thu- k, 2 5 k 5 d, tfnh Prefix.sum M thq-c hi~n c9ng d(3ntheo chieu thtr k

va hru ke't qui vao P (ky hi~u Pk) *1
for k: = 2 to d do

P[Xl' X2, .. " Xk-l, i, Xk+l, .. " Xd] = P[Xl' X2, .. "Xk-l, i, Xk+l, .. "Xd]

+ P[Xl! X2, , .. , Xk-l, i-I, xk+l, .. " Xd],

Nhan xet:
al Thu~t toan tren thirc hi~n chfnh xac being P, being t5ng cac ph'an d'au cila A sau d biroc

thirc hi~n, Trong m~i biro'c, thu~t toan thuc hi~n N (kfch thucc cda being A) phep cfmg d(3n, nen
thu~t toan Prefix.sum co d9 phirc t~p tfnh toan la. O(d * N),

bl Sau khi tfnh dircc bang P, chiing ta eo thg xoa being A vi eo thg sUodung P dg tfnh lai theo
dinh ly nhir sau:

A[Xl' .. " Xd] = SUMA (Xl: Xl! •. " Xd : Xd)
d

L {IT s(i) * P[YI, Y2, ... , Yd]},
VYkE{"'k-I''''k}, l~k~d i=l

(10)

A[Xl' ... , Xd] diroc tinh lai tlr P v&i 2d phep c9ng (hay trir]. Do v~y khi cac khdi dir li~u co so chieu
tirong doi nh6 thi thu~t toan Prefix.sum v&i each hru trir P thay cho khdi dir li~u A la rat hi~u qua
d, v'e khOng gian hru trir lh toc d9 thirc hi~n,

Vi du 4: Xay dimg being P tU-bang A l:Jvi du 2 theo thu~t toan tren
/* Tinh Prefix-Bum d~ thq-c hi~n c9ng d(3ntheo chi'eu thfr nha:t (d}ng d~n theo hang)

va hru ke't qua vao P (ky hi~u Pt) *1
Bang PI

Chi so 0 1 2 3 4 5 6 7

° 2 7 11 12 18 20 21 26
1 5 7 13 20 24 25 33 42
2 1 4 10 18 22 24 31 41
3 4 9 16 22 34 39 45 47

1* Tfnh Prefix.sum d~ thuc hi~n c9ng d(3ntheo chieu thu- hai (C9ng d(3ntheo C9t)
va hru ke't qua vao P (ky hi~u P2) *1

Bang P2

Chi s5 0 1 2 3 4 5 6 7

° 2 7 11 12 18 20 21 26
1 7 14 24 32 42 45 54 68
2 8 18 34 50 64 69 85 109
3 12 27 50 72 98 1& 108 130 156
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D~ d ang nhan thay P2 ciing chinh la bang PO-vi du 2.

3. KET LU~N

Doi v&i cac kho dir li~u (CSDL nhieu chieu) chung ta phai sii' dung phtrong phap OLAP m&i
ph at hi~n diro'c nhanh, chinh xac nhimg thong tin (tri thrrc] din thiet cho viec ra quyet dinh. Tu:
cac bang dir li~u nhieu chieu thirong xuyen stl: dung M xd-ly phan tich [tru-e tuyen) dir lieu t5ng
ho'p tu: cac kho dir li~u duo'c hru trir nh~m td. 101 nhanh cho nhimg eau hoi cu a ngtro'i sU- dung
va h6 tro' cho viec ra nhirng quyet dinh, chung ta co thi SU'dung thuat toan neu tren M tinh cac
bang t5ng phfin dau t iro'ng img (V01 d9 phirc tap tinh toan la tuyen t inh - O(d * N)). M~t kh ac,
cac dir li~u cu a kho dir li~u eo tfnh lich su', khong thay d5i, khong diro'c cij.p nhij.t nen chiing ta eo
th€ xoa ngay hang A [nhan xet b/) sau khi tinh diro'c bang P t5ng cac phlin dau cu a no. Do vij.y
d9 phirc tap ve khOng gian b9 nh& cii a hai each tlurc hi~n tren la nhir nhau, nhirng theo thuij.t toan
tren chiing ta se co diroc nhirng ket quit theo yeu ch nhanh ho'n, giam tu: O(N) xuong O(2d), v&i
d la so nhieu , thuong la tu'o'ng doi nho (thuij.t toan eo hi~u quit khi d < 10)' con N la klch thiro'c
cii a khoi dir li~u, thircng la rat Ion theo cong th irc (0). Theo each tiep cij.n tren, chiing ta eo th€
xay dung dtro'c cac thudt toan thu-c hi~n hi~u qua nhimg phep truy xu St khac nhtr: phep xac dinh
phan tU- C\l'C dai MAX_INDEX, phep t inh li~t ke s6 phan tU- COUNT, phep lay trung blnh c9ng
AVERAGE, v.v ... theo mien trong cac khdi dii: li~u.
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