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TOM TAT - Khung nhin thyc la két qua thuc thi truy van dugc luu lai trong co s dit liéu. HE quan tri co so dir liéu c6 thé
s dung khung nhin thuc voi 6 lirong ban ghi nhé chira két qud cé sdn dé tra 1oi cdc truy van mét cdch nhanh chong, thay vi doc dit
liéu tir cdc bang goc va xi Iy phirc tap trén lwong I6n div liéu. Cong nghé khung nhin thie dd dwoc trién khai trong cdc hé quan tri
co so dit liu thwong mai (Oracle, DB2, SOL Server). Tir phién ban 9.3 va hién nay la phién ban 9.4, PostgreSQL o tro lénh tao
khung nhin thwe va cdp nhdt todn phdn bat dong b khung nhin thue. Tuy nhién, PosigreSQL chua ho tro khai thdc khung nhin thie
mot cach tw dong. Tac gia nghién ciru xdy dung, tich hop va danh gid mo-dun viét lai truy van dé khai thdc khung nhin thuc trén co
SO truy vdn néi trong c¢é ham thong ké mét cdch thong minh trong PosigreSQL. Két qud thir nghiém cho thay hiéu quad khi viét lai
truy van dé sir dung khung nhin thiee - ting téc ¢ thuwe thi ciia truy van 1én nhiéu lan, déc biét la cdc truy van phike tap sir dung
lwong dir liéu lon.

Tir khéa - Khung nhin thuc; ham thong ké; PostgreSOL; xir Iy truy van; viét lai truy vén; can thiép ma nguon.
I. PAT VAN PE

Quy mo6 hoat dong quan ly ngay cang dugc mé rong nhanh chong, kéo theo lwgng dir liu phai xtr Iy va do phic
tap trong truy vn ngay cang cao. Nhiéu co s& dir liéu (CSDL) v6i dung lugng hang terabytes, yéu cau xi ly thong tin
ngay cang phirc tap nhung doi hoi phai nhanh chéng, chinh xéc, thim chi phai dép tmg tirc thoi cac yéu cau trong thoi
gian thyc. Viéc thuc thi mot truy van phirc tap trén luong dit lidu 16n tir CSDL thudng yéu cau chi phi 16n tai nguyén
dé thuc hién, ké ca thoi gian. Piéu d6 lam anh huong dén viée ra quyét dinh, ciing nhu hiéu qua hoat dong ciia mot to
chtic. Van dé nay dit ra bai toan, 1am thé nao dé ting toc do thuc thi truy van. Trong pham vi bai viét nay, tac gia dé
cap dén phuong phép tng dung cong nghé khung nhin thuc (KNT, materialized view) dé tang tdc do thyc thi truy van.

Khung nhin (20) dai dién cho mot truy vén va duoc sir dung glong nhu mot bang. Khi truy cap vao khung nhin,
truy van dung phia sau s& dugc thuc thi. Y tuong tng dung KNT — két qua thyc thi cia cac truy van duoc gitr lai trong
CSDL, xuét hién tur nhitng nam 80 cua thé ky trudc, nhung KNT chi dugc trién khai thuc té tir nam 2000 trong ba hé
quan tri (HQT) CSDL thuong mai Oracle, MS SQL Server, IBM DB2. Trong Oracle, KNT dugc goi 1a “materialized
views” va dugc phan lam ba loai - read only, updateable va writeable [1]. Trong IBM DB2, KNT duogc goi la bang thuc
hoa truy van (materialized query tables, MQT) va c6 hai loai - MQT duoc duy tri boi hé théng va MQT dugc duy tri
boi nguoi dung. Microsoft SQL Server ¢6 cong nghé twong ty goi 1a khung nhin chi muc hoa (indexed views). KNT
duogc tao ra voi y tudng ban dau 1a mot cong cu hd trg cho cac kho dit liéu va cac hé thdng hd tro ra quyét dinh. Tuy
nhién, nd c6 thé dugc tmg dung cho bt ky CSDL nao [2]. Ung dung KNT 1a cong nghé méi dang dit ra nhiéu van dé
can nghién ciru. Trong d6, nhiéu cong trlnh nghién citru di cong bd lién quan dén thuat toan cap nhat KNT [2-4]. Cong
trinh [5] thuc hién sinh ty dong ma nguon trong ngdn ngir C cua cac bay su kién (trigger) cho cac su kién thém, cap
nhat, xoa dir liéu trén tat ca cac bang gbc tham gia vao truy van tao KNT. Cac bay sy kién do trién khai cac thuat toan
thuc hién cap nhat gia ting, dong bo KNT.

Cong trinh [6] thyc hién xay dung mo-dun viét lai truy van hd tro KNT va viée sir dung KNT trong HQT CSDL
PostgreSQL. Tuy nhién, nghién ciru [6] con nhiéu han ché. Chang han, i) md ta cach thirc viét lai truy van con chung
chung cho mét vai trudng hop truy vin don gian; ii) cach thirc so sanh truy van va xir Iy truy van dé tim kiém kha ning
st dung KNT tho so. Mot sé cong trinh da céng bb 6 no6i vé cach thirc so sanh truy vén va lay KNT dé tra 10i truy van
cho mot s6 dang biéu thirc & mirc d¢ truy van SQL dudi dang van ban [4; 7-9]. Mot s6 cong trinh khac [4; 7; 10] cling
nghién ciru vé cach thuc sir dung KNT dé tra 16 truy van, nhung ciing chi du6i dang ¥ tuong chung cho mét s dang
don gian va ciing chu yéu nghién ctru thudt toan cap nhat gia ting.

PostgreSQL 1a HQT CSDL mi ngudn mé hang dau, dwoc sir dung rong réi trén thé gidi va duge khuyén cio boi
Bo Thong tin va Truyén théng Viét Nam (Thong tu 41/2009/TT-BTTTT). Tir phién ban 9.3 va hién tai la phién ban
9.4, PostgreSQL hd tro cac 1énh tao KNT (CREATE MATERIALIZED VIEW) va cap nhat bt dong b theo cach thuc
thi lai truy vén va thay thé toan bo ndi dung dang c6 trong bang KNT (REFRESH MATERIALIZED VIEW). Khiém
khuyet 16n nhat d6 1a chua c6 tinh nang viét lai truy van de cho phép khai thac KNT [11] mot cach théng minh. O day,
ta dé cap den tinh nang phat hién kha ning bién doi truy van tuong duong dé st dung toan b hodc mot phan KNT dé
tra 10 truy van. Truy vén s& ldy két qua tir KNT thay vi lay dit liéu tir cac bang gbc va xir ly. Didu nay giup ting téc do
thuc thi truy van phirc tap trén luong dir liéu 10n, giup ning cao hiéu suat hoat dong ctia ca hé thong, nang cao hiéu qua
thyc thi ciia cc truy van phirc tap trén co so dit liéu 16n trong PostgreSQL.
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Trong bai viét nay, tac gia nghién ctru xay dung va tich hgp mo-dun viét lai truy hd trg KNT vao ma nguf)n clua
PostgreSQL nham khai thac KNT trén PostgreSQL mot cach higu qua. Truy van quan tim bao gdm phép ndi trong,
phép gop nhom va cac ham thong keé (aggregate functions: SUM, COUNT, AVG, MIN, MAX); khong bao gom truy
vén 16ng, phép ndi ngoai va truy van dé quy. Nghién clru nay xet dén ca kha nang két qua truy van nguoi dung c6 thé
dugc tinh hoan toan tr KNT va kha nang két qua thyc thi truy véan ngudi dung chira két qua thyc thi truy van tao KNT.
Khi d6, dé tra 16 truy véan nguoi dung, HQT CSDL phai noi bang KNT véi cac bang khac. Ngoai ra, nghién ctru nay
con khéc phuc cac nhugc diém cuia cong trinh [6] va trién khai trong thuc tin, dic biét trong cach thirc xir 1y va so
sanh truy van dé tim kiém kha nang sir dung KNT.

IL VIET LAI TRUY VAN

KNT la két qua truy vén duoc giir lai trong CSDL du6i dang bang. Néu truy van ngudi dung nhép vao dugc viét
lai huéng qua truy van tao KNT, thi c6 thé lay két qua tir KNT, thay vi lay dir liéu tir cac bang goc va xu ly. Co vo s6
mau truy van khac nhau. Tuy nhién, ba1 viét nay chi xem xét mot sO mau truy van va sir dung KNT dé tra 10i cac truy
van d6. Bé don gian, ta ky hiéu truy van tao KNT 1a Q™ va truy van do ngudi dung gui dén HQT CSDL 1a QY. Truy
van viét lai dé str dung KNT dugc ky hiéu 1a Q. Tat nhién, QF phai twong duong QY.

Truy vian Q* bao gém cac ham théng ké c6 thé dwoc biéu dién nhu  sau:
Q* = (C*, A%, LC*,LA*, F*,J*,W¥*,G*). Trong do:

- §¥ = C*UA* = {§F,5%,..,55} - tap cac cot/biéu thiuc dugc lya chon trong ménh d& SELECT. C* =
{CF,C¥,..,C5} 1a tap hop cac cot cua cac bang trong ménh dé SELECT. A* = {A}, A% ,--» Az} 1a tap hop cac ham
théng ké véi biéu thic (E) trén cac cot tir bang goc nhu SUM(E), COUNT(E), MIN(E) va MAX(E). bé phuc vu qua
trinh cép nhap gia taing dong bo KNT ciing nhu ting kha nang st dung KNT sau nay, AVG(E) ty dong duoc chuyén
thanh SUM(E) va COUNT(E). E khong chira cdc ham thong ké. LA* = {LAY,LA3,.., LA} 1a tap hop cac bi danh
(alias) ciia cac biéu thirc twong tmg trong A*; LAY 1a bi danh ctia A¥. LC* = {LCF,LC%,.., LCg} 1a tap hop céac bi danh
ctia cac biéu thirc twong tmg trong C*; LC¥ 1a bi danh ctia €. Mic dinh C7 ¢6 dang T7*.LC} hoac LC}* — LC{* trung véi
tén ¢t trong C{*. Tap hop céc cot trong bang KNT Tmv chinh 1a LC* U LA*.

- F*- ménh d& FROM. Ménh dé FROM la su két hop ciia tap cic bang gbc T* = {T, T, .., TX} dwoc sir dung
trong truy van va J* - tap hop cac di€u kién cua cac phép ndi gilra cac bang trong T*.

- W¥ - ménh && WHERE, diéu kién chon lya ban g}}i dé xur 1y. Trong trudng hop truy van bao gdm phép ndi
tuong minh, J* khong rong. Ngugc lai, J* rong va W* bao gom ca J*.

- G* = {Gf,G%,.., G} - tap cac cot/biéu thirc gop nhom ménh d&&¢ GROUP BY. Mic dinh da c6 sy bién doi truy
van tao KNT trong qua trinh tao KNT dé két qua bao gdm ca cac biéu thic trong ménh d¢ GROUP BY; nghia la, S* tu
than da bao gom G*.

Vi truy véan khong bao gdm ham thong ké, S* khong chira ham thdng ke, A%, L¥ va G* - rong. Tuong ung, ta
c6 truy van tao KNT QM = (CM, AM, LCM LAM FM M WM GM), truy vin cia cua nguoi ding
QU = (CY,AY,LCY,LAY,FY,JU,WY,GY) va truy van viét lai QR = (CR, AR LCR,LAR, TR, JR, WR,GR). Bang KNT
Tmv bao gébm céc ¢t € My LM, Nghién ciru quan tAm dén cac dang truy van va viét lai truy van theo mirc d6 phtec tap
tir thap dén cao.

A. QY ¢6 thé dwoc tinh hodn toan tir QM

o] day ta xét truong hop s = f(SM) TV =TM,JU —]M WY =wMvagl cgM. f(SM) 1a biéu thirc dai s6
trén cac phan tir ciia S™. Nghia 13, S¥ ¢6 thé tring véi mot phan tir nao d6 cta S™, ciing c6 thé dugc tinh thong qua cac
toan tir cong, trir, nhan, chia dai sb trén céc S]-M .

1. Truong hop: SY € SM (CV c ¢M, AY € AM)va GV c GM.

Trude tién, xét truong hop SY < SM (€Y < €M, AY = AM = {SUM(E), COUNT(E), MIN(E), MAX(E)}) va
LAM = {sum, count, min, max}. Véi E 1a biéu thirc dai s trén cac cot ma it nht mot trong s6 d6 khong thuge GM.

Goi ™ 1a két qua phép ndi tit ca cac bang trong TM véi diéu kién ndi J va ap dung diéu kién WM. Tuong ung,
corV, TV, JUvawVU ViTU =TM JU = M WYV = WM nénr? =M. Vi GY € GM, mdi ban ghi (1Y) thudc nhom
thit y — GMy trén vV (rM) thi ciing thudc nhém thir z — Gz twong tng (GYz € GM»), cac biéu thuc trong GY tring voi
céc biéu thirc trong GM c6 gia tri bing nhau theo timg ciip. Cac ban ghi thudc nhém theo GUz tao thanh /4 nhém theo
GM>.

Xét SUM(E) c6 mat trong ca AY va AM, twong tmg 1a Af va A}'. Trong Tmv c6 cot sum chira két qua SUM(E)
theo GM — bo gia tri (G, sum). Mdi nhom theo GUz ¢6 & gia tri SUM(E) theo GMy. Vay, tong cua & gia tri SUM(E)
theo GM» chinh 1a SUM(E) theo GUz. Néi cach khac, (GY, SUM(sum)) trén Tmv chinh 1a (GY, SUM(E)) trén vV (r™).

Xét COUNT(E) c6 mit trong ca AV va AM, tuong tmg 1a AY va A}'. Trong Tmv c6 cot count chira két qua
COUNT(E) theo GM — b gia tri (GM, count). Mdi nhém theo GUz ¢o h gia tri COUNT(E) theo GMy. Vay, tong cua &
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gia tri COUNT(E) theo GM¥ chinh 1a COUNT(E) theo GYz. N¢i cach khic, (GY, SUM(count)) trén Tmv chinh 1a (GY,
COUNT(E)) trén 1V (rM).

Xét MIN(E), MAX(E) c¢6 mit trong ca AY va AM, twong tmg 1a AY va AJM . Trong Tmv c6 cot min chira két qua
MIN(E) theo GM — b6 gia tri (GM, min). Mdi nhom theo GUz ¢6 h gia tri MIN(E) theo GM. Vay, gia tri nh6 nhét trong
sO h gia tri MIN(E) theo GMy chinh 1a MIN(E) theo GUz. Néi cach khac, (GY, MIN(min)) trén Tmv chinh 1a (GY,
MIN(E)) trén vV (r™). Tuong tu, (GY, MAX(max)) trén Tmv chinh la (GY, MAX(E)) trén r¥ (r™).

Vay, véi SV csM (CU cCM, AV =AM = {SUM(E), COUNT(E), MIN(E), MAX(E)}) va GY cGM, Qf =
(LCY,{SUM(sum), SUM(count), MIN(min), MAX(max)}, ¢, LAY, {Tmv}, ¢, ¢, GY).

SV c SM (€U c €M va/hoic AV < AM) 14 trudng hop riéng cua SU € SM. Truy van viét lai s& la: QR? = (CR? ¢
CR,AR2 € AR LV {Tmv}, ¢, ¢, GY).

Néu sV = $M (€U = cM, AV = AM)va GV = GM, QU twong duong v6i QM. Truy vén viét lai trong truong hop
nay s& la: QF = (LCY,IM, ¢, LAY, {Tmv}, ¢, ¢, P).

2. Xét trudng hop AV = AM = {SUM(E), COUNT(E), MIN(E), MAX(E)}

Véi LM = {sum, count, min, max}, E 1a biéu thirc dai s trén cac cot thude GM. Tat ca cac cot tham gia vao E
déu c6 trong Tmv. Vi GV € GM, mdi ban ghi rM (1) thudc nhom thir y — GM¥ trén r (rM ) thi cling thudc nhom thir z
— GY= tuong g, cac biéu thirc trong GV tring véi cac biéu thirc trong GM ¢6 gi4 tri bang nhau theo timg cap. Cac ban
ghi thudc nhém theo GUz tao thanh 4 nhom theo GM.

Xét AY = “SUM(E)”. Mdi ban ghi thtr y trong Tmv dai dién cho nhém thit y — GM> bao gdm count ban ghi thudc
rU (rM). Néu xét trén rU (rM), bo gia tri twong tmg cac cot trong GMy s& dugc 1ap lai count lan. Mdi nhom theo GVz ¢c6
h gié tri tich E*count theo G). Téng ciia & gid tri tich E*count theo GM¥ chinh la SUM(E) theo GYz. (GY,
SUM(E*count)) trén Tmv chinh Ia (GY, SUM(E)) trén Y (™).

Véi AY = “COUNT(E)”, (GY, SUM(count)) trén Tmv chinh 1a (GY, COUNT(E)) trén 7Y (r™).

V6i AV = “MIN(E)”, (GY, MIN(E)) trén Tmv chinh 1a (GY, MIN(E)) trén ¥ (™).

Véi AV = “MAX(E)”, (GV, MAX(E)) trén Tmv chinh 13 (GY, MAX(E)) trén r¥ (r™).

Vay, QR = (LCY,{SUM(E = count), SUM(count), MIN(E), MAX(E)}, ¢, LAY, {Tmv}, ¢, ¢, GY).
3. Truong hop SY = f(SM) va G C G*

Cén chu y rang, trong qua trinh bién d6i QM dé tao KNT, biéu thirc dai s6 trén ham thong ké f(SM) da dugc
phén tach thanh céac thanh phan va duoc luu trit riéng 1€ theo céac biéu thirc trong ménh dé S™. Két hop hai truong hop
a) va b) cho thay f(S™) co thé dugc tinh mot cach dé dang.

B. Két qud thuwe thi QU chira két qua thuwc thi Q™

Nghién ciru gi6i han cac truy van thoa méan didu kién Mecl, AV A, TV Tl MV, wh=w",
GM < GY, cac cot thude cac bang trong T tham gia vao phép nbi gitta TY\TM va TM c6 mat trong C* va khong tao
thanh khoa trong cac bang d6. Y tuong chung 1a hucmg t6i cac truy van, ma & d6 phan lién quan gop nhém co thé duge
tach thanh mot truy van 1dng tham gia vao truy van toan cuc.

Xem xét vi du KNT mv2 trong bang 1 v6i QM dua ra danh sach khach hang tong s tién va tong s6 hang da
mua: SELECT sales.cust_id, sum(quantity sold*unit cost) as tongtien, sum(sales.quantity sold) as tongban FROM
sales, costs WHERE sales.prod_id = costs.prod_id AND sales.time id = costs.time_id GROUP BY sales.cust_id. Bang
KNT Ia mv2(cust_id, tongtien, tongban).

Truy van QU dua ra danh sach khach hang tong s tién va tong s6 hang di mua, c6 thé hién thong tin khach
hang nhu ho tén, qudc gia: SELECT countries.country id, country name, customers.cust id, cust first name,
cust last name, SUM(quantity sold*unit price) AS tongtien, sum(sales.quantity sold) as tongban FROM countries,
customers, sales, costs WHERE countries.country id = customers.country id AND customers.cust id = sales.cust id
AND sales.prod id = costs.prod id AND sales.time id = costs.time id GROUP BY countries.country id,
country name, customers.cust_id, cust_first name, cust last name.

Truy van nay c6 thé dwoc viét lai dudi dang st dung truy van 1ong: SELECT countries.country id,
country name, customers.cust id, cust first name, cust last name, tongtien, tongban FROM countries, customers,
(SELECT sales.cust_id, SUM(quantity sold*unit price) AS tongtien, sum(sales.quantity sold) as tongban FROM
sales, costs WHERE sales.prod_id = costs.prod_id AND sales.time_id = costs.time_id GROUP BY sales.cust_id) AS
Tmv WHERE countries.country id = customers.country id AND customers.cust id = Tmv.cust_id. C6 thé tao KNT
Tmv cho truy van 1ong, lic do, c6 thé viét lai QU thanh QR: SELECT countries.country id, country name,
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customers.cust_id, cust_first name, cust last name, tongtien, tongban FROM countries, customers, Tmv WHERE
countries.country_id = customers.country _id AND customers.cust_id = Tmv.cust_id.

Thong thuong, HQT CSDL thyc thi truy van QU trén theo cac budc theo thir tw: i) Ni cac bang countries,
customers, sales va costs voi nhau; i) thyc hién gop nhém theo countries.country id, country : name,
customers.cust_id, cust ﬁrst name, cust last name; iii) thuc hién céc bleu thac trong ménh d& SELECT cho mdi
nhoém. Tuy nhién, véi truy van QU nay thi thir tyr cac bude thuc thi nhu sau van cho két qua dung: i) Ndi cac bang sales,
costs; ii) thuc hién gop nhom theo «cust id; 1iii) tinh cust id va SUM(quantity sold*unit price),
sum(sales.quantity _sold) cho mdi nhém — thu duoc bang két qua tam Tmv; iv) ndi Tmv véi countries va customers; v)
thuc hién ménh dé SELECT countries.country id, country name, customers.cust_id, cust first name, cust last name,
total. Tmv & day chinh 1a bang KNT Tmv.

Xét truong hop tha nhat:
-CMCCUAUCAMTM TU]M_]UWM WUGMCGU

- It nhat mot khoa ciia mdi bang trong T' ¢6 mat trong CM. T — tap hop tat ca cac bang cd ¢t co mit trong
CU\CM. J* — tap hop céac diéu kién ndi giita Tmv va T! trén cac khoa ciia cac bang trong T*. Piéu nay dam bao mdi
ban ghi trong Tmv tuong tmg véi mot ban ghi duy nhat trong cac bang trong T va nguoc lai.

Khi d6, QF = (CY\CM U LCM, ¢, LAR, ¢, {Tmv} U T, J%, ¢, $). V6i LAR = {LAY|AY € AY n AM}.
Trudng hop tho hai:
SCM el AV c A TM c TU; WM = WY; GM < GY; JM < JY (cho tit ca cac bang thude TM);

- J? — tap hop cac diéu kién ndi gitta TU\TM va TM: cac cot thudc cac bang trong TM tham gia vao phép ndi
gitta TU\TM va T™ ¢6 mit trong CM va khong tao thanh khod trong céc bang do. Diéu kién nay dam bao: thir nhat,
dam bao ndi duge Tmv va TU\T; thir hai, mdi ban ghi trong két qua phép ndi cac bang trong TM ‘twong ung vcn duy
nhat mot ban ghi (néu c6) véi cac bang trong TV\TM. Khi sy twong {ing giita cac ban ghi trong két qua phép nbi cac
bang trong TM va cac ban ghi thudc cac bang trong TU\TM 1a nhiéu — mot, nhom theo céc cot trong TM 1a du, nhoém
theo céc cot trong TU\TM sau d6 khong 1am thay d6i cac nhém ban ghi.

Khi dé, QR = (CU\CM U LCM, ¢, LAR, ¢, {Tmv} U (TU\TM), ]2, ¢, ), v6i LAR = {LAM|AM € AV n AM}.

Tir hai trudng hop nay co thé suy ra QR cho trudng hop chung, d6 1a €M c ¢V, AV € AM, TM c TV, JM c JU,
WM =wVUY, G" c GY, cac cot thudc cac bang trong TY tham gia vao phép noi gifta TY\TM va TM c6é mit trong C¥ va
khong tao thanh khod trong cac bang do: QF = (CU\CM U LCM, ¢, LAR, ¢, {Tmv} U Tt U (TU\TM),J* U J%, ¢, p).

IILXAY DUNG VA TiCH HQP MO PUN VIET LAI TRUY VAN TRONG POSTGRESQL
A. Nghién civu ma nguon ciia PostgreSQL

Dé xay dung duoc mo-dun, tac gia tim hiéu vé qué trinh xir Iy truy van bén trong mi ngudn cua PostgreSQL
(xem khdi “PostgreSQL chura diéu chinh” trén hinh 1). Cac ham Postgres nhan céc truy van tir may khach, goi cac ham
Xu Iy va tra vé két qua cho méay khach. Posgres tuong tac v6i may khach thong qua cac ham libpg. Ban dau, chudi truy
van sé& di vao O vi tri Postgres (A3). Sau d6, chudi duoc phan tich cu phap (Parse Statement, A4) bang cong cu lex va
yacc, tra v& mot cay truy van (Query Tree). Cay truy van duoc truyen dén cac ham viét lai truy van (Rewrite Query,
Ao6) dé viét lai truy van theo céc luét ciia hé thong (khong c6 luat viét lai truy van dé hd trg KNT do PostgreSQL chua
c6 KNT). Tiép theo, hé théng s& liét ké cac ké hoach thuc hién (Generate Paths, A7) co thé. Sau d6, né lua chon ké
hoach tdi uu (Optimal Path) va tao cay ké hoach (Generate Plan, A8) guri dén cac ham thuc thi dé thuc hién (Execute
Plan, A9) [12].

B. Luwu trir thong tin KNT

Mot cong cu tao KNT dugc xay dung. N6 tiép nhan truy van, thyc hién phén tich truy van, tao bang KNT va
dua thong tin vé KNT vira duge tao vao cc bang thong tin KNT, phuc vu cho viéc xac dinh kha nang str dung KNT dé
tra 10i truy van sau nay. Cac bang nay dugc tao ra trong so dd hé thong pg_catalog. Nghién ctru dé xudt to chirc luu trit
thong tin truy vdn tao bang KNT trén cac bang pg catalog.pg mv(mvid, query, mvtable, s, w, j),
pg_catalog.pg mv_select(selcalal, mvid, selcaolexp), pg_catalog.pg mv_from(mvid, table),
pg_catalog.pg_mv_groupby(mvid, tabcol).

Béng pg_catalog.pg_mv luu thong tin tong quat cua truy van tao bang KNT, gom tén KNT (mvid), chudi truy
vén tao KNT (query), danh sach bang tham gia trong truy van (mytable), ménh dé select (s), ménh d& where (w), ménh
déj Join (j). Bang pg_catalog.pg_mv_select luu théng tin ménh dé select, gom tén KNT (mvid), bi danh c6t (selcolal),
biéu thirc (selcolexp). Bang pg_catalog.pg mv_from luu thong tin bang tham gia vao truy vén, gom tén KNT (mvid),
tén bang (table). Bang pg_catalog.pg_mv_groupby luu thong tin cic cot thudc ménh dé group by, gdm tén KNT (mvid)
va tén cOt nhom theo (tabcol).
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Hinh 1. Qua trinh xtr 1y truy van ctia PostgreSQL va mo-dun viét lai truy vn
C. Xdy dung mo-dun

Mo-dun viét lai truy van hd trg KNT sé& viét lai QU vé dang day du, so sanh QU va QM dé lya chon KNT c6 thé
va viét QR twong duong v&i QV. Mo-dun dugc viét bing ngon ngit C. Khi PostgreSQL khoi dong, n6 s& doc toan bd
thong tin vé KNT tir cic bang dd dé cap trong Error! Reference source not found..Error! Reference source not
found. tir luoc d0 pg_catalog va luu vao cache ciia hé thong. RS rang, truy xut dit lidu tir cache s& nhanh hon rat nhiéu
s0 Vi tir cac bang. Cache s& dugc bd sung khi c6 thay d6i diéu chinh hodc tao méi KNT. Viéc tim thong tin trong cac
bang dugc thuc hién theo quy trinh nhu sau. Lay id cua bang theo tén bang tir ham RelnameGetrelid, hé thong s& quét
bang pg_class va tra v& id ctia bang tng v6i tén bang. Goi ham heap open dé md bang theo id ciia bang & ché do
NoLock. Tiép theo, goi ham heap beginscan khéi tao bo duyét dé quét cac bang va ham heap getnext dé duyét qua cac
ban ghi cia bang. Khi duyét hét cic ban ghi, dimg bd duyét bang ham heap endscan va dong quan hé véi ham
heap close.

Trén hinh 1 - qua trinh xir I truy van cta PostgreSQL va nhiing bo sung viét lai truy vin hd trg KNT, trude khi
truy van ngudi dung nhap vao dugc xem xét ¢ thé viét lai qua KNT hay khong, thi mo-dun s& liy thong tin KNT (B2)
tir cac bang & Error! Reference source not found. Error! Reference source not found., luu vao cac mang. Mdi phan
tr ciia mang co kiéu cdu trac tmg véi thong tin ciia mdt KNT. Diéu nay gitp duyét qua cac KNT dé Iya chon KNT ¢
the.

M6-dun viét lai truy van s& Vlet lai truy van dang day du (B1) thong qua diéu chinh giai doan phén tich ¢l phap
(A4). Truy vén day du la truy vén trong d6 cac bang duoc viét dudi dang schema.table va ccac cot dudi dang
table.column. Dé Iya chon KNT c6 thé (B3), tac gia tién hanh so sanh tung thanh phan cua truy véan nguoi dung nhap
vao (da viét lai ddy du (B1)) véi cac thanh phan cua truy van tao KNT duoc luu trong kiéu céu trac (B2). Trudc tlen
didu kién WU = WM duoc kiém tra. Truong hop QU c6 thé duoc tinh hoan toan tir QM (IL.A) duoc xét trude, néu
khong dat thi xét truong hop QU chira QM (ILB). So sanh 1an luot cac thanh phan theo tha ty SY va SM, TV va TM, JU
vaJM GYva GM.
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Viéc so sanh cac biéu thire trong SV voi SM, dic biét 1a WU véi WM va JU véi JM duge tién hanh nhu dé xuit cua
cac cong trinh [4; 7; 9]. Biéu thuc dai s6 duge chuyén tat ca vé mot vé, thuc hién khai trién, sép xép cac thanh phﬁn theo
chiéu giam dan theo nhin cuia cac phén tir; sau d6 duge so sanh nhu so sanh cac chudi ky tu. Biéu thirc luan 1y dugc bién
d6i vé& dang chuan tic tuyén, sip xép theo nhan cua cac phén tir dua theo thir tw vu tién va tinh giao hoan cua cac phép
todn, sau d6 dugc so sanh vdi nhau nhu so sanh cac chudi ky tw. Co the cach giai quyét nay chua phai 1a téi wu; c6 thé
phai phat trién phuong phéap hiéu qua dé so sanh cac biéu thirc dai s6 va cac biéu thirc luén ly dudi dang cac céy. Tuy
nhién, giai phap nay ciing gitip nhan biét dugc cac biéu thirc tring nhau nhung dugc viét dudi cac dang khac nhau.

Khi Iya chon duge KNT ¢6 thé rdi, phai sinh QF sir dung KNT tuong duong véi QU. Cac dang truy van viét lai
dugc trinh bay trong muc Error! Reference source not found.. Thay vi 1y dit liéu tir cac bang gdc, thi dir lidu s&
duoc lay tir KNT. Piéu d6 gitip tiét kiém duogc chi phi ndi cac bang, chi phi gdp nhom theo cac cot va tinh toan cac
ham thong ké. Chudi truy van dugc viét lai (B5) s& dugc truyén vao ham thyc thi truy van trong postgres (A3) dé thuc
thi truy van viét lai (B5) theo cach thuc hién truy van thong thuong.

D. Tich hop vao ma nguon

Trén hinh 1, tir qué trinh xir 1y truy van bén trong ma ngudn ciia PostgreSQL, tac gia diéu chinh ma ngudn dé
xdy dung va tich hgp mo-dun viét lai. Mo-dun viét lai truy van hd trg KNT phai dugc chén vao vi tri truée khi
PostgreSQL viét lai truy van theo cac ludt ctia hé thong tirc 1a sau vi tri (A5), trudc vi tri (A6). Néu c6 KNT co thé (B3)
thi truy vén s& dugc viét lai téi KNT do (B4) va goi lai ham thyc thi voi tham s6 dau vao 1a truy vén toi KNT (BS).
Nguoc lai, néu khong c6 KNT c6 thé thi truy van nguoi ding nhap vao s& tiép tuc dugc xir Iy viét lai theo cac luat (A6)
ma PostgreSQL dua ra.

Mo-dun viét lai s& c6 tham s6 1a chudi truy van ngudi dung nhap vao va cdy truy van (Query Tree) - két qua cua
giai doan phan tich ¢t phap (A4). Két qua tra vé ctia mo-dun 1a chudi truy van duogc viét lai t6i KNT néu co (B5) hoic
1a NULL néu khong. Sau d6 chudi truy van qua KNT (B5) duogc thyc thi nhu mot truy van thong thuong bang cach
truyén chudi truy van (B5) dén ham thyc thi truy van trong PostgreSQL (A3).

IV.THU NGHIEM VA PANH GIA

Sau khi tich hop mé-dun viét lai truy van hd trg KNT vao mi ngudn cuia PostgreSQL, tac gia tién hanh bién dich,
cai dat va cau hinh may chu theo quy trinh [11]. Tiép theo, tac gia tao cac KNT, tién hanh chay cac truy vén thir nghiém,
do luong thoi gian thyc thi dé danh gia tinh kha thi ciia mo-dun tich hop. Méi truong chay thir nghiém 1a hé diéu hanh
Windows 10 64 bit, Intel core i5 1.7x4 GHz, RAM 4G DDR3, HDD SATA3 500 GB 7200 vong/phut. Trén CSDL ban
hang mau gém cac bang countries - 23 ban ghi, customers — 55.500, sales — 91.8845, costs — 82.112 vai cac chi muc dugc
tao trén cac khod chinh va khoa ngoai, tac gia tao mét s6 bang KNT luu trong CSDL véi cac truy van & bang 1, thuc thi
10 1an c4c truy van & bang 2 trong HQT CSDL PostgreSQL chura tich hgp mo-dun viét lai va trong trudng hop da tich hop
mo-dun viét lai, tac gia da thu duogc thoi gian thyc thi trung binh duge lam tron dén ms nhu trén bang 3.

Két qua do luong & bang 3 cho thiy, véi cac truy van phuc tap st dung luong dit liéu 16n thi KNT hd tro thuc
thi rat hiéu qua, thoi gian chay truy vén nho hon nhiéu lan so véi truong hop khong hd trg KNT, ning cao hiéu suét
hoat dong cuia ca hé théng; dic biét hiéu qua khi sé lugng nhom cac ban ghi trong qua trinh xir 1y 1a 16m, ti 18 tong sb
lwong ban ghi trén s6 lugng nhom 16n. Nhin chung, mé-dun viét lai truy van 1a hiéu qua khi QU c6 thé sir dung KNT.
Nguoc lai, néu khong thé sir dung KNT, thi mé-dun khong hiéu qua vi ton chi phi xir Iy quét cac KNT dé lua chon
KNT c6 thé viét lai truy vin. Tuy nhién, chi phi nay 14 nhé va c6 thé chap nhan duoc. Tuy thudc vao méi trudng chay
truy vén, do 16n cua co so dit liéu, do phtre tap cua truy vAn ma chénh léch thoi gian thyc thi truy vén trén PostgreSQL
da tich hop mé-dun viét lai va PostgreSQL chua tich hop mé-dun viét lai 1a cao hay thap. Déi véi cac co sé dit liéu voi
s0 lugng ban ghi nho, truy van don gian thi mo-dun viét lai truy van hd trg KNT c¢6 thé khong hidu qua.

Trudng hop két qua thue thi QU duogce tinh bang cach sir dung KNT va cac bang khac (trudng hop 4 trong cac
bang 2 va bang 3) cho hiéu qua thap hon trudong hop két qua thuc thi QU ¢ thé duoc tinh hoan toan chi ding KNT
(truong hop 1-3 trong cac bang 2 va bang 3) vi li 1€ do phirc tap gitra QU va QM thép hon nhung xu ly viét lai thi phtrc
tap hon, tuy nhién, hiéu qua van rat cao (giam 519 lan thoi gian thuc thi). Cac truy van phure tap bao gom ham thong ké
thuong st dung nhiéu bang khac nhau, nhung céc cot tham gia vao cac ham thdng ké trong céc truy van d6 thuong tur
céc bang chira dit liéu phuc vu mé ta chi tiét, it khi nao tir ca bang chira dit liéu m6 ta phan loai. Vi thé, viéc trién khai
truong hop két qua thuce thi QU dugc tinh béng cach str dung KNT va cac bang khac ciing 14 rat hitu ich.

Bang 1. Truy vin tao KNT

KNT oM Muc dich
SELECT countries.country id, country name, customers.cust id, | Pua ra danh séach
cust_first name, cust_last name, SUM(quantity_sold*unit price) AS total | khach hang v6i thong
FROM countries, customers, sales, costs WHERE countries.country_id = | tin qudc gia va tong sb
mvl customers.country _id AND customers.cust_id = sales.cust_id AND sales.prod_id | tién dd mua hang
= costs.prod id AND sales.time id = costs.time id GROUP BY
countries.country id, country name, customers.cust id, cust first name,
cust last name
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SELECT sales.cust_id, sum(quantity sold*unit_cost) as tongtien, | Pua ra danh sach
mv2 | sum(sales.quantity sold) as tongban FROM sales, costs WHERE sales.prod_id = | khach hang tong s tién
costs.prod id AND sales.time id = costs.time id GROUP BY sales.cust id va tong s6 hang da mua
Bang 2. Céc truy van chay thir nghiém va KNT c6 thé viét lai
# QU %‘;“Tg Méu QR
SELECT countries.country id, country name, SELECT country id,
customers.cust_id,  cust first name, cust last name, country name, cust_id,
SUM(quantity sold*unit_price) AS total FROM countries, cust_first name,
customers, sales, costs WHERE countries.country id = cust last name, total FROM
1 . h mvl ILA
customers.country id  AND  customers.cust id = mvl
sales.cust id AND sales.prod id = costs.prod id AND
sales.time id = costs.time_id GROUP BY
countries.country id, country name, customers.cust id
SELECT countries.country _id, country name, SELECT country_id,
SUM(quantity sold*unit_price) AS total FROM countries, country name, SUM(total) AS
customers, sales, costs WHERE countries.country id = total FROM mvl GROUP BY
2 | customers.country id ~ AND  customers.cust id =| mvl | ILA country_id, country name
sales.cust id AND sales.prod id = costs.prod id AND
sales.time id = costs.time _id GROUP BY
countries.country id, country name
SELECT  sales.cust id, sum(quantity sold*unit cost) SELECT cust id, tongTien/
/sum(quantity sold) as tb FROM sales, costs WHERE tongBan as tb FROM mv2
3 sales.prod id = costs.prod id AND sales.time id = mv2 | ILA
costs.time id GROUP BY sales.cust_id
SELECT countries.country id, country name, SELECT countries.country id,
customers.cust_id,  cust first name, cust_last name, country name,
SUM(quantity sold*unit price) AS tongtien, customers.cust_id,
sum(sales.quantity sold) as tongban FROM countries, cust_first name,
customers, sales, costs WHERE countries.country id = cust_last name, tongtien,
4 | customers.country id =~ AND  customers.cust id =| mv2 | ILB tongban FROM  countries,
sales.cust id AND sales.prod id = costs.prod id AND customers, mv2  WHERE
sales.time id = costs.time_id GROUP BY countries.country_id =
countries.country id, country name, customers.cust id, customers.country _id AND
cust_first name, cust_last name customers.cust_id =
mv2.cust id
5 SELECT cust city id, cust city, count(cust id) as sokh
FROM customers GROUP BY cust city id, cust city
SELECT customers.cust_id, count(prod id) as goods
6 | FROM customers inner join sales on customers.cust id =
sales.cust id GROUP BY customers.cust id

Bang 3. Danh gia hiéu qua tich hop mé-dun viét lai truy vén

v Thoi gian, chua tich hgp mé-dun | Pa tich hop mo-dun TUT2 Hi?u
(T1, ms) Dung KNT Thoi gian (T2, ms) qua

1 211594 Co 93 2275 | €6

2 21589 Co 62 348 | Co

3 34143 Co 71 480 | €6

4 273220 Co 519 56| Co

5 219 Khéng 267 | 0.822 Khong
6 34289 Khong 34358 | 0.997 Khong

Nghién ctru chua quan tim dén cac truy vén bao gom truy van long, phép ndi ngoai va truy van dé quy, du do
cung la linh vuc rat quan trong nhung it pho bién hon. Trén thyuc te voi hau hét cac truong hop truy van bao gém truy
vén 10ng, ngudi dung c6 thé chu dong viét lai dudi dang truy van bao gom phép ndi trong, khong bao gdm truy van
16ng va Ung dung kha nang viét lai ciia mo-dun. Viée sir dung nhiéu KNT dé tra 161 mot truy van L cling can dugc nghién
ctru. Ching han, cho bai toan tinh tong s6 lvong mdi mit hang di nhap, da xuét, con lai & mdi kho. Thong thudng,
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ngudi ta phai to chirc hai khung nhin dé tinh tong xuét va tong nhép, sau d6 viét truy van bao gom phép nbi ngoai trai
sir dung hai khung nhin. RS rang, c6 thé xay dung hai KNT thay vi hai khung nhin va xay dung co ché du théng minh
va hiéu qua dé nhan biét kha ning sir dung nhiéu KNT dé tra 16 mot truy van.

V.KET LUAN

Nghién ciru xay dung dugce quy luat viét lai va trién khai thuc té trong HQT CSDL PostgreSQL cac truy van
dang pho bién nhét — truy van bao gdm phép ndi trong véi diéu kién chon lya ban ghi & QU twong duong véi QM theo
hai trudng hop: i) két qua thyuc thi QU c6 thé duoc tinh hoan toan chi ding KNT; ii) két qua thyc thi QU dugc tinh bang
cach sir dung KNT va cac bang khac.

Tac gia da nghién ciru quy trinh xur 1y truy van bén trong mi ngudn cua PostgreSQL, xay dung mo-dun Vlet lai
truy van theo tiéu chuin ma ngudn cia PostgreSQL, can thiép va tich hop dwoc mé6-dun vao ma ngudn cua
PostgreSQL, thir nghiém va danh gia tinh kha thi ciia mé-dun. Két qua thir nghiém mo-dun cho thiy hiéu qua khi viét
lai truy van dé sir dung KNT - ting toc d6 thyc thi cia truy van 1én nhiéu 1an, dic biét 1 cac truy van phirc tap st dung
lwong dit liéu 16n. V&i cac truong hop truy van khong st dung KNT, thoi gian thuc thi 16n hon so vé6i khi khong ¢
mo-dun viét lai vi chi phi tim kiém KNT. Tuy nhién, chénh léch 1a khong déng ké.
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QUERIES REWRITING FOR USING MATERIALIZED VIEWS WITH
AGGREGATE FUNCTIONS IN POSTGRESQL

Nguyen Tran Quoc Vinh

ABSTRACT - Materialized views are retained executed query results and help answer queries quickly instead of taking data from
the original tables. The materialized views technology is implemented in 3 commercial database management systems (Oracle, DB2,
SOL Server). Since v.9.3 and now, v.9.4, PostgreSQL supports commands for creating materialized views and updating
asynchronously with full refresh. It does not support automatic using of materialized views. In this article, the author explores the
process of query processing in PostgreSQOL, aims to build, integrate the module that queries with aggregate functions are rewriten
to use the materialized views in PostgreSQL by the clever way.

Keywords - materialized views, aggregate functions; PostgreSQL, query processing; query rewriting, open source intervention.



