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iNC)i dung chinh

= Phan c’ng can ban
= Cac giai thuat xay dung chi muc ngugc:
= BSBI

= SPIMI
= MapReduce

= Quan ly bo dir' lieu dong



Phan c’ng can ban

= T6c d6 trao doi dir liéu (doc/ghi) trong bd nhé
RAM nhanh hon nhiéu so véi trén 6 dia;

= Khdng thé trao doi di liéu véi 6 dia khi dang
dinh vi dau doc;

= Thoi gian doc/ghi nguyén mot khoi dir liéu
(block) hoac mot lugng nho han la nhu’ nhau;
= Kich thudc khoi dudc xac dinh trong qua trinh dinh

dang 6 dia, phd bién 1a 8, 16, 32, 64 Kb.

= BUS hé thdng diéu khién trao doi dir liéu gilra

6 dia va bd nhé RAM. Khdng st dung CPU.



Cac dac trung phan ci’ng cd ban

Ky hiéu Pactrung  Giatf

S Thdai gian dinh vi dau doc 5ms=5x103s

b Thdai gian trung binh doc/ghi 1 byte 0.02 ys =2 x 10-8s
Chu ky dong ho bo vi xur' ly 109 s

p Thdai gian thuc hién mot 1énh cd 0.01 ys = 10-8s

ban



i Kich thudc chi muc

= Giai thuat xay dung chi muc trong b6 nhd chinh
chi phu hdp vdi nhirtng bo dir liéu nho.

= PO vc’§i nhirng bo d{ liéu 16n, kich thudc chi muc
co thé vugt qua dung lugng cua bo nhd chinh:

= Can s dung 0 dia cling, hodc hon nira 1a phan tan chi
muc trén nhiéu may.



i NOi dung chinh

= Cac giai thuat xay dung chi muc ngugc
= BSBI



* Giai thuat BSBI

= Cac thao tac cd ban:
= Poc di liéu, tach tu va sinh the dinh vi;
= Tich Ity theé dinh vi thanh khdi kich thudc xac dinh;
= Sinh chi muc cho khdi va Iuu tam thdi trén 0 dia:
= Hgp nhat cac chi muc khoi thanh chi muc bo dir liéu.

Xay dung chi muc dua trén sap xép theo khoi: BSBI: Blocked
Sort-Based Indexing



* Giai thuat BSBI (2)

BSBINDEXCONSTRUCTION()

1
2
3
4
5
§
7

n<+<0

while (all documents have not been processed)

don—n+1

block «— PARSENEXTBLOCK()
BSBI-INVERT(block)
WrITEBLOCKTODI1SK(block, f,)

MERGEBLOCKS(f, ..

© fn; fmerged)



i Hop nhat chi muc

= Sg do hgp nhat theo cap:




Hop nhat chi muc (2)

Phuong phap hdp nhat dong thai:
1. S& dung bd nhé dém cho tung khoi;
2. Doc dir lieu vao bo nhd dém tu' cac tép tam thai;
3. Tai moi budc lua chon tir nhd nhat va hgp nhat tat
ca cac danh sach thé dinh vi, nap thém dir liéu vao bo
nhé dém néu can;
4. Luu két qua hgp nhat Ién dia.
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i Hop nhat danh sach the dinh vi

2

Cac
danh
sach thé
dinh vi.

N\

Két qua
hop nhat

1
2
3
4
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Vi du hdp nhat chi muc

= Khoi 1 N
t1:1,3,5
t2: 2,6, 8

= Khoi 2
t2: 3,5

.

t3:2,3,5

= Két qua hdp nhat
tl1: 1, 3,5
t2: 2,3,5,6,8
t3: 2, 3,5
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Cac han ché cua BSBI

= Néu s dung <termlId,docld>:
= Can luu toan bd tir dién trong bd nhd chinh;
= D& chuyén doi tir thanh m3 tur.
= Néu sir dung <term, docld>:
= Khdng can luu toan bd tir dién, nhung...

= ...DUr liéu tam thdi sé I6n, lam giam toc do xay dung
chi muc;
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i NOi dung chinh

= Cac giai thuat xay dung chi muc ngugc:

= SPIMI
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Giai thuat SPIMI

= SUr dung tu dién riéng biét cho tung khdi;
= Khong can quan ly ma tu trong qua trinh xay dung chi
muc khoi;
= Kich thudc khoi trong bo nhd I6n han so vai BSBI.
= Thém truc ti€p theé dinh vi vao danh sach
= Khong can thuc hién sap xép danh sach thé dinh vi
= Tiét kiém bo nhG han so vdi BSBI.

Xay dung chi muc mot lugt trong bd nhd : SPIMI: Single-pass
in-memory indexing; )

Xay dung chi muc ngugc day da cho moi khoi -> Sap xép tir
dién cuc bd -> Ghi ra dia -> hgp nhat khai
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Giai thut SPIMI (2)

SPIMI-INVERT(token_stream)

1

00O NO 1 B WDN

11
12
13

output_file = NEWFILE()
dictionary = NEWHASH()
while (free memory available)
do token <+ next(token_stream)
if term(token) ¢ dictionary
then postings_list = ADDTODICTIONARY (dictionary, term(token))
else postings_list = GETPOSTINGSLIST(dictionary, term(token))
if full(postings_list)
then postings_list = DOUBLEPOSTINGSLIST(dictionary, term(token))
ADDToPosTINGSLIST(postings_list, doclD(token))
sorted_terms «<— SORTTERMS(dictionary)
WRITEBLOCKTODISK(sorted_terms, dictionary, output_file)

return output_file
16



i NOi dung chinh

= Cac giai thuat xay dung chi muc ngugc:

= MapReduce
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* MapReduce

= MapReduce (Dean and Ghemawat 2004) la mot
ki€n truc tinh toan phan tan:
= Pan gian: Khong can lap trinh tudng tac gitra cac
nut dé€ phan chia cdng viéc, trao doi dir liéu, v.v.
= PO tin cay cao: Dam bao tinh két thuc trén hé thong
may tinh sr dung phan ciing phod thong.
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* Pha Map: Poc dir lieu

= NGt diéu khién thuc hién phan chia cong viéc

doc di' lieu:

= Chia bo dir lieu thanh nhiéu khoi va phan chia cho
cac nut doc dir liéu;

= NUt doc xtr ly tuan tu’ tung van ban va sinh the dinh
vi, vd, theo dang cap <tu, ma van ban>

= Sau dé phan chia thé dinh vi vao j phan doan: MOi
phan doan Ung vGi mot khoang tu (vi du, j = 3, Ung
vGi ba khoang: a-f, g-p, g-2).
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& Pha Reduce: Nghich dao

= SO lugng nut nghich dao bang s6 lugng phan
doan j;
= Nhiém vu cua nut nghich dao:

= Tieép nhan tat ca cac phan doan tucng U'ng thu dugc
sau khi doc diI' liéu;

= Sap x€p va thiét 1ap danh sach thé dinh vi.
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S5 4B 1B
& do luong dir lieu

g-Z

q-Z

g-Z
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Cac phuaong phap phan tan chi muc

= Phén tan theo tir moi may xU Iy mot khoang tir

= Phén tan theo vdn ban: moi may xu ly mot tap
con cua bo van ban van ban

= Hau hét cong cu tim ki€m s& dung chi muc
phan doan theo van ban.

= Co thé chuyén ddi chi muc phan tén theo tUr thanh
chi muc phan tan theo van ban.
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Vi du xay dung chi muc theo
* MapReduce
= Map:
dl : Cca, C ce.
d2 : Cd.

_)

<C,d1>, <ca,d1>, <C,d1>, <ce, d1>, <C, d2>, <d,d2>
= Reduce:

(<C,(d1,d2,d1)>, <d,(d2)>, <ca,(d1)>, <ce,(d1)>)

_)

(<C,(d1:2,d2:1)>, <d,(d2:1)>, <ca,(d1l:1)>, <ce,
(d1:1)>)

23



‘ NOi dung chinh

= Phan cu'ng can ban
= Cac giai thuat xay dung chi muc ngugc:
= BSBI

= SPIMI
= MapReduce

= Quan ly bo dir liéu dong
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BO diT lieu tinh

= B dir liéu tinh: La b d liéu khdong thay doi
hodc rat it khi thay doi.

= P&i vGi bo di liéu tinh khi ¢ su thay dbi chi can
thuc hién xay dung lai chi muc:

= Cap nhat lai b0 tu vung;

= Cap nhat lai danh sach the dinh vi.

Déi vdi nhithg bd dir liéu thay déi thuong xuyén
can phai co giai phap quan ly hiéu qua hon.
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Cac thao tac quan ly chi muc dong

= X0a (delete). ThuGng chi thuc hién xda ao vi
x0a thuc doi hoi xay dung lai chi muc.
= Panh dau van ban muon x0a;
D LQ(E nhirng van ban da danh dau khoi danh sach két

qua.

= Cap nhat (update). Thudng dudc thuc hién
thong qua hai thao tac: xoa va thém mai.

= Thém mdi (insert). Co nhiéu phucng phap VvJi
do phurc tap khac nhau dé cho phép thém méi
van ban vao chi muc.
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& Chi muc chinh phu

= SU dung chi muc chinh va chi muc phu:
= Thém van ban mdi vao chi muc phu;

= Thuc hién truy van trén ca hai chi muc va téng
hdp két qua.

= Pinh ky xay dung lai toan bo chi muc.
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Nhugc diém culia giai phap chi muc

i chinh phu

= Néu bd dir liéu thay doi rat thudng xuyén, thi
kich thudc chi muc phu co thé tang nhanh.
= Can nhiéu thdi gian dé hop nhat chi muc chinh va chi
muc phu;

= Giai phap: S dung nhiéu chi muc c6 thé giam thdi gian
hdp nhat chi muc (*tuy nhién thuc hién truy van sé phuc tap
hon).
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LMERGEADDTOKEN(/indexes, £y, token)

1
1

1
2
3

O 00 N O O B

0
1

Zo «— MERGE(Zp, {token})
if |Zo| =n
then for / +— 0 to oc
do if /; € indexes
then Z; 1 «— MERGE(/;, Z})
(Zi1+1 is a temporary index on disk.)
indexes < indexes — {l;}

else [ — Z; (£; becomes the permanent index I;.)

indexes <« indexes U {I;}
BREAK
Zo —

LOGARITHMICMERGE()

1
2
3
4

Zo — 0 (2o is the in-memory index.)

indexes «— ()

while true

do LMERGEADDTOKEN(indexes, Zy, GETNEXTTOKEN())

VA



Hop nhat chi muc voi do phuc tap
Logarithm

= SU dung nhiéu cap chi muc:
= Luu chi muc nho nhat (Z,) trong bd nhg;
= Khi Z, tr6 nén qua I8n, sé ghi Z, I1én dia va thuc hién
hdp nhat véi nhitng chi muc da ton tai.
= Cac chi muctrén dia ky hiéulal, I, ..., L

= Cac chi muc tam trén dia ky hiéula z, Z,, ..., Z

n
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* Bai tap 12.1

Chon = 2,val<=T <= 30, hay thuc hién g|a|
thuat LogarlthMerge va vé bang thé hién G moi
thai diém khi T = 2 * k tir da duge x' ly (1 <=k
<= 15), cac chi muc nao trong s6 bon chi muc
I,...I, dugc s dung. Phan dau cua bang nhu sau:
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* Bai tap 12.2

Chi muc phu c6 thé dnh hudng dang ké dén chét
lugng théng ké trén bd diT liéu. Vi du dién hinh la
idf, dugc dinh nghia nhu sau log(N/df)) trong dé N
la sO lugng van ban va df la s6 van ban chua tu
th(r i. Hay chi'ng minh rang mot chi muc phu du
nho cling cd thé gay sai léch 16n dén idf néu chi
tinh trén chi muc chinh.

Ggi y: xét mot tu hiEm nhung dot ngbt xuat hién
thuGng xuyén.
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