Assessment

Assessment: two coursework (each 15%, take-home assignments) + final exam (70%)
Coursework 1: indexing techniques
Coursework 2: web data storage and distributed database
Final exam
Part A: short answer questions
20 questions, 2 marks each, in total 40 marks
Part B: Problem-Solving and Quantitative Questions
2 ‘large’ question, 30 marks each, in total 60 marks

Teaching Plan:

* Lecture 1a - Introduction to the Module

* Lecture 1b - Data Storage Structures

* Lecture 2a - Indexing Techniques

* Lecture 2b - B+Tree Indexing

* Lecture 3a - Hash Indexing

* Lecture 3b - Advanced Indexing

* Lecture 4a - Introduction to Relational Model

* Lecture 4b - Query Evaluation Basics

* Lecture 5a - Query Evaluation: Selection

* Lecture 5b - Query Evaluation: Join

* Lecture 6a - Query Optimisation 1

* Lecture 6b - Query Optimisation 2

* Lecture 7a - Transaction Management 1

* Lecture 7b - Transaction Management 2

* Lecture 8a - Concurrency Control

* Lecture 8b - Failure Recovery

* Lecture 9a - Object-Oriented Database

* Lecture 9b - Distributed Database

* Lecture 10a - Web Technologies and Data Storage 1
* Lecture 10b - Web Technologies and Data Storage 2
* Lecture 11a - Big Data Storage

* Lecture 11b - Blockchain-based Storage (guest lecture by Prof. Xin Huang)
* Lecture 12 - Data Analytics

* Lecture 13 — Revision

Required textbook:

# Database System Concept, 7th Ed, A. Silbershatz, H.F. Korth and S. Sudarshen

Data Storage Structures [EIE{Ffi%4549] -
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Classification of Physical Storage Media [#132 17N B 3K]:

volatile storage [5 kM FiERR]: ZEXMBRENABTSHME
non-volatile storage [IEZ K FiERR]: BIEZRAM=RETF, HEHBRATASHEK
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primary storage: fastest media but volatile (cache, main memory)

secondary storage: next levels in hierarchy, non-volatile, moderately fast access time
tertiary storage: lowest levels in hierarchy, non-volatile, slow access time

Magnetic Disks [f&ZHiA]:

FEEAMEEFEEMEREAMNMS, BTSAMERAS,
WEERR, FKEHEA track #1595 82 —AY sectors;
sectors & TN I 5 R/NEIREAL, Cylinder | HPT BRI | 4> track HAY.

track ¢

sector s

cylinder ¢ —

platter

<«— spindle

rotation

read-write

—— arm assembly



Disk Drive Read/Write Operation and Access Time [B5#1%£ S B4 (EFN X B2 5935 8] B 8] ] :

Access time = Seek time + Rotational latency + (Transfer time)

Disk arm swings to position head on the right track;
(BRI EMWNE, LEXNNAFE]

Average seek time is about 1/2 of the worst case seek time (e.g. from the innermost to the outermost)

Platter spins continually to find the right sector;
[EHER LR B LB E# AV X 4]

Average latency is about 1/2 of the worst case latency (e.g. nearly 360 degree rotation)

Data is read/written as sector passes under head (Read/Write Need time).
(RS LALLM X H#H TS (LS FE(8)]

Average latency is about 1/2 of the worst case latency (e.g. nearly 360 degree rotation)

Disk Block [ f7fi&iR]:

A contiguous sequence of sectors from a single track, data is transferred between disk and main memory in
blocks, sizes range from 512 bytes to several kilobytes.
[ENHEESBEXFY, BEURNERERENTFZEEE, KM 512 FHELTFFHAE
Smaller blocks: more transfers from disk
Larger blocks: more space wasted due to partially filled blocks
Typical block sizes today range from 4 to 16 kilobytes

Optimization of Disk-Block Access [{L{bT& &=k [9]]:

The elevator algorithm is a simple algorithm by which a single elevator can decide where to stop, is
summarized as follows: Continue traveling in the same direction while there are remaining requests in that

same direction.
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File Organization [3C{§4H4R]:

(1) Fixed-length Records
B—ozEEA kX, KUTFiR— 4R, EMSuBdiBREEsHERTR, MRXAITHA=E, N
EXHRRBANINFZEETT,
(2) variable-length Records
X ERES ARANEES. JEKEEM: (offset, length)
* offset denotes where the data for that attribute begins within the record
* length is the length in bytes of the variable-sized attribute



Slotted-page Structure [43 T1#& &5 14K ]

slotted-page structure J&F Fixed-length Records, FAFAE—MEURRPALEIE, EENEIERNER
E—MEFL, HERLAFREEFFILX TA=ZMEENTEFR:

1. EXNMEFRHAEET £ /MEFKT (record)
2. BRPKE N SR
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Block Header Records
Size # Entries . Free Space ---|
Location -
A
End of Free Space

(R IAHIUNIEFIE B ERIVEKTE ---> CHZRAZE(RERD) (B) |<--- < BRI TIE 1DFK|(BREEEHEAL)
Details: CPT201 slotted-page structure - &I (zhihu.com)

Organization of Records in Files [IB#IELE]:

Heap — a record can be placed anywhere in the file where there is space.
[M——1C % o] I 7 XA PR = [El b 77
WXHHATIA TR
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Sequential — store records in sequential order, based on the value of the search key of each record.
I FF—RIEES M RN RTRENE, RIRFFEICE]
I P XA AR SRER Y T =
fERsER, R search-key #H1THEF, EMAFEAR MBI EEIEHRARAMHURE T

10101 |Srinivasan | Comp. Sci. | 65000

12121 |Wu Finance 90000 -7
15151 |Mozart Music 40000 -7
22222 |Einstein Physics 95000 —7
32343 |El Said History 60000 -7
33456 |Gold Physics 87000 —7
45565 |Katz Comp. Sci. | 75000 —7
58583 |Califieri History 62000 —7
76543 |Singh Finance 80000 —7
76766 | Crick Biology 72000 —7
83821 |Brandt Comp. Sci. | 92000 —P
98345 |Kim Elec. Eng. | 80000 _7
L

Multilabel clustering - records of several different relations can be stored in the same file.
[(ZREREF—F DM AEXRMICF T AR EER— ]
SR AR TIM AR
EXHFEFZTHARARXR, TRNERFCEL SRR XA EHE
NFERBFEMBREY, BERYXRERFT—IMHBERE.


https://zhuanlan.zhihu.com/p/226026035

= depar‘Tmen‘l' ldepl_name building | budget

Comp. Sci. | Taylor 100000
Physics Watson 70000
& insfrucfor D name l dept_name salary
10101 | Srinivasan | Comp. Sci. | 65000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
83821 | Brandt Comp. Sci. | 92000
= multitable clustering of department and instructor
Comp. Sci. | Taylor 100000
10101 Srinivasan | Comp. Sci. | 65000
45565 Katz Comp. Sci. | 75000
83821 Brandt Comp. Sci. | 92000
Physics Watson 70000
33456 Gold Physics 87000

B+-tree - provide efficient ordered access to records even with large number of insert, delete, or update
operations (more in next lecture).

[B+——BNEEAREMNTEA . MRS EHHFRE, HRENCROSIEFHR(EZ 4 i)

Hashing — a hash function computed on search key; the result specifies in which block of the file the record
should be placed (more in next lecture).
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