Hé thong tap tin
(dia cirng-hardisk)
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i Pia cirng: Heé thong tap tin

= Bén trong dia ciing
» Cac giai thuat dinh thdi truy cap dia
= Dinh dang, phan vung, raw disk

= RAID (Redundant Arrays of Independent
(Inexpensive) Disks)

Khoa Khoa h_OC & Ky thu.é‘t %/ymalieudientucntt
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Giai phau bén trong dia

the disk spins - around 7,200rpm

disk head array

track

platters
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TP.HCM
CuuDuongThanCong.com Kh oa Kh oa h _OC & Ky" th u-ét %/gmaneudi entucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Bén trong dia ci'ng

A sector

spindle .
platter — track read/write

J
N - —
N
S o - -
x_“_;jr;,,f” A track

Khoa Khoa hoc & Ky thuat Mgy, tinh.
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$ T6 chiic thong tin trén dia cling
= Dia cing trong hé thong PC (lun ly)

Master Boot Record

(MBR)
Partition 1
Partition 3
Boot Block
Partition 4

BK
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i Cac tham so cua dia

= Thai gian doc/ghi dir liéu trén dia bao gom:
= Seek time: thdi gian di chuyén dau doc dé dinh vi
dung track/cylinder, phu thudc t&c dé/cach di chuyén
cua dau doc
= Rotational delay (latency): thdi gian dau doc chg
dén dung sector can doc, phu thudc toc dd quay cua
dia
= Transfer time: thdi gian chuyén dir liéu tur dia vao bd
nhé hoac ngudc lai, phu thudoc bang thong kénh truyén
gitra dia va bo nho
= Disk I/O time = seek time + rotational delay +

transfer time
BK
TP.HCM
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i Loai dia cirng mdi hién nay

= Dia loai mdi phan bo lai mat do dir lieu: luu trir
mat do Thong tin (bit)/vung

bia chia ra thanh
vung co so lugng
sectors/vung khac
nhau (ngoai nhiéu
haon trong)

:‘ y

>
'/
'/
/)

(D

o
/

@
\ /

|
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i Pinh danh dia (Addressing)

= OS sé quan ly
= Loai giao tiép (IDE/SCSI, etc), dia nao, so sector....
= Lam sao xac dinh ti€p sectors, tracks, etc?
= Loai dia cii: xac dinh bai cylinder/head/sector (CHS)
= Loai dia mdi: chi s6 “block” luan ly
= LBA = logical block address
= Chi s0 sector dugc su’ dung nhu' thé nao?
= Phan mém quan ly hé thdng file s& chuyén ddi dinh
danh block luan ly sang vat ly tueng Ung trén dia
= Thuat ngr
« DOi v3i ngudi st dung dia: “khdi” hay “Sector” Ia nhu' nhau
= DOi v4i ngudi s’ dung hé thong file: “khoi” c6 dung lugng co
dinh, gom 1 hay nhiéu “sectors”

BK
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:_L Pinh danh & Pinh thdi dia

= Muc tiéu cua giai thuat dinh thdgi dia:
= Quan ly hang dgi cac yéu cau truy xuat dia
= Dich vu cac yéu cau hgp ly

= Vi du: dau tu dich dén vi tri gan nhat

= Muc tiéu dinh danh luan ly dia
= Che dau phan chuyén dai vat ly (Track?, Sector? ...3 dau trén

dia)

= Van de:

BK
TP.HCM

Cac hé diéu hanh cli: Quan tam ky dén sap dat khong gian trén dia
Cac hé diéu hanh mdi: Quan tam dén cac sectors lién ké can dudc sap
x€p gan nhau

Thuc té: OSE rvan phai quan tdam dén sap dat khong gian trén dia nhu
loai cli

Mon hoc lién quan dén cac hé diéu hanh cli/thuc té
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i Tang hiéeu suat truy cap dia

Cac giai phap
= Giam kich thudc dia
= Tang toc d6 quay cua dia

= Dinh thdi cac tac vu truy xudt dia (disk scheduling) dé
han ché& di chuyén dau doc

= BO tri ghi dit lieu trén dia hgp ly
= cac dir liéu cd lién quan nam trén cac track gan nhau
= interleaving

= BO tri cac file thuGng su’ dung vao vi tri thich hdp

= Chon kich thuGc cua logical block

> &= Read aheac
TP.HCM
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http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Pinh thai truy cap dia

= Y tudng chinh
= Sap Xx€p lai trat tu cla cac yéu cau doc/ghi dia sao cho
giam thiéu thdi gian di chuyén dau doc (seek time)
= Cac giai thuat dinh thdi truy cap dia
= First Come, First Served (FCFS)
» Shortest-Seek-Time First (SSTF)
= SCAN
= C-SCAN (Circular SCAN)

« C-LOOK )
= Vi du: dinh thdi chudi yéu cau doc/ghi dia tai

3: cylinder 98, 183, 37, 122, 14, 124, 65, 67

Pau doc dang & cylinder s6 53

Khoa Khoa hoc & Ky thuat Mgy, tinfy..e. 11

CuuDuongThanCong.com


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

i First Come First Served (FCFS)

Hang dgi: 98, 183, 37, 122, 14, 124, 65, 67
Pau doc dang & cylinder s6 53

14 37 53 6567 98 122124 183 199

Tong sb track/cylinder
da duyét qua: 640

BK
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i Shortest-Seek-Time First (SSTF)

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

0O 14 37 536567 98 122124 183 199

Bk
TP.HCM
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SCAN (elevator algorithm)

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

14 37 336567 98 122124 183 199
| | |1l | L ||

’
&

Khoa Khoa hoc & Ky thuat Mgy, tinh.
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C-SCAN (Circular SCAN)

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

14 37 536567 98 122124 183 199

l l 11 l L I I

— O

o

CuuDuongThanCong.com
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C-LOOK

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

14 37 536567 98 122124 183 199

o

<

CuuDuongThanCong.com
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Quan ly dia: Pinh dang (formatting)

= Dinh dang cap thap: dinh dang vat ly, chia dia thanh nhiéu sector
= Moi sector cé cau tric dif liéu dic biét: header — data — trailer

Header Data Trailer

= Header va trailer chifa cac thong tin danh riéng cho disk controller
nhu chi sO sector va error-correcting code (ECC)

= Khi controller ghi dif li€éu Ién mot sector, truong ECC dudc cap
nhat vdi gia tri dudc tinh dua trén dir liéu dudc ghi

= Khi doc sector, gia tri ECC cua dUf liéu dugc tinh lai va so sanh vai
tri ECC da luu dé kiém tra tinh dung dan cua dir liéu

BK
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i Quan ly dia: Phan vung (partitioning)

= Phan vung: chia dia thanh nhi€u vung (partition),
moi vung gom nhiéu block lién tuc.
= MOi partition dugc xem nhu mot “dia luan ly”
riéng biét.
= Dinh dang luan ly cho partition: tao mot hé thong
file (FAT, ext2,...)

= LUu cac cau truc dir liéu khai dau cua hé thong
file 1én partition

= Tao cau truc dir lieu quan ly khdng gian trong
va khong gian da cap phat (DOS: FAT, UNIX:
‘BK inode table)

TP.HCM
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‘L Vi du dinh dang mot partition

Partition Table

Entire Disk: | MBR Partition | Partition Partition
Free Space Management
File System: | Boot block RIS 0T | i-list Data blocks for files, directories, etc.

i-node | i-node | i-node e i-node

BK
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i Quan ly dia: Raw disk

= Raw disk: partition khong co hé thong file
= I/O Ién raw disk dugc goi la raw I/O
= doc hay ghi truc ti€p cac block

= khong dung cac dich vu cua file system nhu
ouffer cache, file locking, prefetching, cap phat
khong gian trong, dinh danh file, va thu muc

= MOt sO hé thong co s dir liéu chon dung raw
disk

Khoa Khoa hoc & Ky thuat Mgy, L c.cewen 20
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(swap space)

i Quan ly khong gian trao doi

= Swap space
= khdng gian dia dudc s’ dung dé md rdng
khong gian nhd trong ky thuat bo nhd ao
= Muc tiéu quan ly: cung cap hiéu suat cao nhat
cho hé thong quan ly bd nhd ao
O Hlén thuc
= chi€ém partition riéng, vd swap partition cua Linux
= hoac qua mot file system, vd file pagefile.sys cua
Windows

= Thuong kem theo caching hodac dung phuang phap
‘BK cap phat lién tuc

Khoa Khoa hoc & Ky thuat Mgy, tinh. " 21
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N’m

Quan ly cac khaoi bi 10i

= TON tai mot so khoi (sectors) bi 10i:
= Ngay sau khi xudt xudng: tu stra bang cach
thay thé vai cac sectors, tracks du trir.
= Phat hién sau mot thai gian s dung trong hé
thong (0S):
« Vi du:
Block 87 (logic block) khong truy xuat dugc
Piéu khién dia phat hién EEC khdng dung, bdo Os
Os ghi nhan dé [an sau khi reboot thong bao diéu khién

dia thay thé
Sau do vi tri block 87 da dudc cap nhat lai

BK
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RAI D (Redudant Arrays of Independent Disk)

hi mat do yéu cau truy cap dia cao: nghen, hoac

“c6 chai” = han ché hiéu nang va tinh 6n dinh
cua hé thong

= Giai phap: két hgp nhiéu dia (array) truy xuat
song hanh:
= Hi€u nang cai thién: chia manh d{ liéu va chlra

trén nhiéu dia (data striping)

= Reliability is improved through redundancy

= Tang do tin cay: luu trl’ du thua thong tin
(Redundant Arrays of Independent Disks, or
RAID)

Co nhiéu phu’dng phap dé dap Uing theo tiéu chi
&ru dir thong tin (schemes or levels)

CuuDuongThanCong .com Khoa Khoa h_OC & Ky thUét %/ymalieudientucntt 23
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i Phan manh dif lidu (pata striping)

= Tuy gom nhiéu dia, nhung cho nguGi si’ dung cam giac
chi moét dia, nhung dung lugng I6n
= Khi cO yéu cau truy xuat thi sé ti€én hanh thu tuc dinh
danh cac khdi vat ly chira trén dia
= Cach phan bo luu trit trén cac dia nhu thé nao thi sé
xac dinh cac dia lién quan dén yéu cau truy xuat
= DU liéu sé dudc phan manh déu trén cac vung luu trit, goi
la striping units (don vi phan manh)
= Dung lugng moi don vi phan manh phu thudc vao mutc
RAID (RAID level)
= Cac don vi phan manh dudgc luu trr phan tan trén cac dia

theo giai thuat xoay vong KEY POINT - disks can be
(Round Robin) read in parallel, increasing

‘Fﬁfw the transfer rate

Khoa Khoa hoc & Ky thuat Mgy, tinh. 24

CuuDuongThanCong.com lieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Phan manh khoi — Block Striping

= Assume that a file is to be distributed across a 4 disk RAID system and that

= Purely for the sake of illustration, blocks are only one byte! [here
striping-unit size = block size]

Notional File — a series of bits, numbered so that we can distinguish them

9 (1011 (1213 |12 [15]| 16

Now distribute these bits across the 4 RAID disks using BLOCK striping:

33|34(35(36(37|38|39(40

41|42 |43 |44 | 45|46 |47 |48

49150|51|52|53|54|55]|56

57158 (59|60|61|62|63|64

N

5

ailieudientucntt

Khoa Khoa hoc & Ky thuat Mgy tinh

CuuDuongThanCong.com


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Phan manh bit — Bit Striping

= Now here is the same file, and 4 disk RAID using bit striping,

and again:

= Purely for the sake of illustration, blocks are only one byte!

Notional File — a series of bits, numbered so that we can distinguish them

9 (10

11

12

13

12

15

16

Now distribute these bits across the 4 RAID disks using BIT striping:

33 [ 37

41

45

49

53

57

61

34 | 38

42

46

50

54

58

62

35|39

43

47

51

55

59

63

36 | 40

44

48

52

56

60

64

CuuDuongThanCong.com
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iHiéu suat phan manh

= Hé thong RAID c6 D dia: toc do tang tdi da la D lan
= Vi cung luc D dia dudc truy xuat song hanh
= Khi doc vai khai I6n dir liéu: khong cd su’ khac biét gilra phan
manh khdi va phan manh bit
= Khi ma co yéu cau doc D blocks
= Phan manh khai hiéu qua han khi truy cap nhiéu yéu cau truy cap
khong lién quan vGi nhau
= D3i v&i phan manh bit, tat ca D dia déu phai truy xudt dé co
dugc yéu cau 1 block cua file dir liu_
= Trong khi v&i phan manh khai, thi moéi dia cd thé théa man 1
yéu cau, vi cac khoi khac nhau dugc luu trén cac dia khac
nhau

= Hi€u suat ghi thi nhu nhau, nhung cling bi anh huéng bdi
phuadng thuc luu chan/le.
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i Do tin cay

= Thdi gian lam viéc trung binh (mean-time-to-failure =
MTTF) cua 1 dia cing khoang 50,000 giG (~5.7 nam)
= Hé thong gom nhiéu dia: MTTF tang, vi s dia nhiéu

haon
\ I\(l-p)nl\ ? N \ 7 ~
= Ngoai ra do tin cay cuing dudc cai thien vi co luu trir
thong tin du' trir

BK
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i P6 du du trir (Redundancy)

= DO tin cay cia hé thong nhiéu dia sé dugc cai
thi€n bai viéc luu trir thong tin du' trir
= Khi truy xuat bi 16i, cac thong tin du trir sé dugc
st dung dé khoi phuc thdng tin bi that lac
= DU liéu du trr ¢ thé dudc Iuu trén mot dia riéng
biét, hodc
= Phan bo déu trén cac dia
= DU liéu dy trir thudng dugc luu trilr duGi dang bit
chan le

= Ngoai con c6 cac cach khac dé dam bao do tin cay
tot han

CuuDuongThanCong .com Khoa Khoa h_OC & Ky thu-ét Mé”/ymalieudientucntt 29
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i Phuong thirc Parity

= MOi bit dif liéu lién quan dén bit chan/lé
chla trén dia kiém tra
= Néu t8ng céc bit 1 cta dir liéu 1a 0 (chan) thi bit
chin/lé 1a 0
= Néu tong cac bit 1 clia dir liéu la 1 (1é) thi bit
chan/lé sé la 1
= DU liéu trén bat cU dia nao bi 16i déu co
thé phuc hoi tung bit mot
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Here is the 4 disk RAID system showing the actual bit values

Here is a fifth CHECK DISK with the parity data

CuuDuongThanCong.com
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i Parity Scheme and Reliability

= In RAID systems the disk array is
partitioned into reliability groups

= A reliability group consists of a set of data
disks and a set of check disks

= The number of check disks depends on the
reliability level that is selected

= Given a RAID system with 100 disks and an
additional 10 check disks the MTTF can be

increased from 21 days to 250 years!
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RAIDO: Nonredundant

ISk O Disk 1 Disk 2 Disk 3 Disk 4
Block 1 Block 2 Block 3 Block 4 Block 5
Block 6 Block 7 Block 8 Block 9 Block 10
Block 11 Block 12 Block 13 Block 14 Block 15

Block 16 Block 17 Block 18 Block 19 Block 20
Block 21 Block 22 Block 23 Block 24 Block 25

Uses data striping to increase the transfer rate

Good read performance

Up to D times the speed of a single disk

No redundant data is recorded

The best write performance as redundant data does not have to be recorded
The lowest cost RAID level but

Reliability is a problem, as the MTTF increases linearly with the number of
disks in the array

| BK « With 5 data disks, only 5 disks are required
TP.HCM
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RAID1: Mirrored

Disk O

Disk 1

Block 1

Block 1

Block 2

Block 2

Block 3

Block 3

Block 4

Block 4

Block 5

Block 5

= For each disk in the system an identical copy is kept, hence the term mirroring
= No data striping, but parallel reads of the duplicate disks can be made, otherwise
read performance is similar to a single disk
= Very reliable but the most expensive RAID level
= Poor write performance as the duplicate disk has to be written to
= These writes should not be performed simultaneously in case there is a global

system failure

With 4 data disks, 8 disks are required

BK
TP.HCM
CuuDuongThanCong.com Kh oa Kh o4 h .OC & Kj; th u.é‘ t ﬁﬁ;!:’//ﬂfﬁ!/?ai

34

lieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

i RAID2: Memory-Style ECC

= Not common because redundancy schemes
such as bit-interleaved parity provide
similar reliability at better performance and
cost.
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RAID3: Bit-Interleaved Parity

kO

Bit 1

Bit 33

Bit 65

Bit 97

Bit 129

K

B
TP.HCM

Disk 1 Disk 2
Bit 2 Bit 3
Bit 34 Bit 35
Bit 66 Bit 67
Bit 98 Bit 99

Bit 130 Bit 131

= Uses bit striping

= Good read performance for large requests
= Up to D times the speed of a single disk

= Poor read performance for multiple small requests

= Uses a single check disk with parity information
= Disk controllers can easily determine which disk has failed, so the check
disks are not required to perform this task

= Writing requires a read-modify-write cycle

= Read D blocks, modify in main memory, write D + C blocks

CuuDuongThanCong.com

Khoa Khoa hoc & Ky thuat Mgy, tinh.
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Parity disk

P 1-32

P 33-64

P 65-96

P 97-128

P 129-160
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i RAIDA4: Block-Interleaved Parity

= Block-interleaved, parity disk array is
similar to the bit-interleaved, parity disk
array except that data is interleaved across
disks in blocks of arbitrary size rather than
in bits

Khoa Khoa h_OC & Ky thu.é‘t %/ymalieudientucntt 37

ccccccccccccccccc


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

ID Level 5: Block-Interleaved Distributed Parity

= Uses block striping
= Good read performance for large requests
= Up to D times the speed of a single disk
= Good read performance for multiple small requests that can
involve all disks in the scheme
= Distributes parity information over all of the disks

= Writing requires a read-modify-write cycle
= But several write requests can be processed in parallel as the
bottleneck of a single check disk has been removed

= Best performance for small and large reads and large

writes
= With 4 disks of data, 5 disks are required with the parity

information distributed across all disks
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Disk O Disk 4

o
(g
o
3

| 1| e2| 8| 9

15[ P3| 12| 13 | 14

P4 | 16| 17| 18 | 19

(Left-Symmetric)

= Each square corresponds to a stripe unit. Each column of squares
corresponds to a disk.

omputes the parity over stripe units 0, 1, 2 and 3; P1 computes

over stripe units 4, 5, 6 and 7; etc.
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