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LLAALNYINUASAULNA

il 5

input Process
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sEUURIAS

52UV (System)
- N§u w9 dusznaudiaysitgn AnsYiuusuny thaliussaidhuwuneyiniiue
- 53UUUsENOURIY

» M5 (Input)

« NMsyszunana (Process)

* HAAWS (Output)

* MSAIVANTIUNAU (Feedback)
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EUUANTHAULTIF

* 92UUANSAULNEF (Information System)

— 1 JussUUNiNISsUS U VRN Uszunaia
NI ANSAULNA

— 1WaTETUNS MUY ANUAL IANTS
UATAUUAYUNISARTUTD
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JAUSENIUUDISLUUASAULNA

JISALLIS (Hardware) LASDIADUNWILEDS
LLaq»aUnsmmama 16U LUUALN 29NN
LASDINUN LASDYDUUNSIAR

gaWws (Software) usalusunsu (Program)
IWaA AL WBAIUALNMSYIIUIUUDILASDY =TT
ADUNILADS YL @ burtons

Q.

i'iaaa{a (Data) Uamaas\ﬂusmwu LAY
AI9NYT NN LaU\j 10110 Students

fpsﬁamﬁl,l,a&l,ﬂ%ati‘m (Telecommunication)
WunsisausipnuuadAuiIngStWans
doasuaniulvuaya 1nunN1UEa6 19
Wy awAatda ﬂauma WIFI
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JAUSENIUYDISEUUASAULNA

«  A5EUIUNSYINVIU (Procedure) iunnusadaufustunsty
muIUsl,msaJmsmmeaﬁawmmsummsmmunuvaua
Iﬂﬂml‘uLUuLanmsnuaZumsmmu manuams’tamu

- yAans (People) LUUUAAATIIANSAIUAL dudi T6uu
pauImas 1WulUaguliuseanSniw a1atuetd (User)

NALASEUU (System Administrator) g§Wsiungansing
(Programmer)

LR
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ANYENISINUTIYA

@ Imaaswuaua
- ‘UEI (Bit): ummanmmuaan*mnuvaua (O 1)

=

- Tua (Byte): Us¢naumﬂumuawummLsaomanu 16U U1 8
‘umml,swnuwu 1 Tud WuR1INYS
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ANYENISINUTIYA
@ TAsUasIUaYA

— wmuaua (F1e1d) LUUNSUIRI9NYSUNSYINURAYE
fonusigu Wu 8o

PIEJTIEIR

= sc»wauuaua (Record) L‘Uunauua\jwmvauam
mmauwusnu L6 s‘»mﬂuuauawunmuu's‘»na‘umﬂ Jo 7
aaj atdusiu

PETER 124 Fireview Rd. Los Angeles, CA 90033 peter@hotmail.com

e O

-~ Iwa (File): L‘Uunauuaomwuwauwusnumnamnuh
o WK TWAWIINYIU

PETER 124 Fireview Rd. Los Angeles, CA 90033 peter@hotmail.com
355 View St. Honolulu, HI 96817 nancy@gmail.com
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Computer Hardware & Software
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Computer Hardware

. aUnsmﬂaummas 159 naummasmsmm LUummtjmaaa
m A UNIURADVIAUDVADUNIIADS mImmmuaua SEUUNS
AU, LAzBIWALS

U

* MSYITUYDIATIIADUWILEIDS EUWUFUUAN 4 AI1UAD

1. 1usudaya (Input)

— ammumsuvauamauﬂﬂﬂ&mawa aUnsmﬂuvuZﬁZuUaauu
Ao uluiiuw (Keyboard) LN (Mouse) AunuLuas (Scanner)
[ulAsiWu (Microphone) naavadma (Digital Camera)

2. éhu‘u'ic»m.awa (Process)

- 112AIUNIABITUTDYAINLAY UayadzgnavluUssinanalagniiiy
Ussinananag (Central Processing Unit: CPU)

- mnva;uauumﬂtumlummsms@maNalﬂtuﬂs\nﬂm amnuﬂ‘d
muhmmn’twuwmmm (Memory) zs\mmml,saa\ﬂumsmu
iWasan1syUszunanaan CPU
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Computer Hardware

3. dudaavia (Output)

—  BuMsuanIRaansI INNIsUsEUNaNa Hanlno1atdu
ﬂ'ammmaaamw (Monitor) 519V IRNLUNDDNN
1ASaYWUN (Printer) t§uvaannvaiing (Speaker)

4. #@uANUTYA (Storage)

- Iansadnmnudoyaaviugunsaliiudoya wu a15a
[a5W (Hard drive), CD-ROM, USB Flash Drive

— Speaker? -Film Printer?
— Digitizer? -Zip Drive? -MO?
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1 bit

2 bits

3 bits

4 bits

5 bits

8 bits

16 bits

Bit Depth

2M =2

22 =4

23 =8

2N =16

275 = 32

2A8 = 256 2M0 =1024
2M2 = 4096

2M6 = 65,535

https://www.the-working-man.org/2014/12/

2566

SA.AS.YNSWA IBYsOUNS

17




N -
=] =]
- -
- -~

W
=
=3

-]
w
- .
-

8-Bit per colour (16.7 million total colours)

https://www.diyphotography.net/what-does-bit-depth-even-mean-and-does-it-matter/

Highly enlarged schematic representation of the arrangement of subpixels

O & & & & & N

4
*
L 4
<&
L 4
) ]
L 4
*

5 x 5 pixel with RGB subpixels Subpixel layout of an iPhone

IONOS

https://www.ionos.co.uk/digitalguide/websites/web-design/what-is-a-pixel/

2566 SA.AT.YNSWA WBuTIUNS
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Imaging Physics ]

Medical Imaging Displays and Their Use in Image
Interpretation

George C. Kagadis =1, Alisa Walz-Flannigan, Elizabeth A. Krupinski, Paul G. Nagy. Konstantinos Katsanos.
Athanasios Diamantopoulos, Steve G. Langer

~ Author Affiliations

Published Online:Jan 1 2013 \ https://doi.org/10.1148/rg.331125096

Display Properties

3-MP PACS
Display

8-MP Large-
acreen Display

Mo, of MPs
Pixel size (mm)
Martive resolution (width ® height [pixels])

Viewing distance (cm) required to achieve equal pixel size pro-
jected onto the retina

Typical viewing distance (cm)

Size of a lesion (mm) when the entire image 15 viewed from a
typical viewing distancet

Spatial frequency of a 3-mm lesion at a typical viewmng distance
(loglcyvcles/degree])

Maximum luminance {cd/m?)#

Minmimum luminance {cd/m*)

Realized contrast rato in 25-lux reading room lighting

3
0.211
1536 ® 2048

T6*

T0-80
3* (14)

2.1

3
0.324
3840 = 2160
116

120-160
5.7 (17.8)

2.1

300
0.3

https://pubs.rsna.org/doi/10.1148/rg.331125096

2566 SA.AT.YNSWA WBuTIUNS
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Video Card & Connection

+ VGA: lUUMSALARIEA
# T¥szuu Analog

* Video Graphics
Array (VGA)

« 81me IBM TuU 1987

= _.- a o =3 [-§
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http://en.wikipedia.org/wiki/Image:VGA_port.jpg
http://en.wikipedia.org/wiki/Image:VGA_plug.jpg
http://en.wikipedia.org/wiki/Image:IBM_PC_5150.jpg

Computing Concepts
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SEUULAUTUADY

* STUULAUFIUADY seuUluun3 (Binary System) 1Uu
MsunuA1lan 1eeld A1 0 usa 1 (LkAuguaU 16 O
g 9)

- whefilanfigaiien Om bit (Binary Digit)

« dunsaun O/ unBssvsaNuUlRTKARA1 AL
NSATUINTIAUTIUADY

27 | 26 | 25 | 24 23 | 22| 21| 20 amldhsavsivay

128 64 32 16 8 4 2 1

0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 255

0 0 0 0 0 0 0 1 1

1 0 pla

1 1 1 T

1 0 0 1 9
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ANSUNURIAUDYUILA

2 bits: crumb, quad, quarter, tayste, tydbit
4 bits: nibble UULUA

8 bits Ua = 1 byte Tus

32 bits: word 133a (on a 32-bit machine)

64 bits: double word autUatIsa(on a 32-bit
machine)

insouluU 32 bit Aowaviitdiullagliu (Intel
Pentium)

Window @angu 64-bit (Intel Xeon Faou)

2566 SA.AS.YNSWA NBusBUNS 23




vinatnulavayiaya

. udwdusueuiine (44 61) 2:Gunaitn

. U wdusuEMEISunnY (26 §/7) azlduunaids
. iulay 0-8 a:Tduunaids

 Unicode (UTF-8) 78 16 Um (2 Byte) 1UBIDNUYS
« ASCII 73 8 Um (1 Byte) LlAUFIINYS

innuin (Bits) i (Range)
g 0 - 253
16 0 - b2,235
3¢ 0 - 3.4%° (Téumh)
04 0 - 1.7°% (15 dwmds)

2566 SALAS.YNSWA WBuTIUNS
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1000"
1000
10007
1000%
10007
1000%
10007
1000
10007
1000=3
100074
1000
100014
1000~ =
100077
1000~
1000~
1000~
1000~
10007F
1000~7
1000%
2566

10"
1 024
1 |:|21
1 |:|1 =1
1 |:|1 5
1 |:|1 2
10
10°
107
10°
107
10
1071
10°=
1077
107%
107
1 D—1 2
1 D—1 =
1 D—1 =1
1 D—21
1 D—24

Prefix
yotta-
zetta-
exa-
peta-
tera-
giga-
mega-
kilo-
hecto-
deca-
(hone)
deci-
centi-
rmilli-
rmicro-
nanao-
pico-
fernto-
atto-
Fepto-

yocto-

ANUIRUIRUIYIALUU SI

Symbol | Short scale

b Septillion
£ Sextillion
E Cluintillion
P Cluadrillion
T Trillian

= Billian

[

k

h

da

(hone)

d

C

rm

T

n Billionth

P Trillianth

f CQluadrillionth
a Cuintillionth
z Sextillionth
W Septillionth

S1 prefixes

Long scale

Claadrillion

Trilliard (thousand trillion)

Trillion

Eilliard (thousand hillian]

Billion

FAilliard (thousand million)

Millian
Thousand
Hundred
Ten
Cine
Tenth
Hundredth
Thaousandth
Millionth

Milliardth
Billionth
Billiardth
Trillianth
Trilliardth
Cluadrillionth

SALAT.YNSWA IBusIUNS

Decimal equivalent in S1 writing style

1
1
1

000 0oo 00d Ooo 0od ooo 000 aad
Qoo ooo ooo ooo aoo oo oo
00a 0oo 00d aoo ooad aoo

000 ooo 0od ooo ooa

Qo0a ooo ood aoo

ooa ooo ooo

ooa aoo

ooa

100
10

1

0.1

0.01
0.001
0.00o oo

0.000 000 aan
0.000 000 daa aoq
0.000 000 oo 000 aan

0.000 000 Ood 000 aod 001
0.000 000 0o 000 dao 000 001
0.000 000 000 0o 0od 000 aoo oo
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K
M
G
T
P

Unit
B
B
=B
TB

2566

Binary prefix

RnUWNENIIRUNIRDS

= Kilo nla =210 =1024

= Mega wnne =20 =1 048 576

= Giga nnng =230 =1073 741 824

= Tera s =240 =1 099 511 627 776

= Peta Wen = 2%0 =1 125 899 906 842 624

Legacy Units

WValue
219 Bytes = 1024 Bytes
2=t Bytes = 1024 KB =1024 x 1024 Bytes
27 Bytes = 1024 MB =1024 x 1024 x 1024 Bytes
20 Bytes = 1024 GB =1024 x 1024 x 1024 x 1024 Bytes

SA.ATYNSWA NBYSIUNS 26




IR TALAzANR

277 7 iie 128

278 8 iim 256

279 9 iin 512

2710 10 iie 1024
2711 11 iie 2048
2712 12 iin 4096
2713 13 iie 8192
2714 14 iin 16384
2~15 15 iie 32768
2716 16 iie 65536

2566

SA.AT.YNSWA WBusdUNS
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Virtualization

@ S:UUIADILALDUISY K55 BIAlALETUINATLLAY
(Virtualization Technology: VT)

@ Huunswennsmsay SERVER mav‘lua\mnﬂmnﬂ
Usmawsmwaoamtams@mﬂm'ttjmﬂ'cumsziau,a@ml,a@msa\a
ADUNILADS

@ ¥liszuuUHUBRNIsHaIEa seUUTNILIAW dUTUDY UL
JI5ALIS U300YUULATIIADUWNDSLAUINUIA

@ UssUURAWAIIIU anlansoud

&

GREEN
COMPUTING

2566 SA.AS.YNSWA NBusBUNS 28




F ¥ .
Oracle SOL  Application  go.0 Eile

i o

Primnt

E
i
k

Power multiple
“wirtual machines
on one server with
ViiWWare

Virtualization/Blade Server Adoption

Large Enterprise IT Organizations SMB Organizations

38% 28%
1%

. Planning to Use Blade Servers & Virtualization

]

. Using Blade Servers & Virtualization

. Planning non-Blade Server Virtualization . Mo Plans to Virtvalize

Souree:

Application Application

Operating System Operating System

AL TIEARL

VMware Virtualization Layer

2566 SA.AT.YNSWA WBuTIUNS 29
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Cloud Computing

 Cloud computing UunsUATHUNMAVIASUANMUALTD
¢ ADUWAMDINYINVIUSIUNY LTDUTILLAZLLUYNUUSEUIANA

+  ARUNIABINS INUsEINANAKAWA 1ATav(idnTuRavRvag USRI
WEILBOUFDNUE NS T UULAS DU

+  ARURIABINUSEINANATUNGY (Cloud) 91938 UUuAUNIABS (LIRS
seUUUNUBRNISUAzNIWeNSLiliounu

- lElidnUusiavi i Wovnavtussuvazynuuiuaguls

http://www.ecommerce-magazine.com/

2566 SA.AS.YNSWA NBusBUNS 31




Data Compression Technology
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Data Compression

+  AFNAUWSABY (Data Compression) lWunisanuundaya
avioussudatliafitunisiiudoya

+ MsTudANW (Image Compression) d@UvavnNIWiLs
AusauauiulnazgninInanlUivalitiuunauavlWan1wanay
tunsel

+ MsUudmdsy (Voice Compression) d1uvaviduafitslaile
guazgninamnaaniUialiivuinuavlWaidovanay (Lossy)

Original Data

2566 SA.AS.YNSWA NBusBUNS 33




‘this | |is | [data’| 2o

compresses
down o
|1h IIEI I-iEl ldatal
5BYTES
0814 A D0 9 O 150 071 O 1 1 Dl Sri B e 1 Ca0RSa0el
From Computer Desktop Encyclopedia
E 1995 The Computer Language Co. Inc.
LOSSLESS
Original Compressed Restored
=
Lf/
LOSSY
QOriginal Restored
E—t >
=]
L_/-"
GOI‘I‘IPI’ESSEd
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Images are comprizsed of pixels
reprezented by numbers

(64 2

55
47
2
34
23
15
5&

SA.AS.YNSWA IBYsIUNS

3
54

27
35
22
14
59

Bl
12
20
27
29

52
5

alll
13
21
A
28
25
53
4

51
43
30
35
19
11
62

50
42
3l
39
1%
10
63

517
16
24
33
25

S8
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WnsPIUNIsUUDAUDYA Lossy or Lossless?

* Lossy: uJumsuuamuaua
(Iﬂﬂ'itjnssmsma
nmmmam)ﬂmmuauawm
uﬂmanum@’inamwnu
fuadu (200:1) (AW
Uaauauaamaa)

 JPEG- ngh/ Low

« JPEG2000
- ‘ﬁuﬁﬂﬁﬂ‘j‘] JPG Lowy Compression (54% less
— Lﬁaﬂﬁ"]—[ﬁ F12:0udavinls information than PN, 9.37 KiB)
- 1Wuwv Lossy/Lossless
+ MPEG (MP3 1de9, MP4
ARd)

High Compression (958% less
infarmation than PMNG, 114 KiB)

2566 SA.AT.YNSWA WBuTIUNS 36




n1sUUdnUaya Data Compression

. Lossless I,Uumsuuaﬂuaua(‘mu’itjnssmsm\aﬂmmmam) Char Freq Code
wm’tuuauawmunmmwmywﬂw n‘uuauamua‘uu (5:1)

Y - space |7 111
. uau’ttjn‘uuaga‘nmaamsmmgnmammum L UNIINTISLWNE . p 10
ad ey U | acan
35nsntd f 5 v
« Run-length encoding - 6% PCX Aawfiu BMP, TGA,
TIFF h 2 1010
e WWWWWWWWWWWWBWWWWWWWWWWWWBBBW i 2 1000
WWWWWWWWWWWWWWWWWWWWWWWBWWWW m 2 01141
WWWWWWWWWW . 010
e UNUMY 12WB12W3B24WB14W d
- Entropy coding: unudiagaswdeyanuaitu doyagal s < 1011
6y unumwdanwaInvuAaNER Ztimsaswmsw t 2 0110
LUsaumzmuaua‘[mZtmﬂuauamummuumm’tuutuauaa | 1 P
- Adaptlve d1ct10narg algorlthms such as LZW - 1 00110
used in GIF and TIFF
~ Deflation - %% PNG, MNG and TIFF P ! oo
I 1 11000
I_| 1 ad111
w 1 10010
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 Huffman coding is an encoding algorithm used for

Huffman coding

lossless data compression.

« The term refers to the use of a variable-length

code table for encoding a source symbol.

* Create a table for encoding.
« http://en.wikipedia.org/wiki/Huffman_coding

2566

SA.AT.YNSWA WBusdUNS

| Char Freq Code

space 7
= 4
= 4
f 3
h 2
i 2
T 2
g 2
5 2
t 2
I 1
0 1
P 1

111
010
oo
1101
1010
1000
0111
ao1o
1011
0110
11001
ao11o
10071
11000
ao111
10010

38




Lossy vs. Lossless Methods

Compress
q ‘ \ s l Compress

Decompress Decampéress

does not return rbetums “ata Eicotl

data back to its Good Eh s th y

original contents enough? original contents e same

* Lossy * Lossless
— Used with music, photos, video, — Used with databases,

medical images, scanned emails, spreadsheets, office
documents, documents, source code

fax machines

7| EMEDGE 2012 BM Capac Edge2012

a
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JPEG

« The name "JPEG" stands for

- Joint Photographic Experts Group, the name of the committee
that created the standard.

 Best on photographs and paintings of realistic scenes with
smooth variations of tone and color.

« The compression method is usually lossy, but JPEG lossless is
also available (not widely support)
http://en.wikipedia.org/wiki/Lossless_JPEG

2566 SA.AS.YNSWA NBusBUNS 40




JPEG 2000

- JPEG 2000 includes a lossless mode based on a special integer
wavelet filter.

- JPEG 2000 is a wavelet-based image compression standard.

« It was created by the Joint Photographic Experts Group
committee in the year 2000.

« The standardized filename extension is .jp2

2566 SA.AS.YNSWA NBusBUNS 41
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n1sdad15Aas(s

+  misaunnyeuluianssudumiivtudinus:sr Tuvavuyed
. finUsznausuaaumnAvusiaavaLiuly

«  AINAWUNFLI?

+ HISUMIUMUSSSUBIRH?

2566 SA.AS.YNSWA NBusBUNS 43




n1sdad15Aas(s

¢ MSARA1STUSUUDIAANSINFLUUNSTUIUNSANY
ToudayansaasautmANEAUNIS (Source) Tuev
Uaruny (Destination)

« MsAdAIsAUTUIEATYNYSEYENY (Distance)
A28

. s“mh\sﬁumouwﬂmumaujmu STUUADUNILADS
SEUUINSAWN nam‘nu ma‘[m‘mu

. u,m‘lluumn‘iu‘iaumsaamsmws:umuuluvwﬂwm’m
ARNURINNAAUSLEEN (Geographic locations)

2566 SA.AS.YNSWA NBusBUNS 44




n1sdad15Aas(s

. ﬂ‘nwmsjuaamsaamsvaua Data Commumcatlon AD:

- ”msu,anuJaquaua?mma‘dnsmaaaaﬂnsmuum (Source & Destination)
mumnam‘lun"ﬁaaa"ﬁ (Transm1ss1on Media)”

~ msdoasszuslnaldlunisieansuuulanaa (Local) a1atJunisaa8151uu
Face-to-Face

- msdaasszuzlnatdunisaoaisuuusiun (Remote) fidavaAumAIulad
WsAuNAYN (Telecommunication) LU1uNEW

2566 SA.AS.YNSWA NBusBUNS 45




Typical Communication Method

acd

o TeaMmIiUlsiaunsanuvnsaaasiatdu 2 35a9

2566

- misdeanstusustng (Local)
« ORB: MSWA UARIYIINIY Msdvanans
+ Uaglu: Auiusibidansalind USB drive, CD-ROM
- msdeanss:ezlna (Remote)
 9he: IaKINYIUSUEUS INSAWN TnsnFAil
» U990 e-mail, SMS, VDO conference, IM (Internet Messaging)

SA.AT.YNSWA WBusdUNS
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Data Communication Component

v

 Udya (Message)

U

« &y (Sender/Source)
« SV (Receiver/Destination)

e

e

«  fINaI (Transmission Medium)
¢ nszUIUNNSaY (Protocol)

2566 SA.AT.YNSWA WFuTIUNS
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Uaya (Message)

- Uayafionaustnaumudany fay M w ey uiaLdudaussau
(Multimedia)

. Uanamﬁwmﬂ ’%2‘;;'5 wuﬁm &aa &ms&iﬂwﬁﬂﬁanmamdo

(Transmission Medium) Mtaanty
- dryryauini
— Wy

2566 SA.AT.YNSWA WFuTIUNS
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+ W&y (Sender/Source)

- Wusiumfiasyinmsdudoya dnans

Q.

TERALT

&

- 1Wuo1alu PC Computer LASDVINSANWN NadIRlo

» K5V (Receiver/Destination)
- Wudaemutiasyinnmsiudaya dans

2566

SA.AT.YNSWA WBusdUNS

&
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fInay (Transmission Medium)

- fnatvlumsaviuiiiinanede Wumeianusaihvayanisiovnissunsaaly
g99AnINBUaIuNIle
¢+ pRNAANYLUUY

- TBagdtyeyeAa dawiAba Swalanaw) (Twisted Pair) a1e Fiber
Optics UJusiu
- augu Aauing AaululasW stuumivivudusiu

2566 SA.AS.YNSWA NBusBUNS S0




nszUIUNMIsad (1UstmaAaa Protocol)

Wunqinud sufvu wiadaufussien Aruwuatuududannasiidilu
WRASPIUTUMSIULAUNUIN Kih TunsFoanstaualitgneiavnsunu
unumaAtynia i s uLadvansaladayansunumuIngUszava
Tunmsdoanstaya

— BNBYGU NMISWATNSARWA &9 email

2566 SA.AS.YNSWA NBusBUNS o1




Computer Network

- WumsihnguuavAauiumas (2 tull) uazgunsaifiiendoy uBausianu
{Wwasate Treilifanans (wire/wireless) tWasudvtayaseninunu
«  TBNTWYINTSIUNY

2566 SA.AS.YNSWA NBusBUNS o2




Us:1981UaIssUULASIUNY

+ MSTENTWYINTSIUNL
- WWulUsunsy Uoya

* YIVARCIUTY
— 512 NASIAMILLNIS IUNY
— 15U Color Laser Printer

* ANUATAINTUNISTDATS
- ANUAAMNTUNMSHaNIwTaya d9ian11u e-mail
- d@ansasudayalIdIuNag A2AINTUNISIANISUSINS
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Network Performance

 Performance Criteria
— dunssus (Performance)
- Anuudaio (Reliability)
- ANUUAIANY (Security)

2566 SA.AT.YNSWA WFuTIUNS
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Performance Criteria

e dlssnu: (Performance)

- ansadsudliulavaiem duluniaisnanvitddviaya
(Transit Time) u,a@nmmtﬂumssaauaaunsm\mms
paUsU (Response Time)

- YadufidAry

UGN duNasiaANURLILLLYBINITITIDTTUSEU

BUAUDYEININAIY Transmission Speed Taitviniu
— Twisted Pair: 10-100 Mbps, recently 1Gbps

— Fiber optics: up to 4Gbps
$UU Hardware "
52UU Software

2566 SA.AS.YNSWA NBusBUNS 35




Performance Criteria

¢ ANUUNTGDHD (Reliability)
- dnazUsaliuanANuiuay N'
ANUAULKATUNSTUAUTDYA |

.

Reliability in Good Hands

«  ANUNIYAIANUANLKAT
¢ S2EATUNSHANTUNS S TUUALYAND: SEUUA15aIU

. mmn\s‘nwiammé"umm: A5HssUUUDINUNYLYY S8
AULWAVLUULLNHALRD

2566 SA.AT.YNSWA WFuTIUNS
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Performance Criteria

- ANUUAAANY (Security)

- dnazUsziivanmsUaviunision
futayauaznisUaunulsanauinnes
- msUaunumsiinfiviaya:
- mistaviurmusumunwgussuuiontiaunioiniog
- mistaviiugie Policy wuniseiy Password, user right authenticat| © oo
- mMsUavnulsamauiInDs
- Virus computer, Malware

— 178 Virus Scanner Software, Malware Protection
— WU AVG Free Virus Scanner, Free Spybot S&D

2566 SA.AS.YNSWA NBusBUNS S7
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Network Categories

- U9UuszuulAsaiwiiniinisuuumuuwinniiaans (Geographic Area)

. AsaUesERUYiaviu (LAN)

¢ 1ASUIUSEAULIDY (MAN)

¢ 1A33UIYTEAUIIIIANTDUSEINA (WAN)
*  UANGIAUMUIUSEAYA

2566 SA.AT.YNSWA WFuTIUNS
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LAN

Local Area Network
AsaumaUNBTEHUTiLastuafiTnin

- myludineu

- U

LaUUNSTEIUNSWENSS WL WY 1ASDURLNW

2566 SA.AT.YNSWA WFuTIUNS
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Network Interface Card

. 1JumsadusuldtuieiaveouiamastiaunsafiasanussuulRsatuld

- fiiavfiogfiuiuau (Physical MAC address) 8ussyinanisoou 6ums
219

¢ ALAULUALIALASA HUUIA 248

. 3195uls 281,474,976,710,656 ATilig T

[-7]
o Q. U = L4 Q.

+ IEEE Tnfidonwunlit MAC address lignu 1nugNaRfAadnsadaUnN
IEEE fiau
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Wire Category

CAT1 Up to 1Mbps(Carry only - 1MHz Unshielded 0Old telephone cabling
Voice)

CAT 2 Up to 4Mbps - 4MHz Unshielded Token Ring Network

CAT 3 Up to 10Mbps 100m 16MHz Unshielded Token Ring & 10BASE-T Network

CAT 4 Up to 16Mbps 100m  20MHz Unshielded Token Ring Network

CATS Up to 100Mbps 100m  100MHz Unshielded Ethernet, Fast ethernet and Token Ring

CAT 5e Up to 1Gbps 100m  100MHz Unshielded or Ethernet, Fast ethernet & Gigabit ethernet
Shielded

CAT6 Up to 10Gbps 100m  250MHz Unshielded or Ethernet, Fast ethernet, Gigabit ethernet & 10G
Shielded Ethernet(37 - 55 meter)

CAT ba Up to 10Gbps 100m  SO0MHz Shielded Ethernet, Fast ethernet, Gigabit ethernet & 10G

Ethernet(37 - 55 meter)

CAT 7 Up to 10Gbps 100m  600MHz Shielded Ethernet, Fast ethernet, Gigabit ethernet & 10G
Ethernet(100 meter)

CAT 8 Up to 40Gbps 100m  2000MHz Shielded Ethernet, Fast ethernet, Gigabit ethernet & 25G-
40G Ethernet(30 meter)

https://forum.huawei.com/enterprise/en/utp-cables-1-basic-information/thread/779689-100181?page=2
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Transmission Media

« Cable: Category 6 (CAT6)
« 787U Ethernet LAN (¥i26iauuu RJ-45)

J'.' £ -
s Pin Position
o S
i i
-

2566 SALAT.YNSWA NTBOIUNS
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http://en.wikipedia.org/wiki/Image:Vergleich_2von2_Crossoverkabel.gif
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UTP/STP

Shielded twisted pair (STP) .

S . http: tworking.jobstawn.net/i tp%20and%20stp.j
ource: http://ne V\%%r_ﬂlgglﬂgw% %\{ngjrgj%eu[yllg]ages/u p%20and%20stp.jpg
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Transmission Media

¢ 4 @wiinde i dudubie
« Shield-Twisted Pairs uwuuil2uiuni
« Unshield-Twisted Pairs wuuldifiauiuni

2566
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Fiber Optic Cable

Physical Contact
- - = LC
I

clipped

-5

Tltra Polish

T

chpped
Angle Polish

\:m\, e
—— canmniil !
66—=cmmmE L 2.
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Transmission Media

- Fiber Optic T8UANNSALVIDUUDILLEAY
M TULAUTYLLEAY

- waviimnusIguann Aunsasnelaudayasinig?

. d@nturytdifoussuiny HUB/HUB, Switch/Switch
UIAAUA WU INIFN

 Wuvalila s1A WY Huwintunissiatiauane

\ Jackel
BT

e _-_-':-. _ - - Buffer
Accaptance 1 <. Co o =

A7
i o
- W - - -h‘-""-x_‘
- Cladding
125 pm

oy
a
Core
= um
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http://en.wikipedia.org/wiki/Image:Singlemode_fibre_structure.png
http://en.wikipedia.org/wiki/Image:Optical-fibre.png

\l/

Ethernet LAN

¢ SUdvUaYAlAUTEWsY (Frame Based)

+  yhmsns:edaualudonna 1a3avfisioat (Broadcasting)

- Aaenuaniiing Insviaidl

. Uryinda duedavrauiiimas Tuieiate vinsdvdoya wiouiu axvi
aguls..

Joya ::> ﬂuﬁu <:: Joua
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Ethernet LAN

. vhedlsfaifinstduaiua 1n3avwsaunu??
« T¥mailA Carrier sense multiple access with collision detection
(CSMA/CD)
— Carrier Sense = fSddUMUNWATYEUIU
- Multiple Access = Mstifvwdauiumaiy 1A3ov
— Collision Detection = A$93UNSHUNL

SA.AT.YNSWA WBusdUNS



Start Y There is data from

|
|
|
user to send :
Assemble a frame +T-Phys. Addresses are I
T used (MAC addresses) : Carrier
Attempt<1 | Sense
= - |
k 4 I
some other station :
T | Multiple
No Recovered | Access
Transmit 1% bit of :
the frame Collision :
> Yes T=CENEry | oo
Collision detected? > | subalgorithm | Collision
|
i Not !
Transmit g ; recovered |
: Transmission ﬁnished?> 1
next bit I
of the Yes : Collision
frame |  Detection
End 1 (Back off
(D m 1 algorithm)
Frame transmitted Frame transmission failed :
successiully (oo many collisions) I
|
|
!
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Gigabit Ethernet

U5uUguunan Fast Ethernet

. 78a1w Fiber Optic [Wuuan

. ANULSIDESEUI 1Gbps — 10Gbps
. DONLUUNLHBSDYSULASDUNULUU

- LAN

- WAN
- MAN

2566 SA.AT.YNSWA WFuTIUNS
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2566

Wireless Category

1999 1999 2003 2009 2014 2020
(Wi-Fi4)  (Wi-Fi5)  (Wi-Fi6)
STANDARD FREQUENCY MAXIMUM
(GHZ) DATA RATE

WiFi 1 802.11b 1999 2.4 11 Mbps

WiFi 2 802.11a 1999 50 54 Mbps

WiFi 3 802.11g 2003 24 54 Mbps

WiFi 4 802.11n 2009 24/50 600 Mbps

WiFi 5 802.11ac 2013 50 1.73 Gbps
(Wave 1)
802.11ac 2015 5.0 3.46 Gbps
(Wave 2)

WiFi 6 802.11ax 2020 24 /50/60 9.60 Gbps

https://www.juve-patent.com/sponsored/wi-fi-6-key-innovations-and-their-contributors-part-1/

SA.AS.YNSWA IBYsIUNS
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OSI Model

» Open System Interconnection: {uszuuLUn
A5 ntRssUUALANEINREDFE1SNURIA

. §i 7 6u (7 Layers) uungagmmussaunstéuu
7. Application Layer (DICOM)
6. Presentation Layer (DICOM)
5. Session Layer (DICOM)
4. Transport Layer (TCP)
3. Network Layer (IP)
2. Data Link Layer (Network Access)
1. Physical Layer (Network Access)

2566 SA.AT.YNSWA WFuTIUNS
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OSI Model

Application Application
Presentation Presentation
Session Session
Transport Transport
Network Network
Data Link Data Link
Physical Physical

Sender Receiver
—————————————————————— Logical Connection

Physical Connection
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Medical Imaging Application

DICOM Application Entity

- . - . N BN EE S O EE . - . - O Em O a— OSl LJF'F:H:H

T

DIC O
Sessinn/
Transport,
Metvwork

(STM)

\

Upper layer

for TCRAR

Y

D ICOM

protocol

DICORM
Liata Link

DICOMM
Fhysical

OS Association Conomol
Service Element (ACSE)

OS5l Presentation Kemel

OS] Sesswon Kemel

[ S0-[nir)

FPoint-to-point

envircnneeEent

2566

TCE OS] Transport
D51 Metwor k
] =
1
Slandard nohwor K physical 1ayes
(Ethermet, FDDI, ISDN, et cetera)

Matworked environmnment
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-" 4 3
I 2 -
= - Medical Software
g /
[ ]

osl TCP/IP DICOM AE Title |

DICOM
for
TCP/IP

Physical

2566 SA.AT.YNSWA WBuTIUNS

DICOM

P2P

Data link
Cable
(50 pins)
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TCP/IP Data Encapsulation

Application HTTP |[Request
Transport TCP |HTTP [Request
Network IP | TCP |HTTP [Request
Data Link Ethernet [IP | TCP [HTTP [Request
Physical 5

0

2566 SALAS.YNSWA WBusOUNS
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IP

« IP: Network Layer (3)
- uuvdoyasaniUusdiua 13unin Packet
+ usiaz Packet fiiaufi IP Address Mnuuadviavlazeisu 32 bits

9819 IP address 15U
- 66.94.234.13 (www.yahoo.com)
- 64.233.167.99 (www.google.com)

- IPv6 - 128 bits —undsyin IP wum

2566 SA.AS.YNSWA NBusBUNS 81



http://www.google.com/

TCP

« TCP/IP ¥itv1us N

« TCP: Transport Layer (4)
- vhuthiidansavdayalag
- &% Connection tWamsinsia
-« mMsTauniwdoya
«  MSYNLEANNSHAGD

— 1Ay Port number TUN1S5 U
- HTML 80, FTP 21, POP3 110
- DICOM 104, 11112

2566 SA.AT.YNSWA WFuTIUNS
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Internet Connection

e MSTEURENUTIY AuIRuRIaLEn
— ADSL: (Asymmetric Digital Subscriber Line)
- d@9UaUALUUANULSIZY ‘Broadband’

— wuvyavaryeuaudu 2 Lanes
. dfrynunaadyy (PSTN)
- dtysynUaya
— Upstream (Upload)
— Downstream (Download)

¢ LUUDYANS WWNI 1570711 (10,000+ U GidtRown)
- wavuWnLe Nnvavlu EMS

2566 SA.AT.YNSWA WFuTIUNS
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0 4kHz 25.875 kHz 138 kHz 1104 kHz

PSTN Upstream Downstream

Fregquency plan for ADSL. The red area iz the frequency range uzed by normal woice telephony, the
green and blue areas are uzed for ADSL.
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Internet Connection

« LAN to Internet Configuration
. WunsiBousialaiatie LAN 10U Internet

Router

(Modem + Router) ISP
(Internet Service Provider)

2566 SA.AT.YNSWA WFuTIUNS

85




Internet Connection

* Wireless Configuration

— Wireless Card
— Wireless Switch/Hub/Router

PC PC PC

Wireless Switch/HUB
802.11a/b/g/n

2566 SA.AT.YNSWA WBuTIUNS



http://en.wikipedia.org/wiki/Image:Linksys_Router.png

= C:AWINDOWS\system3

icrosoft Windows AP [Uersion 5.1.26841
CC>» Copyright 1985-2881 Microsoft Corp.

swJDocuments and Settings“Admin>ping yvahoo.com
Pinging yahoo.com [66.974.234.131 with 32 bhytes of data:

Reply from 66.94.234.13: hyte==32 time=359ms TTL=46
Reply from 66.94.234.13: bhytes=32 time=38Z2ms TTL=45%
Reply from 66.94.234.13: byte=s=32 time=486m= TTL=46
Reply from 66.94.234.13: bhyte=z=32 time=32Vms TTL=45%

Ping statistics for 66.94_.234.13:

Packets: Sent = 4, Received = 4, Lost = B (Hx loss>.
Approximate round trip times in milli—seconds:

Minimum = 32Yms,. Maximum = 4B6ms,. Average = 368ms
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History of DICOM

 WRIWIAY National Electrical Manufacturers
Association (NEMA) s34AU American College
of Radiology (ACR).

+ InpUszavAiiie
- WtdmusouanUfoudayanin (images) uaz Gayaf

\ie3dov (associated information) 31NUNSAIAS NN
(digital imaging equipment) TneldsUnuuunnsgu

- m’tummsnu,anujasmuauanu5°ua1aatlnsmm1aNwam
° LL‘L!']ﬂTlllﬂﬂZUﬂ'\SW@JH’]ﬂJ'\ﬂSQ'\ULSﬁJﬁl\jl,l,ﬁl‘l.] 1981

. 3“[5]’5?\‘1&226\&’571LNULLW?L&IBU1985
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Overview of DICOM

*  171R531U DICOM Ussnaumenaigaiu

+  lAsuasvdayavalWa DICOM (Formats) Buil |
- aW (Image Data) - dnluu funinnninnu?
- Uagalnginunwidi (Attributes) - duluu Auniunnninnu?

¢  ANSUINISNIILASDUNY (Network oriented services)
- 9U#INIW Image transmission (Storage Service Class)

- duAunwemunaulu Query of an image archive (PACS)
(Query/Retrieve Service Class)

— WuW print (Print Management Service Class)
- ns:wdaya [RIS - PACS - Modality] (Modality Worklist)

- sUnuulumsuaniUavunwitiull (formats for storage media
exchange)

— WU Lossy or Loss-less (JPEG) Little/BIG Endian Order (123/321)

2566 SA.AT.YNSWA WFuTIUNS
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DICOM Data Dtructures

[Wan 1w DICOM Usznaulusie

+ Data elements (attributes) UsznaumBTaUaNEINUNWUINUNY 1E:

- UayainwNuAUll (patient information) [name, sex, identification
number.. ]

- UayalngnuLAsay (modality and imaging procedure information)
[device parameters, calibration, radiation dose, contrast media..]

- Uayaingnun1w (image information) [resolution, windowing..]
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DICOM Standard

©  WRATPIUMUUA:

- yavavlUsinAea dmsuldieasioyavavgunsailuszuuinsatiulaei
lA3aU1e DICOM 2:1d TCP/IP Tun1ssudviaya (Ethernet LAN)

- yAA&Y (Tag) ua: Jayaditivtariu Tag Uy
- @uvaya Modality 3:a¢#i Tag
- [0008,0060] wiudayawgu ‘CT" #sa ‘MRI'

- sUuuunmsusms (Network Services)

- suUwuumsuufindoya (File Format)

Reference: www.webopedia.com/TERM/D/DICOM.htmi
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B8 Tags HNaAgy

. Date: (0008,0020) 20030431 Ju#i

. Modality: (0008,0060) A3V
 Study Description: (0008,1030) A1DSUY
- Patient Name: (0010,0010) ﬁla-aqa Aiph
- Patient ID: (0010,0020) S

« Patient Sex: (0010,0040) LW

- Image Rows: (0028,0010) UIULLDT

+ Image Columns:(0028,0011)  NUIUAIAULU
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Supported transfer syntaxes (Reading) Tag (0008 001 6)

The Transfer Syntax TTID iz in the file DICOR Tag field (0002, 00107,

Uncompressed Transfer Syntax Description
1.2.540.10008.1.2 Tnplicit VE. - Little Endian

12640 10008.1.2.1 Explicit VE. - Little Endian
1.2.640.10008.1.2.1.99% Deflated Explicit VE - Little Endian
1.2.640.10008.1.2.2 Ezxplicit VE. - Big Endian

1264011361552 Trnplicit VE. - Big Endian (G E Prvate)

ELE Transfer Symtas

1.2.840.10008.1.2.5 Eun Length Encoding, Lossless

JPEG Transfer Syntas

1.2.840.10008.1.2.4 50 JFPEG Baseline (Frocess 1)

1.2.840.10008.1.2.4.51 JPEG Estended (Process 2 & 4)

1.2.840.10008.1.2.4 57 JPEG Lossless, IMon-Hierarchical (Process 14)

1.2.840.10008.1.2.470 JFPE Lossless, Hierarchical, First-Order Prediction (Process 14, [Selection WValue 17)
1.2.840.10008.1.2.4 %0 JPEG 2000 Itnage Compression (Lossless Only)

2566 1 2 240.10008.1.2.4.91 TPEG TOALYNSHA MEysPUNS

95




DICOM compliant

+  11A53 U DICOM Usznaumunalaaiu

+ 1A5avfitUu DICOM compliant @13llAliANUANISHATUNNATUAY
unegIe DICOM

« Service classes UUNSTLUNANUATUNSOG G UdGLASY (Categories

of Capabilities)

2566 SA.AT.YNSWA WFuTIUNS
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DICOM network oriented services

+ gunsalazlinsigousio (Connect) N BELERE
(Commumcate) AuNeiatla AN1sANAYNIWENLU
Woulufmviue

¢ 1RYTDLADING U
- Q'§'UU§FI‘]S (client) - Service Class User (SCU)
- IﬁfﬁU%ﬂ‘lS (Server) - Service Class Provider (SCP)

— t8usn1sazls (Network Services) tgud #WuUW Print /
dUAYN Query /AU Store

- sUuuudaya (Juam Compress/l1iTuan Uncompress)
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= e S
Ward / OR

HIS

i ‘ Modality
‘ ‘ workstation

Remote reporting

Modality

QC/Post-processing
Workstation

Film Printer
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Worklist

Modality
workstation

Modality

2566

SA.AS.YNSWA IBYsIUNS
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Modality

| H ‘ ’ workstation

Modality
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2566

Storgge SCU/SCP

Query/Retrieve

all |

Sl

QC/Post-processing
Workstation
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2566

Media Exchange |

oli

QC/Post-processing
Workstation

—=T
S P

Print Management -

SA.AS.YNSWA IBYsIUNS

Film Printer
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Dlagnostlc workstation Q
Query/Retrieve ry
Results Management

Ward / OR

/IRetrieve
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DICOM File

« DICOM file format

2566

— Patient’s Information > Tags in the file header
- Image part - after the tags

Tags

Image information
> DICOM File format

/

SA.AT.YNSWA WBusdUNS
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DICOM Service Class

. Zt"ﬂumsgsmaaummLﬁ’ﬁulﬁuaaszuu B\
U3ENUMIY;

. Venflcatlon (Communication): msmaaulmmuvLﬂﬂavuamwsau
NI

+ Storage: Ausnsutayativauuinia

« Query/Retrieve: Ability to inquire as to existence of a study (or
types of studies based on transmitted specifications), and
retrieve those studies from the remote system.

— This might be used for moving data from a remote system to a
local one, or to pu11 data from an archiving node.

* Print management: NUWNWUAZUTIISNISHUN LEU IAANAUNISHUNW
WuAY

« Modality Worklist: mmmmsn’tumsmﬂmawauiwnu RIS (Radiology
Information System) LwamuauawmaLLa°u1u1nsanaaZuacqu1 ition
system L CR DR CT MRI Tagdnluds.

- mmmmsnummm UEJSJRNU‘JEJEI’I\lﬂ

msanumswu’immluma\mmswuwm nouN
uagaa gnmua\musm‘u PACS

2566 SA.AT.YNSWA WFuTIUNS




DICOM Standard

+  Part 1 Introduction and Overview Bausnagudpsuindumsinduiiionigoy
Part 2: Conformance 1Junmsuaniimsinnuinasguiduiingnauniagglsuig
-  Part 3: Information Object Definitions s1waztduaiiunusinge vavm Data Object Ty

«  Part 4: Service Class Specifications dulli1asAua MuuzATU Iusiaz service class Buiintfisingn
ASBUAxNUULUALYINTAL WU Verification, Query/Retrieve, Storage, Print Management, Worklist
plavvinozlsoeinvls

- Part 5: Data Structures and Encoding a5unwiislAsuasivdoayua uasnisiinsiavaya

- Part 6: Data Dictionary vanswasldendoya tag s Ifaslsune Wvinasls

«  Part 7: Message Exchange mssuavliayasewinunu

+ Part 8: Network Communication Support for Message Exchange ﬂ‘l'sﬁaa‘lsﬁauamutﬂ%ad‘w

- Part 10: Media Storage and File Format for Media Interchange asmsm\jmsLLanLUaUuuauamu
aa‘uuwnuaua suvlAsSYAS W TUNSIUIzAauiUuaels

- Part 11: Media Storage Application Profiles mmnuﬁ;mﬁnwm&ua\ﬂ"dsunsnﬂsanﬁﬁ‘lﬁ‘tumstﬁu
Uaya

«  Part 14: Grayscale Standard Display Function nangivisauanusnu i wanWuiduuoy Look-Up
Table

«  Part 15: Security and System Management Profiles n15$N¥1ANUUAdANYLAZNISUSHISIANIS
SEUU

- Part 18: Web Access to DICOM Persistent Objects (WADO) mstiniivdoyan1unulaetd aauian
WADO ?mmmmulmmmuulﬂu

- Part 19: Application Hosting m'su,anLﬂ?iUuﬁagaswimiusunsuﬁv‘hmuimﬁu (plug-in)
 Part 20: Transformation of DICOM to and from HL7 Standards
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DICOM Websites

« DICOM Standard Website

2566

- https://www.dicomstandard.org/current

@DICOM O, Search

ABOUT STANDARD ACTIVITY USING DICOM RESOURCES CONFERENCES CALENDAR NEWS CONTACT

Current Edition

The DICOM Standard is managed by the Medical Imaging & Technology Alliance - a division of the National Electrical Manufacturers Association.

DICOM® Publications and DICOMWeb™ Publications are published by and copyright owned by the National Electrical Manufacturers Association.

Login

wutlszindnn g GOOQ'E “

Title Format (see Key below)

PDF HTML CHTML DOCX ODT XML

DICOM Part 1: Introduction and Overview = @ @ B b 1]
DICOM Part 2: Conformance = @ Q@ i . | =
DICOM Part 3: Information Object Definitions A @ 7] ] 4 ki |
DICOM Part 4: Service Class Specifications b @ ] ] el ki |
DICOM Part 5: Data Structures and Encoding " i) & LE| |
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Introduction to PACS
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. - " e
= e S
Ward / OR

HIS

i ‘ Modality
‘ ‘ workstation

Remote reporting

Modality

QC/Post-processing
Workstation

Film Printer
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IR, T E.SuTuawy

Coding & Reimbursement

Authorization
Pre-Fetch Prior Exams

Office Visit
Referring
Scheduling
Patient Forms
Registration
Patient Consent

Critical Review

EXAM
ER /ICU/ Wet Read

Film Scanner
CD Input

Image Processing
PET/MIP/MPR

Radiologist Interpretation

Teleradiology

On-Call

Key Images
Digital Dictation

e
POST-EXAM

Critical Results

Film Printer

Live Exam Stagys Wonitoring

Email Alerts

Clinical Review

Referring

Surgery
Therapy
Patient

Repaorts

Transcription

Report Distribution
Paperless Office Webserver
Document Management . CD Mastering
T _—d P R - Key Images
Billing | eer Review Exam
¥ M Report
Business Reporting =
- = Disaster Recovery
Collections R
Demographic Updates Exam Archiving
Treatment
Follow-up

http://www.intuitiveimaging.com/2013/technologycfm

pAC

110
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PACS

* Picture Archiving and Communication System
¢ STUUIANUMNOYIND TSNS IRIRY

e 10UsEUUALW MBS LALIATRUNYYINVINUS A UNUILND A UA LD YA Y
FlauNIsAUNISENUNWIWD TR

¢ YUIAUDISTUUTUNU
—  ANUADYNISTRNISTEYIU
- Juuszugu

&

=
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HIS

A hospital information system (HIS)

SEUUASANATIDaNLUUINAUSUSANIS
- NISUTNITILUU ..

- USMSNISIIU

- dWuayu clinics

HosXP (http://www.hosxp.net)

U
Q
CCD 91.9c249 19 1.919 11 €©.99.12114 INATI Aa

» P [ | | p— Hnrar
@ Bangkok Medical Software

SSB®
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http://www.hosxp.net/
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RIS

« Radiology Information Systems
AUUAYUITUTULNUNS UE:

- aunzUvu Patient Registration
- AmeueiUy Patient Tracking
— INUKA Result Entry

— 9189UNA Reporting

Distribute
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AMAUURUDYS:UU PACS 71

. fimnunsauvinviumnaantal (High availability):
Fault Tolerant

» §i bandwidth TunssudvdayaLNeIwa:
Networking

» JAanudaneulun1syvingw: Process

. \Gousiariu HIS 1&: Application

. wnulanu DICOM: Application

. WUTWAMBNAILE (Scalability): Storage

. Lszmmmwuamamu[mmmamns
Intranet/ Application
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What “High Availahility” Means in Terms of Down-Time*

Availability Average per Average per Average per Average per
(percentage) year (days) month (hours) week (hours) (minutes)
95% 18.25 36.5 8.42 72

98% 7.3 146 3.37 28.8
99% 3.65 73 1.69 14.4
99.9% 0.365 0.73 0.17 1.44
99.99% 0.0365 0.073 0.017 0.144
99.999% 0.00365 0.0073 0.0017 0.0144

*Excludes planned down time for maintenance and upgracas.

Reference: SCAR University Primer2: Archiving Issues in the Digital Medical Enterprise
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Computer Clustering

. LUumswamanuuaaLma\maummasumm Rsaudnei
L RUUS s SNENWIUNNS YL

. umsiousaiuiiualEiEmsiauiivh it iuafiourduld
LASDUADUH LGS LATDILAY VI

« Google 11nNI1 10,000 Servers

2566 SA.AT.YNSWA WFuTIUNS 118




Storage
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. sauuﬁﬁmmw%’augamn (High-Availability (HA) clusters)

Computer Clustering

- Usaqnﬁlﬁﬁuswu PACS Tai

« 52UUNSEANWNU (Load-Balancing Clusters)

+  52UUUsEANSMWEY (High-Performance Computing (HPC) Clusters)

2566

— 8AUYIU Simulation

SA.AT.YNSWA WBusdUNS
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High-Availability (HA) clusters

« 1WJuszuvu Cluster fitiunistiusnIsAcialioy

¢ 1ASIIALASDVIITY (node) 138 node dUMHRUIALNY
unun (Failover)

+ WigazlisAniivnisiudeuudaviitinlu 1iia node n
AT
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(Stand by) (Working)

SA.AS.YNSWA IBYsIUNS
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» 10u cluster filiumsnszaemszaululifiaias
(Node) #isiaaginetu cluster 1ReNNL

+ aamszunazanlUagiu Node a0

+ Sumszmsvhouiieiauilouiasavidieliausayi
(3]

. ywAsuENI Server Farm
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Network Load Balancing Cluster

111.111.111.1

"W

. Server
IL_Hmi

_ASP.Net | cOM
L_ASP

.-'JI

2566

111.111.111.10

rCluster Wirdual (R

111.111.111.3 -

111.111.111.2 - |
Web ‘

Web
Server _Server

__Html__
_ASP. Net | COM

ASP.Net

b
-

Central
Database

L
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(Working) (Working)
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High-Performance Computing
(HPC) Clusters

. 10U cluster AiWiuNMSIRLUSEANSNWIUNISUSLINAKA

. wuvmsusznanasaniluaugoun ionssa1ui node dua vinuuly
WS NU

. MsnszanevIRYnagTUsuNSuioonuUURAYYNUENALUwLlE node
BiNe1

- amszzatdlunsussnana Wavaniinisnsauuiulug node i
U cluster
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Supercomputer

Networked Supercomputing
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Storage System
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AN

+ wsiaz Modality finugwinlus Wunwnauiasswlouunds PACS
« nulite HD %S9 Mass-storage 14U Tape, DVD

e Ysunaunutuusiaziunsa Workload

- uwleuw (Policy) tlumsiiudoya

+ Availability: 16u 99.9% fia1U13usnyn 8 vu. sial
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Chemical Structure
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Calculation of Storage Requirements per Study Basad on Institutional Procedure Protocol

Im e (pixel
Average number X Y Pixel depth MB per

Modality of images per study (bytes) study
Computed tomography 60 512 512 2 31.5
Magnetic resonance - 160 256 296 2 21.0
Computed radiography 3 2048 2500 2 30.7
Ultrasound 30 640 480 2" 18.4
Nuciear medicine 10 256 256 2 1.3

* Monochrome ultrasound studies are 1 B deep and color US studies are 3 B deep; average of 2 B deep is used.

Reference: SCAR University Primer2: Archiving Issues in the Digital Medical Enterprise
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Calculation of Storage Requirements per Day and per Year
Based on Institutions’ Procedure Volumes

MB per Studies Studies . Average MB of Average GB of
study per year per day *storage required per day  storage required per year
Computed tomography 31.5 16,120 62 1,953 508
Magnelic resonance 21.0 11,960 46 966 251
Computed radiography 30.7 59,800 230 7,061 1,836
Ultrasound 18.4 9,100 35 644 167
Nuclear medicine 1.3 8,320 32 42 11

*Averaged over the year, based on 5 days per week and 52 weeks per year.

Reference: SCAR University Primer2: Archiving Issues in the Digital Medical Enterprise
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Fault Tolerant Storage

« Redundant Array of Inexpensive Drives/Disk (RAID) muéilnaau
1N “15R"

- 1Uu Scheme %39 §ULUUNMSIALNUTBYANSIWAIAIUNISEDIGAUTISANIS
UATNISYHIIILUDIBIWALLIS
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RAID

 RAID 15/

— wWunstgausia Hard drive #iawanau viluiiudy Hard
drive nauaw i C: drive

— 18 Hardware %59 Software nig

3 key concepts in RAID:
~ Mirroring: dundoyamfiaun fu 13507
— Striping: ﬁu(wﬁyao)ﬁ'aga sontduBun uvvnszuu
~ Error correction: iiudiayafiiauiioliaunsansiadu

Ualinwaiatuvaya w9 91vaziundaunsuiayatiln
BILAL
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RAID levels

e dd

- RAID fiuiansuuy (level) ﬁﬁumu‘ﬂaquu i1 6 uuu
— RAID O: Striped
— RAID 1. Mirrored (HOT SPARE)

— RAID 3 and RAID 4: Striped Set (2896 3 hardrives) with Dedicated
Parity

— RAID 5: Striped Set (2w 3 harddrives) with Distributed Parity

— RAID 6: Striped Set (28196 4 harddrives) with Double-Distributed
Parity
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RAID 1

Controller

Server

Copyright & 1956-2011 Advanced Computer & Network Corporation. All Rights §

RAID Level 1 : minimum of 2 drives
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RAID 1

. Uah

2566

v
o

- 1dau 100%

- Tlisavlimsasiviayagaunau

- AnusNuMstedayavintiuAuswaulasy
-~ 9aNUUU Ancgde
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RAID 1

¢ YoLae
- fianudrdoudayainn (100%) - inefficient
— UNYNIAYTE Software LWaUszBIRATEDNY LAV IUGILAZRUNISEUU

e uuznHtENu
- Accounting Uty8
— Payroll Wulhau
— Financial NM$9RNSSUIANG

- szyufidoulamasnnan (High availability)
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RAID 3 & 4

RAID LEVEL 3 : Parallel Transfer with Parity

I I ﬁ
I Parity
Generation I
I I A pariTy
I B ramty I
Stripe 0 tripe Stripe 2 Stripe 3 Stripes 0,1, 2, 3 Parity
Copyright € 1996 - 2004 Advanced Computer & Metwork Corporation. All Rights Reserved. WTW.ACNC.OOM

*The data block is subdivided ("striped") and written on the data disks. Stripe parity is generated on
Writes, recorded on the parity disk and checked on Reads.

eRAID Level 3 : minimum of 3 drives

2566 SA.AS.YNSWA IBYsOUNS 141




RAID 3 & 4

RAID LEVEL 4 : Independent Data Disks with Shared Parity Disk

I I I ﬁ
I Parity
Generation I
I I I A pariTy
I B pamity I
Block O Block 1 Block 2 Block 3 Blocks 0,1, 2, 3 Parity
Copyright & 1996 - 2004 Advanced Computer & Metwork Corporation. All Rights Reserved. WW.ACNC.COM

eEach entire block is written onto a data disk. Parity for same rank blocks is generated
on Writes, recorded on the parity disk and checked on Reads.

eRAID Level 4 : minimum of 3 drives
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¢ UD

r—|

2

RAID 3 & 4

— 1 O9U/9UIASIALE)

¢ UDIHY

— NN$22NLUUSEUUMIRYN Budou
— AT Software 3N IIUGULALHLIISSUU

o UUUNTULENU

- Video Production and Editing ERsianil
- Image Editingtsivniw

- Publishing Applications  v1uhuwW

- 5EUUTIARINISANUSILAzAN8TaLATUIULIN

2566
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RAID 5

RAID LEVEL 5 : Independent Data Disks with Distributed Parity Blocks

Server
1 PARITY

2 PARITY - D2

. C3 - D3
I | ] . D4
A Blocks B Blocks C Blocks D Blocks E Blocks
Copyright € 1996 - 2005 Advanced Computer & Metwork Corporation. All Rights Reserved. WA AN C.COM

eEach entire data block is written on a data disk; parity for blocks in the same rank is
generated on Writes, recorded in a distributed location and checked on Reads.

*RAID Level 5 : minimum of 3 drives (2 data + 1 parity)
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2566

- aulasIAE N

- Weudayalnsiasiviunany (GenaitunmsAviniuazUufin Parity)

RAID S5

— 52UUTAYSINAUSEANSNIWA
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RAID S5

. UoLFY
- dANUUULIYIN FuBou
- gvgntunisasviayadaunau Wudayahy

e« uuziNENU
— File and Application servers
— Database servers
— Web, E-mail, and News servers
— Intranet servers
— Most versatile RAID level

2566 SA.AT.YNSWA WFuTIUNS
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RAID 6

RAID LEVEL 6 : Independent Data Disks with Two Independent Distributed Parity Schemes

XOR Parity
Generation (P)

- BO QO PARITY PO pPARITY
Q1 PARITY P1 pariTY

Q2 PARITY P2 pariTY c2 |

P3 PARITY c3 Q3 PARITY

Reed-Solomon

ECC Code A Blocks B Blocks C Blocks D Blocks
Generation (Q) m
Copyright & 1996 - 2005 Advanced Computer & Network Corporation. All Rights Reserved. B Tt

RAID Level 6: a minimum of 4 drives (2 data + 2 parity)
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RAID 50

« 1 Wunsi RAID 3 unvin Mirror

RAID LEVEL 3 : Parallel Transfer with Parity

Ao Al A2

BO B1 B2

co C1 c2

DO D1 D2
Stripe 0 Stripe 1 Stripe 2

Copyright & 1996 - 2004 Advanced Computer & Network Corporation. All Rights Reserved.

) >

Parity
A3 Generation Pl
B3 B parity
c3 C parity
D3 D rariTy
Stripe 3 Stripes 0,1, 2, 3 Parity

WWW.ACNC.Com

RAID LEVEL 3 : Parallel Transfer with Parity

A0 A1l A2

BO B1 B2

co c1 c2

DO D1 D2
Stripe 0 Stripe 1 Stripe 2

Copyright & 1996 - 2004 Advanced Computer & Network Corporation. All Rights Reserved.

) >

Parity
Generation

A3 A pariry

B pamity

B3
G
D3
Stripe 3 Stripes 0, 1,2, 3 Parity

WWW.ACNC.Com

> Mirror

2566
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Storage Model
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Storage Models

. S8missiafouszuuiiudaya Storage wWuszuu PACS
« Direct Attach Storage (DAS)

- Network Attach Storage (NAS)

- Storage Area Network (SAN)
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Direct Attach Storage

« Direct Attach Storage (DAS)

+ Jugunsaidufindoya Hard drive fislalagmnsriu
LASDY server MYUAYUDILIULDY

e TdpinuszuuLASaUY

+ 1wu 21fuaiau server Und fluungyiu Hard

drive aamnm\smnLwamma@mn’ﬂumsaau
Fuaeu ius K Hard drive

- TawagsauNINENE server Lganu Hard drive
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Direct Attach Storage

SCSI/ SATA/
eSATA/USB3

SERVER

External Hard disk
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Network storage

L2 Q. o

- WWumsiudoyalasfiasfavalAunsyingIuuassuULASat Y

« uuvladu 2 wuulunn Ao
- Network-attached storage (NAS)

— Storage area network (SAN)
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Network Attach Storage

+ 1JUSTUUMSIANUTBYAN RS EUULASDUY
*  ¥NvUAaIWSEUU File server 7w Window

. NAS 3 0S aanl,w‘umiﬂﬂLQW1°amsUV|1\:i1uuuﬂna1u Uaua
wihiiu Tlahunsavinegvduld Tdanunsaaviusunsulan 16

« File server 2194%awa Hard dr1ve ‘Ussaaﬂ ‘[ﬂﬂmﬂsaﬂ
ﬂaummasauﬂ TuASatwa1usn Yufin a1y Uauamn Hard
drive TutAsoy server (g

- File server 1intd szuuUfjuinis (Operating System: OS)
1 Window, Linux fidnunsaniviudua eamegu lWalua
1PNA15 waaunlulWatanais
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Network Attached Storage

szuu NAS ussuunliusnisunmauiiitnasen 9 lussauuasuduziaya

¥/ >

-

SERVER

<//

Ethernet LAN

NAS Device

(OS + DISK)
File server ffuLav

File System wuuiaenAu
2566 SA.AT.YNSWA WBuTIUNS 156




=, - ™

®© e 0 6 .tjb, ® ® @

2566 SA.AT.YNSWA WBuTIUNS 157




DAS NAS SAN

Application Application

Application

|
s

_
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n1stdousia SAN ua: LAN

& &

Local Area Network

\ i <, =

21 E
Disk

Disk

~ Sloraga Area Network
—

Tape Tape
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SAN Flexibility

RAID 5

SAN Operating System
N e

Dynamic Disk Allocation: &unsadanisusvwisnuilagsainuaziiniey
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End
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