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Resource 
iLINE

Customers

Wi
Si

Si : service time
Wi : waiting time

resource: CPU, disk, network, etc.
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I/O request I/O result

device driver

file system cache

device driver queue

bus adaptor

disk cache disk 
controller 
queue disk

disk controller

I/O bus
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s

P Seek Latency TransferT
d

miss

ContrTime=
+ +
+

( )

TransferT
BlockSize

TransferRate
=
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Random Workload:
10, 201, 15, 1023, 45, 39, 782

Sequential Workload:
4, 102, 103, 104, 105, 106, 25, 88, 32, 33, 34, 35, 36, 37, 38, 29, 15

run length= 5 run length= 7
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Random Workload:

P

RunLength

SeekTime S

Latency volutionTime

miss

rand

=
=

=
= ×

1

1

1 2/ Re
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Sequential Workload:

P RunLength

SeekTime S RunLength

Latency
RunLength U

RunLength

volutionTime

miss

rand

d

=
=

= + − + ×

1

1 2 1 1 2

/

/

/ ( )[( ) / ]

Re

U Sd d D= ×λ
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PA A1 A2 A3 A4

B1 PB B2 B3 B4

C1 C2 C3PC C4

D1 D2 D3 D4PD

E1 E2 E3 E4 PE
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PA A1 A2 A3 A4

B1 PB B2 B3 B4

C1 C2 C3PC C4

D1 D2 D3 D4PD

E1 E2 E3 E4 PE

Compute PA’ A2’

2 reads
2 writes
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PA A1 A2 A3 A4

B1 PB B2 B3 B4

C1 C2 C3PC C4

D1 D2 D3 D4PD

E1 E2 E3 E4 PE

Compute PA’ A4’A3’

2 reads 
3 writes
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PA A1 A2 A3 A4

B1 PB B2 B3 B4

C1 C2 C3PC C4

D1 D2 D3 D4PD

E1 E2 E3 E4 PE

Compute PA’ A4’A3’

1 read
4 writes

A2’
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PA A1 A2 A3 A4

B1 PB B2 B3 B4

C1 C2 C3PC C4

D1 D2 D3 D4PD

E1 E2 E3 E4 PE

Compute PA’ A4’A3’

0 reads
5 writes

A2’
A1’
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TCP

IP

Network Layer

TCP

IP

Network Layer

Ethernet
FDDI
Ring Token Ring

request

reply
client server
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Frame
Header

Frame
Trailer

IP
Header

TCP
Header

Client Request

20 B 20 B18 B
(with trailer)

MTU=1500 bytes
Client Message Size = 2500 bytes
No Datagrams =   2500 / (1500−20−20) = 2
Τοtal Overhead = 2 * (18+20+20)=116 bytes
Message Service Time =  [2500+116]*8/10,000,000=0.02098 sec
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Resource 
iLINE

Customers

Si

Si : service time
Di : service demand

Si

Si�����
����������������
�����������������������
����������
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CPU

Disk

Waiting time Service time

w1 w2 w3s1 s2 s3

w4 s4 w5 s5

Service demand at the CPU = s1 + s2 + s3
Service demand at the disk = s4 + s5
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CPU

Disk

Waiting time Service time

w1 w2 w3s1 s2 s3

w4 s4 w5 s5

Queuing time at the CPU = w1 + w2 + w3
Queuing time at the disk = w4 + w5
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CPU

Disk

Waiting time Service time

w1 w2 w3s1 s2 s3

w4 s4 w5 s5

Residence time at the CPU = w1 + s1 + w2 + s2 + w3 + s3
Residence time at the disk = w4 + s4 + w5 + s5
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CPU

Disk

Waiting time Service time

w1 w2 w3s1 s2 s3

w4 s4 w5 s5

Response time = Residence time at the CPU + Residence time at the disk
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Disk 2

Disk 1

CPU

λ requests/sec
Xo

Scpu
Vcpu

Sdisk2
Vdisk2

Sdisk1
Vdisk1

Web
Server
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