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[1Single Queue

[0 Computation of Service Times
[0 Service Demands
[JOperational Laws
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A Resource and its Queue

o W ——fe— [S:] —

| e—

LINE

Resource

S : servicetime
W, : waiting time

resource: CPU, disk, netwa
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rk, etc.
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Computing Disk Service
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Computing Disk Service
Times

S, = ContrTime +
P..(Seek + Latency + TransferT)

BlockSze
Transfer Rate

TransferT =
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Computing Disk Service
Times
Types of Workloads

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

N _
N N
run length=5 run length=7
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Computing Disk Service
Times

Random Workload:
I:)miss =1
RunLength =1
SeekTime=S_,

Latency =1/ 2 x RevolutionTime
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Computing Disk Service
Times
Sequential Workload:
P.< =1/ RunLength
SeekTime=S_, / RunLength
1/ 2+ (RunLength-1)[(1+U,)/ 2] 9
RunLength
RevolutionTime

U, =4, X
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Latency =




Disk Arrays

PA Al A2 A3 A4
B1 PB B2 B3 B4
C1 C2 PC C3 C4
D1 D2 D3 PD D4
El E2 E3 E4 PE
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Disk Arrays - Write One Stripe Unit

2 reads
Compute PA’ A2’ 2 writes
PA Al A2 A3 Ad
Bl PB B2 B3 B4
C1 C2 PC C3 c4
D1 D2 D3 PD D4
El E2 E3 E4 PE
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Disk Arrays - Write Two Stripe Units

2 reads
3 writes
Compute PA’ i " A3 AL
PA Al A2 A3 A:4
B1 PB B2 B3 B4
C1 C2 PC C3 C4
D1 D2 D3 PD D4
El E2 E3 E4 PE
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Disk Arrays - Write Three Stripe Units
1 read
4 writes
Compute PA’ A3 AL
1 A2
PA Al A2 A3 A:4
Bl PB B2 B3 B4
C1 C2 PC C3 C4
D1 D2 D3 PD D4
El E2 E3 E4 PE
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Disk Arrays - Write Four Stripe Units

O reads
| 5 writes
Compute PA’ A3 AL
2 A2
Al

PA Al A2 A3 A4
B1 PB B2 B3 B4
C1 C2 PC C3 Cc4

D1 D2 D3 PD D4
El E2 E3 E4 PE
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Network Service Times

request
client Q4 O server
reply
TCP TCP
IP IP
Network Layer Network Layer

Token Ring

Ethernet
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Network Service Times

18B

. : 20B
(with trailer) 208

Frame 1P TCP . Frame
Header Header | Header Client Request Trailer

MTU=1500 bytes

Client Message Size = 2500 bytes

No Datagrams= [2500 / (1500-20-20)F 2

Total Overhead = 2 * (18+20+20)=116 bytes

Message Service Time = [2500+116]*8/10,000,000=0.02098 sec
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Service Demand (D;)

Service demand = o [s,] —
Total service time over .
all visits
[
Resource
 e— LINE i | —

S : servicetime
D, : service demand
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Service Demand

wl sl w2 s2 w3 s3

o IIIT] [T ]

w4 A ws s5

Disk il 1]

Service demand at the CPU = s1 + 2 + s3
Service demand at the disk = 4 + s5

m Waiting time D Servicetime
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Queuing Time

wl sl w2 s2 w3 s3

S I 1 1]

w4 A ws  s5

Disk 3 3

Queuing time at the CPU = w1l + w2 + w3
Queuing time at the disk = w4 + wb

m Waiting time D Servicetime
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Residence Time

wl sl w2 s2 w3 s3

o IIIT] [T ]

w4 A ws s5

Disk il 1]

Residencetime at the CPU = w1 + sl + w2 + 2 + w3 + s3
Residencetime at thedisk =w4 + s4 + w5 + 5

m Waiting time D Servicetime
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Response Time

wl sl w2 s2 w3 s3

S I 1 1]

w4 A ws  s5

Disk 3 3

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

m Waiting time D Servicetime
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Queuing Basic Concepts

OTotal time spent by a request during the
Jvisit to a resource 7

OService time (S/): period of time a request is
receiving service from resource /, such as
CPU or disk.

[Waiting time (W)): the time spent by a
request waiting access to resource /

[1999-2001 Menascé. All Rights Reserved. 21

Basic Queuing Concepts

[Service Demand (D;) is the sum of all
service times for a request at resource /

= Q1 2
Dscpu =S scpu +S scpu

[0Queuing Time (Q)) is the sum of all
waiting times for a request at resource /

— 1 2
Qscpu =W scpu + W scpu
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Basic Queuing Concepts

[0 Residence Time (R") at resource / is the sum
of service demand plus queuing time.

R'=Q + D

[0 Response time (R,) of a request r is the sum
of that request’s residence time at all
resources.

— ’ 14
Rserver - chu + Rdisk
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A Web Server and its Queues

4
1
S :

Alrequesisiske |+ Q oo s

Seu | CPU

chu Q_'
Web SdlsRZ

Server Vdisk? Disk 2

v
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A Web Server and its Queues:
parameters and notation (1)

[0 V,: average number of visits to queue /by a
request;

[0S, average service time of a request at queue /
per visit to the resource;

[0 A; average arrival rate of requests to queue /
00D, service demand of a request at queue
|:| Di = Vi X Si

[1999-2001 Menascé. All Rights Reserved. 25

A Web Server and its Queues:
parameters and notation (2)

[0 N,. average number of requests at queue
waiting or receiving service from the resource

[0 X;. average throughput of queue j i.e. average
number of requests that complete from queue /
per unit of time

[0 X,. average system throughput, defined as the

number of requests that complete per unit of
time.
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Basic Performance Results

Utilization Law

[0 The utilization (U; ) of resource i is the fraction
of time that the resource is busy.

U=X*S =N*5
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Utilization Law: example

O A network segment transmits 1,000 packets/sec.
Each packet has an average transmission time
equal to 0.15 msec.

O What is the utilization of the LAN segment?
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Utilization Law: example

Each packet has an average transmission time
equal to 0.15 msec.

O What is the utilization of the LAN segment?

[ Uian = Xian * Spay = 1,000 * 0.00015 = 0.15 =
15%

O A network segment transmits 1,000 packets/sec.
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Basic Performance Results
Forced Flow Law

[0 By definition of the average number of visits
V,, each completing request has to pass V;
times, on the average, by queue /. So, if X,
requests complete per unit of time, V;*X,
requests will visit queue /.

X, =V, *X,
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Forced Flow Law: example

O Database transactions perform an average of 4.5
I/0 operations on the database server. During a
one-hour monitoring period, 7,200 transactions
were executed.

O What is the average throughput of the disk?

O If each I/O takes 20 msec on the average, what is
the disk utilization?

31
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Forced Flow Law: example

O Database transactions perform an average of 4.5
I/0 operations on the database server. During a
one-hour monitoring period, 7,200 transactions
were executed.

O What is the average throughput of the disk?

O If each I/O takes 20 msec on the average, what is
the disk utilization?

Xorver = 7,200 / 3,600 = 2 tps
Xdisk = Vdisk * Xserver =45%2=9 tps
Udisk = Xdisk * Sdisk = 9 * 002 = 018 = 180/0

32
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Basic Performance Results

Service Demand Law

O The service demand D; is related to the system
throughput and utilization by the following:

D, =V, * S = (X/X)(U/X) = U, [ X,
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Service Demand Law: example

O A Web server running on top of a Unix system was
monitored for 10 minutes. It was observed that the CPU
was 90% busy during the monitoring period. The
number of HTTP requests counted in the log was
30,000.

00 What is the CPU service demand of an HTTP request?
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Service Demand Law: example

OO0 A Web server running on top of a Unix system was
monitored for 10 minutes. It was observed that the CPU
was 90% busy during the monitoring period. The
number of HTTP requests counted in the log was
30,000.

O What is the CPU service demand of an HTTP request?
UCpu = 90%
Xserver = 30,000 / (10*60) = 50 requests/sec

DCDU = Vepu * Scpu =0U8pi18/ SXeSErver =0.90 /50 =
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Basic Performance Results

Little's Law

SN R 1 A A EU N

R

[0 The average number of customers in a “black box” is
equal to average time each customer spends in the
“box” times the throughput of the “box".

N=R*X
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Little’s Law Example |

[0 An NFS server was monitored during 30 min and the
number of I/O operations performed during this
period was found to be 32,400. The average number
of active requests (N,.,) was 9.

O What was the average response time per NFS
request at the server?
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Little’s Law Example |

[0 An NFS server was monitored during 30 min and the
number of I/O operations performed during this
period was found to be 32,400. The average number
of active requests (N,,) was 9.

[0 What was the average response time per NFS
request at the server?

“black box” = NFS server
Xserver = 32,400 / 1,800 = 18 requests/sec
Rieq = Nreq / Xserver = 9/ 18 = 0.5 sec
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Little’s Law Example 1l

O The average delay experienced by a packet when
traversing a network segment is 50 msec. The average
number of packets that cross the network per second is
512 packets/sec (network throughput).

O What is the average number of packets in transit in the
network?
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Little’s Law Example 1l

[ The average delay experienced by a packet when
traversing a network segment is 50 msec. The
average number of packets that cross the network
per second is 512 packets/sec (network throughput).

[0 What is the average number of packets in transit in
the network?

“black box” = network segment

= *
Npackets - Rpacket Xnetwork

Npackets = 0.05 * 512 = 25.6 packets
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Little’s Law Example Il

O The disk of a Web server receives requests at a rate of
20 requests/sec. The average disk service time,
considering both random and sequential requests, is
8.02 msec.

O What is the average disk utilization?

[11999-2001 Menascé. All Rights Reserved. 41

Little’s Law Example Il

O The disk of a Web server receives requests at a rate of
20 requests/sec. The average disk service time,
considering both random and sequential requests, is
8.02 msec.

O What is the average disk utilization?

“black box” = disk
Adisk = Xgisk = 20 requests/sec
Srequest = 0-00802 sec
UdiSk = Srequest * XdiSk = 0.00802 * 20 = 16.040/0
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Response Time Law

source of requests
k—7—

<\@/ R: avg. response time
Z: avg. think time
0 X,: avg. throughput
M: number of sources
Computer of requests.
System
i R |

43
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Response Time Law
Example

A database server is capable of processing
20 requests/sec. The average think time is
15 sec. What is the maximum number of
client machines that can be supported so
that the average response time does not
exceed 2 seconds?
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Response Time Law
Example

O A database server is capable of processing 20
requests/sec. The average think time is 15 sec.
What is the maximum number of client
machines that can be supported so that the
average response time does not exceed 2
seconds?

0Z = 15 sec, X, = 20 req/sec. So,
OM=(R+15)*20 < (2 + 15) * 20 = 340
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Summary of Basic Results

[1Basic Concept of Queuing Theory and Operational
Analysis

[terminology and notation
Llservice time and service demand
Clwaiting time and queuing time

[1Basic Performance Results and Examples
Olutilization law: U; = X; * S,
Oforced flow law: X, =V, * X,
Ulservice demand law: D, =V, * S, = U, / X,
[ILittle’s Law: N = R * X
CIResponse Time Law: R = M/X; - Z
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