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Overload in Web Servers

=

Customers

(Emm[=f)

Web and
Application Server

Database

Overload

m Offered load exceeds capacity
m Increased delays in service
m Customers are impatient and may abandon requests
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Overloaded Web Server: Experimental Observations
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m Abandonments lead to wasted
processing time

m Usable throughput (goodput)
degrades

m Resource utilization remains
at 100%

m LIFO performs better during
overload

m Experimental observations
from [Singhmar et al., 2004]
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Analytical Model

Existing models do not predict goodput drop at onset of
overload and subsequent leveling out with 100% utilization.

m Reproduce goodput degradation and leveling
m Explain better performance of LIFO
m Understand factors that cause this behaviour
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System Characteristics of Interest

m Abandonments

m non-exponential timeout distribution
m removal behaviour of abandoned requests O

m Contention for shared resource
m Overhead processing —[111]
m Multi-threaded server

m Limited buffers

Removal from buffer and servers

ANY: Removal from Buffer and Servers
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System Characteristics of Interest

m Abandonments

m non-exponential timeout distribution
m removal behaviour of abandoned requests O

m Contention for shared resource
m Overhead processing puiinan
m Multi-threaded server

m Limited buffers DT

Removal from buffer only

BUF: Removal from Buffer Only
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System Characteristics of Interest

m Abandonments

m non-exponential timeout distribution
m removal behaviour of abandoned requests O

m Contention for shared resource
m Overhead processing
m Multi-threaded server
m Limited buffers

Removal from servers only

SRV: Removal from Server Only
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System Characteristics of Interest

m Abandonments

m non-exponential timeout distribution
m removal behaviour of abandoned requests O

m Contention for shared resource
m Overhead processing
m Multi-threaded server
m Limited buffers

No removal of abandoned requests

NONE: No Removal of Abandoned Requests
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System Characteristics of Interest

m Abandonments

m non-exponential timeout distribution
m removal behaviour of abandoned requests

m Contention for shared resource
m Overhead processing

m Multi-threaded server

m Limited buffers

Our approach

Use queueing systems to model such software servers .
=} F = E == DaAc
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Notation

A/S/C/K/P/D + T/R
A arrival process P  population (default oo)

S service time distribution D scheduling discipline
timeout distribution

number of servers T {EXP, ERL, G, PH, D}
K maximum number of re- R request removal policy
quests in the system {NONE, BUF, SRV, ANY}
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Notation

Extended Kendall Notation

A/S/C/K/P/D + T/R

A arrival process

S service time distribution
number of servers

K maximum number of re-

quests in the system

Example

p
D

T

R

population (default oo)
scheduling discipline
timeout distribution

{EXP, ERL, G, PH, D}
request removal policy
{NONE, BUF, SRV, ANY}

M/M/3/10/ e + ERL/BUF

a e indicates that one of many choices is used
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Basic Model
M/M/C/K / with LIFO and Abandonments

Movaghar, 1996] [Movaghar, 2000

m Solves the M/M/C /K /FIFO + G/BUF and
M/M/C/K/FIFO + G/ANY models

m LIFO not considered

m In BUF, users stop being impatient upon entering service
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Basic Model
M/M/C/K / with LIFO and Abandonments

Movaghar, 1996] [Movaghar, 2000

m Solves the M/M/C /K /FIFO + G/BUF and
M/M/C/K/FIFO + G/ANY models

m LIFO not considered

m In BUF, users stop being impatient upon entering service

Pla et al., 2004

m Solves M/M/C/K/FIFO + PH/BUF and
M/M/C/K/LIFO + PH/BUF

m Users stop being impatient on entering service
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Basic Model
M/M/C/K / with LIFO and Abandonments

We adapt/extend these for our use

m Users may abandon requests in service

m Such requests are completed but count towards
‘unsuccessful work’

m EXP and ERL timeout distributions are considered
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Basic Model
M/M/C/K / with LIFO and Abandonments

We adapt/extend these for our use

m Users may abandon requests in service

m Such requests are completed but count towards
‘unsuccessful work’

m EXP and ERL timeout distributions are considered

Comparison of LIFO vs. FIFO in this model

m Goodput
m Response time
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M/M/C/K /e + EXP/BUF model
OO

A /_\
@v VQ\J : \/@\J <)
Cu Cuty Cu+2y Cpu+(N-1)y Cpu+Ny
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M/M/C/K /e + EXP/BUF model

OBOSES NN INETEC

Cu Cputy C/L+2/ Cpu+(N-1)y Cut+Ny

With EXP () timeout distribution, the model is the same for
both LIFO and FIFO
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M/M/C/K /e + EXP/BUF model

GLEL JeLELe e

Cu Cputy Cu+2y Cpu+(N-1)y Cut+Ny

With EXP () timeout distribution, the model is the same for
both LIFO and FIFO

Conclusion

Goodput of LIFO and FIFO is same for exponentially distributed
user timeouts
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Choice of Timeout Distribution

m Most users wait for some
non-zero amount of time
before becoming impatient

m Mode of X ~ EXP(y) is at
X=0

CS681 Presentation 11

!
u
N)
i)

S



Choice of Timeout Distribution

m Most users wait for some
non-zero amount of time
before becoming impatient

m Mode of X ~ EXP(vy) is at
X=0

m We choose Erlang(R, R)
as a representative
non-exponential
distribution

CS681 Presentation
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Prob(timeout value

Probability density function of timeout value

0.7 T
EXP,y=0.5 ——
0.6 } Mean (for all)
ERL,R=2 Ry=10 ——
0.5 ERL,R=3, Ry=15 ——
ERL, R=10, Ry=15
0.4 r
| \
0.2 \
0.1 \g
0

0 1 2 3 4 5 6 7
Time (t)
Erlang rate parameter is set at
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Tracking Impatience State

State of each position (buffer/server)
0, position k is empty,
ik =2<Tr, impatience stage of user, 1 <r <R,
-1,

user timed out, but request still in system.
RA

RA

RA
N :/_\
Figure: ERL(R, R)\) customer impatience model
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Solving the M/M /C /K / e + ERL/e Model

m Construct Markov chain whose state describes the state of
each position.
(K—C) buffers C servers

.S:(inlw-'7iC+17iC7iC—lv~-7iO) seS
m Solve numerically’ to obtain steady-state probabilities s

5

1Using tools such as PRISM and SHARPE . o 9 -
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Solving the M/M /C /K / e + ERL/e Model

m Construct Markov chain whose state describes the state of
each position.
(K—C) buffers C servers

.S:(iK,]_,...,iC+1,iC7ic_l,...,i0) sesS

m Solve numerically’ to obtain steady-state probabilities s
m Hence obtain

Throughput Ac , Goodput Agoop

Blocking probability Pg

Successful completion Pgoop

Completion of abandoned requests Pgap

Timeout and removal from buffer Pt

5

1Using tools such as PRISM and SHARPE . o 9 -
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Solving the M/M /C /K / e + ERL/e Model

m Construct Markov chain whose state describes the state of
each position.
(K—C) buffers C servers

.S:(inlw-'7iC+17iC7iC—lv~-7iO) seS
m Solve numerically’ to obtain steady-state probabilities s
m Hence obtain

Throughput Ac , Goodput Agoop
Blocking probability Pg

Successful completion Pgoop
Completion of abandoned requests Pgap
Timeout and removal from buffer Pt

m We solve the M/M/C/K /e + ERL/BUF and
M/M/C/K/ e + ERL/NONE models for FIFO and LIFO

1Using tools such as PRISM and SHARPE . o 9 -
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Results for the M/M /3/10/ ¢ + ERL/BUF Model

1/~ =2s, u =1 request/s
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Results for the M/M /3/10/ ¢ + ERL/BUF Model

1/~ =2s, u =1 request/s

FIFO LIFO
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Results for the M/M /3/10/ ¢ + ERL/NONE Model

1/~ =2s, u =1 request/s
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Results for the M/M /3/10/ ¢ + ERL/NONE Model

1/~ =2s, u =1 request/s
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Basic M/M /C /K Model Takeaway

LIFO vs. FIFO in M/M/C/K model with abandonments

m Non-exponential timeout distribution necessary to explain
goodput difference

m Goodput when overloaded: LIFO > FIFO (Erlang timeouts)
m Response time: LIFO better even for exponential timeouts

Basic model of overloaded Web server

m Shows goodput being a fraction of o
throughput ' -

CS681 Presentation 18



Basic M/M /C /K Model Takeaway

LIFO vs. FIFO in M/M/C/K model with abandonments

m Non-exponential timeout distribution necessary to explain
goodput difference

m Goodput when overloaded: LIFO > FIFO (Erlang timeouts)
m Response time: LIFO better even for exponential timeouts

Basic model of overloaded Web server

m Shows goodput being a fraction of i
throughput g
m Unable to explain observed drastic drop

in goodput ot tokam e T
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Layered Model with Overhead and Resource Sharing

m Capture behaviour of software
Software Layer servers: overhead processing

Request . : Repl .
qiﬁ Overhead H Application F$ and resource sharing

[ Shared Bottleneck Resource J

Hardware/Resource Layer

Figure: High-level model of
request processing. Overhead
(OHD) and application (APP)
processing stages contend for
shared bottleneck resource.
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Layered Model with Overhead and Resource Sharing

m Capture behaviour of software

Software Layer . H
Request e oy, SETVETS: overhead_processmg
7% Overhead H Application FH and resource sharing
************************** m OHD stage
[ Shared Bottleneck Resource J m TCP cpnnection Setup
Hardware/Resource Layer u ROOt |IStener thread
m Receive HTTP request, parse,

Figure: High-level model of assign worker thread

request processing. Overhead
(OHD) and application (APP)
processing stages contend for
shared bottleneck resource.
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Layered Model with Overhead and Resource Sharing

Software Layer

Mﬁ Overhead H Application }7

[ Shared Bottleneck Resource J

Hardware/Resource Layer

Figure: High-level model of
request processing. Overhead
(OHD) and application (APP)
processing stages contend for
shared bottleneck resource.

CS681 Presentation

Reply

m Capture behaviour of software
servers: overhead processing
and resource sharing
m OHD stage
m TCP connection setup
m Root listener thread
m Receive HTTP request, parse,
assign worker thread
m APP stage
m Request processing by worker
m Scripting engine
m Back-end DB queries,
processing results. ..

5

u]
o)

1
u
!
u
)
ye)
i)

19



Choice of Models
OHD stage model
m Client timeout
= remove request from queue/service (ANY)
m M/M/1/K /FIFO + EXP/ANY [Movaghar, 2000]

20
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Choice of Models

m Remove request from buffer only (BUF)
or no removal (NONE)

OHD stage model
m Client timeout
= remove request from queue/service (ANY)
m M/M/1/K/FIFO + EXP/ANY [Movaghar, 2000]
APP stage model

CS681 Presentation

m M/M/C/K/e +ERL/BUF or M/M/C/K /e +ERL/NONE
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OHD and APP Stages

Shared CPU TAPP

AN = AoHp OH D ToHp | ApHD = Aapp APP
MO (TTTT]

Blocked at OHD

PBoo

Korp

)

APP

Aapp

Timed out from OHD
Prow

Kapp

Acopp

Blocked at APP queue

Pe,ce

Timed out from APP queue
Pree

Service completed, but client timed out—*bad service”

Peap

Figure: Queueing Model Representation
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Resource Sharing Model
Shared CPU Model: Time Sharing
Service time requirements (7onp, Tapp) are scaled up by
average number of active threads (ncpy) in the system

22
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Resource Sharing Model

Shared CPU Model: Time Sharing

Service time requirements (7onp, Tapp) are scaled up by
average number of active threads (ncpy) in the system

/
ToHnp = Ncpu ToHD
/
Tapp = Ncpu 7aPP
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Resource Sharing Model

Shared CPU Model: Time Sharing

Service time requirements (7onp, Tapp) are scaled up by
average number of active threads (ncpy) in the system

/
ToHnp = Ncpu ToHD
/
Tapp = Ncpu 7aPP

Ncpy = Max(1, Nopp + Napp)
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Resource Sharing Model

Shared CPU Model: Time Sharing

Service time requirements (7onp, Tapp) are scaled up by
average number of active threads (ncpy) in the system

/
ToHnp = Ncpu ToHD
/
Tapp = Ncpu 7aPP

Ncpy = Max(1, Nopp + Napp)

/
Nomo = AoHp (1 = Peouo — PTown) ToHD
’
Napp =  Aapp (1 - PBAPP - PTAPP) TaPP
o & - = == 9ac
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Resource Sharing Model

Shared CPU Model: Time Sharing

Service time requirements (7onp, Tapp) are scaled up by
average number of active threads (ncpy) in the system

/
ToHnp = Ncpu ToHD
/
Tapp = Ncpu 7aPP

Ncpy = Max(1, Nopp + Napp)

Nowo = Aorp (1 — Peoyo — Pows) ToHD
Napp =  Aapp (1 - PBAPP - PTAPP) TAPP
Solved iteratively n}
o 5 - = == 9ac
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Results from Layered Model |

m APP model is M /M /3/13/ e + ERL/NONE
= OHD model is M /M /1/101/FIFO + EXP /ANY
m Tg=2s, Tonp = 0.25 and tapp = 1.0s.

Probability

Throughput (requests per second)

Incoming request rate (requests per second)

0 05 1 15 2 25 3 35

pBOHD (FIFO) —6— PBOHD (LIFO;
Incoming request rate (requests per second) PBAPP (FIFO! PBAPP (LIFO) —8—
pTOOHD (FIFO) —&— pTOOHD (LIFO) —#—
‘ Goodput (FIFO) —6— Goodput (LIFO) —6— PTOAPP (FIFO) —+— PTOAPP (LIFO) —e—
APP Ti (FIFO) APP Throughput (LIFO) —4— PBAD (FIFO' PBAD (LIFQ) —a&—
(@) Throughput vs. offered load (b) Probabilities vs. offered load
(=] = = = ==
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Results from Layered Model |l

4
35
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§ 8 *
g 2 2
= [
=1 g 15
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0 ‘ ‘ ‘ ‘ ‘ ‘ 0 ; ‘ ‘ ‘ ‘ ‘
0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35
Incoming request rate (requests per second) Incoming request rate (requests per second)
UtICPU-GOOD (FIFO) —6— UGICPU-GOOD (LIFO) —o— tauOHD (FIFO) —6— tauOHD (LIFO) —o—
utilCPU (FIFO) utilCPU (LIFQ) —+— tauAPP (FIFO) tauAPP (LIFQ) —+—
(c) Utilization vs. offered load (d) Service Time vs. offered load

‘Good CPU Utilization’ is the percentage of time CPU spends
processing requests that count towards goodput.
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Summary of Analytical Model

m Existing models do not explain observed goodput
behaviour

m LIFO response time better during overload

m For non-exponential timeouts, LIFO goodput higher
when overloaded

m Our resource contention and overhead aware model
reproduces goodput degradation and flattening
behaviour

m The model gives insights into the dynamics of an
overloaded software server
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Thank You! Questions?
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