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Early Performance Aware Develo
(E-PAD)

= Very early analysis of performance

— Use Case Map (UCM) design specification

— automatically generated Layered Queuing Network (LQN)
performance model

— workload parameters are budgets, estimates, or values from
existing components.

Workload Design
Parameters (UCM)

UCM2LOQON (Generative Step) Performance Model
(LON)

Performance
Results
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Models

s Use Case Mas (UCMS) r@resent scenarios
executimg across aystem

— show the emerging behaviour of the system

— the basic UCM constructs graths componentsand
responsibilities

— use them to reason about design and performance

s Layered Queuig Networks (LQNS) secify

performance models over gstem architecture

— generate automatically

— architecture based for traceability

— the basic LON constructs atevicestasks entries and
activities

— activitieshave parameters for CPU workload and request:
to other entries
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Begin: Specifications in UCMSs
.... the UCM Navigator (UCMNav)

LoadDrawing
EditorMVC -

IenuBarCntrolld ,
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Performance annotations for UCMs

= Deployment

— declare a list of processors with speed factors
* bind a component to a processor from a list

— declare other devices and services

= Path progression parameters
— probability of a branch, or a dynamic stub
— loop count

= Operation costs (workloads)

— annotation attached to each responsibility
 mean CPU load in time units

e mean operations on other devices, in operations (disk, attached
processor, external service outside the UCM)

s Workload as a mixture of scenarios
— weighted combination.

= Time points and intervals
— required delay between time points
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Performance annotations: deployment
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Performance annotations: branch points

= annotations are integrated into other specification windows

— e.g.: a branch point (OR-fork) has a probability for each branch as well as
a predicate for each branch.

Kavigalion Mode =i 1444 ucimm tinsimetan <l .

T e Specification of Or Fork routerChoi St local envronment pe
..... in performance analysig= = ™™ L
the prObablllty can be Used tO Fork Oulpui Branch  BR2 Edit Logical Selection Condition
SpeCIfy hOW Often the El:iiSelacinnO_urﬁinn(ussn'id:les,&,ﬂ!,:,h,m,{)]
Edil Gondiion roufing scenario & env sei

Logical Selecion Condifion

predicate will be true.

..... here, the upper branch | b
handles setting environment
parameters on the router fen
component... it has a - canc

probability of 0.30 s o

s R Descriptior
...... the lower branch does th “
routing, probability 0.70 B gt
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Performance Annotations: Responsibilities

= capture the workload needed to satisfy the responsibility
— local in this component: CPU, 1/O
— in other components: service requests

Two sub-windows on next slide:

» Responsiblity window Component

(Router_task

N’

» Workload requests

sub-window:
... CPU
... disk ervice
... external directory)
directory

needed for 50%
of operations
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Responsibilities.... windows




10

o Carleton

UNIVERSITY

Workload intensity given by scenario-start
annotation

Full LEH Deign Masigabion

m Arrivals of scenario -+ 5w e I
initiation events ~ ~ i (i
(open load by inter- interarrval Time Distribution
arrival times g A

s Closedworkload has ome
a number opotential - ] =
sources whichend s
time outside the S =
system, and then n

]

arrive (planned).
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Time points and delay specifications

= timestamp points
(arrowheads)

= for a pair of these
points, a delay
specification and an
optional percentage i

— percentage specifies a | oK
percentile requirement Router Task

— 100% is a hard % L g

requirement A
— if empty, then the spec set_params

. gearch_dest e
= documentation g seoons e\

function, some use in -

* Response Time Requireme|

From Timestamp begin response fo end respor

Mame I rouler response ime

Response Time (us)

" modeling I .
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UCM2LON - UCM to LQN Generation

= traverse UCM paths one at a time
— point-by-point traversal

= Identify components and path constructs

= Identify interactions between components

— identify the types of interactions based on the way in which paths
traverse components

e synchronous, with return
« asynchronous, no return
o forwarding.... return at end of longer path

= create LOQN objects

— incorporate UCM workload parameters, with defaults if they are
missing

= output LON model
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Creation of LON Objects

s LON activities are asgned workload demands
from UCM reponsibilities

— If demands are not
demands are assig

specified in UCM, then default
ned

s OR branches are agsedprobabillities from UCM
— If probabillities are not specified then they are assigned

as equal
= arrival rates are ag

Fled from the stapoints

— If arrival rates are not specified then they are assigned

default values



User

Connect 3§
7

=le
=
t 74 ] -lllllllllllllllllllllll
e o n ..al..v .Ilm.llll..l...l.m.n.l o ———
e O < \..Mﬂ!l.m. N,
v_ - — () nval .\\‘ 4./( §§§§§%§§§§ﬁ
- = < = /5 \
n U M a w a \\ m o '—_.. S
V zZ e, .,._lmvmllﬂu.,r'l = o} £
e, o ] Iy, Dn
| - \\1 II!EII"E!IHI"’IV" Q (@) =
] A ] TG © s
7 HEIEH.ITEEI.HHE lll',
Q .. \ N -
! \ / o
Y _ \ \ @
i H 1 ®©
1 1 1
i 10 12
ﬁ 8l = =
=4 € ]
\¢ m,nw [ / /
= ¢ Jc A 3 !
O 2\ {8 A 2
el ) [~ A /
A,r.w f / \
S O 2\ / X
4 5\ \ 4 AN \x\\
e ) \ / V4 o _
S < /I \ ' [} ~ =
S y m / \ { W o
4o N 9 o [ 3 g
= ()] c @
O 3 3¢, S )5
1 o) XA (@) ) aQ
Qo -\ MW as 2 m
O = S M 18 £
e \ ﬂ.nﬁﬂﬂﬂ!ﬂ. . \ ,.M ..nm o
= [
| -
f

15



16

Carleton

UNIVERSITY

UCMZLON - Ticket Reservation System
enerated LON Performance Model
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Techniques:
(1) Budgeting for resource demands
(2) Completions for missing information

Budgeting
= Problem:how to estimate resource demands for
a function that has not yet been programmed

= Budget solution:treat it as budget for CPU time
and other resources....

— developer or group bargains with the architect for
resources, commits to the budget

— review, overruns, etc follow similar path as for
financial budgets

— a familar solution in real-time... extend it here for
17 contention systems, by solving contention models
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Budget Analysis for contention systems:
A Road Map

Stepl
Designer Complete
UCM UCM
(Suitable for
Model
Budgets derivation)
Step2
Step3

|

Completion: Incorporate
Components

— It L Final LON > Evaluatior
Extract (UCM2LON T Solv
Model | Converter) Step6
Step4 Stepsd
Additional \Completion
Use Configuration y
and Deployment Feedback
Option Results
Systems and
Environment Step/

Infrastructure Component

Library

e.g. Software Componeit

Components

e.g. File Server

Budget Analysis Road Map
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(2) Completions for missing information

= Early oecifications are incopiete

— avoid unnecessary detall of infrastructure and
surrounding functionality
* inter-object and inter-process communications
e communications protocols and networks
e operating system functions
* middleware
« databases
« web servers
« file servers and networks

— Implied by group context, maybe by notes

= Automated and semi-automated quations
19 — structure and performance attributes
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Completions at the UCM level

= Using the stubbig mechanism of UCMs, add sub-
scenarios for missgdetail

— Import plugins (or even map fragments) from a library:
pre-built standard behaviour patterns.

— shared stubs for communications

— questions of binding their component definitions into
the components in the design

— at present this is manual....

= potential automation: define environment choices
for the ystem andyenerate choices for stubs or
20 conponents
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Example: Distributed Hand-off Protocol (Designer UCM)

= Process A hands a job to B which does a Backup

X

*_.

Party A Device A Main_Controller Process_A
r‘
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Example: Completion at the UCM level: communications
between Process A and B bypsstributed Tuple Space

Party_A Device A Main_Controller Process_A

Tuple_Space_ A
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Example: Distributed Hand-off Protocol LQON Model
.... generated automatically; LQN completion (critical section)

23

ptyA_tae Pary_A

—
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Completions at the LON model level

= System corponents can havare-built submodels
that can begatched tgether
— LQN is architectural, so this is transparent
— especially suitable for servers (web server, file server)
— allows to experiment with alternatives

= Communications copietions for r@resentations
of a network and itprotocol layer execution

— replace an interaction arc by a sub-system, or use of a
sub-system.
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Handover example results: Mean delay increases with Users

....multi-
threading
reduces
delay and
sensitivity

Response Time

.... faster
execution
has a smaller
effect

1;'._r L . -_'__-'-_ . T T T T T 1
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1 & —o— FOMC (m=2 —g— FOMC I5m=5;| Users
10 —e—MC(005015015 —EE—0DvD(0.1,01)
01 —o— PAB(m=Lser)
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Handover example results: Throughput increases with Users
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Core E-PAD Methodology

UCM gspecification of the gstem usig UCMNav

add workloadparameters

— based on workloads from similar systems

— based on known parameters from existing components
— possibly use a budgeting approach......------- >>>

conpletions for missig detall
— re-use from a library

generate LON model usgiUCM2LON
LON-level conpletions

solve LQN model usipexisting solvers (LONS
analytic solver, ParaSRVN simulator)
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....Core E-PAD Methodology

= reason about performance impacts of the scenario and the
architecture:

Workload
Parameters

28

exploit concurrency and parallelism

identify potential performance bottlenecks

choose from alternative architectures, behaviours, components
evaluate scalability

Performance Model

(LQN)

UCM2LOQON (Generative Step)

Performance
Results



