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* Drawbacks of QoS-enabled middleware technologies

» Achieving desired QoS increasingly a system QoS configuration
problem, not just an initial system functional design problem

Lack of effective QoS configuration tools result in QoS policy
mis-configurartions that are hard to analyze & debug
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Motivating Application: NASA MMS Mission

 NASA's Magnetospheric MultiScale
(MMS) space mission consists of four
identically instrumented spacecraft &
a ground control system

» Collect mission data

e Send it to ground control at
appropriate time instances




Motivating Application: NASA MMS Mission

« MMS mission QoS requirements L .
span two dimensions

* Multiple modes of operation

 Varying importance of data
collection activity of satellite . Burst
sensors based on mission phase :

Slow Survey

~ Fast Survey

Phase 1  6am Phase 2  gam Apcgee Raised in Stages BPhgsga ;am 5 —Ehd e
Beqin Phase 2 aqin Phase
Eﬂgm, [ .~ Launch & Boos| 12x12R: | I.Eqﬂﬁ Re[ |12 31 Re.
f 12%12R; 28” Inclinatign 10 10" Inclination
] Inclination

[ 28° Inclination

noan midnighl |noon midnight| [noon
< - - - <€ -
X 20 ‘ﬂ\ 2 » ||x 30
L/ "—End Commissioning .
Begin Science 1al
hase 1 Reconnection
201 End i Campaign
Fhase 2
Epm*b" (GSE Coordinates Eipm1qllr Y  GSE Coordinates GSE Coordinates
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Motivating Application: NASA MMS Mission

« MMS mission QoS requirements L .
span two dimensions

 Multiple modes of operation Slow Survey
« Varying importance of data v _ Fast Survey
collection activity of satellite : Burst

sensors based on mission phase
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* Need to translate QoS policies into
QoS configuration options & resolve
QoS dependencies

_—Application-specific QoS .. Middleware-specific EE@;‘&R
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Component-based MMS Mission Prototype

Spacecraft 1

Payload Processor Bus Processor ¢ MMS appl|Cat|0n
(Hinx Node) (VxWorks Node) components are

Sensor Suite
(Linux node) fm\ _ \ bundled together
"B \ i | Science into hierarchical

Agent

Sensor 1 —

assemblies

* Assembly package
metadata conveys
component

interconnections &

Agent/
implementation

Ethernet (802.3) ‘ alternatives

Sensor 2 Gizmo

Sensor 3

K Sensor 4 / \

‘ Ethernet (802.3) ‘

o Several different assemblies tailored to deliver different end-to-end QoS
behaviors and/or algorithms can be part of the package

* e.g., full-scale MMS has 100’s of components & 10’s of assemblies

» Packages describing the components & assemblies can be scripted via
XML descriptors generated by automated model-driven tools

MMS prototype developed using Component-Iintegrated ACE ORB (CIAO)




Challenge 1. Translatlng QoS Policies to QoS Optlons

e Applucalmn sp:a-mﬁc DuS - MldeWEII'E*S-PEEIﬁE QDS ~—
policies “H i ﬁg uration options .y
", Hf THhraadrd EnvCont KM‘&
y Asymchronous baoal Al request buffering, ol
4 service £ long mas_buffered_requesis; awing m:d __:_I"ﬂf e b
."lr et s Ifllr long stacksize: SimNQg SWC_Cond, ".III
| . N long max_buffer_size; '
Supfport Mulliple Servce ool allow_borrawing,

long law,
lang high;

| simiulaneous Lavials for serveoe

'-l""- | service execulions COMBUMars _-'I
'\.‘\..\x .-._.'.
‘HH Service execubed at ,.*’f
e fimed pricrity -

Lanes
long static lhreads;
long lane_pricrity;

Prioritized service invocations
(QoS Policy) must be mapped
to Real-time CORBA Banded
Connection (QoS configuration)

» Large gap between application QoS policies & middleware QoS
configuration options

* Bridging this gap is necessary to realize the desired QoS policies

* The mapping between application-specific QoS policies & middleware-
specific QoS configuration options is non-trivial, particular for large systems
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Challenge 1: Translating QoS Policies to QoS Options

« Conventional mapping
approach requires deep
understanding of the
middleware configuration
space

* e.g., multiple
types/levels of QoS
policies require
configuring appropriate

number of thread pools,

threadpool lanes
(server) & banded
connections (client)

Client Propagation & Server Declared Priority Models

in args
OBJECT
(sERVANT)

—
0BJ operation()
Standard
Service Synchonizers

EF/ aut mrgs + return velue
IDL IDL
STUES ELETON
[ ORB

1 —
Explicit Binding S El'hread Pools

ORB .
CORE Portable Priorities

0S5 KERNEL

os o SUBSYSTEM
NETWORK INTERFACES

CLIENT

Static Scheduling

Request
Buffering

OBJECT
ADAPTER

05 KERNEL

os i/lo SUBSYSTEM
NETWORK INTERFACES

Protocol
Properties

NETWORK
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Challenge 2: Choosing Appropriate QoS Option Values

PriorityModel: CLIENT _PROPAGATED PriorityModel: CLIENT _PROPAGATED
PricrityModelPolicy: 50 PriorityModelPolicy: 20
Bands: {10, 20}, {30, 50}, {60, 70}

Bands: {80,100}, {10, 20}, {120, 160}

ThreadPool: {true, 128, 10240, 65536, ThreadPool: {true, 128, 10240, 65536,

false} “: false)
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4}, {10, 70, 4}, {10, 90, 4}, {10, 110, 4},

{10, 130, 4}, {10, 150, 4}, {10, 170, 4}
ThreadPoaol: {true, 128, 10240, 85536,
false)
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« Individually configuring component QoS options is tedious & error-prone

* e.g., ~10 distinct QoS options per component & ~140 total QoS
options for entire NASA MMS mission prototype

« Manually choosing valid values for QoS options does not scale as size &

complexity of applications increase

D-CO-C
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Challenge 3: Validating QoS Options

PriorityModel: CLIENT _PROPAGATED Frlﬂﬂf‘_u'MDdEl ELIEHT PROPAGATED
PriontyModelPolicy: 50 ataiatin, ant}'h‘lud&l SERU'EH DECLARED
Bands: {10, 20}, {30, 50}, {60, 70}

ThreadPool: {true, 128, 10240, 65536, 1 : i1 r— {m 20, 4}, {10, 30, 4}, {10, 50,
false} 2 4}, {10, 70, 4} {10, 90, 4}, {10, 110, 4},
~€—CH Gizmo 1 7
i EH Gizmo2 |—D—D+ Filter2 H 5 Analysis 2 H)— Comm Ground

Agent _(5_({ j IO« [ J
. 7 LS " e, o R
. - ~ s ~ - "
—{Q—r"“l—- Gizmo 3 I—D—D—i Filter 3 H 3+ Analysis 3 H —
T S

« Each QoS option value chosen should be validated

 e.g., Filter priority model is CLIENT_PROPAGATED, whereas Comm
priority model is SERVER_DECLARED

« Each system reconfiguration (at design time) should be validated

* e.g., reconfiguration of bands of Analysis should be validated such that
the modified value corresponds to (some) lane priority of the Comm
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Challenge 4: Resolving QoS Option

Dependencies

--u]—r ,-| Gizmo 1 +— H  Filter 1 i—[-—*"?-—| Analysis 1 i—[}—

aScience —[;' :I_I Gezmo ? | Filter 2 ‘:,_. J._. ,n,na|}r5|52 — j:
 Agent > Y "

L(E(H Gzmo3 | ~—Eb| Filter 3 |—[*—EA| Analysis 3 H }—

ThreadPool priorities of
Comm should match
priority bands defined

* “QoS option dependency” is defined as:

at Gizmo

» Dependency between QoS options of different components

e Manually tracking dependencies is hard — or in some cases infeasible
* Dependent components may belong to more than one assembly
* Dependency may span beyond immediate neighbors
—e.g., dependency between Gizmo & Comm components

« Empirically validating configuration changes by hand is tedious, error-
prone, & slows down development & QA process considerably

» Several iterations before desired QoS is achieved (if at all)

D-C-C
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Solution Approach: Model-Driven QoS Mapping

. . Application-specific 0oS Policies Apphcation-specfic QoS Configuration Dp_tEn'__:.
* QUality of service e al e Sa—— =

E T gt mm—m o § AT 4 il TRl
W = e —T = - - e T

T .= - = - - -

=

PICKER (QUICKER)

* Model-driven
engineering
(MDE) tools model
application QoS
policies

automatic

mapping of QoS
policies to QoS
configuration
options

» Validates the -
generated QoS Clar 1 1 [ e

0] ptl ons G0S Mapping of QoS policies to QoS optione using GRaA - : Input Hsprusanl-aﬁ-:ln af ..ﬁ-p-nllc.atmn

« Automated QoS mapping & validation tools can be used iteratively
throughout the development process

Dr _-_-t..{'; 14




QUICKER Enabling MDE Technologies

* Enhanced Platform
Independent Component ,
Modeling Language I
(PICML), a DSML for
modeling component-
based applications

* Q0S mapping uses
Graph Rewriting &
Transformation (GReAT)
model transformation
tool

» Customized Bogor
model-checker used to
define new types &
primitives to validate
QoS options

System Configuration Evolution




QUICKER Enabling MDE Technologies

* Enhanced Platform
Independent Component

Modeling Language 7 T

(PICML), a DSML for -Imﬂ;ﬁ} A N

modeling component- : Vi _
based applications L a Il 5

* Q0S mapping uses
Graph Rewriting &
Transformation (GReAT)
model transformation
tool

[m i | T . F-'~.-- __.; _;.;JI..

ko : o T & |F§

,_'._ j'_-:'ﬂ T - i — 1:.‘:
m—ﬁ-- : \ CQML Model
l \’{ Interpreter

CamML |

Sysiem Configuration Evclution

» Customized Bogor
model-checker used to

define new types & { Model Chacker <

primitives to validate N

| epresentatlon
QoS options . _

« COML Model interpreter generates Bogor Input Representation (BIR) of DRE
system from its CQML model
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QUICKER Concepts: Transformation of QoS policies(1/2)

1. Platform-Independent

MOde“ng Language RegquirermeantProsy

==hlodelProxy==

(PICML) represents ;

application QoS policies

RequirementProxy

* PICML captures policies et can be per
. eguirements
in a p|atform_ ==Model== Component or
independent manner —— Lassembly instance
* Representation at
multiple levels R SR
prioritize_service_invocations ; bool fixed_prioirty_senice_execution : hool
°e.g., ccl)jrpplonert— or - 3 :
assem y' eve MultipleSericeRequests Servicelevels
==Atom== ==Atom==
simultaneous_service_execution bool | |varving_service_levels - baoal
minimum_simultaneous_serndce_level © field
huffer_serice_requests : bool
maximum_simultaneous_service_level : field

l/. '_ : 3 QUICKER |, _.

o

[ PioML )

Model e "\ Target Platform
/||_Transformation Ji“ i _.| F']x Mool Cawcier ) A
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QUICKER Concepts: Transformation of QoS policies(1/2)

1. Platform-Independent
Modeling Language
(PICML) represents
application QoS policies

* PICML captures policies

In a platform-
iIndependent manner L
* Representation at R
multiple levels |t
e €.¢., component- or
assembly-level |

2. Component QoS Modeling
Language (CQML)
represents QoS options

« CQML captures QoS

configuration options in a |
platform-specific manner
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4 d Blnem =
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czConnectinnss

Credlinadplicr s ; fald
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QUICKER Concepts: Transformations of QoS poI|C|es(2/2)

3. Translation of application g
QoS policies into middleware : —L_.s
QoS options

e Semantic translation rules
specified in terms of input
(PICML) & output (CQML)
type graph

* e.g., rules that translate
multiple application
service requests &
service level policies to
corresponding middle-
ware QoS options

 QUICKER transformation
engine maps QoS policies
(in PICML) to QoS
configuration options (in
CQML)

Provider

| Provider Service Levels |

Service Levels




QUICKER Concepts: Validation of QoS Optlons (1/2)

1. Representation of middleware QoS Ry e e gl SR
options in Bogor model-checker i gamiy be used for

lan=;

* BIR extensions allow representing ;: band;

threadpool;

domain-level concepts in a system B e i
rT]()(jEEI i“FﬂuE Qof0ptions.lane createlLane |

1nt statlc, int priorilty, int dynamic};

* QUICKER defines new BIR

- : createThreadPool (boolean allowregbuffering,
eXtenSIOHS fOr QOS OpthnS int mazbufferedrequests, int stacksize, '_:-it
maxbuffersize, boolean allowbocrrowing):

* Allows representing QoS // Set the band(s) for QoS policy.

actiondal registerBands (QoS0pclons.pollcy

options & domain entities b M Lo L

Set the lanae{s) Lor o5 policy.

actiondef registerLanes (Qos0pclons.policy

directly in a Bogor input model policy, QoSOptions.lan ...):
—e.g., CCM components, Real- -
time CORBA lanes/bands are

first-class Bogor data types iipf‘j.ii"'i*ﬁ;h;{-ﬁ-;f type.

i r_“l'l'll. nent Constructar.

* Reduces size of system model by expdef Quicker,conpocent

createComponent L:tllng Ccomponant ] ;
/ Set the QoS policy for the component

aVOIdIng mUItlple |OW_|eve| :;::I jondaE r-::--':;-i-:-ll;rl;':-.-i-.’g-". :-::-:.::.' |-:_'-;-1i-.'l-:¢:r--::'I:-rr.r.':-r'..'a-:'ul
Variables to represent domain ¥ ."l: I:|~1:E'Il::--“';-.-I:l:u:'--ll:IlE:ll-lu :':::-:I E-:-:-ll .Ilrclrn:lrll.-:r'l -I.

actiondaefl connectlomponents (Quilcker.Component

Concepts & QOS Optlons “.:a-:-J.'n.-":-J.,l.}u'.;h-:-t.C".lul[:l.-l:'n'..-llt cliant);

Drﬂhr 20
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QUICKER Concepts: Validation of QoS Options (2/2)

2. Representation of properties (that ||/ fecluarion of the excensions

f Declare all data Lype variables to be used in this

a system should satisfy) in Bogor

acls live [} /f
* BIR primitives define language ) | - |
constructs to access & i gl s et b g s
. . // components as per embly structure in COML model
manipulate domain-level data

types, e.g.: :

when ! Quicker.hasQoSOpticns (Comm)

e Used to define rules that e
validate QoS options & check pn += Quicker  getPr LoritybodelPolicy (Comm);

If property is satisfied

3. Automatic generation of BIR of vban (pn == pucdol, SERVER DECLARED) de (] geto loca:
when !{pm == pmedel.SERVER_DECLARED) do [) goto loclZ
DRE system from CQML models hen ! (pn == puode1. SERVER_DECLARED) do () ¢

Rule determines if ThreadPool priorities T e A T T
at Comm match priority bands at Analysis joto locd;

w2 laci: live [hri)

Model interpreters auto-generate
Bogor Input Representation of a
system from its COML model

' lrl := QesOpticns.getUpperBound (Rnalysis_3);
I gote loch;

Brctu‘-: 21



Resolving Challenge 1: Translating Policies to Options (1/2)

Requests are executed at the

varying prionty Prioritize service
o invocations
by,

L

lll\\.

—||—( "+ Gizmo 1 ’—r-‘-—;j—l Filter 1 J~ %ﬁmalyami -—|_‘-— RAISIOn SERORAnaaUs

sarvice executions

'|

|
Science _[fQ‘ Gizmo 2 Filter 2 Analysas 2 Comm . Ground
- Agenlt -] —' \

'|

|
L@-¢ .{ Gizmo 3 ]—:—D—[ Fiter 3 )~ Analysis 3 i—D— |
service levels
for clients,

» Expressing QoS policies
* PICML modes application-level QoS policies at high-level of abstraction

 e.g., multiple service levels support for Comm component, service
execution at varying priority for Analysis component

* Reduces modeling effort
e e.g., ~25 QoS policy elements for MMS mission vs. ~140 QoS options

Drﬂhf: 22



Resolving Challenge 1: Translating Policies to Options (2/2)
* Mapping QoS policies to

QOS Options Hu s pronly as Be relisiing resjuesl !:F.-m.u
o« GReAT model R \OE. e A

request buferng.

transformations automate

the tedious & error-prone | S oo sor o mer S s 0L con (0] G
translation process ’ B
 Transformations generate ; R R o

Hequre 3iippor for R lirgiks al o regussis

QoS configuration options s i o chor
as COML models
 Allow further

transformation by other
Thennt Pool: e, 128, 10240 5536,
tools iy |

Prgniiyfdodet CLIENT PROPAGATED i . o R o
Pricedybosl SERVER_DECLARED
| | Priorbybodel Polcy- 120
Lanes: (10, 20, 4], {10, 30, 4} {10 50
| |4, {10 70, £, (30, DO, 43, {10, 110, 4]
[0 T30, 4], {140, 150, 4 {10, 970, 4]
TheadPook [trae. 128, 10240, B35
flaa|

| ThemagFral firum, 128 0240, EE536

|#hallpaats

* e.¢g., code optimizers & 2of smot - rmer | Fo{h b
generators

« Simplifies application
development & enhances
traceability

{e—"h GEol e Flel A TH Aalyesd
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Resolving Cha

lenges 2 & 3:

Ensuring QoS Option Validity

« COML model
Interpreter

generates BIR
specification from
CQML models

* BIR primitives
used to check

whether a given
set of QoS options
satisfies a system

property
* e.g., fixed

priority service

| PriorityModel: CLIENT PROPAL
PriarityfodeiPolicy: 60

Bands: {10, 20}, {30, 50). {60, 70
ThreadPool: {true, 128, 10240, §
faksa)

QUICKER.

.

MalQos

]

g

Arke
tman $——+ il N = aul_4s =
wrl:._.-‘ T J[ Ll |:I:l= % "'T aaal dartzn:” %’

BClosedED
[ BMCInsesED |

i

QasChakal

| e

EC EMDEvics
[ B @ [ BMDEicE ]
hE'-I":I‘:I'_-
ﬁ FailZrar nit

BRDsiceReaTimeCondiguration

l ek iy

ExiDisplay
| BMCusplay |

( Model Checker

PriortyModel: CLIENT _PROP,
PriontyhModeiFolcy: 40

Bands: {100, 120}, {140, 150}, {50, &
ThreadPood: irue, 128, 10240, 65536,

fatsm]

Iﬂ.r\.n.r.l or |

s \/7 et

execution, a property of Comm

component

« Supports iterative validation of
QoS options during QoS
configuration process

el .SERVER. DECLARED
delPalicy: 120

20, 4}, {10, 30, 4}, (10, 50,
47, {10, 30, 47, {10, 110, 4]
Il {10, 120, 4], {10, 170, 4]
o, 128, 10240, 65536

i

il L 14N ==
Dr{,"lq'-: locid:
.y ™
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Resolving Challenge 4: Resolvmg QoS Option Dependencies

* Dependency
structure
maintained in
Bogor used to
track
dependencies
between QoS
options of

components, e.g.:

e Analysis &
Comm are
connected

e Gizmo &
Comm are
dependent

rtyModel: CLIENT_PROPAGATED |
PlonlyModelPalicy. 20

i finas: (80, 100), {10, 20], {120, 160)
sadPool: {true, 128, 10240, B5535

| PriorityModel. CLIENT PROPAGA
|F'r||,1r|l',-M|;_:-|;,I-|,r|F'|:ﬂn;'T 5I."
|E":in|‘ﬂ {10, 0, {30, 50, {60k, T
|1nreaﬂP-3-:J {true, 128, 10240, 65
|fa"55|l

b s i
SﬁmntE I—_H Gemo2 H ) Filer2

Detect mismatch if s {;._
1 either values change

4}, {10, mlﬂ {10, 90, 4], {10, 110, 4]

FriurllvhtM'ﬂLlEHT -FRDF'-EGATED {10, 130, 4}, {10, 150, 4], {10, 170, 4)

Han.:ls { 00, 1 } 11au 15-!'.I_| {Euil EI’.I]

s —— s S

Dependency Structure of MMS Mission Components

e Change(s) in QoS options of dependent component(s) triggers detection of
potential mismatches

* e.g., dependency between Gizmo invocation priority & Comm lane priority
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Academic Related Work

e Functional Specification & Analysis Tools
« Hatcliff, J. et. al. (2003). Cadena QSIIE

* QoS Adaptation Modeling Tools
* Ye, J. et. al. (2004). DQME B B N
« Zinky, J., (1997). QuO S

* Q0S Specification Tools
* Ritter, T. et. al. (2003). CCM QoS MetaModel s
 Ahluwalia, J. et. al. (2005). Model-based Run-tin """

Monitoring

e Frolund, S. et. al. (1998). QML

« Schedulability Analysis Tools

 Madl, G. et. al. (2004). Automatic Component-based system B]:S
verification

- Kodase, S. et. al. (2003). AIRES . UNIVERSITY OF MICHIGAN
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Concluding Remarks

* QUICKER provides

Model-Driven Engineering
(MDE) for QoS-enabled
component middleware

* Maps application-level

QoS policies to

middleware-specific QoS
configuration options

 Model transformations
automatically generate

QoS options
* Model-checking

extensions ensure validity

of QoS options at

component- & application-

level
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QUICKER MDE tools & CIAO QoS-enabled
component middleware available as open-
source at www.dre.vanderbilt.edu/CoSMIC
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Questions?
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