Bringing QoS Specifications to the Architectural Level

Alexandre Sztajnberg

IME/UERJ and GTA/COPPE/UFRJ, RJ, Brazil

Orlando Loques

Instituto de Computação, UFF, Niterói, RJ, Brazil

Abstract . Designing QoS aware applications is not a trivial task.

It woul d be interesting to have QoS aspects of an application designed separate from the functional aspects. It would be also beneficial toh ave a mappingfrom the QoS requirement specification to a possible implementation that could be systematized. In this position paper, we focus on how QoS aspects of an application can be specified in a software architecture level, within the R - RIO approach. Bringing QoS concepts to the architecture level can help designers toreason about non - strictly - functional problems befo re implementingthe system. This approach also separates application´s functional concerns from the non - strictly - functional ones, allowing QoS description reuse and dynamic evolution.

1. R - RIO Approach

Th e R - RIO, Reflective - Recon figurable In terconn ectable

Objects [Loq 99], approach is based on : (i) a componen t - based design meth odologyth at relies on composition of fun ction al modules an d n on - strictly - fun ction al con n ectors to build application arch itectures; (ii) an arch itecture description lan guage (ADL), c alled CBabel, with which are described the compon en t selection s, in tercon nections an d composite elemen ts th at will be used to str ucture th e application s, and non - strictly - fun ction al aspects such as coordination, distribution , fault toleran ceor QoS that will allow customization of th ose application s; an d (iii) a supporting reflective middleware that allows man agin g th e configuration of application arch itectures.

2. QoS contracts in CBabel

In th e R - RIO approach , th e con cept of con tr acts is used to specify, in th e ar ch itecture level, module beh avior details an d fun ction al restriction s, an d coordin ation an d in teraction agreemen ts between the modules.

We are curren tlyextendin g CBabel to turn it able to describe QoS con tracts. We bor rowed a subset of th e QML lan guage [Fro 98] and adapted its structure an d terminologyto an arch itecture description scope. QoS contracts are described separatelyfrom th e compon en ts an d a Qos - profile clause relates th em. A simple QoS con tract can be descr ibed in a QoS - connector as follows:

connector QoSDistrib_Coord{

QOScontracts {

(Producer, Buffer) renegotiate ;

(Consumer, Buffer) terminate ;

} }

Producer , Consumer an d Buffer modules sh ould have th eir

QoSProfiles alreadydescribed wh en bin ding in to a contract. Th ere can also be a violation policyhan dlin g associated with a con tract (e. g. , renegotiate an d terminate ).

On ce an application ´s QoS aware ar ch itecture is described with CBabel it is possible to submit it to a coheren ce an d con sisten cych eckin g. For in stan ce, a cl ien t sh ould not require a QoS th at a server can n ot provide. This allows the design er to reason about th eQoS prior to an y oth er step towards implemen tation .

3. Mapping

Given a CBabel arch itecture description containing QoS

contracts, a standard recipemaps QoS description s into action s an d data th at are stored as meta - level information.

R - RIO middleware in terprets th is in formation tocon figure th e adequate resources and in itiate appropriate procedur es to en force the QoS. Tothis en d, R - RIO uses two specia l modules. Q oS Experts can in terpret QoS parameters stored in the meta - level an d syn th esize a QoS - conn ector th at will en force QoS. Th e Expert will be in voked at bin ding time. Q oS Monitors are special modules th at will contin uouslymeasure the actual QoS parameters and ch eck if th eyare in th e required ran ge. Accordin g to the violation h andling policydescribed in th e con tract, th e QoS Mon itor can ask the QoS Expert to recon figure the QoS - conn ector, if a violation occurs. Each QoS category(e. g, fault - tolera n ce) is supported byan Expert an d each QoS con tract is supported bya Monitor. Th er eis n o n eed for a particular

Expert to han d l e just one given QoS contract, as it will get in action few times compar ed to a Monitor.

4. Support

As QoS con tracts in CBabel are n ot restricted to multimedia, a diverse in frastructure is n ecessar yto en force everyQoS category. For instance, th e resources requir ed to assure reliabilityare differen t fr om th ose requir ed to assure performance. Th e main advantage of th e R - RIO´s a ppr oach to QoS is th e mappin g mech an ism th at can be used to h andle anyQoS category. It is up to th e Experts an d

Monitors to actuallyenforce QoS. New QoS categories can be h an dled, as n ew Experts and Mon itors are available. R -

RIO will n ot provide QoS enforcemen t mech an isms, but will en capsulate existing on es.

We argue that to enable separ ation of concern s an d dynamic evolution , n ot th e functional modules, but meta - level compon ents an d th e middleware, sh ould be QoS aware. For example, in face of new deman d s durin g run nin g time, a client module could r equire th at a given service n ow should be fault - toleran t. If QoS were not separate from th e base functionality, the involved modules would h ave to en capsulate fault - toleran ce en forcement code even if it would n ot be used immediately. Our tech n ique uses meta - level componen t selection (con n ectors) an d composition tomap QoS described with CBabel in to a deployable implementation .

Curren tlywe are in vestigatin g h ow 2K´s QoS in frastr ucture [Nah 99] could be in tegr ate d with R - RIO as th e target support to syn thesize R - RIO´s QoS - conn ectors.

Ack nowledgments : Alexan dre Sztajnberg is supported in part bya gran t from CAPES - Brazil, BEX 1014/99 - 4.

References

[Fro 98] Frolund, S. and Koistinen, J., "Quality - of - service specifications in distributed object systems", Distributed

Systems Engineering, IEE, No. 5, pp. 179 - 202, UK, 1998.

[Loq 99] Loques, O. et al, ^Integrating Meta - Level Programming and Configuration Programming~, OORaSE´99, Denver, USA,

November, 1999.

[Nah 99] Nahrs tedt, K., Li, B., ^A Control - based Middleware

Framework for QoS Adaptations~, IEEE Selec. Areas in

Comm., Special Issue on Service Enabling Platforms, 1999.