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Abstract
 In this report we investigate what are the main concepts and issues in the support of Quality of Service, focusing
at open distributed computing and middleware platforms. We study how  these issues are being addressed in
research on QoS support related to middleware.

QoS is about non-functional properties in general, but research has been centred around communication protocols
and multimedia. The main issues of QoS, related to each RM-ODP viewpoints are discussed. Important issues are
QoS specification, QoS provision and how to deal with changing conditions. Research in QoS in middleware
platforms is mainly centred around ODP, ANSA and CORBA architectures.
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 2 CONCEPTS AND ISSUES
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Client Server

 2 .1 .2 Application vs. system level
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l��0�+�_t
o�g�npkmfs|}lBu�lBnpt
vhlJo�t
lBt g�o�z�yhysg�lJg�i_iNo�t
lBlBt iTo�t
~mg�npt
i
kmlBlBrst
lJ��{ o�gjx9ysk�~mt9��lBt
t9©�¾jg�fslBlBt
fs¸�Ä�¬���� � { vht9o�t
lBt
gdo�z�y(t
o�lJ©�Ã%f(|�~mt
o�¸d¼�¬st
��t
f
gdo�|�r(t9npysg�nVg�q�lBnpo�gdz�npkm{
f(lJlBys{
r(~miTq�t9o�t vh{
��t
iT��o�{
v±npyst9��� � �D­�t
o�f(t
~�np{9|�km��t
gd�N�N~mkmz�g�npkm{
fsl?��rs~�~�z�{
fsn*o�{ ~�{
�Ot
o%y(g�o�i_x9g�o�t9iNt ��kmz�t
l��

 2 .2 Information Viewpoint

e�fhnpyst9k�fs��{
o�vhg�npkm{
fh�Ok�t x+�_{
kmf(nVx9t9g�o�t9kmf(npt
o�t lBnpt
iTkmfhnpy(t9kmf(��{
o�vhgdnpkm{
fh��~�{ x9k�fs|
qdt
npx9t
t
fh¡9{ � rslBt
o�lJg�fsiT¡9{ � �_o�{
��kmiNt
o�lBw�kp� t_�Dnpy(t9vhgdkmfhkmlBlBr(t9kmlJy({
x²¡9{ � kml
lB�_t
z�km��kmt
i��

�Vy(t9�_r(o��N{ lBt9{
�(¡9{ � lB�Nt
z�km��kmz�g�npkm{
fhkmlJnp{+z�gd�Nnprso�t9g��N�_~�kmz�gdnpk�{ fh~�t ��t
~�¡+{ �
o�t
Âdr(kmo�t
vht f(nplJg�fsiTvhg�fsg�|�t
v�t
f(nV�N{ ~�kmz�u(�0¡9{ � lB�_t
z�km��kmz�g�npkm{
f�k�lJi_t
z�~mg�o�g�npkm��t9kmf
fsg�npr(o�t9gdf(iTkmlJr(lBt iTnp{+l�t
~mt
z�npw�z�{
fs��k�|Or(o�t9g�fsiTvhg�kmfsnpg�kmfh¡9{ � vht z�y(g�fskmlBvhl��D¥Áy(t
f
��{
z�rslBk�fs|}g�nVnpy(t9i_{
vhg�kmfh{
�svhr(~mnpkmvht
i_k�g���~m{
x9lBwdk�nVkmlJr(lBt
��rs~�np{9~m{
{
­®gdn
©��%g�vh�_q�t
~m~mwÅ¸d¼�¬sx+yskmz�yhy(gdl?kmi_t
f(npkm��kmt
iTnpy(t9��{
~m~m{
x9k�fs|}��k��Ot9g�o�t
gdl?{ �(¡9{ �
lB�_t
z�km��kmz�gdnpk�{
f°�
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♦ 
�E~m{
x²lBu�fsz�y(o�{
fskmlBg�npkm{
f

♦ 
�E~m{
x²�Nt
o���{
o�vhgdf(z�t_�D�Vy(t9vht
npo�kmz�lJvhg�u}�Og�o�u}��o�{
v±{
f(t9gd�N�N~mkmz�g�npkm{
fhnp{
gdf({
npyst
o/�D�Vy(t u}z�g�fhqdt+npyskmf(|�lJ~mkm­�t9npyso�{
r(|�ys�Nrsnpw�iNt ~�gdu�w��ckmnpnpt
o�w�~m{
l�l?o�gdnpt
l��

♦ 
¡+{ � z�{
vhvhkmnpvht
fsnV�N{
~mkmz�u�w�kp� tN�Dnp{9x9ysg�nVt
��npt
fsnElBys{
rs~�iTnpyst9¡9{ � q�t
|Or(g�o�gdf(npt
t iNÆ%�Eyst9z�y({
kmz�t
lJz�{
rs~miTtN� |(�Dqdt9q�t
npx9t
t
f�iNt
npt
o�vhkmfsk�l�n*kmz�w
�_o�t
iNkmz�npkm��t
wdg�iNgd�Nnpkm��t9g�fsiTq�t lBnEt ����{
o�nB�

♦ 
¡+{ � ª«g�fsg�|Ot
vht
fsnE�_{
~mk�z�uOw�kp� tN�Dnpy(t9i_t
|�o�t
t9{ �(¡9{ � gdiNg��_npg�npkm{
fhnp{9np{
~mt
o�gdnptN�
�Vy(t9�_{
~mk�z�u}v�g�u}kmf(z�{
o��_{
o�g�npt9lBz�gd~mk�fs|}g�z�npkm{
f(lO�

♦ 
��{
l�nE{
�slBt
o���kmz�tN�0¾jkm|�yhiNt |�o�t
t
lJ{
�s�Nt
o���{
o�vhgdf(z�t9{
o%z�{
vhv�k�npv�t
f(nplJvhg�u
ysg���t9gjl�k�|Of(km��k�z�gdf(nVz�{
lBnVkmfho�t
lB{
rso�z�t9r(lBgd|�tN�De��sz�{
lBnVkml?g�¡+{ � �Ngdo�g�vht
npt
o�w
gd�N�N~mkmz�g�npkm{
fslJg�o�t9g�qd~�t9np{9vhgd­�t9gjnpo�g�i_t
��{
���(qdt
npx9t
t
fhz�{
l�nEgdf(i
�_t
o���{
o�vhg�fsz�t
w�x9yst
fhfst
|�{
npkmg�npkmfs|}¡+{ � �

 2 .2 .1 Key issues in specification

¥`yst
fhg�fsg�~mu�lBkmfs|}gjz�{
f(z�o�t npt+v�{
iNt
~�{
o%lBu�lBnpt
v±x9t9g�o�t9kmfsnpt
o�t
lBnpt
iTkmfhys{
x¤npyst
�No�{ q�~mt
v±{
�(i_t
z�~mg�o�gdn*km�Ot+¡9{ � lB�Nt
z�km��kmz�g�npkm{
fhkmlJg�i_iNo�t
lBlBt i��D�Vkmo�lBnVn*yst9¡9{ �
o�t
Âdr(kmo�t
vht
fsnplJg�nVnpy(t9g��_�N~mkmz�g�npkm{
fh~mt
��t
~�lBy({ r(~miTq�t¿g��N�_~�kmz�gdnpk�{ f(��{
o�kmt
f(npt iºo�g�npyst
o
npy(gdfhlBu�lBnpt vh��{
o�kmt
f(npt
iV�D�Vy(kmlJvht
g�fslJnpy(g�nVnpy(t9vht npo�k�z�lJrslBt
iTlBys{
r(~miTq�t9o�t ~�gdnpt
iTnp{
r(l�t
o��_t
o�z�t
�_npk�{ fh{
o%npy(t9g�qdlBnpo�g�z�npkm{
f(lJgd�N�N~mkmz�g�npkm{
fh�_o�{
|�o�gdvhvht
o�lJiNt g�~�x9kmnpy°�D�9f(t
z�{
rs~�iT��{
o%kmf(lBnpgdf(z�t9npg�~m­®gdq�{
rsnEnpyst9kmf(��{
z�g�npkm{
f(�s{
o%��o�gdvht
��o�g�npt
wd{
o%g�qd{
r(nV�%�+�
¡9r(gd~�kmnpu}��t o�lBr(lJ�Vy({
fst
��¡9r(g�~mkmnpu(� � u�l�npt
vh��{
o�kmt
f(npt
iTv�t
g�fsl?npysg�nVvht
npo�kmz�lJg�o�t
o�t
~mg�npt
iºn*{9lBuOlBnpt
v±o�t
lB{
rso�z�t
lJg�fsiTnpy(t
kmo%�No�{
�_t
o�npkmt
l��D¾jt o�t
w�{
fst9z�{
r(~miT��{
o%kmf(lBnpgdf(z�t
npg�~m­®gdq�{
rsnEqdg�f(i_x9kmiNnpyhkmfhnpt
o�vhlJ{
�sq�kmnE�_t
o%lBt
z�{
fsiTo�g�npt9{
o%y(gd��t9gjz�y({ k�z�t
q�t n*x9t t
fhgje � �9�¨�%��z�y(g�fsf(t
~���t
o�l�r(lJg�f}���VªÇz�{
f(fst
z�npkm{
f����µz�{
vhv�{
fhg��_�No�{
gdz�y
np{9npy(kmlJkml?�_o�{
��kmiNt9vht z�y(g�fskmlBvhlJ��{
o�v�g��N�_k�fs|}g��_�N~mkmz�g�npkm{
f(��{
o�kmt
fsnpt
iT¡9{ � np{
lBu�lBnpt v ~mt
�Ot
~�¡9{ � �D�Vy(kmlJkmlJz�~�{ lBt
~mu}o�t
~mg�npt
iTnp{�¡9{ � npo�gdf(lB�_g�o�t
fsz�uOwdkp� tN�0npy(t
g��_�N~mkmz�g�npkm{
fh�No�{ |�o�g�v�vht
o%lBy({
rs~miTiNt
gd~�x9kmnpyÈi_t
z�~mg�o�g�npkm��t9¡9{ � g�f(iºf({
nVq�{
npyst
o
x9kmnpyhnpy(t9lBt
~mt
z�npkm{
fhgdf(iTz�{
fs��k�|Or(o�gdnpk�{ fh{
�(vht z�y(gdf(kmlBvhlJg�fsiTo�t
lB{
rso�z�t
lJ��{
o�¡9{ �
�No�{ ��kmlBk�{ f��

��f({
npyst
o%k�l�lBr(t9kmlJx+ysg�nVnpu��_t+{ �(�Ngdo�g�vht npt
o�lJn*ysg�nViNt lBz�o�k�qdt9npy(t9¡9{ � �D�9f(t9z�ys{
kmz�t
kmlJq�t
npx9t
t
fÉÂ�r(gd~mk�npgdnpk��Ot+g�fsiÊÂ�rsg�f(npkmnpg�npkm��t �Ng�o�gdvht
npt
o�l��0¡9r(gd~�kmnpg�npkm��t9�_g�o�g�v�t
npt
o�l
z�g�fhqdt9lBkmvh�N~mt9g�fsiTkmf(npr(kmnpkm��t9np{9r(lBt_�De�nVk�lJnpu��_kmz�g�~m~mu�g�z�y({
kmz�t9q�t
npx9t t
fh�No�t
i_t
��kmf(t
i
Â�rsg�~mkmnpk�t lBw���{
o%kmf(lBnpg�fsz�t9q�t
npx9t
t f]Ë Ì�Í�Î
ÏTÐ*wsË Ñ�ÒNÌ�Ó\Ð�{
o%ÔmÕ�Ö�×8Ø9Ñ4Ò_Ì�Ó\Ð�{
o%q�t n*x9t t
fhÔ Ù�Î Ú�Û�Ö0� w
Ô Ü�ÝOÞ(Ú�Î�� w�gdf(iTÔ ß�àTá�âTÝ�Ò_Í�Ú�Ó,ØNá�ÜTÝ�ÞsÚ�ÎNÐ�����nEnpyst9{
npy(t
o%ysg�f(iTnpyst
o�t9lBt
t
v�l?np{9qdt9gjf(t
t
i
��{
o%Â�r(gdf(npkmnpg�npkm��t9lB�_t
z�km��kmz�gdnpk�{ f(lJ��t
lB�Nt
z�k�gd~�~mu}��{
o%vhr(~mnpkmvht
i_k�g���~m{
x9lB�hx9yskmz�yhvhg�u
q�t9vh{ o�t+z�{ f(z�kmlBt9g�fsiTvh{
o�t9��~mt
��kmq�~mt9��{
f(t9z�{
rs~miT��{
o�kmfslBnpg�fsz�t+l�g�u}lB{
vht npy(kmf(|}~mkm­�t
ã Ì8ä�Ö�Ö�Þæåèç�éjÒ_ê(Þ+ëBÚ�Ó1Ó3Ö�×%ìhç ã ���

��fhg��_�No�{
gdz�yhnp{9n*yskmlJ��lBt t+l�t
z�npkm{
fh³I� ¶��skml?np{9rslBt9Â�rsg�~mk�npgdnpk��Ot9�Ng�o�gdvht
npt
o�lJgdnEnpyst
g��_�N~mkmz�g�npkm{
fh~mt
��t ~���o�t
|�km{
fhfsg�vht lB��wdx9y(kmz�yhgdo�t+v�g��N�_t
iTnp{9Â�rsg�f(npkmnpgdn*km�Ot+¡9{ �
�Ngdo�g�vht
npt o�lBw�x9y(kmz�yhz�{ r(~miTq�t9gdz�z�r(o�g�npt ~�u}vht g�lBrso�t
iNwd{
o%x+yskmz�yhz�{
r(~miTqdt9t
g�lBkm~mu
vhg��_�Nt
iTnp{9lBuOlBnpt
v±~mt
��t
~�¡9{ � g�fsiTo�t
lB{ r(o�z�t9g�~m~m{
z�g�npkm{
f°����fhg�i_��g�fsnpg�|Ot+{ �(npy(kml
g��_�No�{
gdz�y(wdk�lJnpyst+l�t
�Ng�o�gdnpkm{
fh{
�s¡+{ � lB�Nt z�k���kmz�g�npkm{
fslJ��kp� tN�Dnpyst9iNt
��kmf(kmf(|}npyst
vht
gdf(kmf(|}{ �(o�t
|�km{
fs��f(gdvht
lB�(��o�{
v±gd�N�N~mkmz�g�npkm{
fh�_o�{
|�o�gdvhl��D�Vy(t9kmiNt gjk�lJkm~m~mr(lBnpo�gdn*t i
kmfhnpy(t9��km|�r(o�t9qdt
~m{
xT�
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capacity > 100 Kb/s
jitter < 5 ms
delay < 1 s
. . .

"CD audio"
Application

program

Region definition

Region name

�ío�t
~mg�npt
iT�_o�{
q�~mt
v±kml?ys{
x²np{9iNt
gd~�x9kmnpyhnpy(t9z�{
vh�_~mt
�}g�fsiTy(t
npt
o�{ |�t
fst
{
r(l
�_g�o�g�vht npt
o%lB�Ng�z�t_�D�Vy(t9�N{ lBlBkmq�~mt9iNkmvht
fslBk�{ f(lJ��{
o%iNt
lBz�o�kmq�kmfs|}¡9{ � g�fsiTnpy(t9z�ys{
kmz�t
{
�svht
npo�kmz�lJk�f�gj|�km��t
fhl�k�nprsg�npkm{
fhz�gdfhq�t9��t
o�u}fsr(vht o�{
r(l��0�9km����t
o�t
fsnV�Ng�o�gdvht
npt
o�l
vhgdu}q�t9f(t t
iNt
iTkmfhi_k�����t
o�t
fsnVlBk�nprsg�npkm{
fsl?gdf(iTnpyst9lBg�vht9�No�{ q�~mt
vh��iN{ vhg�kmfhz�g�f�t
��t
f
o�t
fsiNt
o%iNkm����t
o�t
fsnE¡9{ � vht
npo�kmz�lJ��km�siNkm����t
o�t f(nV�Nt
{
�_~mt9g�o�t9iNt
gd~mk�fs|}x9k�npyhnpyst
vh������f
gd�N�No�{
gdz�yhnp{9npy(kmlJ�No�{
qd~mt
v±k�lJnp{9lBnpg�fsiNgdo�iNkmlBt9npy(t9�_g�o�g�vht npt
o�lJg�f(iºvht
npo�kmz�l?rslBt
i
kmfh|�km��t fhlBkmnpr(g�npkm{
fsl��D�V{
o%t
��gdvh�N~mt9g�l+¡9{ � i_{
vhg�kmfsl�{
o?z�~mg�lBl�t
l npy(gdnEi_t
��kmf(t9gjlBt
n
{
�so�t
~mg�npt
iT�_g�o�gdvht
npt
o�lp¦1vht
npo�kmz�lJg�fsiT���_{
lBlBkmq�~mu��sgjlBt
nV{
�so�t
~mg�npt
iTvht
z�y(g�fskmlBvhl
©�îVk��9npx9g�uO¸�¶�¬��

¥`yst
fhnpo�u�kmfs|}np{9g�f(lBx9t o�npyst9Â�r(t lBnpk�{ fhy({
x²¡9{ � kmlJlB�Nt z�k���kmt
i_w�x9t9vhg�u}i_k��Ok�i_t9npy(t
o�t
lBt g�o�z�yht
����{
o�nVkmf(np{9npy(t9��{
~m~m{
x9kmf(|}z�g�npt |�{
o�kmt
l��

♦ 
§}lBt
o8¦1g��_�N~mk�z�gdnpkm{
fhz�t
fsnpo�t
iTg��_�No�{
gdz�y(t
l9x9y(kmz�yhnpu��_kmz�g�~m~�u}gdo�t9vh{
npkm��g�npt i
��o�{ v npyst9iNt
lBkmo�t9np{9�No�{
�OkmiNt9vhg�fsg�|�t g�q�~mt9g�qdlBnpo�g�z�npkm{
fsl?��{
o%gd�N�N~mkmz�g�npkm{
f
�No�{
|�o�gdvhvht
o�lJgdf(iTt
fsiN��r(lBt o�l��D�Vy(kmlJkml?v�g�kmf(~mu}x9y(gdnEysg�lJq�t
t fhiNkmlBz�rslBlBt
i
g�q�{ ��tN�

♦ 
�}t
npx9{
o�­/¦1npt
z�ysf({
~m{
|Ou}z�t
f(npo�t
iºg��N�_o�{
g�z�yst
l+x9y(kmz�yhnpuO�Nkmz�g�~m~mu}g�o�t9vh{
npkm��gdnpt
i
��o�{ v npyst9f(t
t iTnp{+qdt9g�q�~mt9np{9z�{
fsnpo�{
~�¡9{ � {
�(lB�_t
z�km��kmz%npt
z�ysf({
~m{
|�kmt
lO�Dª«rsz�y
t
����{
o�nVkmlJq�g�l�t
iT{
f}���Vªïfst
npx9{
o�­�l?gdf(iTgdk�v�l?np{9i_t
��t
~m{
�Tgdo�z�y(kmnpt
z�nprso�t
l
n*ysg�nVlBrs�N�N{
o�nVnpyst+�_o�{
��kmlBkm{
fh{ �(t
fsiN��np{
��t
f(iT¡9{ � |�r(gdo�g�fsnpt
t
l����µx9t
~m~�­�f({
x9f
t
��g�v��N~mt9k�lJnpyst�ð9�%ª®¦,ð9��e��}�²g�o�z�ysk�npt z�n*rso�t9©�îEgdñDg�o�¸d¼�¬��D¡9{ � kmlJy(t o�t
lB�Nt
z�km��kmt
iTg�l+npo�g�����kmz�z�~mg�l�lBt
l+g�fsiºlBt
o���kmz�t9z�~mg�lBlBt l wdx+yskmz�yho�t
�No�t lBt
f(npl
lBnpg�npkmlBnpkmz�g�~�v�{
iNt
~mlJ��{
o%k�fs��{
o�vhg�npkm{
fhl�n*o�t g�vhlOòpw�t g�z�yhx9kmnpyhgjlBt
nV{
�sz�~�gdlBlB�
lB�Nt
z�km��kmz�¡9{ � �Ng�o�gdvht
npt
o�l��0�9npy(t
o%o�t
lBt
gdo�z�yhq�gdlBt
iT{
f¿�»�VªÇf(t
npx9{
o�­�l
k�fsz�~mr(iNt9©��Vt
o�o�g�o�km¸�¹d¬(gdf(iT©��%t
lBlBt
¸d¶�¬��De�vh�_{
o�npg�fsnEx9{
o�­´k�lJgd~�lB{9qdt
kmf(|}iN{ f(t
k�fh¡9{ � lB�Nt
z�k���kmz�g�npkm{
fhqdg�lBt
iT{ fhnpy(t9e�f(npt o�f(t
nV©���o�gdiNt
fs¸�¶d¬4�

♦ 
�E{ o�vhg�~�vhg�npyst
vhg�npkmz�g�~�f({
npgdnpkm{
f(lBwdx9y(kmz�yhlBt
o��Ot+gdlJvh{
o�t9|�t
fst
o�kmz%vh{
iNt
~ml
{
o�~mgdf(|�rsg�|�t l?��{
o%lB�_t
z�km��kmz�gdnpk�{
f�{
�(¡9{ � z�{
f(lBnpo�gdkmf(npl��D©��%~mg�kmo�¸�¶dg�¬(�_o�{
�N{ lBt9g
¡+{ � z�{
fslBnpo�g�kmf(nV~mg�f(|Or(gd|�t9¡9îEwdx9y(kmz�yhkmlJq�g�lBt iT{
fhnpt
vh�_{
o�g�~�~m{
|�kmz/�D�9npyst
o
x+{ o�­®kmf(z�~mr(i_t9©��V~mg�|�t vhg�fsf(¸�¼d¬�w�x9y(kmz�y±�No�{ �N{
lBt9np{9lB�Nt z�k���u}¡9{ �
o�t
Â�rsk�o�t vht
f(nplJgdlEó�t
z�np{
o%ª«kmfsk�vhrsv±�Eo�{ q�~mt
vhlBwdg�f(iºn*yst9§}f(km��t o�lBk�npu}{ �
�Eo�{
v�lB{9�+e�ª¯Ãô�No�{;�ct
z�nV©�Ã%~�kmgdlBlBt
f(¸d¼�¬�w�x9ysk�z�y�k�lJi_t
��t
~m{
�_k�fs|}gj��{
o�vhg�~�npu��Nt
vh{
iNt
~���{
o%vhr(~mnpkmvht
iNkmgj��~m{
x9lJnpy(g�nVkmf(z�{ o��N{
o�gdnpt+Âdr(gd~�kmnpu}g�npnpo�kmqdr(npt
l��
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 3 MIDDLEWARE QOS RESEARCH
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 3 .1 IMAC - Multimedia extensions to ANSA
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 3 .2 RM-ODP related research
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 3 .2 .1 QoS annotation language
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 3 .2 .2 Reactive objects
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