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Abstract

The In telligen t Grid Sc heduling Service (ISS) aims at �nding an optimally suited computational

resource for a giv en application comp onen t. An ob jectiv e cost mo del function is used to decide it. It

includes information on a parametrization of the comp onen ts and the mac hines in a Grid, and on the

a v ailabilit y of the clusters. The pap er presen ts a detailed form ulation of the en vironmen t and outlines

the in tegration of the ISS mo del in to the UNICORE-based VIOLA meta-sc heduling Grid middlew are.

This do cumen t is an activ e collab oration b et w een EPFL, EIA-FR, F orsc h ungszen trum Jülic h, F raunhofer

Gesellsc haft, Univ ersit y of Dortm und, CETIC, CSCS, and Switc h.

1 In tro duction

The di�eren t comm unication needs of di�eren t HPC application comp onen ts demand a Grid that can o�er

di�eren t parallel computer arc hitectures: SMP or NUMA mac hines for shared memory parallel applications,

a NoW (Net w ork of W orkstations) in terconnected b y a bus for em barrassingly parallel applications, scalable

but cost-e�ectiv e net w ork ed clusters for applications dominated b y p oin t-to-p oin t comm unications, and more

exp ensiv e mac hines with faster net w orks for comm unication in tensiv e applications.

There is curren tly little feedbac k ab out application comp onen ts that are not adapted to the hardw are

infrastructure, and little incen tiv e to do so: if for instance a user notices that the net w ork is to o slo w and

hamp ers the p erformance of its application, he ma y try to �nd another mac hine to run it. On the other

hand, running an em barrassingly parallel application on a costly NUMA mac hine, the user will probably

not recognise this as a problem. In the future, one w ould lik e to c ho ose a w ell suited hardw are for an

application comp onen t (according to p eak pro cessor p erformance, main memory bandwidth, or in ter-no de

net w ork comm unication system), and this in a most automatic manner.

This researc h w ork is carried out under the FP6 Net w ork of Excellence CoreGRID funded b y the Europ ean Commission

(Con tract IST-2002-004265).



The ISS (In telligen t Grid Sc heduling Service) pro ject is precisely aimed at solving this latter problem.

In a �rst phase, the ISS middlew are will b e in tegrated with UNICORE [5] and the MetaSc heduling Service

(MSS) [6] dev elop ed b y the German VIOLA pro ject [27 ]. In a later phase, ISS could also b e em b edded in

other existing Grid middlew ares suc h as Globus [21 ], EGEE [19 ], or GridLab [20 ].

The arc hitecture of the ISS system is built around a Smart Grid No de (SGN) that includes a Data

W arehouse (D W), a System Information (SI), a Resource Disco v ery System (RDS), a Resource Brok er

(RB), and a Monitoring System (MS). The RDS is lo oking for all eligible mac hines that can satisfy binary

constrain ts suc h as user righ ts, existence of a program on the mac hine, memory size, a v ailabilit y of a tok en,

or n um b er of pro cessors. The RB includes the Cost F unction Mo del (CFM) in whic h the sum o v er all the

relev an t real and virtual costs is minimized with resp ect to constrain ts on time and money . The system

submits the job to the mac hine ha ving the lo w est v alue of the cost function. This function includes costs

related to CPU time, license fees, main tenance, in terests on the in v estmen t, electrical energy , data transfer,

and w aiting time expressed in form of salaries or time-to-mark et losses. The data needed in the CFM on

the computer arc hitecture (no de p erformance, memory bandwidth, net w ork comm unication) and on the

b eha viour of an application on a mac hine (n um b er of op erations and memory accesses, n um b er and size of

messages) are collected after execution b y the MS, put on the D W and reused to compute the CFM for the

next submission. Data on the a v ailabilit y of the di�eren t mac hines in the Grid are deliv ered b y the MSS

and en ter the CFM just prior to execution.

The ISS/VIOLA middlew are [2 , 27 , 5 , 6] will b e v alidated b y more than 100'000 job executions from the

Pleiades clusters [23 ] collected b y the V AMOS monitoring system during one y ear. A sim ulator has b een

written to apprise a n um b er of free parameters in the CFM.

The ISS concept is �rst presen ted, with a short description of the � mo del [3 ] and a description of

the di�eren t t yp es of comp onen ts that can b e found in HPC applications. The cost function mo del is

then detailed. It incorp orates a set of free parameters and functions that ha v e either to b e giv en b y the

computing cen tres or are determined through sim ulation. The arc hitecture of the VIOLA meta-sc heduling

en vironmen t is then discussed, follo w ed b y a detailed execution scenario b y means of the real-life plasma

ph ysics application ORB5.

An implemen tation plan follo ws in Chapter 7. Di�eren t sim ulators are discussed in Chapter 8. In a �rst

phase, the SwissGrid testb ed will b e used to run the �rst ISS/VIOLA protot yp e middlew are. In a near

future, the concept of the HPC Grid will b e generalised to Switzerland

2 ISS concept

The ISS middlew are is supp osed to help deciding on whic h Grid resources a scien ti�c application should b e

executed. Suc h an application consists of k = 1 ; :::; n comp onen ts, called Ck , to b e executed on the mac hine i
whic h is one of the r resources in a Grid. T o help �nding the adequate resource, all the application comp onen ts

and the mac hines are parametrized using the � mo del [3]. This parametrization and other information on

the a v ailabilit y of the resources are used to determine the optimal mac hines b y a cost function mo del.

2.1 Grid Arc hitecture

Supp ose that a Grid consists of i = 1 ; :::; r mac hines, eac h one ha ving P computational no des (the indexes i
and k are omitted in this c hapter). Eac h no de has a p eak p erformance of R1 [G�ops/s], and a p eak main

memory bandwidth of M 1 [Gw ords/s] (1 w ord = 64 bits). The no des are in terconnected b y a comm unication

net w ork with a total p eak bandwidth of C1 [Gw ords/s]. Then, one can de�ne the follo wing quan tities

VM =
R1

M 1
(1)

VC = P
R1

C1
:

These t w o parameters measure the n um b er of �oating p oin t op erations the pro cessor can p erform during the

transfer time of an op erand from main memory to cac he ( VM ) or from one computational no de to another

CoreGRID TR-0070 2



Cluster V endor pr o c essor pr o cs c or es network network

typ e no de 1 2

NoW heterogeneous 1 1 FE bus

Pleiades1 Logics P en tium 4 1 1 FE switc h

Pleiades2 DELL Xeon 1 1 GbE switc h

Pleiades2+ DELL W o o dcrest 2 2 GbE switc h

Mizar Dalco Opteron 2 1 Myrinet

Blue Gene IBM P o w er 4 2 1 Grid net w ork F at T ree

Horizon Cra y Opteron 1 1/2

1
3D T orus

SX-5 NEC v ector 1 1 Switc h

T able 1: Some t ypical mac hines.

1
F or the Cra y Mac hine, bab y system is dual cores, pro duction system one

core

Cluster P R1 M 1 VM C1 VC

[G�ops/s] [Gw ords/s] [Gw ords/s]

NoW 25 6.4 0.8 8 0.0016 100000

Pleiades1 132 5.6 0.8 7 0.2 3600

Pleiades2 120 5.6 0.8 7 1.8 360

Pleiades2+ 92 21.3 2.7 8 1.4 1400

Mizar 160 9.6 1.6 6 5 300

Blue Gene 4096 8 1 8 192 170

Cra y XT3 1664 5.2 0.8 9.8 1760 3.3

SX-5 16 8 8 1 128 -

T able 2: Characteristic parameters of some clusters.

one ( VC ).

Some t ypical mac hines are listed in T able 1, with their resp ectiv e parameters in T able 2. The data

corresp onds to mac hines with one (NoW, Pleiades, Horizon) or t w o (Mizar, Blue Gene) pro cessors p er no de.

Sp eci�cally , the parameter VM distinguishes b et w een a v ector mac hine ( VM � 1) and a RISC pro cessor

( VM � 7). One also sees that the quan tit y VC can v ary from 3.3 for a Cra y XT3 to 100000 or ev en more for

a bus-based mac hine. The cost of a mac hine often increases with decreasing v alues of VC .

2.2 � mo del

In the follo wing analysis, w e will assume that the tasks of a parallel application comp onen t Ck are w ell

balanced, and that computations and comm unications do not o v erlap. Let assume that the total execution

time T can b e divided in t w o parts:

T = TP + TC ; (2)

where TP is the time sp en t to compute and TC the time sp en t to comm unicate and sync hronise on eac h

pro cessor. The sp eedup A of a Ck running on pk pro cessors can b e expressed as:

A =
pk TP

TC + TP
=

pk

1 + 1
�

= epk (3)

where

TC = TS + TL =
S
b

+ LZ: (4)

TS is the time to transfer the data from one no de to another one, S the message size in 64bit w ords, b the

net w ork comm unication bandwidth in w ords/s, TL the total latency time in seconds, L the latency time p er

message, Z the n um b er of messages, and e is the a v erage CPU usage of Ck or the e�ciency ( e = A=pk ). In

a GbE, for a message size of 200 64bit w ords, TS � TL .

CoreGRID TR-0070 3



W e de�ne � as the ratio TP =TC and decomp ose TP and TC in to comp onen t and hardw are sp eci�c

parameters. F or TL � TS , one can separate the t w o con tributions:

� =
TP

TC
=

O=ra

S=b
=

O=S
ra=b

=

 a


 M
: (5)

The quan tit y O denotes the n um b er of op erations p er no de [�ops] one has to p erform during the execution

of Ck , and S is the amoun t of data (in 64-bit w ords) that has to b e sen t through the in terno de net w ork b y

eac h no de [w ords]. The quan tities

b = Ck = < d > P (6)

ra = Min (R1 ; Va � M 1 )

Va = O=W

measure the p eak bandwidth of the net w ork p er no de [Gw ords/s], the p eak p erformance of the application

comp onen t Ck p er no de [G�ops/s], and the a v erage n um b er of times data can b e found in cac he, resp ectiv ely .

The quotien t < d > in the equation for b is the a v erage distance b et w een t w o no des in the comm unication

net w ork and W is the n um b er of 64bit w ords that ha v e to b e transferred from main memory to cac he. If Va �
VM , ra = R1 . If Va < VM ra is directly related to the main memory bandwidth. In scien ti�c applications,

ra v aries b et w een 10% and 100% of R1 . The smaller ra=R1 , the bigger � , and the comm unication needs

diminish.

One sees that � can b e used to get a go o d insigh t on the suitabilit y of a giv en hardw are to run Ck

e�cien tly . F or instance, a v alue of � = 1 means that Ck sp ends as m uc h time in comm unications than in

pro cessing, and is equiv alen t to a sp eedup of pk =2, or e = 0 :5. In fact, � should b e as large as p ossible but

the larger � is, the more exp ensiv e the comm unication net w ork. W e ha v e to �nd a compromise. Exp erience

sho ws that � � 2 corresp onds to a cost-e�ectiv e matc h b et w een Ck and the hardw are. Let us describ e a few

of suc h cost-e�ectiv e comp onen t/mac hine com binations.

2.3 HPC applications

2.3.1 Em barrassingly parallel applications

These applications do not demand in ter-no de comm unications. A big n um b er of cases ha v e to b e distributed

among man y sla v e no des, the results collected and handled b y a serv er. No data is exc hanged b et w een sla v e

no des. In this case, TP >> T C and th us � >> 1. As a consequence, v ery high 
 M comm unication net w orks

suc h as a bus, the Pleiades1 cluster (see T able 2), or ev en the In ternet can b e used. A t ypical example

is the seti@home pro ject that collects computational cycles o v er the In ternet. Other examples of suc h

applications are the immense amoun t of indep enden t data in high energy ph ysics that has to b e in terpreted,

the sequencing algorithms in proteomics, parameter studies in plasma ph ysics to predict optimal magnetic

fusion con�gurations, or a h uge n um b er of data base accesses for statistical reasons.

2.3.2 Applications with p oin t-to-p oin t comm unications

P oin t-to-p oin t comm unications t ypically app ear in �nite elemen t or �nite v olume metho ds when a h uge 3D

domain is decomp osed in sub domains [9] and an explicit time stepping metho d or an iterativ e matrix solv er

is applied. If the n um b er of pro cessors gro ws with the problem size, and the size of a sub domain is �xed,


 a is constan t, and, consequen tly , � do es not c hange. The p er pro cessor p erformance is determined b y the

main memory bandwidth. The n um b er O of op erations p er step is directly related to the n um b er of v ariables

in a sub domain times the n um b er of op erations p er v ariable, whereas the amoun t of data S transferred to

the neigh b oring sub domains is directly related to the n um b er of v ariables on the sub domain surface, and

O=S b ecomes big. F or h uge p oin t-to-p oin t applications using man y pro cessing no des, � << 1 for a bus,

2 < � < 10 for the Pleiades1 cluster with a F ast Ethernet switc h, 10 < � < 50 for the Pleiades2 and Mizar

clusters, and � >> 100 for Cra y XT3. Hence, that kind of applications can run w ell on a cluster with a F ast

Ethernet or a GbE switc h.
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2.3.3 Applications with m ulticast comm unication needs

The parallel 3D FFT algorithm is a t ypical example with imp ortan t m ulticast comm unication needs. Here,


 a decreases when the problem size is increased, and the comm unication net w ork has to b ecome faster. In

addition, ra = R1 for FFT, 
 M is big, and, as a consequence, the comm unication parameter b m ust b e big

to satisfy � > 1. Suc h an application has b een discussed in [3]. It has b een sho w ed that with a F ast Ethernet

based switc hed net w ork, the comm unication time is sev eral times bigger than the computing time. It needs

a fast switc hed net w ork, suc h as Myrinet, Quadrics, In�niband, or sp ecial v endor sp eci�c net w orks suc h as

those of a Cra y XT3 or an IBM BlueGene.

2.3.4 Op enMP applications

There are a few applications that demand a shared memory computer arc hitecture. The parallelism of the

comp onen t is expressed with Op enMP . A t ypical example is the one describ ed in [10]. This implies that a

HPC Grid should also include SMP no des that can run Op enMP applications suc h as the new m ulti-cores

and m ulti-pro cessors units (In tel W o o dcrest or AMD So c k et F)

2.3.5 Comp onen ts based applications

An application can b e separated in to comp onen ts. If in ter-comp onen t comm unication is not to o big, eac h

comp onen t can run on a separate mac hine. This is the reason wh y w e talk ab out comp onen ts instead of

applications. Ho w ev er, most of the presen t HPC applications consist of one single comp onen t.

3 Cost F unction Mo del

3.1 Mathematical form ulation

t
k
0 t

k

s
t

k

e
t

k

d
t

k

r

time

Turn-around time
Collection of
execution data

Pre-execution Execution Post-execution

,i ,i ,i ,i

Figure 1: ISS job submission timing

The c hoice of a w ell suited mac hine dep ends on user requisites. Some users w ould lik e to obtain the

result of their application execution as so on as p ossible, regardless of costs, some others w ould lik e to obtain

results for a giv en maxim um cost, but in a reasonable time, and some others for a minim um cost, regardless

of time.

W e will describ e here in a few w ords the v arious elemen ts that comp ose a cost function z b eing able to

satisfy users' requests. This cost function dep ends on costs due to mac hine usage, denoted b y K e , license

fees K l , energy consumption and co oling K eco , w aiting results time K w , and amoun t of data transferred K d .

All these quan tities dep end on the application comp onen ts ( Ck ), on the p er hour costs ( K i ) on mac hine ( Ri )

with altogether Pi computational no des, on the n um b er of pro cessors ( pk ) used in the computation for eac h

comp onen t, and on data transfer costs o v er the In ternet. The user can prescrib e the t w o constrain ts K MAX

(maxim um cost) and TMAX (maxim um turn around time). The optimization problem writes:
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min z = �K w

 
n[

k=1

(Ck ; Ri ; pk )

!

+
nX

k=1

FCk (Ri ; pk )

suc h that

nX

k=1

�
K e(Ck ; Ri ; pk ) + K l (Ck ; Ri ; pk )

+ K eco(Ck ; Ri ; pk ) + K d(Ck ; Ri ; pk )
�

� K MAX

max(td
k;i ) � min( t0

k ) � TMAX

(Ri ; pk ) 2 R (Ck );

8 1 � k � n , where

FCk (Ri ; pk ) = � k

�
K e(Ck ; Ri ; pk ) + K l (Ck ; Ri ; pk )

�

+ 
 k

�
K eco(Ck ; Ri ; pk )

�

+ � k

�
K d(Ck ; Ri ; pk )

�
[ECU] ;

� k ; �; 
 k ; � k � 0;

� k + � + 
 k + � k > 0;

and R(Ck ); k = 1 ; :::; n is the eligible set of mac hines for comp onen t Ck . W e express the money quan tit y

as Electronic Cost Unit ( [ECU] ). The quan tities t0
k and td

k;i represen t the job submission time and the time

when the user gets the result, resp ectiv ely (see Fig. 1).

In our mo del, the parameters � k , � , 
 k , and � k are used to w eigh t the di�eren t terms. They can b e �xed

b y the users and/or b y a sim ulator. F or instance, b y �xing � k = 
 k = � k = 0 and � 6= 0 , one can get the

result as rapidly as p ossible, indep enden t of cost. By �xing � = 0 and � k ; 
 k ; � k 6= 0 , one can get the result

for minim um cost, indep enden t of time. These four parameters ha v e to b e tuned according to the p olicies

of the computing cen tres and user's demands. In the case of the Swiss Grid Initiativ e, the o v erall usage of

the mac hines should b e high. F or instance, increasing � will increase usage of underused mac hines. One

recognizes that a sim ulator, presen ted in section 8, is needed to estimate these parameters. In fact, the user's

(resource consumer) and the computing cen ter's (resource furnisher) in terests are complemen tary , the �rst

ones w ould lik e to get a result as so on as p ossible and for the smallest costs, and the second ones w ould lik e

to get highest pro�t. The sim ulator will b e used to try to satisfy b oth somewhat con tradictory goals. This

implies a constan t tuning of the free parameters.

3.2 CPU costs K e

M
on Tu

e

W
ed

T
hu Fr

i

S
at

S
un t

ke

Figure 2: Example of CPU costs as a function of da ytime.

K e(Ck ; Ri ; pk ) =
Z t e

k;i

t s
k;i

ke(Ck ; Ri ; pk ; '; t ) dt [ECU]:

Eac h computing cen ter has its sp eci�c accoun ting p olicy , but often they just bill the n um b er of CPU hours

used. Figure 2 sho ws an example of ke(t) when da y time, nigh t time and w eek ends ha v e di�eren t CPU costs.
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The CPU costs include the in v estmen t Si
c made at the start of the service p erio d T i

0 , the main tenance fees

Si
m , the in terests Si

b that ha v e to b e paid to the bank, the p ersonnel costs Si
p , the infrastructure Si

I including

the building, the electricit y installations, and the co oling, the managemen t Si
a o v erhead, the insurance fees

Si
f , and the margin Si

g . If a real bill is sen t to a user, sales tax has to b e included. Presen tly , the costs for

CPU time, data storage and arc hiving are not separated. In future, a sp ecial (costly) e�ort has to b e made

to guaran tee data securit y . Note, that the energy costs E i
h p er hour and no de are tak en care of b y a separate

term in the cost function.

The price/p erformance ratio of the most recen t mac hines app earing on the mark et reduces t ypically b y

a factor of close to t w o ev ery y ear. This implies that the in v estmen t Si
c should en ter the CPU costs in a

non-linear manner. It is reasonable to de�ne a regression curv e � (T; Ri ) for eac h mac hine in the Grid that

measures the depreciation of the resource as a function of time

� (T; Ri ) =
Si

cr i ln (yi )

1 � y� r i T i
i

y� r i T
i

with Z T i
0 + T i

T i
0

� (T; Ri )dT = Si
c

that tak es this fact in to accoun t. The mac hine installation date is T i
0 , the life time in y ears of a mac hine

is Ti and T is the running time in y ears. Cho osing yi = 2 , r i = 1 , and Ti = 3 implies that the v alue of a

mac hine reduces b y a factor of 2 ev ery y ear, and that the mac hine will b e closed after 3 y ears.

T o compute the CPU costs of Ck it is supp osed that ke = 1 , not c hanging during the w eek time. A dmitting

that the mac hine with Pi no des runs with an e�ciency of ei % o v er the y ear ( d = 8760 hours/y ear), the CPU

cost K e of Ck ( pk no des, execution starts at tk
s , and ends at tk

e ) is

K e(Ck ; Ri ; pk ) = pk

"
Si

c

1 � y� r i T i
i

�
y

� r i
de i

( t k
s � t i

0 )

i � y
� r i

de i
( t k

e � t i
0 )

i

�
+ Si (tk

e � tk
s )

#

where

Si = ( Si
m + Si

b + Si
p + Si

I + Si
a + Si

f + Si
g)=(dei Pi ):

The new quan tit y Si denotes the �x costs p er CPU hour for one no de, and t i
0 is the age of mac hine i in

hours. With the normalisation of r i b y dei , the times tk
s and tk

e are measured in hours (upp er case times are

in y ears, lo w er case times are in hours). All those v alues can b e giv en b y the computing cen tre through a

GUI describ ed later on. With the ISS mo del, w e hop e that it will b e p ossible to estimate Ti , i.e. the time

at whic h a mac hine should b e replaced b y a more recen t one.

The ' parameter in tro duces the priorit y notion (see [22 ] for details). Some computing cen tres do not

p ermit priorit y ( ' = 1 for all users). Others accept preemption for users who ha v e to deliv er results at giv en

times during the da y . A go o d example is w eather forecast that has to b e ready at 6 pm suc h that it can b e

presen ted after the news at 8. This implies that the needed resources ha v e to b e reserv ed for the time needed

to �nish at 6, and this ev ery da y . All jobs running on those no des at start time of the w eather forecast

m ust b e c hec kp oin ted and rerun after 6. The CPU time of preempted jobs should cost more, whereas the

c hec kp oin ted jobs should b ene�t from a cost reduction.

If priorit y can b e used without preemption, it is necessary to de�ne a v ery strict p olicy . In this case, a

high priorit y job jumps ahead in the input queue, increasing the w aiting time of all the jobs that are pushed

bac k. As a consequence, higher priorit y should imply higher CPU costs, and lo w er CPU costs for all those

jobs that end with higher turn-around times.

In the academic w orld (as at CSCS), a user often gets a certain mon thly CPU time allo cation. When

this time is passed, the priorit y automatically is lo w ered. As a consequence, his jobs sta y longer in the input

queue, or, according to the lo cal p olicy , he only en ters a mac hine when the input queue of higher priorit y

jobs is empt y .

During a �rst phase, priorit y is put to 1 for all Ck .
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3.3 License fees

K l (Ck ; Ri ; pk ) =
Z t e

k

t s
k

kl (Ck ; Ri ; pk ; t) dt [ECU]:

A license fee mo del is v ery complex. The most simple mo del is to directly connect the license fees to the

CPU costs, K l = aK e . In some cases the computing cen tre pa ys an ann ual fee and puts this fee in to the

CPU time, a = 0 . Clearly , those users who do not use this program are not happ y to pa y for other users.

Another simple mo del is to pa y only if the program is really used. Then, the fee can directly b e prop ortional

to the CPU costs, a > 0. This mo del is applied when the CFD co de FLUENT is used in a pro ject including

academia and industry . In a �rst phase, w e will restrict ourselv es to these t w o mo dels.

Note that the licensing problem also a�ects the a v ailabilit y of tok ens. Sp eci�cally , if not enough tok ens

are free, the program has to w ait un til he can get them. In a �rst step, w e prop ose to solv e the tok en problem

in the prologue phase. If there is no tok en at tk
0 , then the mac hine is not eligible.

3.4 Costs due to w aiting time
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Figure 3: Examples of w aiting cost graphs. Left: Engineer's salary cost function kw (t) due to w aiting on the

result. Righ t: Time-to-mark et argumen ts can push up priorit y of the job.

K w (Ck ; Ri ; pk ) =
Z t e

k

t 0
k

kw (Ck ; t) dt [ECU]:

This cost is mac hine and application comp onen t dep enden t since te
k is mac hine and comp onen t dep enden t.

It could b e engineer's salary or a critical time-to-mark et pro duct w aiting cost.

Figure 3 sho ws an example of kw concerning engineer's salary . Here, it is supp osed that the engineer lo oses

his time only during w orking hours. A more sophisticated function could b e y early graphs also including

unpro ductiv e p erio ds lik e v acations. Figure 3 also sho ws an example of kw of a critical time-to-mark et

pro duct.

But this cost has to b e computed o v er all application comp onen ts. It could b e written as follo wing:

K w

 
n[

k=1

(Ck ; Ri ; pk )

!

=
Z t e

n

t 0
1

kw

 
n[

k=1

(Ck ); t

!

dt [ECU]:

This parameter could also b e used to tune the o v erall usage of the whole mac hine park of a user comm unit y .

Increasing � in the cost function will activ ate mac hines that are underused. Putting � = 0 in the sim ulator

o�ers the opp ortunit y to recognize o v erused mac hines, i.e. t yp e of resources that should b e purc hased in

future.

3.5 Energy costs

K eco(Ck ; Ri ; pk ) =
Z t e

k

t s
k

keco(Ck ; Ri ; pk ; t) dt [ECU]:
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Figure 4: Examples of graphs for the energy costs. T o da y (left): Excessiv e costs of energy consumption

and co oling. F uture (righ t): Energy consumption reduction due to frequency adaptation to application

comp onen t needs. Computer man ufacturers are in vited to op en for on-line frequency underclo c king.

Energy costs o v er the lifetime of a no de are a non-negligible part in the cost mo del. It en ters strongly when

the mac hine b ecomes old, and the in v estmen t costs b ecome a small part of the CPU costs. F or comp onen ts

that are memory bandwidth b ound, the frequency of the pro cessor could b e lo w ered. The energy consumption

gro ws with the second p o w er of the frequency , a reduction b y a factor of 2.5 of the pro cessor frequency reduces

its energy consumption b y a factor of 6. T ests ha v e b een made with a laptop computer. When reducing

frequency from 2 GHz to 800 MHz, the o v erall p erformance of a memory bandwidth b ound application

w as only reduced b y 10%. W e ha v e to men tion here that for lo w-cost PCs energy costs (p o w er supply +

co oling) o v er 5 y ears can b ecome comparable to in v estmen t costs. Th us, in future it is crucial to b e able to

underclo c k the pro cessor, adapting its frequency to the application comp onen t needs [7 ]. This could reduce

the w orldwide PC energy consumption b y a factor and could free in the near future man y n uclear p o w er

plan ts. Computer man ufacturers m ust b e con vinced to b e able to ha v e energy consumption graphs as the

one depicted at the righ t of Figure 4.

In fact, the hourly energy costs for one no de corresp onds to

E i
h =

Z t e
k

t s
k

E i (t)Fi dt;

where E i (t) and Fi are the hourly energy consumption of one no de (electricit y and co oling), and the price

p er k Wh, resp ectiv ely .

3.6 Data transfer costs

Let us consider that di�eren t application comp onen ts run on di�eren t serv ers lo cated in di�eren t computing

cen ters. The follo wing data has then to b e transferred b et w een the di�eren t sites:

� T ransfer of the comp onen t and its input data b et w een the clien t and the computing cen ter (clien t-serv er,

cs)

� Data transfer b et w een the di�eren t comp onen ts (serv er-serv er, ss)

� Data transfer during execution to the clien t, for instance for remote rendering (serv er-visualisation,

s-v)

� T ransfer of the �nal result to the clien t (serv er-clien t, sc)

Then:

K d(Ck ; Ri ) = K d;cs (Ck ; Ri ) + K d;ss (Ck ; Ri ) + K d;sv (Ck ; Ri ) + K d;sc (Ck ; Ri )

In Switzerland there is no precise mo del that estimates these K d quan tities. Presen tly , the tra�c in to

the commo dit y In ternet is c harged, but only during p eak tra�c p erio ds (Monda y to F rida y , 08:00-20:00),

1ECU/GB for academic users, 3ECU/GB for others. In addition, there are �at rates for connecting to the
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Item Pleiades 1 Pleiades 2 Pleiades 2+

i = 1 i = 2 i = 3
T i

0 01.01.2004 01.01.2006 01.01.2007

No des P en tium 4 Xeon W o o dcrest

Arc hitecture 32bits 64bits 64bits

Op erating System Lin ux SUSE 9.0 Lin ux SUSE 9.3 Lin ux SUSE 10.1

Pi 132 120 92

Pro cs/no de 1 1 4

R1 5.6 G�ops/s 5.6 G�ops/s 21.33 G�ops/s

M 1 0.8 Gw ords/s 0.8 Gw ords/s 2.67 Gw ords/s

VM 7 7 8

Net w ork F ast Ethernet switc h GbE switc h GbE switc h

yi 1.5 2 2

r i 1/y ear 1/y ear 1/y ear

Ti 4.5y ears 3y ears 3y ears

E i 0.4 k W 0.4 k W 0.4 k W

ui 0.8 0.72 0.76

Fi 0.1 /k Wh 0.1 /k Wh 0.1 /k Wh

Si
c 320k 270k 420k

Si
m 20k 0 0

Si
b 16k 14k 21k

Si
p 100k 85k 135k

Si
I 30k 28k 22k

Si
a 50k 40k 70k

Si
f 0 0 0

Si
g 0 0 0

Si 0.23 0.22 0.40

E i
h 0.04 0.04 0.04

� (i; 01:01:2007) 46k 93k 290k

K i
� 0.05 0.12 0.47

K i 0.32 0.38 0.91

T able 3: Characteristic parameters for the Pleiades clusters.

In ternet in dep endence of the bandwidth ( K dc)

1

and size of the univ ersit y ( K ds). In the case of a sp eci�c

univ ersit y that transfers ab out 160 TB/y ear, the mix of these costs result in an estimated GB transfer price

of the order of 2.5ECU/GB (= 1ECU + ( K dc+ K ds)/(160TB)).

3.7 Graphical user in terface

The cost mo del m ust b e tuned for eac h mac hine b y eac h administrator in a non-cen tralized manner. This

means that the "serv er side" of ISS m ust pro vide a simple to ol (lik e a GUI application or a w ebpage) to tune

the cost mo del parameters.

Note that these parameters should also b e tuned with a sim ulator.

3.8 Example: The Pleiades clusters

Let us giv e an example of ho w to determine the CPU and energy costs of the three Pleiades clusters.

In T able 3 all the v alues represen ting costs are giv en in arbitrary units. A "k" after a n um b er means

"thousand". The in terests Si
b , the p ersonnel costs Si

p , and the managemen t o v erhead Si
a are distributed

among the three mac hines according to the initial in v estmen t Si
c . The infrastructure costs are distributed

1

large univ ersities ha v e 10 Gbit/sec
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with resp ect to the n um b er of no des. F or the Pleiades 1 mac hine y1 has b een c hosen suc h that after 5 y ears

the v alue of one no de corresp onds to the v alue of one Pleiades 2 no de after 3 y ears. The idea b ehind is that

a single no de of Pleiades 1 and Pleiades 2 ha v e the same p erformances, ev en though Pleiades 1 has b een

installed 2 y ear b efore. The quan tit y � (i; 01:01:2007) corresp onds to the basis v alue of the mac hine i at �rst

of Jan uary 2007.

The result

K i = K i
� + Si + E i

h

re�ects the total hourly costs (in v estmen t, auxiliary , and energy) of one computational no de at 01.01.2007,

and K i
� is the hourly no de cost con tribution due to the in v estmen t costs. The new est installation, Pleiades

2+ , consisting of the most recen t W o o dcrest no des with t w o dual cores eac h one is 3 to 5 times more

p o w erful than Pleiades 1 or Pleiades 2. This factor dep ends on the t yp e of applications. Th us, from a user

p oin t of view, the W o o dcrest mac hine is clearly the most in teresting mac hine to c ho ose, since 4 Pleiades 1

or Pleiades 2 no des cost ab out 50% more than one W o o dcrest no de. The p erformance/price ratio is ab out

50% b etter for W o o dcrest than for the t w o other mac hines.

4 ISS/VIOLA arc hitecture

4.1 Ov erall ISS/VIOLA arc hitecture

The o v erall arc hitecture of the ISS/VIOLA system is depicted in Fig. 5. The di�eren t mo dules and services

are presen ted in the follo wing sections.
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ffffff

, 21
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Interface

Network Job
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Network Job
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Interface
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1(20  )
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Local system

GRID

4

Figure 5: The o v erall arc hitecture of the ISS/VIOLA system

4.2 UNICORE

Please note that an y reference to the UNICORE Grid middlew are made in this pap er is related to UNICORE

v ersion 5 [17 ], the pro duction-ready v ersion of UNICORE. The succeeding v ersion, UNICORE v ersion 6, is

curren tly dev elop ed in a n um b er of Europ ean pro jects.

A w ork�o w is in general submitted to a UNICORE Grid via the UNICORE Clien t (see Fig. 6) whic h

pro vides means to construct, monitor and con trol w ork�o ws. In addition, the clien t o�ers extension capabil-

ities through a plug-in in terface, whic h has for example b een used to in tegrate the Meta-Sc heduling Service
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in to the UNICORE Grid system. The w ork�o w then passes the securit y Gatew a y and is mapp ed to the

site-sp eci�c c haracteristics at the UNICORE Serv er b efore b eing transferred to the lo cal sc heduler.

The concept of resource virtualisation manifests itself in UNICORE's Virtual Site (V site) that comprises

a set of resources. These resources m ust ha v e direct access to eac h other, a uniform user mapping, and

they are generally under the same administrativ e con trol. A set of V sites is represen ted b y a UNICORE

Site (Usite) that o�ers a single access p oin t (a unique address and p ort) to the resources of usually one

institution.

Adapter

UNICORE
Client

WS-Agreement/Notification

multi-site jobs

Local
Scheduler

UNICORE
Server

Local
Scheduler

UNICORE
Server

AdapterAdapter

Local
Scheduler

UNICORE
Server

GatewayGateway

UsiteUsite

Meta-
Scheduling

Service

Vsite Vsite Vsite

Figure 6: Arc hitecture of the VIOLA meta-sc heduling en vironmen t

4.3 MetaSc heduling Service

The meta-sc heduler is implemen ted as a W eb Service receiving a list of resources preselected b y a resource

selection service (a brok er for example, or a user) and returning reserv ations for some or all of these resources.

T o ac hiev e this, the MetaSc heduling Service �rst queries selected lo cal sc heduling systems for the a v ailabilit y

of these resources and then negotiates the reserv ations across all lo cal sc heduling systems. In the particular

case of the meta-sc heduling en vironmen t the lo cal sc hedulers are con tacted via an adapter whic h pro vides a

generic in terface to these sc hedulers. Through this pro cess the MetaSc heduling Service supp orts sc heduling of

arbitrary resources or services for dedicated times. It o�ers on one hand the supp ort for w ork�o ws where the

agreemen ts ab out resource or service usage (ak a reserv ations) of consecutiv e parts should b e made in adv ance

to a v oid dela y during the execution of the w ork�o w. On the other hand the MetaSc heduling Service also

supp orts co-allo cation of resources or services in case it is required to run a parallel distributed application

whic h needs sev eral resources with probably di�eren t c haracteristics at the same time. The meta-sc heduler

ma y b e steered directly b y a user through a command-line in terface or b y Grid middlew are comp onen ts lik e

the UNICORE clien t through its SO AP in terface (see Fig. 6). The resulting reserv ations are implemen ted

using the WS-Agreemen t sp eci�cation [31 ].

4.4 Resource Brok er

The Resource Brok er (RB) is resp onsible for t w o distinct tasks : the cost function calculation and the starting

of resource disco v ery pro cess describ ed in detail in section 4.11 of this do cumen t. The cost function has b een

describ ed in section 3. The RB is the only part of ISS that connects to the VIOLA Metasc heduling Service.

The RB computes a list of b est suited mac hines for eac h comp onen t and sends it to the MSS for decision.

This list uncludes all mac hines for whic h zmin � z � zmin + tol , where tol is a tolerance v alue to b e giv en

for eac h comp onen t.

4.5 Data W arehouse (D W)

The DataW areHouse (D W) is the rep ository of all the informations related to the application comp onen ts,

to the resources found, to the services pro vided b y the V-Sites, to the monitoring after eac h execution, and
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to some other useful information (lik e the cost of an hour of an engineer tak en in to accoun t in the cost

function). Sp eci�cally , the D W con tains the follo wing informations:

1. Resources : Application indep enden t hardw are quan tities.

2. Services : Whic h services do es the mac hines pro vide (soft w are, libraries installed, etc...).

3. Monitoring : Application dep enden t hardw are quan tities collected after eac h execution.

4. Applications : � mo del quan tities computed after eac h execution.

5. Other : Other informations needed for the cost function suc h as cost of one hour engineering time,

tolerance, priorit y , or for the resource disco v ery pro cess (information ab out the neigh b orho o d, ...).

The Data W arehouse includes stable information and v olatile information. In this con text, the stable part

of the D W uses a sc hema for resource mo delling whic h includes some information ab out the cost function,

information ab out grid resources and also other kind of information needed.

The v olatile part of the D W is managed b y a database in whic h some information ab out the net w ork and

other information related to the resource disco v ery , the monitoring are stored.

4.6 System Information (SI)

The System Information is the fron tend of the Data W arehouse. It receiv es information from the Monitoring

Mo dule (MM) if the c hosen mac hine w as a lo cal one, from the remote RB through the lo cal RB if the c hosen

mac hine w as a remote one.

The SI has the capabilit y to estimate, using the � mo del, ho w a comp onen t will b eha v e on an unkno wn

mac hine, according to the b eha vior kno wn on a kno wn mac hine.

All historical data ab out a comp onen t needed in the cost function computation are sen t to the RB.

4.7 Monitoring Mo dule (MM)

The Monitoring Mo dule (MM) collects the information ab out the b eha vior (MFLOPS/s rate, memory needs,

cac h misses, comm unication, net w ork relev an t information, etc..) of the comp onen t during its execution. A t

the end of the execution, the MM prepares and sends data to the SI. These data will b e resued later for the

ev alutation of the cost function.

4.8 V AMOS: A ttribute monitored data to application comp onen ts

The goal of V AMOS is to monitor the b eha viour of a sp eci�c application comp onen t and to collect application-

orien ted data suc h as the CPU usage �gures as the one for the whole mac hine (Fig. 7). F or this purp ose,

the system has to map hardw are monitored data (Ganglia for instance) to the accoun ting data sp eci�c to

the application and the user (the lo cal RMS).

On the accoun ting �les it is p ossible to get information ab out start and end of the execution, and on

the n um b er of pro cessors that ha v e b een reserv ed during this p erio d of time. V AMOS supp oses that all

the reserv ed pro cessors ha v e fully b een attributed to one single application (no no de sharing). F or HPC

applications, this mak es sense since most of the existing parallel HPC applications are co ded suc h that in

eac h task the computing time b et w een t w o barriers is ab out the same. If, in suc h a situation, one no de is

part-time tak en to run on another program, all the other tasks m ust w ait at the barrier.

Eac h application runs di�eren tly on di�eren t computational resources. The � mo del presen ted in section

2.2 enables a parametrization of the b eha vior of an application on a mac hine. P arameters v alid on one

mac hine can also b e used to predict the b eha vior of the same application on another mac hine. These

parameters can b e determined with historic monitored data stored after eac h execution.

The V AMOS to ol has b een implemen ted with this bac kground mo del. It uses the w ell accepted Ganglia

monitoring system and the RMS data on users and accoun ting (an in terface to Op enPBS, T orque and

PBSPro is implemen ted).
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Figure 7: Up: CPU usage of all the 132 pro cessors of the Pleiades1 cluster ( VM =3600) during the �rst 3

mon ths in 2005. A v erage CPU usage w as collected for eac h pro cessor ev ery 10'. The o v erall a v erage CPU

usage is 64%. Cen ter: Pro�le of one job of a CFD application. Lo w: Pro�le of one job of a plasma ph ysics

application.

As an example, data on the CPU usage w as collected on the Pleiades1 cluster using V AMOS [7]. The

gathering w as made during the �rst 3 mon ths of 2005, with snapshots b eing tak en on eac h no de ev ery 10

min utes.

The top part of Fig. 7 sho ws the histogram of the 1682806 collected snapshots. The 10% zero CPU usage

is due to non-allo cated pro cessors when the sc heduler blo c ks resources for a large job, to resources that are

reserv ed for in teractiv e testing and not used, to lost cycles due to a blo c king in a parallel application, or

to in tensiv e I/O op erations during whic h pro cessors are idle. The 100% usage p eak is mainly due to single

pro cessor applications that represen t ab out 20% of the total CPU time.

P arallel jobs running on Pleiades1 share their time b et w een computations and MPI and I/O comm uni-

cations, and use on a v erage 10 pro cessors. The a v erage utilization of CPUs is 64%, with t w o p eaks around
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55%, and 82%. This can b e considered as a fair score b y a lo w-cost cluster with a F ast Ethernet switc h with

VM =3600 (see T able 2).

F or the application analysis, w e c hose t w o user applications that consumed 17% and 9% of the total

computing time during the considered p erio d. Fig. 7 sho ws the distribution of CPU usage for one run of

eac h application. The �rst application (middle of Fig. 7) comes from �uid dynamics. It used 32 pro cessors

and ran for 5570 min utes, leading to a pro�ling with 17824 (=557*32) snapshots. Ab out 10% of the snapshots

sho w a CPU usage of 0%, and 15% sho w a 100% usage. This application sho ws an a v erage CPU usage of

e=0.56, i.e. follo wing eq. 3 a � of 1.27. It could run more e�cien tly on a mac hine with a b etter in terno de

comm unication system, but w e w ould need to determine whether the price/p erformance ratio w ould impro v e

when going on a more exp ensiv e mac hine.

The second application (b ottom graph of Fig. 7) comes from plasma ph ysics. It also used 32 pro cessors

and ran for 1690 min utes, giving 5408 (=169*32) snapshots. Pro cessors w ere idle for ab out 15% of the time.

The e�ciency w as 75.5%, i.e. � = 3 :1. This is a t ypical application that con tributes to the p eak around 82%

CPU usage in the upp er graph. The Pleiades1 cluster seems to b e a w ell-suited mac hine for this application.

W e ha v e to men tion that the zero CPU usage p eak of the upp er graph in Fig. 7 aggregates con tributions

from di�eren t sources: although I/O is the most frequen t one, MPI message passing and idle pro cessors in

un balanced jobs m ust b e tak en in to accoun t as w ell. In pathological cases, one task of a parallel job dies,

and the other pro cessors remain idle un til the job is killed b y the sc heduling system.

These �rst results sho w that impro v emen ts ha v e to b e made: the � mo del m ust include I/O, and b eing

able to distinguish b et w een the sources of ine�ciencies w ould b e most w elcome. Monitoring already had a

p ositiv e impact: badly b eha ving applications ha v e already b een detected and impro v ed.

W e sho w in Figure 8 the b eha vior of the Sp ecuLOOS �uid dynamics co de on 3 di�eren t mac hines of the

Pleiades cluster (see 3.8). Data ha v e b een collected with V AMOS. The conditions of these 3 runs w ere the

same on eac h cluster : 32 pro cessing elemen ts running the same problem for 10 hours.

The n um b er of iteration p erformed during this time w as 1291 on Pleiades1, 1827 on Pleiades2 and 1206

on Pleiades2+. Th us, according to table 3, the CPU cost p er 1000 iterations w as 7.36 on Pleiades1, 6.65 for

Pleaides2 and 6.04 for Pleiades2+. It the mean time, w e ha v e disco v er that using Nemesis-MPICH instead of

MPICH further reduces the costs on the Pleiades2+ cluster. As consequence, the most cost e�ectiv e mac hine

for this application is Pleiades2+.

4.9 Arc hiving Mo dule

P erio dicaly , the con ten t of the D W is reduced b y the SI. The eliminated data are stored in an arc hiving

mo dule (AM) for further statistical ev aluation. The goal of these statistics here is to detect and to help to

decide on future optimal hardw are installations.

4.10 The ISS Smart Grid No de (ISS-SGN)

All the elemen ts presen ted in section 4 (RB, MSS, SI and D W) form the, so called, ISS Smart Grid No de

(ISS-SGN). ISS-SGN is an instance of the more generic concept of Smart Grid No de (SGN) as presen ted

in [15 ]. A SGN is a grid no de whic h has the capabilit y to ev olv e progressiv ely during his life time according to

requests it receiv es from its en vironmen t and to actions it p erforms. The concept of SGN is a virtualisation

of a computer net w ork as sk etc hed on �gure 5. It can represen t di�eren t t yp es of hardw are ranking from

a single w orkstation to the fron t end of a lo cal net w ork or of a sup ercomputer. Eac h SGN is connected

to other SGNs th us forming a net w ork of GRID no des and manages a lo cal system (see �gure 9). A SGN

ev olv es thanks to information con tained in its D W. This information is regularly up dated using information

gathered b y the SI. One imp ortan t mec hanism to gather information on surrounding SNGs is the r esour c e

disc overy pr o c ess . This pro cess is presen ted in the next section.

4.11 Resource disco v ery

As men tioned in the brok er section (section 4.4), the SGN concept con tains a resource disco v ery mec hanism

[15 ]. In this section, w e presen t this pro cess in the con text of the ISS-SGN. When a w ork�o w is sen t to

the initial ISS-SGN, called initial no de n0 , the request is analysed, the lo cal resources are c hec k ed using
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Figure 8: The �uid dynamics co de Sp ecuLOOS[8 ] CPU usage on di�eren t mac hines. Up :

CPU usage of Sp ecuLOOS on Pleiades1 cluster (32 P en tium IV pro cessors with F astEthernet in terconnect).

Middle : CPU usage of Sp ecuLOOS on the Pleiades2 cluster (32 Xeon with GigaBitEthernet switc h). Lo w:

CPU usage of Sp ecuLOOS on the Pleiades2+ cluster (8 no des of bi-dual cores W o o dcrest pro cessors with

GigabitEthernet switc h).

information con tained in to the D W and if necessary the resource disco v ery pro cess is started. A ccording to

the list of its direct neigh b ours con tained in the D W, the w ork�o w is sen t, through the RB, to remote SGNs.

Eac h resource disco v ery request con tains a unique iden ti�er to a v oid the creation of cycles during the resource

disco v ery pro cess; already receiv ed requests are skipp ed. When n0 starts the resource disco v ery pro cess, it

inserts in to the request a list con taining its iden tit y follo w ed b y iden tities of all its direct neigh b ours. During

the resource disco v ery pro cess, when a SGN receiv es a resource disco v ery request, it carries out the t w o

op erations presen ted b elo w:

� it ev aluates the request in order to determine if it can ful�l the request with the required QoS. If y es,

it answ ers to n0 .
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Figure 9: A SGN in its en vironmen t

� it adds to the receiv ed request a list con taining the ID of all its direct neigh b ours and it forw ards the

resource disco v ery request to its direct SGNs that are not already presen t in the list it receiv ed.

The list asso ciated to eac h request is used to a v oid, as m uc h as p ossible, to con tact SGNs that w ere already

con tacted for the same request. The Fig. 10 sho ws the structure of these lists. The resource disco v ery pro cess

is parametrised b y t w o v alues called Neighb ours Depth and Maximum absolute Depth . The Neigh b ours Depth

has t w o purp oses: to a v oid to completely �o o d the net w ork b y the request and to limit the size of the lists

asso ciated requests. When Neigh b ours Depth is reac hed, i.e. if there are enough disco v ered resources to

ful�ll the requested service, the resource disco v ery pro cess is stopp ed. If not the resource disco v ery pro cess

con tin ues. In this case the size of lists asso ciated to requests is strictly limited b y suppressing from these

lists the iden tit y of the oldest neigh b ours. This heuristics is based on the assumption that the probabilit y

for t w o SGNs of ha ving common neigh b ours decreases with the distance b et w een the SGNs. The second

parameter, the Maxim um absolute Depth, is used to limit the maxim um propagation depth of requests in

the GRID. When this depth is reac hed the resource disco v ery pro cess is stopp ed. Figure 10 illustrates the

use of lists asso ciated to requests.

5 Scenario and example

5.1 Detailed scenario

Figure 5 presen ted in the previous section sho ws the in tegration of the ISS-SGN in the con text of the

UNICORE GRID middlew are. This section describ es the reference scenario of a job submission using ISS-

SGN with a UNICORE/MetaSc heduler en vironmen t.

The job submission pro cess has b een divided in to 4 phases :

� Prologue (1-10)

� Decision (11-17)

� Submission (18-19)

� Epilogue (20-23)

Eac h �o w of data is represen ted b y a n um b er and an arro w on Fig. 5. Th us, the reference scenario is

presen ted in detail b elo w.

CoreGRID TR-0070 17



n0 n0

n1

n2

n1

n0

n2

n5

n5

n1

n6

n1 n5

n1

n6

n6

n5

n7

n7

n6

n8

n2

n8

n2

n10

Path depth

Neighbors

Current SGN

Before the Neighbors depth

Path depth

After the Neighbors depth

Neighbors depthNeighbors depth

Maximum Absolute depth Maximum Absolute depth

Figure 10: Description of the lists used during the resource disco v ery pro cess.

1 User de�nes a w ork�o w in the UNICORE clien t and asso ciates the requested user QoS

2 UNICORE clien t submits the w ork�o w to the metasc heduler (MSS)

3 a MSS sends the w ork�o w to the RB

3 b RB sends the w ork�o w to the SI

4 SI requests information on the requested service from D W (requiremen ts for the requested service)

5 D W sends the collected information to SI

6 SI analyses the collected information from D W and prepares a list of questions to kno w the a v ailabilit y

of the eligible mac hines, to b e answ ered b y MSS. This list con tains for eac h comp onen t of the w ork�o w

a set of eligible mac hines of the lo cal system.

7 a SI sends this list to the RB

7 a1 RB starts the resource disco v ery pro cess presen ted in section 4.11.

7 b RB sends the list created in 6 to the MSS

8 MSS prepares the query in order to c hec k the a v ailabilities and access righ ts of the lo cal system

9 MSS c hec ks for a v ailabilit y and access righ ts

10 Lo cal systems return information ab out a v ailabilities of lo cal resources to the MSS

11 MSS sends a v ailabilit y information to the RB

12 RB requests � mo del information from SI

13 SI requests � mo del information from D W

14 D W sends � mo del information to SI (P arameters of a v ailable mac hines, cost of one hour engineer, ...)

15 SI sends � mo del information to RB

16 RB ev aluates cost function and prepares a list of cost function v alues and tolerances. This list con tains

for eac h a v ailable mac hine, the n um b er of no des, the cost, the comp onen t, the MSS.
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7 a2 Remote RBs send cost functions to RB

17 RB merges the list in 16 and the list in 7 a2 and sends the merged list to MSS

18 MSS reserv es the w ell suited resource

18 1 MSS negotiates with the remote MSS and starts the execution of the selected part of w ork�o w on the

remote no de

19 During execution : the monitoring mo dule (MM) sa v e on a lo cal database the comp onen t relev an t data

20 Lo cal system sends results to the UNICORE clien t

20 1 The remote no de sends results to the UNICORE clien t

21 A t the end of comp onen t execution, MM computes the data to b e stored in to the Data W areHouse

22 MM computes the relev an t quan tities to b e sen t to SI

23 MM sends to SI the relev an t data to b e stored in to the D W

23 1 Remote RB sends data if needed to the RB in order to b e stored

23 2 RB sends receiv ed data from remote no de to SI in order to b e stored

The lists of information to send b et w een the di�eren t mo dules can b e found in App endix C.

5.2 Data �o w example: Submission of ORB5

Let us follo w the data �o w of the real life plasma ph ysics application ORB5 that runs on parallel mac hines

with o v er 1000 pro cessors. ORB5 is a particle in cell co de. The 3D domain is discretized in N1xN 2xN 3 mesh

cells in whic h mo v e p c harged particles. These particles dep osit their c harges in the lo cal cells. Maxw ell's

equation for the electric �eld is then solv ed with the c harge densit y distribution as source term. The electric

�eld accelerates the particles during a short time and the pro cess rep eats with the new c harge densit y

distribution. As a test case, N1 = N2 = 128 , N3 = 64 , p = 2 00000000, and the n um b er of time steps is

t = 100 . These v alues form the ORB5 input �le.

T w o commo dit y clusters at EPFL form our test Grid, one ha ving 132 single pro cessor no des in terconnected

with a full F ast Ethernet switc h (Pleiades), the other has 160 t w o pro cessor no des in terconnected with a

Myrinet net w ork (Mizar).

In this example, w e consider that w e ha v e a GRID con taining only t w o ISS-SGN whic h ha v e eligible

mac hine for the requested job. The di�eren t steps in decision to whic h mac hine the ORB5 application is

submitted are:

1 User de�nes a w ork�o w using the ORB5 input �le in the UNICORE clien t

2 UNICORE clien t submits the w ork�o w to the metasc heduler (MSS). This w ork�o w con tains the com-

p onen ts and the ORB5 input �le

3 a MSS sends the w ork�o w to the RB

3 b RB sends the w ork�o w to the SI

4 SI requests information from D W on ORB5 (requiremen ts for ORB5)

5 D W sends information on ORB5 to SI

6 SI analyses information from D W: it selects the information (memory needed 100 GB) and prepares a

list of questions to b e answ ered b y MSS. This list con tains for eac h comp onen t of the w ork�o w a set

of eligible mac hines. In this case, the eligible mac hine is Mizar

7 a SI sends this list to the RB
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7 a1 RB starts the resource disco v ery pro cess. It sends the w ork�o w sen t b y the UNICORE clien t to the

remote RB

8 MSS prepares the query to Mizar

9 MSS c hec ks for a v ailabilit y and access righ ts

10 Lo cal systems return information to the MSS:

Mizar: 160 no des, 4 GB p er no de, SF r. 2.50 p er no de*h, 32 no des job limit, a v ailabilit y table (1 hour

for 32 no des), user is authorised, executable ORB5 exist)

11 MSS sends a v ailabilit y information to the RB

12 RB requests � mo del information from SI for Mizar

13 SI requests � mo del information from D W

14 D W sends � mo del information to SI : � = 20 for Mizar, 1 hour engineering time cost Sfr. 200.-, 8

hours a da y

15 SI sends � mo del information to RB

16 RB ev aluates cost function and prepares a list of cost function v alues and tolerances. This list con tains

for eac h a v ailable mac hine, the n um b er of no des, the cost, the comp onen t, the MSS. In this case, this

list is comp osed only b y information ab out Mizar (160 no des, 4 GB p er no de, cost: SFR 3720.-)

7 a2 The remote RB sends a list con taining for eac h a v ailable mac hine, the n um b er of no des, the cost, the

comp onen t and the MSS to con tact the mac hine if needed. In this case, this list is comp osed only b y

information ab out Pleiades (132 no des, 2 GB p er no de, cost: SFR 3968.-)

17 RB merge the t w o lists and sends the merge list to MSS

18 MSS reserv es and starts the execution on Mizar

18 1 ** no remote mac hine selected in this example **

19 During execution : the monitoring mo dule (MM) sa v e on a lo cal database the comp onen t relev an t data

20 Mizar sends results to the UNICORE clien t

20 1 ** no remote mac hine selected in this example **

21 A t the end of comp onen t execution, MM computes the data to b e stored in to the Data W areHouse

22 MM computes the relev an t quan tities to b e send to SI

23 MM sends to SI the relev an t data to b e stored in to the D W. SI computes � mo del parameters (e.g.

� = 18 :7, M = 87 GB, Computing time=21h 32') and stores them in to D W

23 1 ** no remote mac hine selected in this example **

23 2 ** no remote mac hine selected in this example **
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6 Securit y asp ects

Securit y is a crucial asp ect in distributed systems where the sharing and the access of resources is often

regulated b y a cen tralized trusted en tit y; in p eer net w orks the individual en tities ha v e to agree on the lev el

of trust.

Grids can b e used to harness computational p o w er, pro vide access to uni�ed data, or other in tensiv e

tasks. F rom a securit y viewp oin t, a grid represen ts a high-v alue target for an y one who w ould w an t to gain

unauthorized access. Grids need to b e protected and secure b ecause they represen t a p oin t of access to the

resources of the di�eren t institutions in v olv ed.

F rom a Grid p ersp ectiv e, the follo wing c hallenges are raised:

� Ho w to manage heterogeneous en vironmen ts?

Without a common agreed and co ordinated e�ort, organizing a m ultitude of hardw are and soft w are

con�gurations o wned b y di�eren t institutions, pro viding services to m ultiple comm unities of users with

di�eren t needs could b ecome an imp ossible task, and a reason for a pro ject to fail.

� Ho w to deal with authorization and authen tication?

In a Grid pro ject there are m ultiple la y ers of o wnership: The net w ork is o wned and managed b y the

organization. Individual mac hines are also o wned b y the organization, but for practical purp oses,

are run b y the p erson assigned to it. Finally , tasks that are run on the Grid are o wned b y the task

originator, but the task has to mak e its w a y through the m yriad p ossible authorization scenarios. Eac h

of these la y ers call for authen ticated and authorized access.

There are a n um b er of authorization systems curren tly a v ailable for use on the Grid and they all ha v e

similar seman tics. These systems giv e a description of the initiator, a description of an action b eing requested,

details ab out the target resource to b e accessed, and an y con textual information suc h as time of the da y ,

and they pro vide an authorization decision whether the action should b e pro cessed or rejected.

The curren t implemen tation of ISS is based on UNICORE that has a securit y mo del based on job

authen tication and secure transmission of data. The securit y mo del supp orts b oth job signing and data

encryption, whic h protects remote users against data theft and data manipulation.

Relev an t for the individual organizations participating in a Grid, UNICORE pro vides the follo wing func-

tionalities:

� Pro vision of user authen tication mec hanism based on X.509 certi�cates.

� Compatibilit y to the organization authorization mec hanisms and p olicy; UNICORE IDs are mapp ed

to lo cal Unix user IDs re�ecting access p olicies disk quotas etc.

� Site and system sp eci�c incarnation of UNICORE jobs driv en b y a declarativ e Incarnation Database

that can b e adapted to the organization's needs.

� Declarativ e description of a v ailable resources, b oth traditional capacit y resources, lik e pro cessor coun t,

computation time, memory size, and capabilit y resources, lik e a v ailable soft w are pac k ages and sp ecial

hardw are capabilities.

A dditionally ISS has to tak e in to accoun t secure access to organization's resources during the resource

disco v ery algorithm. T ra v ersing organization's �rew all to insp ect lo cal Data W arehouses of resources sitting

in priv ate net w orks demand of a high lev el of access that ma y con�ict with the site access p olicies. Individual

sites need to agree on access p olicies that someho w will b e mapp ed and cop e with their o wn in ternal p olicies;

as a consequence of that, the disco v ery algorithm m ust tak e site's restrictions in to accoun t when trying

accessing the site's resources Data W arehouse.
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7 Implemen tation asp ects

7.1 V AMOS : An implemen tation of the Monitoring Mo dule

The V eritable A pplication MO nitoring S ervice is an implemen tation of the Monitoring Mo dule. It has

b een installed on the Pleiades testb ed (Pleiades1, Pleiades2, Pleiades2+ clusters). The mo del is quite simple

: p erform a mapping b et w een hardw are monitored data (using the Ganglia[13 ] service) and application

relev an t data (using the RMS/Lo cal Sc heduler T orque/Maui) and store the information in a lo cal database

to b e reused.

T ec hnical asp ects

V AMOS has b een written in PHP . It uses XML �les to store con�guration �les. The main class is called

ev ery hour through the UNIX to ol cron. Ganglia stores its relev an t information in a round robin database,

k eeping information during 2 hours.

Scenario

The scenario for eac h mac hine (con�guration �le see 8.1.2) is the follo wing :

1. get the list of running/submitted/stopp ed jobs

2. compare it with the list already stored

3. up date the database. F or eac h running job in the list :

� get start time

� get list of assigned no des for that job

� for eac h no de, read information in the Ganglia round robin database from start time to presen t

time

� store information in the V AMOS database

4. up date database. F or eac h �nished job in the list :

� get start time

� get stop time

� get list of assigned no des for that job

� for eac h no de, read information in the Ganglia round robin database from start time to stop time

� store information in the V AMOS database

5. clean database from incorrect data

Note that the c hosen metric information read from Ganglia (suc h as CPU utilization, net w ork usage,

etc...) is a table in the V AMOS DB. That database can gro w rapidly .

Metrics stored in V AMOS

In its presen t v ersion, V AMOS stores the follo wing information :

� CPU usage (idle, system, user)

� Net w ork usage (pac k ets IN/OUT, b ytes IN/OUT)

� Memory usage (Sw ap usage, memory usage)
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What Ganglia monitors is what the Lin ux k ernel (or Windo ws) pro vides. All this information is tak en

from the pseudo �le system /proc . This is not su�cien t to compute the � v alues. W e need other quan tities

(suc h as MFlops/s rate, Cac he misses, etc..) for eac h comp onen t. These quan tities can b e computed using

direct access to hardw are coun ters using P API [32 , 12 ] whic h are accessible directly on Itanium or AMD

Opteron based mac hines or through sp eci�c library (P erfctr on P en tium for instance a v ailable on Lin ux,

Windo ws, etc.. OS's).

Results for Pleiades1, Pleiades2 and Pleiades2+ can b e found on http://pleiades. ep fl. ch /~ vke ll er /

VAMOS

8 Sim ulators

8.1 Cost mo del sim ulator : ISS-SIM2

This sim ulator has b een dev elop ed at EPFL.

Goals of ISS-SIM2

ISS-SIM2 has b een designed to ac hiev e 2 complemen tary goals :

1. T o test di�eren t con�gurations for the cost mo del. It can test the CFM function w eigh ts as w ell as

the functions used in the cost mo del. The aim is to understand ho w to tune the cost function mo del

without using real pro duction systems.

2. T o predict the future mac hines to b e added in the Grid that b est impro v e the o v erall Grid p erformance.

While one can parametrize hardw are using the � mo del, ISS-SIM2 can add new imaginary mac hines

in the Grid.

Hyp othesis

ISS-SIM2 assumes that a resource disco v ery algorithm has b een p erformed. The situation is the follo wing :

the middlew are has a complete view of the Grid resources. Eac h resource has its o wn p olicy and is accessed

b y lo cal users as w ell as b y Grid users.

8.1.1 Mo del

A Grid is a set of r resources accessed b y a n um b er Grid clien ts. An univ ersal Grid clo c k ensures that ev ery

transaction on the Grid is p erformed resp ecting an univ ersal time (named GUT for G rid U niv ersal T ime).

It exists one brok er and one MetaSc heduler Service for p er sim ulated Grid.

Eac h resource of the Grid is a parallel mac hine with P computing elemen ts of p pro cessors of a giv en

arc hitecture (In tel x386, AMD So c k et F, etc..), c cores eac h. A simple w orkstation is describ ed as P = p = 1
( c v aries with the t yp e of pro cessor). The mo del supp oses that eac h resource has its o wn lo cal clien ts, its o wn

V AMOS system, its o wn lo cal RMS, and its o wn lo cal Sc heduler with its sc heduling table. This table k eeps

the information ab out the queues of the lo cal resource starting at the Grid installation time and ending with

the last submitted job.

Time is divided in to seconds. The sim ulation is p erform increasing the GUT .

8.1.2 Implemen tation

ISS-SIM2 has b een implemen ted in Ja v a using the Ja v a Threads mec hanisms to sim ulate the users. It uses

XML to describ e the resources (see 8.1.2). The �rst protot yp e uses its o wn description sc hema, future re-

leases should adopt an o�cial and standardized description sc hema (ak a GLUE). Ev ery clien t (lo cal or Grid)

is a Ja v a Thread.
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The database is a remote m ysql DB accessed b y the common Connector/J. Note that V AMOS hourly

up dates the DB with data from Pleiades1, Pleiades2, and Pleiades2+. It is p ossible to create an empt y DB

lo cally .

XML �les are parsed using Xerces.

Mac hine description

<?xml version="1.0" encoding="ISO-8 85 9- 1" ?>

<!-- This XML document describes the Pleiades2 cluster in real life. -->

<!-- it is the same document used by the VAMOS tool -->

<!-- Author : Vincent Keller (Vincent.Keller @e pfl .c h) -->

<config>

<parallelSystem >

<system_name>Ple iad es 1</system_name>

<nbrNodes>132</n brN od es >

<CPUType>Pentium 4</CPUType>

<CPUClock>2.8</C PUC lo ck >

<CPUCPI>2</CPUCP I>

<CPUWordLength>3 2</ CP UW ord Le ng th>

<CPUArch>i686</C PUA rc h>

<CPUPerNode>1</C PUP er No de>

<CoresPerCPU>1</ Cor es Pe rCP U>

<RamBandwith>800 </R am Ba ndw it h>

<RamAmountPerNod e>2 00 0< /Ra mA mo unt Pe rNo de >

<InterconnectTyp e id="1">FE</Inte rc onn ec tT ype >

<InterconnectTop olo gy >s wit ch </ Int er con ne ct Top ol og y>

<InterconnectLat enc y> 1. 9</ In te rco nn ect La te ncy >

<InterconnectBan dwi dt h> 12. 5< /I nte rc onn ec tB and wi dt h>

<InterconnectAvg Dis ta nc e>1 </ In ter co nne ct Av gDi st an ce>

</parallelSyste m>

<CFMValues>

<alpha>0.00</alp ha>

<beta>0.00</beta >

<gamma>0.00</gam ma>

</CFMValues>

<ganglia>

<server>pleiades 1.e pf l. ch< /s er ver >

<path>/var/lib/g ang li a/ rrd s/ Pl eia de s</ pa th >

</ganglia>

<scheduler>

<name>maui</name >

<server>pleiades .ep fl .c h</ se rv er>

<path>/usr/local /sr c/ ma ui/ ma ui -3. 2. 6/s ta ts /</ pa th >

</scheduler>

<RMS>
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<name>openpbs</n ame >

<server>pleiades .ep fl .c h</ se rv er>

<path>/opt/pbs/b in< /p at h>

</RMS>

<local_database >

<server>linpc2.e pfl .c h< /se rv er >

<driver>mysql</d riv er >

<name>pleiades1_ db< /n am e>

<user>vkeller</u ser >

<password>pleiad es< /p as swo rd >

</local_databas e>

<QSTAT>

<name>tmpjob</na me>

<server>pleiades .ep fl .c h</ se rv er>

<path>/tmp/runni ngJ ob sT _P1 .t xt </p at h>

<pathQ>/tmp/runn ing Jo bs QT_ P1 .t xt< /p ath Q>

</QSTAT>

<system_informa ti on>

<server>linpc2.e pfl .c h< /se rv er >

<driver>mysql</d riv er >

<name>sysinfo_db </n am e>

<user>vkeller</u ser >

<password>pleiad es< /p as swo rd >

</system_inform at ion >

</config>

8.2 Resource disco v ery sim ulator: SGN-Sim

This sim ulator has b een dev elopp ed at EIA-F r.

8.2.1 Implemen tation

W e ha v e dev elop ed a sim ulator in order to test the prop osed resource disco v ery algorithm and to implemen t

a �rst protot yp e of Data W arehouse. SGN-Sim is based on the Smart Grid No de reference arc hitecture

presen ted in section 5.1.

The SGN-Sim has b een dev elop ed in Ja v a. W e ha v e used SimJa v a to sim ulate a Grid en vironmen t whic h

is a pro cess based discrete ev en t sim ulation. In order to store some information during the sim ulation, a

�rst Data W arehouse protot yp e has b een realised using MySQL. Figure 11 presen ts the arc hitecture of the

sim ulator.

8.2.2 Sim ulator input �les

� User request: The user request is describ ed using an XML format as sho wn b elo w.
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<SGNRequest idType="user">

<Service name="add">

<Options>

<Option type="library">

opt1

</Option>

<Option type="compilation Pa ra met er s" >

opt2

</Option>

</Options>

<Parameters>

<Parameter>

1

</Parameter>

<Parameter>

2

</Parameter>

</Parameters>

</Service>

</SGNRequest>

� Grid top ologies: W e ha v e dev elop ed a Grid top ology generator in order to generate automatically

di�eren t Grid top ologies. These top ologies are represen ted using XML. W e presen t b elo w an example

of XML Grid top ologies.

<GRID>

<NODE>

<INFO>

<NAME> m5.eif.ch</NAME >

<PORT> 5555</PORT>

</INFO>

<SERVICES>

<SERVICE>

<NAME>mul</NAME>

</SERVICE>

<SERVICE>

<NAME>add</NAME>

</SERVICE>

</SERVICES>

<NEIGHBORS>

<NEIGHBOR>

<INFO> ...</INFO>

<SERVICES> ... </SERVICES>

</NEIGHBOR>

</NODE>

...

Remark: W e generate a graphical output �le in order to visualize the resource disco v ery pro cess. This

output �le is written using the dott y format in order to c hec k the resource disco v ery algorithm.

8.2.3 First results

The p erformance of SGN-Sim resource disco v ery algorithm, describ ed in section 4.11, has b een analysed in

order to assess its e�ectiv eness in a Grid en vironmen t. W e ha v e sim ulated a Grid net w ork comp osed b y
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Figure 11: Arc hitecture of SGN-Sim

Smart Grid No des. W e increased the n um b er of Grid no des from 100 to 2000 in order to analyse the n um b er

of requests sen t during the resource disco v ery pro cess. Results sho wn in Figure 13 are obtained with a 3D

torus top ology and random Grid top ology (Figure 12). Eac h no de of the random Grid top ology has an

a v erage degree �xed to 6. W e �xed the Neigh b ours Depth to 100000000 in order to visit all the no des of the

Grid. It app ears that the n um b er of requests sen t during the resource disco v ery pro cess is v ery high. Sev eral

no des are visited sev eral times and the n um b er of requests sen t is almost similar to the n um b er of requests

sen t using a simple broadcast (a no de sends a request to all its neigh b ours excepted to the neigh b our whic h

has sen t to it the same request it w an ts to propagate).
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Figure 12: Num b er of requests sen t during the resource disco v ery pro cess with a randomGrid

These results can b e explained b y the presence of cycles in to the Grid top ologies. Indeed, during a

resource disco v ery pro cess, Fig. 14 and Fig 15 presen t the results obtained a v oiding cycles (the presence of

cycles is stored in to the D W, according to this information the request propagation is managed in order to

a v oid en tering in to cycles). It app ears that the n um b er of requests sen t is v ery lo w and all no des are visited
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Figure 13: Num b er of requests sen t during the resource disco v ery pro cess with a T orus 3D

(almost) only one time.
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Figure 14: Num b er of requests sen t during the resource disco v ery pro cess with a randomGrid a v oiding cycles

9 First testb ed at EPFL

Three departmen ts are in v olv ed in ISS within the EPFL : the Cen tral IT Domain (DIT), the Engineer-

ing F acult y through the ISE (Institut des Sciences de l'Énergie) and the Plasma Ph ysics Researc h Cen ter
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Figure 15: Num b er of requests sen t during the resource disco v ery pro cess with a T orus 3D a v oiding cycles

Machine T yp e No de # No des # CPU / # c or e Network L o c.

typ e p er no de

Pleiades1 Cluster P4 HT 132 1/1 FE Switc h SGM

Pleiades2 Cluster XEON 120 1/1 GbE Switc h SGM

Pleiades2+ Cluster W o o dcrest 92 2/2 GbE Switc h SGM

LINPC's NoW heterogeneous 32 1/1 FE bus SGM

Mizar Cluster Opteron 448 2/1 Myrinet DIT

Mizar NUMA Itanium 16 16/1 NUMA DIT

Alcor Cluster W o o dcrest 24 2/2 Myrinet DIT

Greedy NoW heterogeneous 250 - FE bus DIT

T able 4: First EPFL testb ed mac hines

(CRPP). The �rst testb ed will in tegrate sev eral mac hines (T able 4) and sp ecialized applications (T able 5)

from Mec hanics, Fluid Dynamics and Plasma Ph ysics. The alpha users will come from CSCS, EPFL and

EIA-F r.

The mac hines are in terconnected through the F ast Ethernet campus net w ork.

The UNICORE/Metasc heduler en vironmen t has b een installed on the testb ed. A �rst alpha v ersion of

ISS should b e ready b y July 2007 and the b eta v ersion b y the end of 2007.

10 The CoreGRID co op eration

The ISS implemen tation in UNICORE/MetaSc heduler is part of the SwissGRID initiativ e and realised in

a co-op eration b et w een CoreGRID partners. It is planned to install the UNICORE/MetaSc heduler/ISS

middlew are b y the end of 2007 to guide job submission to all HPC mac hines in Switzerland.

Within CoreGRID, the in tegration of ISS in to UNICORE is a collab oration b et w een 8 institutions, the

�rst 6 are CoreGRID partners:

1. École P olytec hnique Fédérale de Lausanne, CH-1015 Lausanne (Switzerland)
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Applic ation T yp e A r e a

Sp ecuLOOS P oin t-to-P oin t comm unication dominated CFD

ORB5 Multicast comm unication dominated Plasma Ph ysics

Op enMP Helmholtz Solv er Multicast comm unication dominated CFD

T able 5: First EPFL applications test set

2. École d'Ingénieurs et d'Arc hitectes, CH-1075 F rib ourg (Switzerland)

3. F orsc h ungsZen trum Jülic h, D-52425 Jülic h (German y)

4. F raunhofer Gesellsc haft SCAI Institut, D-53754 St. Augustin (German y)

5. Univ ersit y of Dortm und, D-44221 Dortm und, German y

6. CETIC, B-6041 Charleroi, Belgium

7. Swiss National Sup ercomputing Cen ter, CH-6928 Manno (Switzerland)

8. Switc h, CH-8021 Zuric h, Switzerland

A c kno wledgemen ts

ISS is a Swiss pro ject within the Swiss Grid Initiativ e managed b y the Swiss National Sup ercomputing Cen ter

CSCS. CoreGRID is an Europ ean Net w ork of Excellence (NoE) funded b y the Europ ean Commission's IST

programme under gran t #004265. Thanks go to Mic hel Reymond (EPFL) for his help in v alidating the CPU

cost mo del.

A De�nitions and restrictions

In this section, w e de�ne the terms used in this tec hnical rep ort.

A.1 De�nitions

� 1 Site = an en tit y managed b y one MetaSc heduling Service.

In the UNICORE mo del,

� 1 Site = 1 USite.

In the ISS pro ject,

� 1 Site = 1 SGN.

� 1 Mac hine = an en tit y managed b y one 1 Sc heduler.

In the UNICORE mo del,

� 1 Mac hine = 1 VSite.

� 1 No de = one en tit y ha ving one Uniform Memory A ccess (UMA)

� 1 Pro cessing elemen t = L2 cac he (in reference to the In tel's W o o dcrest arc hitecture)

� 1 Core = L1 cac he (in reference to the In tel's W o o dcrest arc hitecture)

� 1 application = a set of comp onen ts (one or more)
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A.2 Restrictions

W e consider that :

� 1 Comp onen t is executed on, at most, one mac hine

� 1 distributed pro cess is executed on, at most, one no de

� 1 parallel pro cess is executed on, at most, one core

In the ISS pro ject, an application is c haracterized b y:

� a n um b er of comp onen ts n

� n um b er of pro cessors pk needed b y Ck

� a w ork�o w ( Ck )

� memory size

� t yp e of application

� n um b er of Thread Tk for eac h pk

B Requests b et w een mo dules

UNICORE client ! MSS (2)

� (W ork�o w )k

� (Constrain ts )k

MSS ! RB ! SI (3)

� (W ork�o w )k

� (Constrain ts )k

RB ! R emote RB (7a 1 )

� (W ork�o w )k

� (Constrain ts )k

� Information ab out the RB (ho w to con tact RB from remote RB)

SI ! RB ! MSS (7)

� (Ck ) i

� (pk ) i

� (Tk ) i

� M k

� Soft w are requiremen ts

MSS ! L o c al Systems (8, 9)

� User kno wn?

� Soft w are exists?

� Hardw are prop erties su�cien t?
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� Comp onen t constrain ts

� A v ailabilities ( pk , input queues ) i

LS ! MSS (10)

� (User righ ts ) i

� A v ailabilities ( pk , input queues ) i

MSS ! RB (11)

� List of eligible mac hines with

� A v ailabilities ( pk ) i

SI ! RB (15)

� �( Ck ; pk ) i

R emote RB ! RB (7a 2 )

� all mac hines (Ck ; pk ; z) i suc h that

� zmin < z < z min + tol

RB ! MSS (17)

� all mac hines (Ck ; pk ; z) i suc h that

� zmin < z < z min + tol

LS (by MM) ! SI (23)

� Monitored data on mac hine i ab out Ck

Glossary

A Sp eedup 3

� k F ree parameter in CFM (CPU costs and license

fees)

5

� F ree parameter in CFM (T urn-around time) 5

application HPC program consisting of k = 1 ; ::; n comp o-

nen ts

1

b E�ectiv e p er no de in terno de comm unication

bandwidth

3

Ck kth application comp onen t 2, 3, 5, 6

C1 P eak comm unication net w ork bandwidth of a

mac hine

2

� CPU time/comm unication time 2�4, 6


 a O=S 3, 4


 k F ree parameter in CFM (Data transfer costs) 5


 m ra=b 3, 4

d Num b er of hours p er y ear = 8760 6

CFM Cost F unction Mo del 2

comp onen t part of an application 1

Comp onen ts based applications Application describ ed b y a w ork�o w 5

CoreGRID TR-0070 32



� k F ree parameter in CFM (Energy costs) 5

D W Data W areHouse 12

D W Data W arehouse, part of SGN 2

e E�ciency 3

ei E�ciency of mac hine i 6

EGEE CERN's Grid middlew are dev elopmen t pro ject 1

Em barrassingly parallel applications Application whic h do not demand in ter-no de

comm unications ( � >> 1)

4

G�ops/s 109
double precision �oating p oin t op erations

p er second

2

Globus Grid managemen t middlew are 1

Grid Set of resources 1

GridLab A EU Grid middlew are dev elopmen t pro ject 1

Gw ords/s 109
double precision w ords p er second 2

HPC High P erformance Computing 1

i Index for mac hine 2, 5

ISS In telligen t Grid Sc heduling Service 1

ISS-SIM2 ISS Sim ulator used to test the cost mo del 22

K MAX Maxim um costs 5

k Index for application comp onen t 2, 5

ke CPU cost function 6

K d Data transfer costs 5

K e CPU costs 5, 6

K eco Energy costs 5

K l Licence fees 5

K w Costs due to turn-around (w aiting) time 5

M k Estimated memory size of ( Ck ; pk ) 30

M 1 P eak memory bandwidth of a no de 2

mac hine Cluster or SMP managed b y one RMS 6

MS Monitoring System 2

MSS MetaSc heduling Service 11

MSS VIOLA MetaSc heduling Service 1

Multicast applications Application where 
 a decreases when problem

size gro ws

4

n Num b er of comp onen ts in an application 2, 5

no de Reserv able computational unit, can b e one pro-

cessor, a NUMA, or a SMP

2

NoW Net w ork of W orkstations 1, 2

NUMA Virtual shared memory mac hine 1

O T otal n um b er of op erations p erformed in one

no de

3, 4
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Op enMP Op enMP is a sp eci�cation for a set of compiler

directiv es, library routines, and en vironmen t

v ariables that can b e used to sp ecify shared

memory parallelism in F ortran and C/C++ pro-

grams.

4

Op enMP applications Application whic h demand an SMP no de 4

ORB5 Single comp onen t plasma ph ysics application 2

P Num b er of no des of a mac hine (index i left out) 2

Pi Num b er of no des of mac hine i 5

' Priorit y 6

pk Num b er of pro cessors needed b y Ck 3, 5, 6

Pleiades Clusters The Pleiades clusters are lo cated in the Mec han-

ics Departmen t at EPFL / Switzerland. Find a

description on h ttp://pleiades.ep�.c h

9

P oin t-to-p oin t applications Application where 
 a k eep a constan t v alue

when problem size gro ws

4

R1 P eak p erformance of a no de 2�4

Ri Resource on mac hine i 5, 6

r T otal n um b er of mac hines in a Grid 2

ra No dal p eak p erformance of an application 3, 4

r i P arameter to normalise time 6

RB Resource Brok er, part of Smart Grid No de 2

RB Resource Brok er 12

RDS Resource Disco v ery System, part of SGN 2

resource Series of no des demanded b y Ck 2

RMS Resource managemen t System 6

S T otal n um b er of w ords sen t through the net w ork

b y one no de

3

Si
a Y early managemen t costs for mac hine i 6

Si
b Y early in terests to b e paid to the bank for ma-

c hine i
6

Si
c Initial in v estmen t for mac hine i 6

Si
f Y early insurance fees for mac hine i 6

Si
g Y early pro�t with mac hine i 6

SGN Smart Grid No de 2, 16

SI System Information, part of SGN 2

SI System Information 13

Si
I Y early infrastructure costs for mac hine i 6

Si
m F ree parameter in CFM (Y early main tenance fee

for mac hine i )

6

SMP Shared memory mac hine 1

Si
p Y early p ersonal costs for mac hine i 6

Tk Estimated execution time of (Ck ; pk ) i 30

T TC + TP 3

T i
Life time of mac hine i 6

TC In terno de comm unication time 3

TP Computing time on p no des 3

TMAX Maxim um turn-around time 5

t0
k Time of Ck job submission 5, 6
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td
k;i Time of Ck results a v ailable 5, 6

te
k;i Time of Ck execution end 5, 6

ts
k;i Time of Ck execution start 5, 6

tol T olerance v alue added to a cost for a c hosen

mac hine

12

UNICORE Grid middlew are 1

VC R1 / C1 2

VIOLA V ertically In tegrated Optical T estb ed for Large

Applications in DFN

1

VM R1 / M 1 2

w ork�o w W ork describ ed as a D A G or non-D A G where

eac h leaf is comp onen t

11

yi Half v alue time of mac hine i 6
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