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Abstract:

This paper presents the simulation results of a novel Grid computing workload management
scheme based on job-pull operational mode and weighted random matching. Large scale
Grid computing system as one used in the CERN-ALICE experiment has been successfully
modelled and simulated using discrete-event simulation technique. The efficiency of the
proposed scheme has been demonstrated by using the workload resembling the processing
of high throughput computing tasks of the CERN-ALICE experiment. To generate more
realistic synthetic workload the model with user-oriented workload generation has been used.
The simulation results showed that the proposed scheme enables efficient intracommunity
workload, giving each user weighted fair access to computing resources. Therefore the
applied stochastic matching enables implementation of the computational economy for the
workload management scheme with job-pull operational mode. However, the presented
results are limited on large scale computing systems and workloads that consist of uniform
and independent jobs.
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1. INTRODUCTION

Workload management system (WMS) is a software service responsible for distributing and
managing tasks across computing and storage resources available on a Grid. In the High
Energy Physics domain, especially for the CERN LHC experiments, the specific WMS (Dirac
[1] for LHCb experiment, AliEn [2], [3] for ALICE experiment) are based on the pull
operational mode [4] using job agents.

Whenever there are free computing resources available, Computing Element (CE) that is
an interface to a computing cluster or other Grid pulls matched job agents created on behalf
of submitted user jobs. Job agents are deployed on the computing slots (CS) as regular jobs.
Once started on the CS, they prepare execution environment and then pull and execute real
user jobs. The main advantage of the job pull approach is a natural load balancing of the
computing resources.

On the other hand, WMS has to give each user access to resources according to the
priority assigned with the user account and finally to allow resource allocation that is drivable
by computational economy [5]. For the task of intracommunity workload management AliEn
and Dirac meta-schedulers currently use first-come, first-served (FCFS) based service policy
with periodic task queue reordering depending on queue states, job load and resources
availability.

However, resource pooling for large scale systems (order of 104 computing nodes) very
often shows burst nature that is usually caused by finishing or cancelation of large jobs or
starting of computing cluster. It could result that temporary high ranked tasks receive almost
all free resources while other tasks could be in a starvation until next reordering cycle.
Moreover, the frequency of reordering cycle is limited by potentially very long job queue.
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To overcome presented problems, in the case for a distributed parallel analysis in CERN-
ALICE experiment [6] performed on a very large grid scale system, a workload management
scheme using weighted random (WR) matching applied to the job pull operational mode is
proposed in this paper. This scheme presumes that user tasks can be split into independent
jobs and it could be applied to distributed parallel analysis in ALICE experiment.

Stochastic workflow scheduling in large scale computing environments has been already
proposed by [7]. As far as we know, no previous work has proposed the idea and simulation
results of using random weighted matching for meta-scheduler architecture with job pull
operation mode.

2. AGENT BASED JOB PULL MODEL

AliEn [8] (ALICE Environment) is a workload managements system used in ALICE
experiment. This section presents the specific resource brokering architecture used in AliEn
and which is simulated using DE simulator. Figure 1 shows the diagram of the described
architecture.

A user application can submit a compound task that can be split into a discrete number of
independent jobs. A nominal priority is assigned to each user and it can be held constant or
regularly updated according to grid economics parameters (i.e. user account balance).
Instead of managing potentially large number of jobs, resource broker (RB) manages agent
table (AT). If a job submitted to central job queue (JQ) has a unigue key (combination of user
ID and job requirements), a new related AT record is created. If there is a key match, only
the job counter is incremented for the matched AT record. As a result every job in JQ has a
related record in the AT table.
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Figure 1: Architecture of Agent based pull model with WRM.

Local computational resources available at every site are managed by a Computing Element
service (CE). CE monitors underlying computing resources queuing system and if there are
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any free computing slots, agents from CE's local bounded agent queue (AQ) are submitted to
them. Concurrently, CE tries to keep its AQ queue full and periodically demands agents from
RB. RB picks AT records for matching according to implemented matching selection policy
and the list of matched agents is then sent to CE. Finally, every running agent pulls and
executes related jobs from JQ using FCFS service policy. The agent terminates if there are
no related jobs in the JQ. If the WR matching selection policy is applied, the probability of an
AT record selection and subsequent agent creation is proportional to the temporary assigned
user priority weight.

Therefore a job priority is primary determined with the matching order. The running agent
that pulls related jobs from the JQ (FCFS) defines the second level of prioritization. The
presented prioritization alghoritm does not involve any sorting operations on the potentially

long JQ.

3. WEIGHTED RANDOM MATCHING

The selection of AT records for matching is performed using WR selection. The complete
process is divided into two following steps:

3.1 AT record priority-weight (pwAn) calculation

For a i" {i=1,.,.,NA} AT record created by user j {j=1,.,.,Ny} we define a priority-weight pwa.
The value of pwy, is calculated at the time when new AT record is created as follows:

PWy; = nﬂmyjprice 4; 1)

where: nomy; is nominal priority for user j (nomy; > 0), price,; is job execution price offered
by user (price,i > 0).

3.2 AT selection/matching

Random selection of an AT record for matching, is not performed uniformly by RB, instead it
uses a given weight for each AT record. Probability that s™ agent record that belongs to user
j is going to be selected is:

_ pwd
P(4;) = —— NawA; (2)
”AH_.‘ Ei::ﬁ

where: pwa, is agent record priority and nay; is temporary number of agent records in AQ
created on behalf of user U;.

Selected AT record is then set ineligible for subsequent matching selections. After that
RB matches selected AT record job requirements and CE capabilities. If there is a match, RB
creates new agents for sending to CE. If the number of created agents for is still lower than a
number requested by CE and there are eligible AT records, a new AT record
selection/matching tour is performed.

4. SIMULATION SETUP

The proposed scheme is evaluated by custom made discrete event (DE) simulator described
in [9]. It utilises optimized Ptolemy C++ DE library [10] to simulate components and
communication used in the real system.

Instead of bottom-up, top-down simulation modelling is used. The system model focus
was not on the system components but on the job and data workflow. The communication of
system components is modelled separately (message dispatcher component) from file
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transfer simulation. Finally, the simulation model has the identical job and data workflow as
the real system and comparable performance of processing elements. Figure 2 presents the
structure and message paths of DE components.

Central
services

Message
dispatcher

Job
generator

Network file
transfer simulation
Figure 2: DE Components and message paths.

4.1 CE parameters
CE requests agents every 60s. Simulated system consists of 10 CE with parameters defined

in the Table I.
Table I: CE parameters.

CEl | CE3 | CE5 CE7 CE9
CE2 | CE4 | CE6 CES8 CE10

nSlots | 300 | 600 | 900 1200 1500 9000
maxAQ | 15 30 45 60 75

Total

where: nSlots is number of computing slots, and maxAQ is a maximal number of allowed
agents waiting in the bounded AQ (5% percent of available computing slots). Computing
slots delivers random performance uniformly distributed in the interval (1-1.5) kSI2k. Every
CE is capable to execute any type of job (uniform jobs).

4.2 Simulation workload

A comprehensive statistical analysis of workloads collected on data-intensive clusters and
grids presented in [12] shows a strong correlation of user behaviour (job submission) and a
previous job processing history. To generate more realistic synthetic simulation workloads
we have used a user-oriented workload generation. Every user is modelled as separate
simulation unit that submits jobs dependent on its previous job processing history.

As it is common for ALICE data processing, one low priority (LP) user submitting large
batch of jobs with high processing requirements was used. LP user jobs are accepted in the
JQ only when the size of JQ is below some predetermined trigger size (minQT=100). Job
agent is set to execute only one LP job until termination. In our simulation cases LP user
starts submitting jobs at ts=0s (real time=20:00h, overnight background jobs).

The submissions start for every normal priority (NP) user is placed uniformly random in
the interval ts=43200-46800s (real time=8:00-9:00h of the next day). NP user submits new
job 180s after its previously submitted job is finished. Job submission for all users stops at
ts=79200s (real time=18:00h).
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Table 1l presents the jobs/users workload parameters. NP users are divided into 3 size
groups according their job computing requirements: small (S), medium (M), and large (L). To
simplify results analysis, jobs of every size group have equal processing requirements. It is
assumed that all job data input/output operations are performed from local storage elements
and therefore data transfer time is included into job processing requirements. Further, every
size group is divided into 5 equal price subgroups according to user job offer prices. Every
price subgroup consists of 5 users.

Table Il: jobs/users parameters.

Job type | Num. of users | price | nSubJob | P[kSI2ks] (min,max) | nomy;

LP 1 500 3600,7200 1
1
11
15 100 600
3
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Figure 3 shows number of jobs in JQ for one of the simulation runs using the previously
described workload generation. At the start of NP user activity, almost all computing
resources are occupied with LP jobs.
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Figure 3: Number of jobs in JQ.
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Figure 4: LP and NP jobs in a running state.

The resources released by finished LP jobs are gradually shifted to NP jobs (see Figure 4). It
could be also seen at Figure 4 that the overall system efficiency (running jobs/total slots) is
lower for NP jobs, which is expected because the jobs with a smaller processing
requirements have as a relative larger pre-processing overhead.

5. SIMULATION RESULTS

First, the results for the simulation runs using FCFS matching with periodic priority sort as it
is implemented in AliEn are presented. Then the performance metrics for random and WR
matching is analysed.

5.1 Performance metrics

Grid users submit jobs with certain quality of service expectations. Arithmetic mean of
turnaround times is used as the major performance metric. The arithmetic mean of
turnaround time is defined as:

1
1T, :_Ztts (3)
S|4

where: tts is the turnaround time of job j, S is the set of jobs in the workload, and |S] is the
number of jobs in the set. A lower TT, means a better performance from an end-user
perspective.

For large sequential batch jobs service delay is often acceptable, but users using
applications for distributed parallel interactive data analysis, as in, expect that a fraction of
jobs is started as fast as possible even under heavy occupancy of resources. Therefore for
interactive applications a performance metrics R that shows progression of a user job
execution is introduced. R is defined as n™ percentile of job partial-responses times. Partial
response time measures how long a job takes from its submission to c% completion. The
90" percentile of the response time for 5% job completion is used.

Every simulation is performed 10 times using different random number generator seeds,
and the average results of multiple simulation runs are reported.

5.2 FCFS with periodic priority sort

The agent record table is sorted with period Tpy using the value of agent record priority pwi;
which is calculated as follows [3]:
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T.I[& = mnuj;'nﬂmuj 4)

pricey (1— rEUj,r‘Z}, rly, <2
PWa: = 0, Tly =2 ©®)

where: runy; is number of running agents of user U; (runy; 2 0), rly;is user relative load, nomy;
is nominal priority of user j ( nomy;> 0), price,; is user offered job execution price (pricea;> 0).
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Figure 5: Priority (pw,;) calculated using (4) and (5).
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Figure 6: FCFS matching (Tpw= 60 sec): TT, and R(90th/5%).
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Figure 7: FCFS matching (Tpw = 120 sec): TT, and R(90th/5%).

price

Presented results at Figure 5 shows that for FCFS with periodic sort using priority calculation
function (5), an acceptable relation of TT, /price is obtained only for an unacceptable short
gueue sorting period of Tpyw= 60s. With doubled, but still short queue sorting period of Tpw=
120s, jobs with slightly higher offered price=1.1 have considerably lower TT, than jobs with
price=1 (Fig. 6). This type of a TT, /price discontinuity is not acceptable if computing
economy should be applied. Relation of R /price is not acceptable for both of priority update
periods.
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5.3 Random matching

To confirm the equality of random generated workload for all price subgroups, the results of
pure random matching where all NP price subgroups have the same priority (price=1) are
presented. Figure 4 and Figure 5 show that each of 5 groups has an acceptable fair access
to resources and that the proposed workload could be used for the following step of WR
simulation and analysis.
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Figure 8: Random matching: TT, and R(90th/5%).
5.4 Weighted random matching

The overall results for WR matching showed that the applied scheme gives users a weighted
fair access to resources regardless of a long job queue. A higher offered price improves
R(90th/5%) and TT, values for all types of jobs. The Figure 8 shows that both TT/price and
R/price ratios do not show discontinuity, and therefore are acceptable for an implementation
of the computing economy. Also, it could be noticed from Figure 8 that offering price above
some value does not lead to significant performance improvements. That is as a result of a
limited job parallelism for the submitted tasks.

Table Ill: WR matching — results.

Job size | Price 1 11 15 3 5
R [s] 1860 | 1837 | 1226 | 550.1 | 345.3
) TTa[s] | 5726 | 5408 | 4346 | 2855 | 2489
R [s] 1509 | 1209 | 797.4 | 357.5 | 212.6
M TTa[s] | 3132 | 2795 | 2254 | 1484 | 1269
R[s] |1251 |1079 |668.8 |249.2 | 140.1
> TTa[s] | 1733 | 1576 | 1225 | 791.1 | 659.1
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Figure 9: WR matching: TT,and R(90th/5%).

Figure 9 shows distribution of turnaround times for M size price subgroups. The distributions
for S and L size price subgroups have similar shapes. Jobs with higher offer price are more
promptly processed (Figure 10).
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Figure 10: TT, distribution for M jobs (prices 1;1.1;1.5;3;5).

6. CONCLUSIONS

It this paper we have addressed the problem of Grid intracommunity workload management
with the job-pull operational mode, with the goal to simulate and evaluate efficiency of WR
matching. The simulation results showed that for a large computing system with 9000 nodes
and workloads that consist of uniform and independent jobs, the applied scheme gives each
user weighted fair access to computing resources. This also qualifies WR matching to be
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drivable by computational economy. Future work will include simulation of more complex
workload patterns and implementation of more refined computational economy than
presented here.
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