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This article describes an experimental parallel program starter for large-sized clus-
ters of personnal computers (PC). The starting of programs is parallelized by
broadcasting a remote request execution. Broadcasts are performed using a span-
ning tree. Several experiments were conducted with N-ary and binomial trees, the
latter performing better when the size of the cluster increases.

1 Introduction

Large-sized clusters (over 100 processors) are more and more used for high-
performance computing. In order to exploit a large cluster, users or system
administrators need efficient tools to install, administrate and monitor a clus-
ter.

To do that, several types of tools have been developed. To install software on
a set of PC, the tool Ghost ! uses a server which safetly broadcasts binary
files. The SCMS ? tool developed in the SMILE project provides the most
basic Unix administration commands for a cluster. It is based on remote
command executions performed iteratively (remote shell: rsh, rexec, ssf, ssh).
The C-PLANT cluster project® uses a set of dedicated deamons to perform
administration and monitoring of large clusters. The monitoring tool Bwatch
4 probes iteratively memory and CPU load. This list is not complete because
many other tools have been developed to solve specific problems.

Those problems can be easily resolve with efficient multicast and reduce
(merge) mechanisms ®. These mechanisms have been studied intensively to
provide collective communications for parallel computing. Vadhiyar study
6 gives a specialization algorithm taking to accent message size and network
topology, to customize collective communications of MPI. Kielmann, from the
MagPIe project 7, extends the collective communications of MPI to metacom-
puting. He distinguishes two communication levels : efficient inside a cluster,
and slower between two clusters.

However, there exist no efficient and generic mechanism to build tools requir-
ing efficient broadcast and reductions for system administration and monitor-
ing. In a first step to build a generic tool, we propose in this article to study
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an efficient parallel program launcher for large-sized clusters. We assume that
the interconnection network of the cluster can perform parallel communica-
tions between independent node pairs. This is the case of switched Ethernet
networks, multi-stage interconnections such a Clos Myrinet switched & and
2D or 3D grids of SCI °.

In the following sections, we explain the design of parallel program starter
prototype. The description of the algorithm used will be followed by a pre-
sentation and analysis of performance results. We will conclude with the
problems raised by the design of a generic tool.

2 Case study: launcher program for clusters

In this article, we will focus on two approaches of the launching of programs
we will only focus on the starting of a program or a command on a cluster.
On small-sized clusters, the classical technique used for example in mpirun
of MPICH !0 is to start one node after another. The cost of this algorithm
is linear in the number of processors and therefor not scalable. For larger
clusters (C-PLANT 3, Score !!), solutions used dedicated daemons were de-
veloped.

To build an efficient launcher without dedicated daemons requires to paral-
lelize the remote execution call mecanism (“remote shell Unix”: rsh, rexec,
ssh, ssf). A simple parallelization technique is based on recursive starting of
programs on nodes. The starting scheme equals to a spanning tree composed
by the cluster nodes 2. Our prototype has been built following this way.

2.1 Principle of the standard rsh protocol

The principle of the remd(A) (figl) client command consists in requesting
from a remote rshd server to create a process which executes the A command.
A TCP connection is used to redirect the standart input and output of the
remote process. This connection is closed when the A remote program is
finished. Figure 1 shows the different stages of a remote execution call :
setting up of a TCP connection, remote user identification and loading of
program.

2.2 Principle of the launcher

The parallel starter triggers a broadcast to N other nodes parallelized in the
following way:



g 1 Setup of a TCP connection with the inetd daemon
AT \1>Q inetd 2 Starting of rshd daemon by inetd (fork)
N2 3 Remote computer & user authentification (NI1S)

4 ACK messageto client
5 Launcher program execution

6 Remote execution query on another node
7 A command execution
8 Waiting for completion

remd
function

Figure 1. remd command execution: Setup of a TCP connection with the rshd daemon
(via inetd), user authentification, A command execution.

e The initial node starts k remote processes, and keeps TCP connections
established by the remote execution call (See 2.1).

e Every one of those k nodes start k> nodes too, until all the N nodes
concerned with the execution of the A program have been reached.

e At the end of the A program, a node terminates when all of its children
nodes have closed their TCP connection.

We construct a diffusion tree which links all of the processes executing the A
program. Starting a program rapidly is equivalent to performing a collective
communication in which the message is composed by the program name, its
arguments and the user ID. Since at each step of the algorithm, as those
starting is composed of communications between independent node pairs, it
is possible to exploit the physical network parallel communication possibilities.

Before the program or command execution, we must consider two situa-
tion. The first one is when the program reside on each node, in this case not
any additional operation is required. Other, the program reside on the server
side and must be broadcast on all nodes. We have considered two approaches
: the use of distribued filesystem facilities (NFS) and the exploitation of the
launcher’s diffusion tree.

3 Evaluation

In the first prototype, we have just considered N-ary and binomial tree. Figure
2 shows the temporal development for the two types of tree used. First, we
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Figure 2. Construction of a 8 nodes binomial and binary tree.(figures indicates the steps of
the algorithm)

evaluate the cost of starting time when the program reside on each node.
Afterwards, we consider additional time for the diffusion of the program on
all nodes.

3.1 Cost model

Let X\ be the cost of one step ( a remd time fig 1). The cost of starting an
A-ary tree is AAlog,(N) where N is the number of nodes. For a binomial
tree this cost is Alog,(N). This cost model can be see as a simplification of
the model of Bernaschi and Iannello °.

In the following sections, we will describe the experimental conditions and
analyze the performance results obtained with our program launcher proto-

type.

3.2 FExperiments

The experiments were conducted on the ID-IMAG Laboratory cluster
composed of 100 PCs connected by a 100 Mbps switched Ethernet network
including 3 switchs connected by two 1Gbps links(33 nodes per switch). Each
workstation is a 733 Mhz Pentium III, with 256 Mbytes of memory running
the Linux operating system. The interconnection network is not completly
switched. When the binomial tree algorithm is used, it is possible that each
of the 33 nodes connected to one of the switchs sends a message (execution
request) to 33 nodes to another switch. This situation may overload the
link between those two switchs. To avoid this situation, it is sufficient that
the next node of the spanning tree distributes its children on the different
switchs.



In order to reduce perturbation experiment, we have not used centralised
server for the authentification mecanism(NIS).

We have conducted two set of experiments. In the first set, the step of
the broadcast of the program is not considered. In the second set, the NFS
filesystem or the launcher’s spanning tree are used to broadcast the program.
The results were obtained with 20 tests by measure with a confidence interval
of 95%. Times measured include the construction of a spanning tree, the
broadcast time according to the case and a null program execution time.
These tests were made with different N-ary tree and the binomial tree. Times
measured include a termination time which depends on the heigth of the
spanning tree. As the cost of a remote request execution is important (A >
rcmd time ~ 100 ms), the termination time (termination time ~ h % ¢, with
h: tree heigth, t: time to close a TCP connection) can be ignored in this first
experiment since.

3.3 results analyzis without broadcast

Figure 3 compare launching time obtained with N-ary and binomial trees.
On a small number of nodes (fig 3.b), the performances of the N-ary trees are
nearly identical to the performances of the binomial tree. A binomial tree is
better in theory when the tree is complete (number of nodes = 2™). When the
number of nodes is not a power of 2, N-ary trees can have the same efficiency.
When the cluster size increases, the binomial becomes the more efficient, but
the performance gain is limited to 20% for 64 nodes.

3.4 results analyzis with broadcast

Figure 4 presents the launching time with the broadcast of the program (NFS
and diffusion tree) and for sevral spanning trees. The size of program is 1
Mbytes for graph a and the binomial tree is used for the launching in the
NFS test. The graph a shown that NFS server can’t scale when cluster size
increases. Broadcasting with the binomial or binary tree are nearly identical.
At this size of program, the time for the establishment of diffusion trees is pre-
dominant. The graph b of the figure 4 compares the launching time between
the l-ary (chain) and binary trees with a 16 Mbytes program. The pipeline
effect explains that the time for chain is better than for binary tree up to 12
nodes. The bandwith for binary tree is twice lower than for chain. Over 12
nodes, the time for the etablishment of the chain is too higth compared to the
gain on the bandwith.
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Figure 3. Comparaison of program starting time without the broadcast of the program for
several spanning tree topologies: N-ary and binomial, as function of the number of nodes.
The b graph focuses on a small number of nodes.
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Figure 4. Comparaison of program starting time for several spanning tree topologies and
use of the NF'S filesystem and the launcher’s spanning tree for the broadcast of the program.
The b graph focuses on the difference between two topologies : 1-ary (chain) and binary.



4 Discussion and future work

The experimental results given above indicate that a binomial tree is more
efficient to launch applications on a cluster when the program is on each node.
However the performance differences between N-ary trees ( 1 up to 4 ) and a
binomial tree are limited. When the program must be diffused on all nodes,
the binomial and binary trees have nearly the same performance. With large
programs the chain topolgie had better performances on small number of
nodes. For increase the performance of chain, the time of its establishment
must be reduce. Future works include that point and performance measures
for larger size clusters.

To conclude, we have built an efficient launcher for cluster, which shows
several critical points : the remote execution request cost and the broadcast
of program.
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