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ABSTRACT

The parallel interconnection network is one of the most important aspect considerations in the design of High
Performance Computers (HPC) in almost all fields. It serves as the backbone over which the various components of
the HPC operate simultaneously. The HPC system will implement efficiently if perfect load balancing is carried out.
In this paper the load balancing analysis to crank out the significance of an efficient hybrid parallel network topology
that is Tor-V-Cube or TVC. The dynamic load balancing algorithms are developed and analysed for the proposed
parallel interconnection network topologies. In the current re-search work, the load balancing technique is chosen to
be explored as one of the common platform to measure the performance aspects of the proposed interconnection networks
TVC. Asasolution to the load balancing problem on TVC network, a new procedure is proposed, analysed, and tested
to evaluate the efficiency. This paper provides a brief description of different aspects of load balancing. This is
followed by a brief identification of the load balancing problem. The proposed algorithm is fundamentally based on
the Dimension Exchange Method (DEM) for load balancing on hypercube
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Introduction

Science and Technology are embedded into
every aspect of life. With advancement in Internet
availability, the demand for faster computing has
grown exponentially [47]. The concept of big data has
arisen and a huge volume of data is gathered [2, 13, 19
and 68]. It is growing with a pace that is faster than
any other measures. Behind every scenario there is a
high demand for massive parallel system [3-9, and 25].
The multiprocessor systems are intended to yield
faster solutions. But there are certain issues like
routing, faults like link failure or node failure,
availability, scalability etc which affect the efficiency
of the computing system [3 and 8]. The massive
computing needs of big data has outpaced the ability
of most computers to process it [68]. To cater to the
need of faster computing parallel systems are
extensively studied [12, 25, 31 and 41]. The hypercube
is the robust interconnection behind a parallel
computing system [36]. To cater to this need, several
variations of hypercube are also suggested [92]. The
n-star is also a large-scale interconnection and
sufficient research has been done to suggest star
variations [8 and 13]. Continuing with this trend few
new interconnection networks are proposed in this
thesis. They are Tor-varietal cube, Leafy-Tor-cube
and Tetrahedral hypercube etc. The growth of these
networks is slow in comparison to the star derivatives
but they possess enhanced packing density at very low
node degree. The current chapter studies the
applicability of the new structure in large scale parallel
computing as message communication is a crucial
aspect of parallel computing [74-76 and 93-94]. The
higher rate of computation to communication ratio is
always beneficial [61]. In a parallel processing
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environment, all are concerned with how this ratio
changes with increase in either the number of
Processing Elements (PE), the size of the problem or
both parameters. Extensive experimentation with
benchmark problems show that the ratio raises slowly
with an increase in dataset size and decreases as PEs
get added on [41 and 46]. In real life scenarios the
problem size is growing tremendously and the number
of processors also need to scale up. The performance
of the system need to be meticulously monitored as it
may lead to increasing inefficiencies as there are more
communications among the processors. Hence the
data set size must be scaled proportionately with
number of PEs to keep the fraction of time in
communication fixed.

An ideal computing system increases its
capacity linearly with addition of hardware and /or
users leading to a horizontal scalability [3 and 83]. In
the scaled environment if there is a fault and the
system is not disrupted by the inactive faulty PE, then
the system is called redundant. The horizontal
scalability and redundancy are achieved through load
balancing. The load balancing aims to optimize
resources, maximize throughput, minimize response
time and evades overload of any single PE [4, 8, 17,
24 and 37]. This results in enhanced reliability and
availability [145 and 153]. The Load Balancer (LB) is
a critical component of any distributed and parallel
system. It helps to spread traffic across a set of PE’s to
improve responsiveness and availability. The LB’s
can retain the status of load/resources allocated to each
PE while distributing the tasks [86 and 95]. If any PE
is not available to take up a new task or is not
acknowledging or has initiated an error / fault signal,
then the LB will stop forwarding traffic to such a node.
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In turn it will search the nearest PE to be assigned. If
there is a clustered organization of the PEs, then the
load is evenly balanced within the respective clusters
and then the surplus loads are balanced through inter
cluster load transfers [89 and 64].

This paper is as follows: the preliminaries are
discussed in the Section 2. The Section 3 is devoted to
propose Load balancing algorithms for the proposed
topologies. The Section 4 discusses about the results
obtained. The concluding remarks along with scope
for future work are placed in the Section 5.

2. Background

In the current re- search work, the load
balancing technique is chosen to be explored as one
of the common platform to measure the performance
aspects of the proposed interconnection networks. As
a solution to the load balancing problem on TVC
networks, a new procedure is proposed, analysed,
and tested to evaluate their efficiency. This section
provides a brief description of different aspects of
load balancing. This is followed by a brief
identification of the load balancing problem. The
proposed algorithms are fundamentally based on the
Dimension Exchange Method (DEM) for load
balancing on hypercube [3].

2.1 Basics of Load Balancing

One of the most important problems to be solved
for any interconnection network in a parallel
processing system is load balancing. The load
balancing problem has been resolved using
different approaches on various network topologies
and architectures [4 and 8]. The objective of most
research works in this area was to reduce the
resulting error. An efficient algorithm for perfect
load balancing on hypercube multiprocessors was
suggested by Jan and Hwang [67] based on the
well-known DEM. Perfect load balancing was
achieved in [16] by exploiting the notion of regular
distributions, which guarantee even distribution of
data over the available processors, thuspreventing
the error accumulation over dimensions and
reducing the error to no morethan one. DEM was
also applied as part of load balancing methods on
other attractive inter- connection networks
constructed from a number of hypercube networks
[64]. better performance isexpected to be shown by
DEM in terms of execution time, where no global
information collection is required.

Task Dispersal in Multiprocessing

The problem of dispersing tasks evenly over
multiprocessors is often called token distribution
problem [17 and 24] provided the following criteria’s
hold good:

i) There exists no interrelationship among the
all the tasks

i) Every single task has unit execution time.
Each processing element can be allotted either

[g] or ng amount of tasks, where N is the total

number of tasks to be distributed over the
Interconnection network with packing density P.
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Perfect Load Balanced

The n-dimensional Hypercube is perfectly load
balanced if the tasks assigned to both the (n-1) sub
cubes are either equal or differ by 1 [16-17 & 67].
Dimension Exchange Method

The n-dimensional hypercube has n number of
adjacent nodes and for load distribution the tasks are
distributed across the n links starting from 0 to (n-1)
[16].

Regular Task Distribution

If there are N number of tasks to be distributed over a
parallel system with P number of pipelined processors,
then the total number of tasks that can be allotted to a
processor Pi (0 <i <P) is termed as work load
denoted as Wi and the same is defined as

[N/pl,  ifi < (NmodP)

[N/PJ, otherwise

2.2 Load Balancing of Proposed

Networks

This section tries to propose load balancing
algorithm for the proposed interconnection
networks that is TVC network. Here three
dynamic dimension exchange load balancing
algorithms is proposed for TVC network in this
section using the following notations:

Wil =

Used Notations

V: The set of vertices of the network

E: The set of edges of the network

m: The dimension of the network
R, m™ root node of the network

Cy: n child node of the network

P it cube node of the network , where i

varies from 0 to 2™

1P Load of the individual processor of the

network
FP., Final Load of the network
1D, Ideal Load of the network
L(P) Load of the i processor
i" task assigned to processor

R. i" root node of the network where i

varies from 0 to 2™ — 1
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L, j® leaf node of the network where j

varies from 0 to m-1
L(R)) Load of the i root node of the network
L(L)) Load of the j* leaf node of the network
P Partial Load
Ri Remainder Load

LIF Load Imbalance Factor

2.3 Load Balancing in TVC

This section tries to propose load balancing
algorithms for the Tor-Varietal-Cube (TVC)
interconnection network. TVC is the union of
two networks that is Tor-cube and Varietal-
cube. As the base network of the TVC is varietal
cube and two additional links are added to the
base structure. The proposed algorithm is the
modified version of the dynamic dimension
exchange algorithm for load distribution.
Additional steps are incorporated to balance the
cube nodes while balancing the entire network.

Dynamic Load Migration Algorithm of TVC
The dynamic load migration technique (DLM)
for Tor-Varietal-Cube interconnection network
is a performance analysis algorithm. It is
dynamic as there is no prior knowledge of the
assigned load. DLM algorithm takes numerous
numbers of tasks to give least load imbalance
and, as a result, Load Imbalance Factor (LIF) is
reduced. A DLM method for multiprocessor
systems is examined. The advantage of the
DLM algorithm is that it reduces the execution
time and LIF even for numerous tasks in a
homogeneous system and uses on TVC
interconnection network. TVC is built by
linking every node to a node utmost from it. The
node count, degree and diameter in TVC

network is 2, k + 2 and [i—k] — I respectively

where k is the dimension of the network. The

load balancing algorithm for the TVC network

for independent task scheduling is as follows:
Algorithm: Dynamic Load Migration in TVC(V, E,

Input: Processor [ Pj ---------—---
Pym]

Task [ To--------------—-
-Tk ]
Output: TVC Network with
balanced load processor with

minimum  execution  time  for
balancing the network

Procedure

Start

L

7.
8.

9

Scheduler assigns random loads

or tasks to each processor in the

network

Scheduler calculates total load

and ideal load

Check the maximum_overloaded Processor
(MOP) and maximum_
underloaded Processor (MUP)

Checks connectivity between MOP and MUP

in TVC interconnection network

Starts execution time.

Migration of load takes place from MOP to MUP
processor among all the cube nodes which are
reachable by one hop distance using adjacency
look up table using dynamic dimension exchange
method

Scheduler calculates final total load

Repeats steps 3—S8 until loads at all nodes are
either equal or differ by 1

Ends execution time.

10. Compute Load Imbalance Factor (LIF)

Stop
Hllustration of Load Balancing in TVC

In the following table the load balancing of TVC of

dimension 2 is illustrated. The initial allotment of
loads and load migration of each phase is shown in the
following diagram. The number of migrations is more
in each phase of balancing due to the addition of extra
torus links in TVC architecture.

Table 1: Load

Migration in TVC3
Adjacency Load FP
Process | IP Migrati | L
or L Look Up on
{ 40
001,010,101,11
Pooo 45 1} 45-5
{ 39
000,10,08,110
Poo1 50 } 50-11
{ 39
000,011,110,10
Po1o 34 1} 34+5
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( 40

Boi.010,111,10
Po1 29 0} 29+11

{ 40
001,101,110,01
P100 45 1} 45-5

{ 39
000,111,100,01
Pio1 50 0} 50-11

{ 39
100,111,100,00
P10 34 1} 34+5

{ 40
101,110,011,00
P 29 0} 29+11

31 31
Total 6 6

Ideal Load =
Total Number of Loads __ 316 __
Total Number of Nodes - T =39.5
(@)
(b)
s

(c)

Figure 1: (A) Initial Allotment, (B)Phase 1
of Load Migration (C)Final Load Distribution in
TVCs

3. Results and Discussions
This section attempts to justify the suitability of TVC
topology as candidates for massive scale parallel
system. As they retain the basic structure of
Hypercube so its performance is compared with
Hypercube [36], Varietal cube [42-43], Tor-cube
[122] and the Leafy-cube [98 and 115].

The main objective of this section is to test
the efficiency of the proposed dynamic algorithms for
load balancing on the new networks of different
dimensions. The major two performance metrics like
load-imbalance factor (LIF) and loads per processing
elements give an indication of the algorithm’s
efficiency. The dimension exchange algorithm is
developed for hypercube, but in case of the proposed
networks dynamic load migration method is used. To
produce the comprehensive experimental work,
simulation is carried out. The experiments of the
proposed load balancing methods under study were
performed on Processor  12th Gen Intel(R)
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Core(TM) 17-1255U, 1700 Mhz, 10 Core(s), 12
Logical Processor(s) with 16 GB of RAM and 512GB
SSD. The proposed algorithms were developed using
Python programming language. The experimental
work was conducted under Windows 11 operating
system. The load balancing process is implemented
using the multithreading approach, which is used to
support the parallel execution of the implemented load
balancing methodologies. In particular,
ProcessPoolExecutor was wused to implement
multiprocessing. In executor class the max_worker is
equal to the maximum number of processors in the
network. Depending upon the node connectivity the
adjacency list is also prepared which makes the load
balancing process effective through task migration.
The experiments were done for networks of different
sizes by varying the dimension ranging from 4 to 10.
Discussions on Load Balancing Algorithm Time
Complexity

The time complexity of the load balancing algorithm
for TVC network run for 2" nodes is same as that of
the hyperube as both of them pack same number of
computing nodes. Hence the time complexity is (N log
P) where P=2".

Figure 4: Lode per Processing Elements in HC, LC,
TC, TVC, LTC and THC Networks

After deciding the time complexity of Load balancing
algorithm attempts are made to establish the
superiority through comparison with its parent
network that is Hypercube. The load per processing
element is first calculated and compared for the
possible number of tasks depending upon the
classification of different size of the system ranging
from small scale to very largescale computing as
discussed in previous chapter.

The comparison in Fig. 4, shows that the LTC
network is quite evenly balanced for the entire range
of possible task starting from fifty to fifty thousand.
Due to higher number of nodes in LTC network at
same dimension than the Hypercube, Tor-Cube and
TVC the computing nodes are perfectly balanced.
Load per node is quite less and remains consistent with
increase in number of tasks over time irrespective of
network dimension. The THC topology remains in
between both of these. The figure shows three curves
as the LC and LTC have same values in terms of
number of nodes and therefore coincide. Similarly, the
curves of HC, TC and TVC also coincide.

Again in Fig. 5, the comparison of time
complexity of proposed load balancing algorithms is
done against the network dimension. Here the value is
ranging from 2 to 10 as shown in the horizontal axis
of the graph in the figure. The LTC network is
reasonably load balanced at higher dimensions in
comparison to Hypercube, TC and TVC network.
Also, it is more or less close to LC network at higher
dimensions. However, it is taking less time at lower
dimensions. The THC topology serves in the middle
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range in comparison to HC, TC, TVC and leafy

hybrids.
100000'PH
1000E)C
100

1

2 3 45 6 7 8 910

Dimension

Time Complexity of Load
Balancing

Figure 5: Comparison of Load against
Dimension in HC, LC, TC, TVC, LTC and THC
Networks

4. Conclusion

The current digital era has witnessed an explosive
growth rate in volume of data. The VLSI technology
has realized improved trends in processing and
memory access speeds as a result the parallel
processing is applied to the handling of extremely
large data sets [14, 69]. Thus, the parallel
interconnection networks are most suitable for
implementing the Bigdata systems [2, 13, 19 and 68].
The current work has considered the Tor varietal cube,
Leafy tor cube and Tetrahedral Hypercube for load
balancing study as these three topologies exactly
resemble the Hypercube. The TVC has slower growth
rate in comparison to THC and LTC. Leafy Tor-Cube
network and THC are suitable for massive scale
computing. The dynamic load balancing algorithms
are designed for the proposed networks, analysed and
experimented. The results so that the algorithms
perform well and converged. A detail explanation is
also provided on these networks. The efficiency of the
proposed network topologies is shown through
comparison with parent networks. The parameters
considered are lodes per node, execution time
complexity and load imbalance factor. It reveals that
the LTC topology balances a huge number of
processing elements in a short time. Also, the nodes
balanced in each phase of load migration is better in
the proposed networks due to higher number of node
disjoint paths.
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