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Abstract: This paper describes a prototype of a computing platform dedicated to artificial intelligence explorations.
The platform, dubbed as PakCarik, is essentially a high throughput computing platform with GPU (graphics processing
units) acceleration. PakCarik is an Indonesian acronym for Platform Komputasi Cerdas Ramah Industri Kreatif, which
can be translated as “Creative Industry friendly Intelligence Computing Platform”. This platform aims to provide
complete development and production environment for Al-based projects, especially to those that rely on machine
learning and multiobjective optimization paradigms. The method for constructing PakCarik was based on a computer
hardware assembling technique that uses commercial off-the-shelf hardware and was tested on several Al-related
application scenarios. The testing methods in this experiment include: high-performance lapack (HPL) benchmarking,
message passing interface (MPI) benchmarking, and TensorFlow (TF) benchmarking. From the experiment, the
authors can observe that PakCarik's performance is quite similar to the commonly used cloud computing services such
as Google Compute Engine and Amazon EC2, even though falls a bit behind the dedicated Al platform such as Nvidia
DGX-1 used in the benchmarking experiment. Its maximum computing performance was measured at 326 Gflops.
The authors conclude that PakCarik is ready to be deployed in real-world applications and it can be made even more
powerful by adding more GPU cards in it.

Keywords: Artificial Intelligence, Machine Learning, Multi-objective Optimization, Graphics Processing Unit
Accelerator, High Throughput Computing.

1. INTRODUCTION

In recent years, interest in Artificial Intelligence
(Al) researches is increasing and showing its
fruitful results in many areas including creative
industry sectors. With the advent of Industrial
Revolution 4.0, the need of implementing practical
but robust Al becomes more and more demanding.
Thus, researches in this area are blooming [1, 2].
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However, running high-impact Al researches
especially on Deep Learning (DL) requires a high-
performance computing platform [3, 4]. This is
an inevitable consequence since DL, like other
machine learning approaches, usually works on
massive data to automatically gain its working
parameters.

Several dedicated computing platforms have
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been produced by diverse vendors that target this
ever-growing research field [5]. For example, Nvidia
Corporate has several products that are capable of
high-performance computing up to several hundred
teraflops, scaled from a workstation level to a
server-class [6, 7]. However, those platforms are
either very expensive or a part of a cloud computing
service that does not give any direct means of
maintenance for the Al researcher. For example, the
price for an entry-level one Nvidia DGX Station is
USD 149 000, which is way above standard research
grants in Indonesia (around USD 3 500 yr'). In this
circumstance, the authors have developed a smart
computing platform that can be built to support Al
researches. The platform, dubbed as PakCarik, is
essentially a high throughput computing platform
with GPU (graphics processing unit) acceleration.
PakCarik is an Indonesian acronym for Platform
Komputasi Cerdas Ramah Industri Kreatif, which
can be translated as “Creative Industry friendly
Intelligence Computing Platform”. This paper
describes how PakCarik was built and tested on
several application scenarios.

2. MATERIALS AND METHODS

PakCarik aims to provide a complete development
and production environment for Al-based projects,
especially those that rely on optimization and
machine learning paradigms. This research area
is well-known for its challenging but intriguing
methods for uncovering hidden information in
massive unstructured data [8].

As a platform targeting industrial applications,
PakCarik is equipped with various open-source
libraries that enable the developer to quickly
develop and deploy their projects. Special
messaging service software is also installed in
PakCarik, making it a complete framework for
developing an loT-based system. This software will
act as an integrated IoT broker inside PakCarik that
accommodates various messaging protocols such
as MQTT and Kafka. The platform was designed
such that the connection among different protocols
is seamless. Such mechanisms are known to be
challenging but very useful for developing complex
IoT applications [9]. Figure 1 shows how PakCarik
will be deployed as an loT-based platform.

From a hardware perspective, PakCarik is a

high throughput computer that is built using COTS
(commercially off-the-shelf) components. Using
COTS, the cluster can be customized to meet the
customer budget whilst achieving high performance
in a self-maintainable fashion [10]. Currently,
PakCarik has two prototypes: PCl and PC2.
Table 1 shows the difference between PC1 and PC2.

3. RESULTS AND DISCUSSION

PakCarik has undergone these preliminary tests:
high-performance lapack (HPL) benchmarking,
message passing interface (MPI) benchmarking,
and TensorFlow (TF) benchmarking. Table 4 shows
the benchmarking results on PakCarik using the
only CPU without GPU acceleration.

From the experiments, this research gained
some insight into the performance of PakCarik at
normal speed (without overclocking). Although the
two prototypes of PakCarik use different processors,
the performance is not much different. This opens
the possibility of combining both prototypes into
one cluster. Currently, PakCarik is undergoing
thorough tests in Turbo mode where researchers
overclock the processors up to 5 GHz (or more).
However, we haven’t found the highest stable
operating frequency since these tests require the
presence of an advanced cooling system (only one
of the prototypes, which is PC1, that has a liquid
cooling system at the moment).

This paper also performed a benchmarking for
the GPU accelerator with Deep Learning image
processing applications. For this, the authors use
two models: inception-3 [11] and restnet-50 [12].
The comparison was made by measuring how many
images were processed during the training phase
since this phase usually takes more resources and
a longer time compared to the inference phase. In
these models, the batch size for the training was
set to 32. The results of these experiments were
compared to the results of different machines whose
data are available online [13]. Figure 2 and Figure 3
show the performance of PakCarik compared to the
performance of other platforms.

The purpose of the experiment shown in
Figure 2 and Table 2 was to compare head-to-head
of this platform (PakCarik) to the other platforms
that were restricted to use only a single GPU in the
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Fig. 1. IoT topology based on the PakCarik ecosystem. In this scenario,
external IoT gateways are not necessary since they are embedded in PakCarik.

Table 1. Two protypes of PakCarik.

Component PC1 PC2
Processor Intel 19-7900X (10-cores) @3.30GHz AMD Threadn(%%égg é?_?ZWX (32-cores)
Memory 40GB DDR4 32GB DDR4
Storage 500GB SSD SATA3 250GB SSD NVMe/PCle

GPU 3TX 1070ti (2432 cores, 8GB DDRY) TX 2080ti (4352 cores, 11GB DDRY)
PSU 1000 W 1200 W

Form factor ATX-Tower Rackmount 4U

Table 2. Platforms with a single GPU accelerator for the experiment.
Platform Description
Platform-1 NVIDIA® DGX-1 with 1-GPU Tesla® P100
Platform-2 Google Compute Engine with 1-GPU NVIDIA® Tesla® K80
Platform-3 Amazon EC2 with 1-GPU NVIDIA® Tesla® K80
Platform-4 Dell Gaming Laptop G7 with 1-GPU GTX-1050ti
Platform-5 PC1 (PakCarik prototype 1), see Table 1
Platform-6 PC2 (PakCarik prototype 2), see Table 1
Table 3. Platforms with multiple GPU accelerators were used for the experiment.

Platform Description
Platform-1 NVIDIA® DGX-1 with 8-GPU Tesla® P100
Platform-2 Google Compute Engine with 8-GPU NVIDIA® Tesla® K80
Platform-3 Amazon EC2 with 8-GPU NVIDIA® Tesla® K80
Platform-4 Dell Gaming Laptop G7 with 1-GPU GTX-1050ti
Platform-5 PC1 (PakCarik prototype 1), see Table 1

Platform-6 PC2 (PakCarik prototype 2), see Table 1
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processing of Inception v3 and Restnet-50. This
needs to be done since each prototype of PakCarik
only has one GPU. The results show that the second
prototype of PakCarik (PC2) outperforms the other
platforms. This happens because PC2 uses a GPU
card that has more cores and memory compared
to the other platforms. Platform-2 and Platform-3,
which are commonly used by cloud computing
communities and when restricted only to using a
single GPU, are quite similar to Platform-4, which
is very common to be found in nowadays computer
market.

The purpose of the experiment shown in

Figure 3 and Table 3 was to compare head-to-head
of this platform (PakCarik) to the other platforms
with their maximum configuration. Platform-1 can
have up to eight GPU cards, whereas Platform-2
and Platform-3 can have more cards but were
restricted to use only eight cards in the experiment.
On the other hand, PakCarik has a single GPU
card in each prototype. The results show that
Platform-1 (NVIDIA DGX-1) with eight GPU
cards outperforms the other platforms.

This is a predicted result since more cards mean
more computing power [14, 15]. However, even
though PC2 has a single GPU card, its performance

Table 4. Result of the preliminary experiments on PakCarik.

Experiment PC1 PC2
HPL 326 Gflops 317 Gflops
MPI 2.76 s 2.85s

TF 133.96 fps 133.07 fps

250

200

100
50 ‘\ “
: mui

Platform-1 Platform-2  Platform-3  Platform-4  Platform-5  Platform-6

images/second

W Syntentic Data  mReal Data

(@)

images/second

u
<

|| munil II ‘l

Platform-1 Platform-2  Platform-3  Platform-4  Platform-5  Platform-6

m Syntetic Data  m Real Data

(b)

Fig. 2. Performance comparison when running (a) Inception v3 model and (b) Restnet-50 model using platforms
described in Table 2. The higher the value (images s™') the better.
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Fig. 3. Performance comparison when running (a) Inception v3 model and (b) Restnet-50 model using platforms
described in Table 3. Similar to Fig.2, the higher the value (images s™') the better.
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is quite similar to the commonly used cloud
computing services: Google Compute Engine and
Amazon EC2, each with eight GPU cards.

Knowing this, that this platform has a potential
use case in future real-world applications especially
in a country such as Indonesia since the access to
the cloud computing services are expensive in long
term scenario [16]. Arguably, this platform can
easily outperform the dedicated Deep Learning
computing engine such as Nvidia DGX-1 provided
more similar cards were added to PakCarik, as
shown by comparing Figure 2 and Figure 3 [17].

4. CONCLUSION AND SUGGESTIONS

After some experiments with PakCarik, we are
convinced that PakCarik is ready to be deployed
in real-world applications. In several scenarios as
explained, PakCarik outperforms other similar but
more expensive platforms available on the market.
The authors measured its maximum computing
performance at 326 Gflops. Furthermore, it can be
inferred from the same experiment that PakCarik
can be made even more powerful by adding more
GPU cards.
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