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workloads. We suspect that the processor does not work
optimally because there are several umits that are
inactive when working on a task. In this study, we want
to show the performance of a computer if it is given a
non-uniform load on the Intel Core i7-4790 and AMD
Ryzenm 5 1500X, so we can see the maximum
performance of the processor because of the non-
uniform workload. We use C and OpenMP io creaie a
program code which is a matrix multiplication program
m x n. Then, the researcher gives a different workload
(integer and floating-point workload) into the program
structure. We also provide additional workloads with
rounds 5, 10, 15, 20 and 25 times. Finally, after each
workload looped, we add para-loop to repeat both
workloads 24 times simultaneously. The researcher
executes the program 8 times per thread to get the best
execution time. We found that in Intel Core i7 4790, the
best speedup of the processor was 4.67 using 8 threads.
Then, in AMD Ryzen 5 1500X, the best speedup of the
processor was 521 using 8 threads. Just like speedup,
the best IPC from the processor Intel Core i7 4790 is
7.00 when using 8 threads. In AMD Ryzen 5 1500X, the
best IPC is 7.20 when using 8 threads. That means the

speedup and IPC are directly proportional.

Keywords — Non-Uniform Workloads, Performance,
Parallel Computing

I. INTRODUCTION

Most computer vendors are competing to introduce
new products that combine several cores on a processor
chip, the addition of simultaneous multithreading features,
and other features used to improve the performance of a
processor. With increasingly rapid development, in the
future, we will see a processor chip that can work several
tens or hundreds of threads simultaneously. Thus, almost all
future platforms will directly support parallel
apphcations|1].

In processing a large amount of data requires a
processor with good performance. A processor that uses a
single thread takes a longer time to process data than the
processor that maximizes the thread it has[2]. Because, the
processor that maximizes the thread divides data into
threads and processes it at the same time, and it is known as

simultaneous multithreading Simultaneous multithreading
can retrieve and execute several instructions to increase
system utilization and speed up the process of executing
programs[3] SMT processor uses resources more
efficiently. It can exploit all types of parallelism, thread and
instruction levels parallelism, so get a better speed up[4].
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Fig 1. Data Processing Using Simulaneous Multithreading

Figure 1 shows the process of SMT. Each logical
core executes each incoming thread, thus requiring a short
execution time.

In the architecture of a processor, there are several
units used in processing data, namely the Arithmetic Logical
Unit (ALU)[5] and the Floating-Point Unit (FPU)[6]. In the
previous study[2], the researcher got a speedup that was not
maximal. This is because researcher uses a uniform
workload in the program that he developed. When
processing data, there is another unit that in idle condition.
We offer a non-uniform workload on programs that wall run
on the processor so that it can provide maximum
performance improvements to Jiaa Processor.

In this research show the performance of
computer if given non-uniform workloads on an Intel Core
i7-4790 and AMD Ryzen 5 1500X, so we can see the
maximum performance of the processor due to non-uniform
workloads. The hypothesis in this study is speedup which
better than previous researches[2]. This is related to the non-
uniform workload given to the program. Because both
integer and floating-point units are not idle.

In this paper, there are 5 sections. Section II
introduces related work and shows the current research.
Section 11 describes hardware architecture of Intel Haswell.
Section IV describes the result of this research. There are 3
results in this research, they are speedup, instruction per
cycle, and analytical results Section V desanbes the
conclusion from this research.

1. RELATED WORK

There have been many previous related studies on
parallel computing. Radojkovic[7] does research on thread
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scheduling. In this study, the researcher has proposed a
scheduling method, BlackBox Scheduler. We can see for 6
threads, the result of the naive process 15 5-15% and the
worst case 15 more than 55%. For 24 threads, the result of the
naive process is 6-19% and the worst case is above 45%.

Peternier[8] does a study to optumize the
performance of the processor. The researcher proposes a
method to prevent inefficient scheduling and bind threads
that perform Floating Point calculation to the processor unit.
This method was tested using 2 different processors, AMD
Bulldozer and IBM Power 7. The researcher uses WorkOver
integrated with Low-level Java monitoring library. In this
research, the researcher uses 2 benchmarks, they are Spec
CPU and SciMark 20. We can see in this research, for
AMD-Bull used Spec CPU, the speedup reach 1,14 times
(for hmmer+povray) with L2 misses cache rate 0,85%. Then,
for IBM P7 used Spec CPU with SMT2, the speedup reaches
1,47 times (for h264ref+povray) with L2 misses cache rate
0,68% and if using SMT4 reach 1,4 times for speedup with
L2 misses cache rate 0,6%. With the other benchmark, the
researcher has found the result, for AMD-Bull reach 1,08
times (for full SciMark). And for IBM P7 reach the speedup
1,05 times with SMT 2 and 1,11 times with SMT 4,

Adnan[2] proposes a concept to mmprove the
performance of the processor with a uniform workload In
this study, we can see that using | thread can be completed in
1 second and using 4 threads n 1.9 seconds. It means, the
speed up from 1 to 4 threads increase less than 50%.

IIIl. HARDWARE ARCHITECTURE

A. Intel Haswell Core i7-4790

This section describes the internal architecture of
the Intel Haswell processor family.

Intel Haswell is a product from Intel corporation 4th
generation. In the architecture of this processor, Intel
maintains most of the architectural design from Sandy
Bridge and Ivy Bridge, including hyperthreading, Intel turbo
boost, and interconnection ring. In Intel, there are three
pillars to be handled such as performance, modularity, and
power innovations. Each pillar has the main purpose
ncluding to improve performance and ability to extract
parallelism with a little coding[9].

as Anthmetic Logical Unit (ALU), Floating Point Unit
(FPU), etc.

The specification of processor use Intel Haswell Core
17-4790 list on Table 1.

Table 1 The specification of Intel Haswell Core i7-479%0

System Detail of the Spesification
Processor Intel Haswell Core 174790
Care f Thread 4 Core [ § Thread
Frequency 360GHzupto 4 GHz
RAM 16
3 40 B-Way set associative mstruction caches
L1 Cache Size 4x32 KB e i N
1.2 Cache Size 4x256 KB 8-way set associative caches
L3 Cache Size & MB 16-way set assocutive shared cache

B. AMD Ryzen 5 1500X

This section describes the internal architecture of
Zen's family.

Ryzen 5 1500X 1s the fastest AMD quad-core
processor based on the latest Zen architecture. Simultaneous
multithreading makes the processor has 4 cores with 8
threads, which can run at the frequency of 3.5 - 3.7 GHz,
with single-thread boost reaching 39 GHz outside its
normal frequency[10].

Figure 3 shows zen architecture of AMD Ryzen 5.
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Authorized licensed use limited to: La Trobe Liniversity. Downloaded on September 23,2020 at 00-34:36 UTC from IEEE Xplore. Restrictions apply.




C. Sofiware Development

In this section describes a software design that we
make.

This software is a matrix multiplication between
matrix m and matrix n, which written in C and openMP
using Ubuntu Linux as an operating system. In this research
examines between parallel and senal program.

The structure of a parallel program in this research
can be shown in Figure 4. In that structure, each of matrix
matrix multiplication between matrix m and n loop as many
as n times for integer workloads (m) and it is for float
workloads (nf). After both of workloads being looped, then it
is looped again for 24 times.

In a serial program, the coding structure is the same
as the parallel program. The coding structure of the serial
program shows in Figure 5. The difference between senal
and parallel program is the use of H#pragma omp
parallel.

Int main () {
fpragma omp parallsl num_threads (nthoeads)
fpragma omp for private (var)
PoEl.ssesen J 1

Looped n integer workloads |
Multiplied matriks m z n

Looped n float workloads |
Multiplied matriks m x n
I

Fig 2. The structure of paralle]l program

Int main () |
[ o 1l } |
| = 1 S | |
Loopad n integer workloads |
HMultiplied matcika m z n

Looped n float workloads |
Hultiplied matciks m x n
1

Fig 3. The Structure of Serial Program

IV. EXPERIMENTAL RESULTS

The research examines the performance of the Intel
Haswell processor with Intel Performance Counter Monitor

(Intel PCM) and AMD pprof.

A. Result for Speedup

To obtain the speedup of the processor, has some
parameters to find it These parameters are serial and parallel
execution time.

Each of time execution from serial and parallel
shows in Table 3 and Table 4. In Table 3, there are 2
variables ni and nf These variables use for looping the
matrix multiplication to see the workload of this program.

Table 3. Time Excecution of Program in Intel Haswell Core i7 4790

Time Excecution of Parallel (Seconds)
b iy Number of Thresd
— 2 4 6 §
- 132,52 12458 | 6225 n4s | 287
10 264,88 24913 | 12447 | 294 | s739
15 398,30 31381 | 18671 | 12441 | 8609
20 530,83 49841 | 24893 | 16583 | 11476
25 663,54 62333 | 3108 | 20730 | 14345

Table 4. Time Execution of Program in AMD Ryzen 5 1500X

Time Excecution of Paraliel (Seconds)
A | oSt Namber of Thresd
i 2 4 6 L]
5 124 613 59,775 12912 28,111 25,249
10 257,026 121,008 63,315 56,009 50,351
15 189,233 IR4248 | 94345 83,951 76,033
20 528,19 247 494 125,598 112,159 101 367
25 658 241 311,206 157478 140,225 126,441

Table 3 and Table 4 show that the number of
threads used to solve a problem, the execution time required
will be faster.

From Table 3 and Table 4, we can find the
speedup of the processor. Speedup is the best time of
sequential program to the best time of parallel pr
solving a problem[11]. The results of the speedup show i
Table 5 and Table 6.

We can conclude from data im Table 5 that
speedup for 2 threads is 1.07 when the workload 1s repea
15, 20 and 25 times. The best speedup for 4 threads 1s 2.15
when the workload 1s 25 umes. The best speedup
value for 6 threads is 3.22 when the workload 1s repeated 25
times. The best speedup of the processor 15 4.67 when using
8 threads.

Table 5. Speedup of the Processor Intel Core i7-4790 with Non-Uniform
Workload

g7

5

83

Number of Thread (times)
ni & nf
2 4 6 8
5 1,06 2,13 3,19 461
10 1.06 2,13 320 463
15 107 2,13 320 462
20 107 2,13 320 462
25 107 2,15 an 4,67

Figure 6 describes the comparison speedup among
threads for more details.
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Table 7. IPC of the Processor Intel Core i7-47%0 with Non-Uniform
Workload

Thread (instr. per cycle)
ni & nf
2 4 [ B
5 1,75 350 528 700
10 1,75 352 528 700
15 1,75 350 528 7.00
20 1,75 352 525 7,00
25 1,75 3,50 525 7,00
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Fig 6. Throughput Speedup in Intel Core iT-4790
Table 6. Speedup of the Processor AMD Ryzen 5 1500 with Non-

Uniform Workload
A Number of Thread (times)
2 4 6 8
5 2,08 400 443 494
10 2,12 406 459 5,10
15 2,11 413 454 5,12
20 2,13 421 4am 5,21
25 2,12 4,18 469 521

We can conclude from data in Table 6 that the
speedup for 2 threads is 2.13 when the workload 1s repeated
20 times. The best speedup for 4 threads is 4.21 when the
workload is repeated 20 times. The best speedup value for 6
threads is 4.71 when the workload is repeated 20 times. The
best speedup of the processor 1s 5.21 when using 8 threads.

Figure 7 describes the comparison speedup among
threads for more details.
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We can conclude from data in Table 7 that the IPC
value for 2 threads i1s constant, 1.75. The best IPC value for 4
threads is 3.52 when the workload is repeated 10 and 20
times. The best IPC value for 6 threads is 3.22 when the
workload is repeated 25 times. The best [PC of the processor
15 7.00 when using 8 threads.

Figure 8 describes the comparison IPC among
threads for more details..
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Fig 7. Throughput Speedup in AMD Ryzen 5 1500X

B. Result for Instruction per Cycle

In Intel PCM, there are several functions that can be
used to see the performance of the processor. One of them 1s
Instruction per Cycle (IPC).

Table 7 shows the IPC of Intel core 17 4790, then in
Table 8 shows the IPC of AMD Ryzen 5 1500X.

Workload
Ty Thread (instr. per cycle)
2 4 6 8

5 3,13 5,90 6,60 720
10 3,13 5,90 6,60 720
15 3,13 5,90 6,60 720
20 3,13 5,90 6,60 720
25 3,13 5,90 6,60 7.20

We can conclude from data in Table 8 that the IPC
value for 2 threads is 3.13. The best [PC value for 4 threads
i5 5.90. The best [PC value for 6 threads is 6.60. The best
IPC of the processor is 7.20 when using 8 threads.

Figure 9 describes the comparison [PC among
threads for more details..
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C. Analytical Result

The result of this study wall t it in a
companson graph. This comparison graph will show directly
the comparison between the two processors.

Figure 10 and Figure 11 show clearly the
performance comparison between Intel Core 17-4790 and
AMD Ryzen 5 1500X

e ] =l AMD

2 4 6 8
NUMBER OF THREAD

Fig 10. Speadup Comparison Between Intel Core i7 4790 and AMD Ryzen
5 1500X
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Fig 11. IPC Comparison Between Intel Core 17 4790 and AMD Ryzen 5
1 500%

Figure 10 describes the performance of AMD
processors, which immediately increased when running
from 2 to 4 threads. From 4 to 6 threads and 6 to 8 threads ,

the performance improvement did not increase significantly,
but only increased 0.5 umes.

While the performance of the Intel processor, the
improvement in processor performance i1s constant, from 2
to 4 threads, 4 to 6 threads, and 6 to 8 threads have
increased 1 time.

Figure 11 describes the IPC of AMD Ryzen 5 1500X
immediately increased from 2 to 4 threads. In Intel Core 17
4790, the [PC increase constantly.

V. CONCLUSION AND FUTURE WORK

In this study, we found that AMD processors, when
executing an assignment from 2 to 4 threads, their
performance increased up to 2 times. Then, the performance
did not increase significantly from 4 to 8 threads. The best
speedup i1s 521 times when the processor does the
assignment with 8 threads.

In Intel processor, when executing an assignment, the
prmntpnﬁmmmismmLHmhm&ml4
6 to 8 threads, the performance has increased 1 time. The
best speedup is 4.67 times when the processor is working
with 8 threads.

From the results of this study, giving a non-uniform
load on a processor makes all units (both ALU and FPU)
work. So that the processor works optimally.

As future work, the research wants to evaluate the
performance of processors that have 8-cores or more (Intel
Core 19 and AMD Ryzen 7).
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