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Abstract—Even though the first use of radar was for military 

purposes, radar technology has been introduced into many other 

fields. Today, radar is the primary tool for weather forecasting. 

However, current radar system is not sufficient enough for 

quick and accurate severe weather forecasting, primarily 

because of its architectural inefficiency. Studies indicate that 

newly introduced multicore distributed architecture can provide 

the high processing speed required by modern radar systems. In 

spite of the fact that multicore architecture improves 

performance, it poses some serious challenges including 

execution time unpredictability which is not acceptable for real-

time weather analysis. In this work, we model and simulate a 

popular Intel-like multicore architecture with Miss Table (that 

holds information about block addresses that causes the 

maximum cache misses) and investigate the effectiveness of the 

multicore architectures for real-time severe weather analysis. 

Miss Table helps improve execution time predictability (by 

reducing the cache miss rate more than 50%). Experimental 

results show that execution time predictability can be further 

improved by applying techniques like cache locking with Miss 

Table. Therefore, we find multicore architecture with Miss 

Table very promising for future radar systems for real-time 

severe weather analysis. In addition, this kind of radar systems 

can have significant role in assessing global climate change and 

developing future defense applications. 

I. INTRODUCTION 

Due to its accuracy and effectiveness, radar has invaded 
many important fields to perform critical computations. It has 
become the major device for weather forecasting and to watch 
for severe weather such as thunderstorms, tornadoes, winter 
storms, and hurricanes [1, 2, 3, 4, 5]. However, the computing 
architecture (hardware and software) used in today’s radar 
cannot make quick and accurate forecasting about some severe 
weather conditions like tornadoes [5, 6]. Early and accurate 
prediction of such weather condition can save lives and 
money. Therefore, research is needed to develop next 
generation radar systems for faster (real-time) and more 

accurate severe weather analysis. Such a radar system can also 
be used in global climate change and future defense 
applications researches. 

Studies indicate that multicore architecture has provided 
the opportunity to the chip vendors to develop high-
performance processors that also consume relatively low 
amount of power. According to the current trend, processors 
with hundreds (if not thousands) of cores should be available 
soon. Programming techniques and compilers have been 
improved in recent years to take advantage of multicore 
architectures [7, 8, 9, 10, 11]. Still, there are some issues in 
designing high performance multicore systems including how 
to improving performance/power ratio and predictability. 

Contemporary multicore architectures (like AMD Opteron, 
Intel Xeon, and STI Cell) have multilevel cache memory 
organization. Cache is power hungry. In addition, cache 
introduces execution time unpredictability, which is not 
desired in any system and not acceptable for some real-time 
applications. Technique like cache locking has proven 
performance improvement for single-core systems. 
Introduction of Miss Table is promising because it helps cache 
locking and cache replacement schemes. In this paper, we 
evaluate multicore distributed processing architectures for 
future radar systems to analyze severe weather conditions.  

This paper is organized as follows. In Section II, we 
review some related articles. Section III briefly discusses 
multicore architecture with Miss Table. In Section IV, we 
describe the simulation details. We present and discuss the 
simulation results in Section V. Finally, we conclude this 
work in Section VI. 

II. LITERATURE SURVEY 

Some published articles, we find relevant to this work are 

discussed in this section. Radar is a computing system that 

uses electromagnetic radio waves to detect fixed and/or 



 

 

moving objects [1, 2, 3, 4, 5]. Traditionally, radar systems use 

proprietary hardware and software architectures, which make 

the development model very expensive and require long time 

for designing and maintenance times. S.B. Rejto from MIT 

Lincoln Laboratory proposed the radar open-systems 

architecture (ROSA) that uses open systems (OS) model and 

commercial off-the-shelf (COTS) technologies; they reduce 

the cost and facilitate the use of common architectures, 

alternate vendors, and a more competitive acquisition model. 

Studies indicate that multicore computing architecture has the 

potential to fulfill the requirements of high processing speed 

of modern radar systems [7, 8]. MT based cache locking 

technique shows promises to improve performance/power 

ratio and execution time predictability [9, 10]. 

III. MULTICORE ARCHITECTURE WITH MISS TABLE 

A. Miss Table 

Miss Table holds the information about the memory 
blocks that may cause more cache misses if not locked. Using 
Heptane package [12], we perform worst case execution time 
(WCET) analysis and develop the Miss Table by post 
processing the Tree Graphs generated by Heptane. In some 
cases, Miss Table may reduce the cache miss rate more than 
50%, thus improves execution time predictability. 

B. Simulated Multicore Architecture with Miss Table 

We simulate an Intel-like popular multicore architecture 
with four clusters; each cluster should have 1, 2, 4, or 8 cores 
in it. As illustrated in Figure 1, we model and simulate the 
system with 4, 8, 16, or 32 cores using VisualSim [13]. Each 
core has its level-1 cache and level-2 cache is shared by all 
cores. We introduce the Miss Table at level-2 cache and Miss 
Table is accessible from level-1 and level-2 caches.  

 

Figure 1.  Simulated multicore architecture with Miss Table (each cluster 

may have 1, 2, 4, or 8 cores). 

IV. SIMULATION 

In this work, we model and simulate a multicore 
architecture suitable for radar systems that can be used to 
analyze severe weather conditions, to assess global climate 
change, and to develop future defense devices.  

A. Assumptions 

In this work, synthetic workload is used. Each cluster 
should have the same number of cores and tasks are evenly 
distributed among the clusters. Write-back policy is used. 
Delay associate with Bus1 (in Figure 1) is 2/100th of the delay 
associated with the main memory. 

B. Cache Locking 

Cache locking is a technique to improve execution time 
predictability by holding a set of memory blocks inside the 
cache for the entire duration of the execution time [9, 10]. 
Recent studies indicate that up to 25% cache locking may help 
improve predictability and performance/power ratio. 

C. Workload 

The synthetic workload we use assumes that each 
processing core processes 60.0% of its instructions without 
requesting any external data. The remaining 40% requests for 
data are satisfied from the caches. Assuming 95% level-1 
cache hit, 38% (95% of 40.0) has a match in the level-1 cache 
and responds to the core with the data. Similarly, assuming 
95% level-2 cache hit, 1.9% (95% of 2.0) has a match in the 
level-2 cache and responds to the core with the data while 
0.1% has to take the additional steps to the main memory 
(MM) to get the data. The processing time used for each 
architectural component is shown in Table 1. We characterize 
two popular and representative real-time applications, MPEG-
4 and H.264/AVC and generate workload to run our 
simulation program. 

TABLE I.  PROCESSING TIME DISTRIBUTION 

Parameter Name Parameter Value 

Task (completion) time 10.0 simulation time unit 

Core time Task time * 0.6 

(Main) memory time Task time * 0.4 

Bus time Memory time * 0.02 

Level-1 cache time Memory time * 0.04 

Level-2 cache time Memory time * 0.08 

 

D. Input and Output Parameters 

Important input parameters are total number of cores (4, 8, 
16, or 32), I1 = D1 = 64 KB, L2 = 512 KB, line size 64 Byte, 
and associativity level = 8-way.  

We obtain mean delay per task (to study performance) and 
total power consumption by the system as the output 
parameters. Delay is the time between the start of execution of 
a task and the end [7, 8]. 

V. RESULTS AND DISCUSSION 

Important simulation results are discussed in the following 
subsections. In this work, we model and simulate a multicore 
architecture with Miss Table and investigate the effectiveness 
of the multicore distributed processing architectures for real-
time severe weather analysis. 



 

 

A. Impact of Number of Cores with Miss Table 

We simulate the target multicore system with 4, 8, 16, and 

32 cores, respectively. The impact of number of cores and 

Miss Table is elucidated in Figure 2. Experimental results 

show that the mean delay per task decreases with the addition 

of cores for both cases (with or without MT). It is also 

observed that performance can be improved by applying Miss 

Table. Results also illustrate that total power consumption 

can be decreased by using Miss Table. The mean delay per 

core is reduced by 25% by consuming 5% additional power 

when moving from an 4-core system to an 32-core system. 

  

(a) Mean delay per task                   (b) Total power consumption 

Figure 2.  Mean delay per task and total power consumption Vs number of 

cores and Miss Table. 

B. Impact of Cache Locking with Miss Table 

To examine the impact of cache locking on performance 

and power consumption, we simulate an 8-core system using 

two real-time applications. As illustrated in Figure 3, 

simulation results reveal that performance can be improved by 

using Miss Table with cache locking. It is noted that the mean 

delay per task increases with the increase of L2 locked cache 

size more than 25%. 

 

Figure 3.  Mean delay per task Vs MT based L2 cache locking. 

The impact of MT based cache locking on total power 
consumption is shown in Figure 4. Experimental results show 
that total power consumption can be decreased by using Miss 
Table with cache locking. 

 

Figure 4.  Total power consumption Vs MT based L2 cache locking. 

The mean delay per core is reduced by 25% and the total 
power consumption is reduced by 25% by applying L2 cache 
locking and using Miss Table with cache locking.  

VI. CONCLUSION 

Current radar systems are not capable of accurately 
forecasting severe weather conditions because of its 
architectural inefficiency. In this work, we model and simulate 
a popular Intel-like multicore architecture with Miss Table and 
investigate the effectiveness of the multicore architectures for 
real-time severe weather analysis. Experimental results show 
that Miss Table help improving execution time predictability 
(by reducing the cache miss rate more than 50%). Results also 
show that Miss Table helps improve performance/power ratio. 
Therefore, we find multicore architecture with Miss Table 
very promising for future radar systems for real-time severe 
weather analysis. These radar systems can have significant 
role in assessing global climate change and developing future 
defense applications. 

REFERENCES 

[1] D.S. LaDue, P.L. HeinseLman, and J.F. Newman, “Strengths and 
Limitations of Current Radar Systems for Two Stakeholder Groups in 
the Southern Plains,” Bull. Amer. Meteor. Soc., 91, 899–910.  

[2] S.M. Torres and P.L.Heinselman, “Multifunction Phased-Array Radar 
for Weather Surveillance,”   The Sixth European Conference on Radar 
in Meteorology and Hydrology, 2010.  

[3] Wikipedia, “Radar”, http://en.wikipedia.org/wiki/Radar 

[4] S.B. Rejto, “Radar Open Systems Architecture and Applications” 
Radar Conference, 2000, DOI: 10.1109/RADAR.2000.851911.   

[5] R. Muresano, D. Rexachs, E. Luque, “How SPMD applications could 
be efficiently executed on Multicore Environments?,” IEEE 2009. 

[6] A. Asaduzzaman and F.N. Sibai, “On the Design of Multicore 
Architectures Guided by a Miss Table at Level-1 and Level-2 Caches to 
Improve Predictability and Performance/Power Ratio,” Bentham 
Science Publishers, May 2010. 

[7] A. Asaduzzaman, I. Mahgoub, and F.N. Sibai, “Evaluation of the 
Impact of Miss Table and Victim Caches in Parallel Embedded 
Systems,” 2nd IEEE International Conference on Microelectronics 
(ICM-2010), Cairo, Egypt, Dec.2010. 

[8] B. Chapman, G. Jost, R.v.d. Pas, D.J. Kuck, "Using OpenMP: Portable 
Shared Memory Parallel Programming," The MIT Press, Oct.31, 2007. 

[9] Heptane, "Heptane – A tree-based WCET analysis tool", 2010.  

[10] VisualSim, "A system-level simulator from Mirabilis Design", 2010. 

 


