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Abstract

Applications differ in their computational requirements. A single application too can have

diverse requirements during its different phases. In this thesis, we present ReKonf, a

dynamically reconfigurable tile based multicore architecture that detects the program phase

change at runtime and morphs itself into different configurations to suit the program phase

behavior. We use space and time efficient performance counters for estimating performance

gains from candidate architectural configurations. In our design space exploration we have

identified the suitability of architectural components namely, number of cores, cache size,

and cache sharing, for reconfigurability. To select the right configuration for a workload, we

develop three cache reconfiguration and core clustering techniques namely, static, dynamic

and adaptive reconfiguration techniques. The thesis shows that executing an application

on the “right” configuration significantly improves performance over fixed architectures.

Further we explore the reconfiguration opportunities in an embedded multicore domain

where saving energy is as important a goal as enhancing performance. Choosing video

decoding as a typical application, we develop a dynamic core allocation algorithm for

video decoding on embedded multicore platforms with the objective of reducing energy

consumption while guaranteeing a quality of service (QoS). We show that substantial

energy savings can be achieved on multicore architectures by employing dynamic core

allocation. Finally we combine cache reconfiguration and dynamic core allocation in the

ReKonf architecture and evaluate performance enhancement and energy preservation for

video decoding. After obtaining the minimum number of cores for decoding a frame, we

utilize the ReKonf infrastructure to identify the most beneficial cache configuration for

that number of cores. The ReKonf architecture configures to the assigned number of cores

and its associated cache configuration, before it decodes a frame. Our methodology may be

used in embedded platforms for achieving energy savings by employing a combination of

core allocation and cache reconfiguration.



Contents

List of Figures v

List of Tables ix

List of Abbreviations xi

1 Introduction 1

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Multicore Architectures . . . . . . . . . . . . . . . . . . . . . 1

1.1.2 Motivations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.2 Dynamic Reconfigurability in Multicores . . . . . . . . . . . . . . . 7

1.2.1 Challenges in Dynamic Reconfiguration . . . . . . . . . . . . 9

1.3 Objective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4 Thesis Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.5 Thesis Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2 Related Work 19

2.1 Reconfiguration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.1.1 Core Reconfiguration . . . . . . . . . . . . . . . . . . . . . . . 19

2.1.2 Cache Reconfiguration . . . . . . . . . . . . . . . . . . . . . . 23

2.2 Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.2.1 Dynamic Scheduling . . . . . . . . . . . . . . . . . . . . . . . 28

i



ii CONTENTS

2.2.2 Dynamic Power Management . . . . . . . . . . . . . . . . . . 30

2.2.3 Optimizations based on DVS/DVFS . . . . . . . . . . . . . . 31

2.2.4 Other Related Work . . . . . . . . . . . . . . . . . . . . . . . 32

2.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3 Design Space Exploration for Reconfigurability 33

3.1 Experimentation Methodology . . . . . . . . . . . . . . . . . . . . . 35

3.1.1 Simulation Platform . . . . . . . . . . . . . . . . . . . . . . . 35

3.2 Benchmarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

3.3 Experimental Results and Analysis . . . . . . . . . . . . . . . . . . . 44

3.3.1 Cache Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

3.3.2 Number of Cores . . . . . . . . . . . . . . . . . . . . . . . . . 46

3.3.3 CMP vs SMP . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

3.3.4 Cluster Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.4 Candidate Components for Reconfigurability . . . . . . . . . . . . . 50

3.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4 Design of ReKonf : A Reconfigurable Multicore Architecture 53

4.1 Parameters for Reconfiguration . . . . . . . . . . . . . . . . . . . . . 53

4.2 Performance Counters . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.3 ReKonf Tiled Architecture . . . . . . . . . . . . . . . . . . . . . . . . 58

4.3.1 Configuration Controller . . . . . . . . . . . . . . . . . . . . 60

4.3.2 Switchable Bus . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.3.3 Fusible Caches . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5 Cache Reconfiguration and Clustering 67

5.1 Reconfiguration in ReKonf . . . . . . . . . . . . . . . . . . . . . . . . 67

5.1.1 Static Reconfiguration Technique . . . . . . . . . . . . . . . . 70

5.1.2 Dynamic Reconfiguration Technique . . . . . . . . . . . . . . 73



CONTENTS iii

5.1.3 Adaptive Reconfiguration Technique . . . . . . . . . . . . . 76

5.2 Evaluation of ReKonf . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

5.2.1 Experimentation Methodology . . . . . . . . . . . . . . . . . 79

5.2.2 Workloads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

5.3 Experimental Results and Analysis . . . . . . . . . . . . . . . . . . . 84

5.3.1 Static Reconfiguration Technique . . . . . . . . . . . . . . . . 84

5.3.2 Dynamic Reconfiguration Technique . . . . . . . . . . . . . . 87

5.3.3 Adaptive Reconfiguration Technique . . . . . . . . . . . . . 90

5.3.4 Benefits and Overheads of Reconfiguration . . . . . . . . . . 91

5.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

6 Dynamic Core Allocation 95

6.1 Motivations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6.2 Core Allocation for H.264 Decoder . . . . . . . . . . . . . . . . . . . 97

6.2.1 Default Core Allocation . . . . . . . . . . . . . . . . . . . . . 97

6.2.2 Dynamic Core Allocation . . . . . . . . . . . . . . . . . . . . 99

6.3 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . 102

6.3.1 Characteristics of the Video Traces . . . . . . . . . . . . . . . 102

6.3.2 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . 103

6.4 Results and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

6.4.1 Energy Savings . . . . . . . . . . . . . . . . . . . . . . . . . . 106

6.4.2 Varying Frame Rates . . . . . . . . . . . . . . . . . . . . . . . 108

6.4.3 Factors Influencing Frame Decoding Time . . . . . . . . . . 110

6.4.4 Comparison of Energy Savings . . . . . . . . . . . . . . . . . 113

6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

7 Core Allocation and Cache Reconfiguration 115

7.1 Multicore Resource Adaptation at Frame Level . . . . . . . . . . . . 115

7.2 Video Decoding on ReKonf . . . . . . . . . . . . . . . . . . . . . . . . 117



iv CONTENTS

7.3 Reconfiguration Overhead . . . . . . . . . . . . . . . . . . . . . . . . 119

7.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

8 Conclusions and Future Work 121

References 127



List of Figures

1.1 Block diagram of multicore systems. . . . . . . . . . . . . . . . . . . 3

1.2 An application has natural phases and different architecture config-

urations benefit across different phases. . . . . . . . . . . . . . . . . 7

1.3 Approaches for accommodating software diversity and our contri-

butions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.1 Performance of FFT, LU and SpMxV on 3 architectures. . . . . . . . 34

3.2 SESC tool set outline. . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.3 Manycore platforms simulated on SESC. . . . . . . . . . . . . . . . . 38

3.4 Impact of L2 cache size in CMP mode. . . . . . . . . . . . . . . . . . 45

3.5 Speedup with increasing cores in CMP mode. . . . . . . . . . . . . . 46

3.6 Speedup with increasing cores in SMP mode. . . . . . . . . . . . . . 47

3.7 Comparison of select applications in CMP vs SMP. . . . . . . . . . . 49

3.8 Impact of cluster size. . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.1 Bit vector for determining cache utilization. The bit vector shown

above has 1 active cacheline. . . . . . . . . . . . . . . . . . . . . . . . 56

4.2 Estimation of cache sharing using bit vectors. . . . . . . . . . . . . . 56

v



vi LIST OF FIGURES

4.3 Bit Vector for estimating cache utilization and cache sharing. The

length of bit vector is 4096, represented by a horizontal bar. The

red and green colors show the occupied and vacant cache lines

respectively. The total L2 cache accesses for each core is shown

in parentheses. We note that merging the caches for these two

applications is beneficial as better overall cache utilization is achieved. 58

4.4 A reconfigurable ReKonf tile. . . . . . . . . . . . . . . . . . . . . . . 59

4.5 ReKonf morphing into various configurations. . . . . . . . . . . . . 59

4.6 Configuration controller. . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.7 Fusible caches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.8 Associated bit vectors are not merged while fusing caches. . . . . . 64

4.9 Fusion and decomposition of caches. . . . . . . . . . . . . . . . . . . 64

5.1 Static reconfiguration technique. . . . . . . . . . . . . . . . . . . . . 70

5.2 Dynamic reconfiguration technique. . . . . . . . . . . . . . . . . . . 74

5.3 Phase detection. Each point on the graph is an average over 10000

cycles. The graphs plot the average IPC over time. . . . . . . . . . . 76

5.4 Adaptive reconfiguration technique. . . . . . . . . . . . . . . . . . . 77

5.5 Phase-based adaptive reconfiguration on ReKonf. . . . . . . . . . . . 78

5.6 Figure of Merit (FoM) of workloads obtained after sampling. The

configuration with maximum FoM is selected for executing the

application. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

5.7 Performance of ReKonf versus other configurations. The configu-

ration selected by ReKonf is shown with an asterisk on the corre-

sponding workload. . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.8 Performance of static reconfiguration technique on ReKonf using

mixed workloads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

5.9 Performance of ReKonf :DRT and ReKonf :ART compared with static

configurations on multi-threaded applications. . . . . . . . . . . . . 88



LIST OF FIGURES vii

5.10 Performance of ReKonf :DRT and ReKonf :ART compared with static

configurations on mixed workloads. . . . . . . . . . . . . . . . . . . 89

6.1 H.264 decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.2 Data domain decomposition in H.264. . . . . . . . . . . . . . . . . . 98

6.3 Opportunity to compensate for overshoot with slack amongst the

frames. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

6.4 Thread mapping on allocated cores. . . . . . . . . . . . . . . . . . . 100

6.5 Core allocation at frame level. . . . . . . . . . . . . . . . . . . . . . . 101

6.6 Frame decoding time with QoS requirement of 75 fps. . . . . . . . . 107

6.7 Energy consumption at a frame rate of 75 fps. . . . . . . . . . . . . . 108

6.8 Frame decoding at different frame rates. . . . . . . . . . . . . . . . . 109

6.9 Energy consumption at different frame rates. . . . . . . . . . . . . . 109

6.10 Relationship between frame size and decoding time. . . . . . . . . . 111

6.11 Per-frame decoding time of aerobatics with different core count. . . 112

6.12 Energy delay product of aerobatics with different core count. . . . . 112

6.13 Snapshot of thread concurrency viewpoint obtained from Intel

VTune Amplifier showing synchronization delay while video de-

coding of aerobatics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

7.1 Dynamic core allocation and cache reconfiguration in ReKonf. . . . 116

7.2 Frame decoding with core and cache reconfiguration. . . . . . . . . 118

7.3 Energy consumption with core and cache reconfiguration. . . . . . 118

8.1 Approaches for accommodating software diversity and our contri-

butions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121



viii LIST OF FIGURES



List of Tables

1.1 Recent multicore architectures. . . . . . . . . . . . . . . . . . . . . . 5

2.1 Comparison of core reconfiguration approaches. . . . . . . . . . . . 22

2.2 Comparison of performance improvements from different core re-

configuration approaches. . . . . . . . . . . . . . . . . . . . . . . . . 22

2.3 Comparison of cache reconfiguration techniques. . . . . . . . . . . 27

2.4 Adaptation via dynamic scheduling. . . . . . . . . . . . . . . . . . 29

2.5 Adaptation via dynamic power management. . . . . . . . . . . . . 31

3.1 Architectural parameters of processors. . . . . . . . . . . . . . . . . 39

3.2 Architectural parameters of memory systems. . . . . . . . . . . . . 40

3.3 L2 cache hit and miss delay. . . . . . . . . . . . . . . . . . . . . . . . 41

3.4 Benchmarks used for the experiments. . . . . . . . . . . . . . . . . . 42

3.5 Unsupported pthread API in SESC. . . . . . . . . . . . . . . . . . . . 43

5.1 Correlation between overall IPC and sample IPC. . . . . . . . . . . 69

5.2 Calculation of FoM using performance counters. The core perfor-

mance is represented by the IPC. The IPC shown is the average

IPC of all cores utilized by the application. The IF Value is number

of cache lines shared between the cores. The cache sharing value

represents the percentage cache lines shared amongst the cores. The

Figure of Merit (FoM) is calculated using the static reconfiguration

algorithm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

ix



x LIST OF TABLES

5.3 Architectural parameters of baseline configuration. . . . . . . . . . 80

5.4 L2 cache hit and miss delay. . . . . . . . . . . . . . . . . . . . . . . . 81

5.5 Different configurations used in ReKonf evaluation. . . . . . . . . . 82

5.6 Multiprogrammed workloads. . . . . . . . . . . . . . . . . . . . . . 83

5.7 Configuration selected by ReKonf based on FoM and the associated

performance improvement. . . . . . . . . . . . . . . . . . . . . . . . 86

6.1 Test videos used for measurements and simulations. . . . . . . . . . 102

6.2 Architectural parameters . . . . . . . . . . . . . . . . . . . . . . . . . 105

6.3 Core count selected by dynamic core allocation method with varied

QoS for avalanche video. . . . . . . . . . . . . . . . . . . . . . . . . . 107

7.1 Cache configuration for different core counts. . . . . . . . . . . . . . 116



List of Abbreviations

ARM advanced RISC machines
ASIC application specific integrated chip
CISC complex instruction set computer
CLMP clustered multiprocessor
CMOS complementary metal oxide semiconductor
CMP chip multiprocessor
CU control unit
DL1 data level 1 cache
DPM dynamic power management
DSP digital signal processing
FPGA field programmable gate array
GPU graphics processing unit
I-Frame intra-frame
IL1 instruction level 1 cache
IPC instructions per cycle
ISA instruction set architecture
ITRS international technology roadmap for semi-

conductors
L2 level 2 cache
L3 level 3 cache
McPAT multicore power area timing
MIMD multiple instruction multiple data
MIPS microprocessor without interlocked pipeline

stages
NoC network on chip
OOO out-of-order
P-Frame predictive-frame
PARSEC princeton application repository for shared-

memory computers

xi



xii List of Abbreviations

PPU power processor unit
QoS quality of service
ROI region of interest
SESC super escalar
SIMD single instruction multiple data
SMM shared memory module
SMP symmetric multiprocessor
SMT simultaneous multithreading
SOI silicon on insulator
SPLASH2 stanford parallel applications for shared

memory
SPU synergistic processing unit
TLP thread level parallelism
TRIPS tera-op, reliable, intelligently adaptive pro-

cessing system
VLSI very large scale integration


	Rajesh Kumar Pal.pdf
	List of Figures
	List of Tables
	List of Abbreviations
	1 Introduction
	1.1 Background
	1.1.1 Multicore Architectures
	1.1.2 Motivations

	1.2 Dynamic Reconfigurability in Multicores
	1.2.1 Challenges in Dynamic Reconfiguration

	1.3 Objective
	1.4 Thesis Contributions
	1.5 Thesis Organization
	1.6 Summary

	2 Related Work
	2.1 Reconfiguration
	2.1.1 Core Reconfiguration
	2.1.2 Cache Reconfiguration

	2.2 Adaptation
	2.2.1 Dynamic Scheduling
	2.2.2 Dynamic Power Management
	2.2.3 Optimizations based on DVS/DVFS
	2.2.4 Other Related Work

	2.3 Summary

	3 Design Space Exploration for Reconfigurability
	3.1 Experimentation Methodology
	3.1.1 Simulation Platform

	3.2 Benchmarks
	3.3 Experimental Results and Analysis
	3.3.1 Cache Size
	3.3.2 Number of Cores
	3.3.3 CMP vs SMP
	3.3.4 Cluster Size

	3.4 Candidate Components for Reconfigurability
	3.5 Summary

	4 Design of ReKonf: A Reconfigurable Multicore Architecture
	4.1 Parameters for Reconfiguration
	4.2 Performance Counters
	4.3 ReKonf Tiled Architecture
	4.3.1 Configuration Controller
	4.3.2 Switchable Bus
	4.3.3 Fusible Caches

	4.4 Summary

	5 Cache Reconfiguration and Clustering
	5.1 Reconfiguration in ReKonf
	5.1.1 Static Reconfiguration Technique
	5.1.2 Dynamic Reconfiguration Technique
	5.1.3 Adaptive Reconfiguration Technique

	5.2 Evaluation of ReKonf
	5.2.1 Experimentation Methodology
	5.2.2 Workloads

	5.3 Experimental Results and Analysis
	5.3.1 Static Reconfiguration Technique
	5.3.2 Dynamic Reconfiguration Technique
	5.3.3 Adaptive Reconfiguration Technique
	5.3.4 Benefits and Overheads of Reconfiguration

	5.4 Summary

	6 Dynamic Core Allocation
	6.1 Motivations
	6.2 Core Allocation for H.264 Decoder
	6.2.1 Default Core Allocation
	6.2.2 Dynamic Core Allocation

	6.3 Performance Evaluation
	6.3.1 Characteristics of the Video Traces
	6.3.2 Experimental Setup

	6.4 Results and Analysis
	6.4.1 Energy Savings
	6.4.2 Varying Frame Rates
	6.4.3 Factors Influencing Frame Decoding Time
	6.4.4 Comparison of Energy Savings

	6.5 Summary

	7 Core Allocation and Cache Reconfiguration
	7.1 Multicore Resource Adaptation at Frame Level
	7.2 Video Decoding on ReKonf
	7.3 Reconfiguration Overhead
	7.4 Summary

	8 Conclusions and Future Work
	References




