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ABSTRACT 

 

Unlike general-purpose processors, digital signal processors (DSPs) are strongly application-dependent. To 

meet the needs for diverse applications, a wide variety of DSPs based on different architectures ranging from the 

traditional to VLIW have been introduced to the market over the years.  The functionality, performance, and cost of 

these processors vary over a wide range. In order to select a processor that meets the criteria of their applications in a 

cost-effective way, DSP application developers rely on the performance data of the processors. Performance data are 

also essential for the designers of DSP processors to improve their design. Consequently, several DSP benchmarks have 

been proposed over the past decade or so. However, none of these benchmarks seem to have included recent new DSP 

applications.  

 

In this paper, we use a new benchmark we have recently developed to measure and compare the performance 

of popular DSP processors from Texas Instruments and StarCore. The new benchmark is based on the Selectable Mode 

Vocoder (SMV), a speech-coding program from the recent third generation (3G) wireless applications. All benchmark 

kernels are compiled by the compilers of the respective DSP processors and run on their simulators. òòòòweighted mean 

of clock cycles Geometric mean of code size and are used to compare the performance of DSP processors. In addition, 

we studied the relationships between code structures of the benchmark and the various features of the DSP processors. 

We also analyzed how such relationships might impact on performance. Extensive experimental data gathered, analyzed, 

and presented in this paper should be helpful for processor and compiler designers to optimize their design toward 

specific design goals. 

 
I. INTRODUCTION 

 

Digital signal processing (DSP) industry has enjoyed rapid growth over the past few years and the growth is 

expected to continue at an annual rate of 15 % for next few years [Str05]. To address the need for many different 

applications, various types of DSP processors based on different architectures have been introduced to the market. As a 

result, performance measurement of DSP processors becomes an important issue for both the manufacturers and the 

users.  DSP manufacturers rely on the performance data to improve their design and customers need them to select the 

processors that meet their requirements in a cost effective way. 

 

Over the past decade or so, several benchmarks such as BDTI [BDTI04a], EEMBC [EEMBC00], MediaBench 

[Lee97] and MiBench [Gut01] have been proposed for DSP processors. However, none of these benchmarks seems to 

have included most recent applications or reported on how the code structures of these benchmarks in relation to the 

architectures and optimizing compilers of DSP processors might impact on performance. It is well known that, unlike 

general-purpose processors, the performance of DSPs is strongly application-dependent. It is therefore important to 

learn the efficiencies of various DSPs in their handling of newer DSP applications. To this end, we have recently 

developed and proposed a new benchmark [Hu06] based on the Selectable Mode Vocoder (SMV), a speech-coding 

program from the recent third generation (3G) wireless applications. SMV is a new speech coding technology that 

provides significant capacity and quality improvements on the CDMA 2000 system. 

 

The new benchmark, referred to as the SMV benchmark hereafter, consists of eight kernels written in C 

language. Our goal in this paper is to use the new benchmark to measure the performance of popular DSP platforms. 

Performance of a DSP platform is defined as the combined performance of both the DSP processor and its compilers 

[Gen01]. In order to gain insight into how the architectures and compilers of DSPs might be improved, we also studied 

the relationships between code structures of the benchmark programs and the architectural features of the DSPs 

including the number of the available registers and functional units, hardware loop controls, branch delays, and load 

latency and how such relationships might impact on performance. 

 

We conducted Extensive series of experiments on five popular DSP processors including Texas Instrumentsô 

TIC64, TIC62 and TIC55, and StarCoreôs SC 110 and SC140 DSPs. All kernels of the new benchmark are compiled by 

the compilers of the respective DSP processors and then executed on their simulators.  
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This paper is organized as follows: In section II, we briefly review the rationale for our choosing the SMV as 

the new benchmark. We also discuss the selection criteria for the benchmark and our methodology in building it. In 

section III, we discuss our experimental procedure and present the experimental results. In section IV, we try to relate 

the experiment results to practical design considerations for both DSP processors and optimizing compilers. In section 

V, we provide our concluding remarks and discuss possible future work.  

 

II. THE SMV BENCHMARK PROGRAM  

 

As mentioned before, our SMV benchmark consists of eight kernels chosen from the Selectable Mode Vocoder 

(SMV) application program [Cha03] for 3G wireless communications. Provided below are a brief review of the 

rationale for selecting the SMV as our new DSP benchmark, the criteria used in identifying and building out benchmark 

programs, and the methodology we have adopted in conducting our experiment and analyzing the experimental results. 

 

Rationale for the selection of the SMV as the basis of our new DSP benchmark: 

 

1. Wireless communication is a major DSP application which, in dollar amount, accounts for more than two 

thirds of the entire DSP processor market [Str03]. To measure the performance of their DSP processors, some 

manufacturers still use the 2G wireless applications as their benchmarks. To our knowledge, there has been no report on 

using the newer 3G wireless application to measure the performance of DSPs. 

 

2.   Certain studies call into question the efficiency of DSPs in their handling of complex and large applications. 

For example, [Tal00] used a few DSP kernels and multimedia applications including speech coding and compression 

programs as the benchmark to compare the performance between the general-purpose Pentium II processor and the 

TIC62 DSP processor.  They found that although TIC62 performs well on DSP kernels, its performance on more 

complicated applications is relatively poor largely due to the inability of its compiler to exploit the instruction-level 

parallelism for the frequent control-dependent data dependencies in the application programs. Therefore, how to 

improve the performance of DSP processors on complex applications such as speech coding and the more recent 3G 

wireless application programs needs to be further investigated. Moreover, Mooreôs Law is expected to hold true at least 

till the end of the decade. Consequently, chips will continue to become larger and more complex, thus moving the 

embedded systems in the direction of embedded computing [Fis03].  This trend suggests that software will become 

larger and more complex in the years to come, necessitating the use of larger and newer applications as benchmarks for 

more meaningful evaluation of the performance of DSP platforms.  

 

Benchmark selection criteria:  

 

To facilitate the selection of kernels from hundreds of functions in the SMV application as benchmarks in a 

systematic way, certain selection criteria were defined, as described below.  

1. Only the most frequently executed leaf functions are considered candidates for selection. Kernels must have 

long execution time, so we first identify functions that are most frequently called upon, which tend to be leaf functions 

that do not call other functions (except some small built-in library functions). Furthermore, since these functions do not 

call other functions, the instruction level parallelism in the code can be more effectively exploited and therefore is 

expected to be exploited by the optimizing compilers, too. 

 

2. There are certain groups of functions exhibiting similar code structure. If a group of functions exhibit similar 

code structure, only the most frequently executed one is selected to represent the entire group. Furthermore, each of 

these groups must also account for a significant portion of the total execution time of the entire SMV program.  

 

3. Since almost all DSPs can efficiently handle simple functions, the selected functions must be at certain level of 

complexity in order to effectively measure the performance of DSPs. In this paper, complexity is measured by using the 

number of DSP operations in the innermost loops of kernels and in terms of a new metric, referred to as modified 

cyclomatic complexity in this paper, which is to be defined shortly in this section. 

 

4. Since the major task of our SMV benchmark is intended to evaluate various types of DSP platforms, we select 

a diverse set of functions with different code structures so that the performance of various types of DSP platforms can 

be effectively assessed.  
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  In the following, we summarize the methodology we used to build the new SMV benchmark. 

1. Our work is based on SMV v3.5fx program downloaded from [3Gpp2].  SMV v3.5fx is written in C and can 

run on PC platform where all DSP operations are simulated by small C functions stored in a library. In conducting the 

profiling experiment, we realized that the popular UNIX profiling tool gprof [Gra82] is inapplicable because the result 

of gprof does not truly reflect the profiles of real DSP processors [Hu06]. To solve the profiling problem, we extended 

the functionality of the WMOPs tool [3Gpp2], where WMOPs stand for Weighted Million of Operations that can be 

used to represent the execution time when the SMV program runs on real DSP processors. In the original SMV program, 

there are some small functions capable of calculating the weighted DSP operations at function level. We modified these 

small functions and extended their capabilities. We apply these modified tools to nearly 100 functions and more than 

250 loops [Su05].  

 

2. We define a new metric referred to as the modified cyclomatic complexity or CC* to measure code complexity. 

Cyclomatic complexity or simply CC was introduced in 1976 [McC76, Sof05] and has since been applied in the field of 

software engineering to calibrate and measure the complexity of programs. A program can be graphically depicted by a 

control-flow graph.  In a control-flow graph, CC = e-n+p+1, where e, n and p denote the number of edges, nodes, and 

connected components, respectively. CC, a numeric quantity, is actually equal to the number of independent paths in the 

control-flow graph. It can be proved that CC is equal to the number of conditions (loops and branches in a program) 

plus one. Extending the definition of CC by taking into consideration of instruction level parallelism of the complex 

nested levels of loops and conditional branches, we define the modified cyclomatic complexity CC*, which equals the 

number of loops and branches in the program, plus the number of nested levels of loops and branches. 

 

3. SMV v3.5fx consists of two parts: the decoder and the encoder. We studied the encoder part only because both 

parts have very similar functions and the code structures are also similar. Furthermore, the encoder part accounts for 

86% of the WMOPs of the whole SMV program [Su05]. Considering the fact that the encoder contains more than 300 

functions, we could not instrument or measure the performance of all these functions. We therefore focus on low-level 

leaf functions. We adopted the divide-and-conquer technique and use the combined WMOPs (total WMOPs of function 

and its similar functions), the number of DSP operations in innermost loops and CC* as the criteria to select kernels. 

 

4. We design testing programs for kernels by using a sample audio file as the input to the whole SMV program. 

We then gather inputs to and outputs from the eight selected kernel functions in the SMV program. These input and 

output data are used in the  in the driver programs to test the kernels . 

 

Table 1 shows the eight kernel function in SMV benchmark, the total combined WMOPs of the eight kernels account 

for 58% of the entire SMV encoder. We define the most time consuming innermost loop as the major innermost loop. 

Table 2 presents the characteristics of major innermost loops. WMOPs ratio is the percentage of the major innermost 

loopôs WMOPs in the whole kernel function, the WMOPs of those major innermost loops take about 80% of WMOPs 

of whole kernels. The detailed descriptions of these kernels are presented in [Hu06]. 

 

Table 1   Eight Kernels of SMV Benchmark 

 

Function Name WMOPs 
combined 
WMOPs  

CC* 

C 

code 
lines 

No. of  

loops 

levels 
of 

nested 

loops 

WMOPs 

of major 
innermost 

loop 

WMOPs 

ratio 

LSF_Q_New_ML_search_fx  939 939 32 68 13 3 859 91% 
 FLT_filterAP_fx                  776 1173 3 11 2 2 538 69% 
 FCS_Excit_Enhance_fx 174 219 12 30 8 2 172 79% 

 c_fft_fx 288 381 15 52 6 2 254 88% 
 LPC_Chebps_fx 196 196 1 16 1 1 139 71% 
 LPC_autocorrelation_fx  166 826 4 10 3 2 164 99% 
 fcb_add_sub_contrib_phi 129 183 6 21 1 1 101 78% 
 PIT_LT_Corr_Rmax_fx         562 562 10 44 4 2 360 64% 
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Table 2    Major innermost loops in kernel functions 

 

Function Name 

Loop count 
Cond. 

branch 

C code 

lines 

DSP operations in source code 

Max Min Arithmetic 
Mult / 
MAC 

Memory 
fetch 

Total 

LSF_Q_New_ML_search_fx  10 10 0 8  6 2 4 12 

FLT_filterAP_fx                  9 9 0 2 0 1 4 5 

FCS_Excit_Enhance_fx 80 34 0 5 3 1 5 9 

c_fft_fx 32 1 0 13 17 4 10 31 

LPC_Chebps_fx 3 3 0 11 7 4 1 12 

LPC_autocorrelation_fx  16 1 0 1 0 1 4 5 

fcb_add_sub_contrib_phi 8 1 2 9 5 0 4 9 

PIT_LT_Corr_Rmax_fx         80 80 0 1 0 1 2 3 

 

 

III.  EXPERIMENTS 

 

We conduct our experiment on five popular DSP processors including Texas Instrumentsô TIC64, TIC62 and TIC55, 

and StarCoreôs SC 110 and SC140. All kernels are compiled by the respective compilers of the DSP processors and run 

on their simulators. Table 3 presents the features and other relevant information about these DSP processors. In our 

experiment, we focus on how architectural features of DSPs such as the number of registers and memory ports, the 

number of function units, hardware loop control, branch delay and load latency might impact on the performance of a 

processor. 

 

Tables 4 and 5 present the number of clock cycles and code size of the eight kernel functions of the SMV benchmark, 

respectively. We use both dynamic and static methods to study the relationship between performance and DSP 

architecture and compiler, beside using compiler and simulator to get dynamic data we also study the assembly code of 

kernel functions and figure out the major innermost loops by using our software depipelining technique proposed in 

[Su04], the gathered information about the major innermost loop for each of the eight kernel functions presents in Table 

6. In Table 6 OPs stands for the number of DSP operations of major innermost loop in the C source code; I and G are 

the numbers of instructions and instruction groups of the major innermost loop in DSP assembly code, respectively. It is 

noted that all assembly instructions in each instruction group are executed in parallel within the same clock cycle. 

 

Table 3    DSP Architecture Comparison 

 
Processor TIC64 TIC62 TIC55 SC140 SC110 

Issue width 8 8 2 6 3 

Data path 
6 ALU,                    

2 multipliers           
(2 16x16 or 4 8x8)  

6 ALU,                    

2 multipliers           
(2 16x16) 

2  MAC, 1 ALU,     

1 Shifter 

4  MAC/ALU,     

1 Shifter 

1 MAC/ALU,    

1 Shifter 

Data registers 2 x 32 2 x 16 4 ACC 16 16 

Memory ports 2 (can be double 

bandwidth) 2  1 
2 (can be double 

bandwidth) 

2 (can be double 

bandwidth) 

AGU no no 
1 ALU, 8 addr. reg., 

8 general purpose reg. 

2 AAUs,  

16 addr. reg. 

2 AAUs,  

16 addr. reg. 

Pipeline depth 11 11 7 5 5 

Branch delay  6 cycles 6cycles 5 cycles 4 cycles 4 cycles 

Load latency  5 cycles 5 cycles 1 cycles 2 cycles 2 cycles 

Hardware loop 

support 
no no for 3 nested levels for 3 nested levels for 3 nested 

levels 
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Table 4    Number of Clock Cycles 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 2994 14632 7825 5446 5619 

LPC_Chebps_Fx 51 59 65 35 40 

LPC_autocorrleation_fx 8664 12920 16155 24040 24085 

FCS_Excit_Enhance 7981 23983 13422 23432 23726 

LSF_Q_New_ML_search_fx 44522 84153 83806 44367 67633 

c_fft_fx 10681 16247 8119 9334 11523 

FCB_add_sub_contrib 231 315 140 138 139 

PIT_LT_Corr_Rmax_fx 32960 54486 24188 / / 

 
 

Table 5 Code Size (bytes) 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 1104 672 197 194 212 

LPC_Chebps_Fx 336 480 189  240 268 

LPC_autocorrleation_fx 532 736 185 582 496 

FCS_Excit_Enhance 1856 1504 360 465 524 

LSF_Q_New_ML_search_fx 1480 2688 443 1264 1408 

c_fft_fx 1496 1344 327 1120 1200 

FCB_add_sub_contrib 300 512 106 322 352 

PIT_LT_Corr_Rmax_fx 1984 2528 381 / / 

Arithmetic mean 1077 1308 274 598 637 

 

 

Table 6    Number of instructions and instruction groups of major innermost loops in kernel functions 

 

Kernel Functions OPs 
TIC64 TIC62 TIC55 SC140 SC110 

G I G I G I G I G I 

FLT_filterAP_fx 5 4.5* 13.9* 8 12 4 5 2 5 2 5 

LPC_Chebps_Fx 12 13 17 13 23 13 15 10 13 10 11 

LPC_autocorrleation_fx 5 3 13 3 11 5 6 4 9 4 8 

FCS_Excit_Enhance 5 9 34 18 23 4 5 3 5 3 5 

LSF_Q_New_ML_search_fx 12 4.5* 11.2* 4 24 6 7 8 14 11 14 

c_fft_fx 31 40 53 78 81 31 38 44 82 66 85 

FCB_add_sub_contrib 9 25 32 36 36 18 24 14 15 14 14 

PIT_LT_Corr_Rmax_fx 3 6 17 3 10 2 3 /  /  /  /  

Arithmetic mean 9.1 13.5 22.0 20.4 27.5 10.4 12.9 12.1 20.4 15.7 20.3 

 

* TIC64 compiler unrolls major innermost loop fully 

 

IV.  DISCUSSION 

 

For comparing performance we normalize the number of clock cycles and code size to TIC62 as shown in Table 7 and 8 

respectively. Usually people speed up execution by scarifying code size proportionally, we use Table 9the normalized 

clock cycles * code size in Table 9 to compare the performance of compiler. Table 7 and 9 use weighted arithmetic 

mean taking the combined WMOPs of kernel functions as the weights. Table 8 uses arithmetic mean. 

 

For further studying the relationship among performance and DSP architecture and complier, we adopt an approach in 

[Su03] and define some parameters based on OPs, I, and G. Table 10 presents Kc = I/OPs, which describe the execution 

speed, i.e. less number of instruction groups needs less execution time for a given piece of source code. Table 11 shows 

Ks = I/OPs, which corresponds to code size, because more assembly instructions means larger code size. Table 12 

presents Kp = I/G, which reflects the instruction-level parallelism, larger Kp means more instructions can be executed 

simultaneously. By definition, Kc = Ks / Kp. 
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Table 7    Normalized clock cycles 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 0.20 1.00 0.53 0.37 0.38 

LPC_Chebps_Fx 0.86 1.00 1.10 0.59 0.68 

LPC_autocorrleation_fx 0.67 1.00 1.25 1.86 1.86 

FCS_Excit_Enhance 0.33 1.00 0.56 0.98 0.99 

LSF_Q_New_ML_search 0.53 1.00 1.00 0.53 0.80 

c_fft_fx 0.66 1.00 0.50 0.57 0.71 

FCB_add_sub_contrib 0.73 1.00 0.44 0.44 0.44 

PIT_LT_Corr_Rmax_fx 0.60 1.00 0.44 /  /  
Weighted arithmetic 

mean 
0.58 1.00 0.71 0.62 0.69 

 

Table 8  Normalized code size 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 1.12 1.00 0.29 0.32 0.29 

LPC_Chebps_Fx 0.73 1.00 0.39 0.56 0.50 

LPC_autocorrleation_fx 0.70 1.00 0.25 0.67 0.79 

FCS_Excit_Enhance 1.20 1.00 0.24 0.35 0.31 

LSF_Q_New_ML_search 0.53 1.00 0.16 0.52 0.47 

c_fft_fx 1.12 1.00 0.24 0.89 0.83 

FCB_add_sub_contrib 0.42 1.00 0.21 0.69 0.63 

PIT_LT_Corr_Rmax_fx 0.78 1.00 0.15 / / 

Arithmetic mean 0.82 1.00 0.21 0.49 0.46 

 

Table 9  Normalized clock cycles * code size 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 0.23 1.00 0.16 0.12 0.11 

LPC_Chebps_Fx 0.63 1.00 0.43 0.33 0.34 

LPC_autocorrleation_fx 0.47 1.00 0.31 1.25 1.47 

FCS_Excit_Enhance 0.40 1.00 0.13 0.34 0.31 

LSF_Q_New_ML_search 0.29 1.00 0.16 0.28 0.38 

c_fft_fx 0.74 1.00 0.12 0.51 0.59 

FCB_add_sub_contrib 0.31 1.00 0.09 0.30 0.28 

PIT_LT_Corr_Rmax_fx 0.47 1.00 0.07 / / 
Weighted arithmetic 

mean 0.44 1.00 0.19 0.39 0.43 

 

Table 10  Kc = G/OPs 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 0.7 1.6 0.8 0.4 0.4 

LPC_Chebps_Fx 1.1 1.1 1.1 0.8 0.8 

LPC_autocorrleation_fx 0.6 0.6 1.0 0.8 0.8 

FCS_Excit_Enhance 1.8 3.6 0.8 0.6 0.6 

LSF_Q_New_ML_search 0.4 0.3 0.5 0.7 0.9 

c_fft_fx 1.3 2.5 1.0 1.4 2.1 

FCB_add_sub_contrib 2.8 4.0 2.0 1.6 1.6 

PIT_LT_Corr_Rmax_fx 2.0 1.0 0.7  / /  

Arithmetic mean 1.2 1.8 1.0 0.9 1.0 
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Table 11   Ks = I/OPs 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 2.1 2.4 1.0 1.0 1.0 

LPC_Chebps_Fx 1.4 1.9 1.3 1.1 0.9 

LPC_autocorrleation_fx 2.6 2.2 1.2 1.8 1.6 

FCS_Excit_Enhance 2.2 4.6 1.0 1.0 1.0 

LSF_Q_New_ML_search 0.9 2.0 0.6 1.2 1.2 

c_fft_fx 1.7 2.6 1.2 2.6 2.7 

FCB_add_sub_contrib 3.6 4.0 2.7 1.7 1.6 

PIT_LT_Corr_Rmax_fx 5.7 3.3 1.0  / /  

Arithmetic mean 2.6 2.9 1.2 1.5 1.4 

 

Table 12   Kp = I/G 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 3.1 1.5 1.3 2.5 2.5 

LPC_Chebps_Fx 1.3 1.8 1.2 1.3 1.1 

LPC_autocorrleation_fx 4.3 3.7 1.2 2.3 2.0 

FCS_Excit_Enhance 3.7 1.3 1.3 1.7 1.7 

LSF_Q_New_ML_search 2.5 6.0 1.2 1.8 1.3 

c_fft_fx 1.3 1.0 1.2 1.9 1.3 

FCB_add_sub_contrib 1.3 1.0 1.3 1.1 1.0 

PIT_LT_Corr_Rmax_fx 2.8 3.3 1.5 /  /  

Arithmetic mean 2.5 2.4 1.3 1.8 1.5 

Mean / # of issues 0.31 0.31 0.63 0.30 0.52 

 

 

1. From Tables 4 and 7, we can find that the number of clock cycles of TIC64 is much better than that of TIC62; the 

weighted arithmetic mean is almost 50% only. Tables 5 and 8 shows TIC64ôs code size is less than that of TIC62. The 

major reason is TIC64 compiler can perform better optimization such as more sophisticated software pipelining and 

unrolling innermost loop. It is worth to notice that the non-VLIW DSP TIC55 has better performance in clock cycle 

than that of TIC62, because TIC62 generates too many instructions and does not exploit ILP well as shown in Tables 

11, 12 and 13. Tables 5 and 8 shows that TIC55 has smallest code size among all DSP we tested due to its non-VLIW 

architecture and some powerful instructions in traditional DSP. 

 

From Tables 7, 8 and 9 StarCore SC140 even SC110 have pretty good performance both in clock cycles and code size. 

There are two major reasons; first of all, both of them have some powerful instructions such as zero-overhead loop 

control instructions and double word load instructions, which lead less number of DSP assembly instructions as shown 

in Table 11. Second, the number of DSP operations in major innermost loops in SMV benchmark kernels is not very 

big, SC 140 even SC110 have sufficient function units to support moderate Kp as shown in Table 12.   

 

2. Table 13 summarizes the optimization of DSP compilers on major innermost loops. Below is the detailed analysis of 

each kernel function. 
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Table 13  Compiler optimization in major innermost loops 

 

Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx fully unrolling 
software 

pipelining 

no software 

pipelining 

software 

pipelining 

software 

pipelining 

LPC_Chebps_Fx 
software 

pipelining 

software 

pipelining 

no software 

pipelining 

no software 

pipelining 

no software 

pipelining 

LPC_autocorrleation_fx 
software 

pipelining 

software 

pipelining 

no software 

pipelining 

software 

pipelining 

software 

pipelining 

FCS_Excit_Enhance 

sophisticated 

software 

pipelining 

poor software 

pipelining 

no software 

pipelining 

no software 

pipelining 

no software 

pipelining 

LSF_Q_New_ML_search fully unrolling 
software 

pipelining 
no software 
pipelining 

software 
pipelining 

software 
pipelining 

c_fft_fx 

no software 

pipelining,     

few ILP 

no software 

pipelining,  

few ILP 

no software 
pipelining 

no software 
pipelining 

no software 
pipelining 

FCB_add_sub_contrib 
no software 

pipelining 

no software 

pipelining,  

no ILP 

no software 

pipelining 

no software 

pipelining,  

no ILP 

no software 

pipelining, no 

ILP 

PIT_LT_Corr_Rmax_fx 
software 

pipelining  

software 

pipelining 

no software 

pipelining / / 

 

 

¶ FLT_filterAP_fx is a very short function having a simple 2-level untight nested loop; its innermost 

loop contains only two lines and small loop count. TIC62 does software pipelining on innermost loop 

and produces long prelude and postlude, which leads it has big clock cycle. TIC64 fully unrolls 

innermost loop, and has much less clock cycle with slight bigger code size. TIC55ôs major innermost 

loop has three instructions only without any optimization; however it reaches pretty good number of 

clock cycles with a small code size. 

 

¶ LPC_Chebps_fx is a simple function having a single level ñforò loop with many DSP operations, 

TIC55 does not do inline of a short function neither software pipelining, and therefore it has bigger 

clock cycles. 

 

¶ LPC_autocorrelation_fx is a very simple function; its major innermost loop has one C statement only. 

All processors except TIC55 perform software pipelining and reach high instruction-level parallelism. 

 

¶ FCS_Excit_Enhance has three 2-level nested loops plus three single level loops. TIC62 performs very 

poor software pipelining on major innermost loop, almost no ILP in it. Comparing with TIC62, 

TIC64ôs compiler does software pipelining for all innermost loops and reduce clock cycles of major 

innermost loop almost two third with a slight larger code size as shown in Table 4 and Table 5. 

 

¶ LSF_Q_New_ML_search  is a complicated function, containing a 3-level nested loop. The loop count 

of the major innermost loop is 10 only, however the second level loop has big loop count. TIC62 does 

software pipelining on its innermost loop, even the software pipelined loop body is pretty compacted, 

the whole speed up is offset by the long prelude and postlude. TIC64 unrolls the major innermost loop 

fully, even it is less compacted than TIC62, and however both the number of clock cycles and code 

size are much better than TIC62. 

 

¶ C_fft is a little bit more complicated than the usual fft program with a moderate CC* value, none of 

DSP compilers can perform software pipelining on innermost loop. Comparing with TIC62 TIc64 has 

less clock cycle because it has double number of registers and better scheduling to avoid load latency, 

however both performances are far behind the theoretical result in [San05]. On the other hand, TIC55 

has less clock cycles because its Ks and Kp are smaller as shown in Table 11 and 12 respectively due 

to its more powerful instructions.  
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¶ FCB_add_sub_contrib has a single level loop with nested conditional branches which restrict 

instruction-level parallelism, none of DSP compilers perform software pipelining. Therefore TIC55 

with its more powerful instructions has better both speed and code size. 

 

¶ PIT_LT_Corr_Rmax_fx has a 3-level nested loop. The innermost loop is very simple with one MAC 

operation only; however, the second level loop is quite complicated. Even TIC64 uses double 

bandwidth memory fetch instructions its software pipelined major innermost loopôs length is 5, much 

more than that of TIC55, whose length is 2 only due to its powerful MAC instruction which can 

perform two memory fetch and MAC simultaneously.  

 

3. Table 14 [Su05] presents the average DSP operations in innermost loops of SMV and our kernels, which shows that 

the total number of DSP operations in innermost loops is limited.  From our experiment, Tables 12 and 15 show that the 

ILP, both the average Kp = I/G and the maximum number of instructions in instruction group are far below the number 

of issues in all VLIW DSP processors. Table 14 also presents that memory fetch operations take large portion and 

multiplication operations take small portion. It explains that TIC64, SC 140 and 110, those DSP processors with double 

memory fetch bandwidth have better performance than TIC62. 

 

Table 14  Average DSP Operations in Innermost Loops 

 

 
Major functions in 

SMV encoder 
Kernels 

ALU 2.1 2.8 

Mult 0.8 1.2 

Memory 3.1 3.7 

Total 6 7.7 

 

Table 15  Maximum number of instructions in instruction group 

 
Kernel Functions TIC64 TIC62 TIC55 SC140 SC110 

FLT_filterAP_fx 5 2 2 3 3 

LPC_Chebps_Fx 3 5 2 4 2 

LPC_autocorrleation_fx 5 6 2 4 3 

FCS_Excit_Enhance 6 2 2 3 3 

LSF_Q_New_ML_search 4  7 2 4 2 

c_fft_fx 3 2 2 4 2 

FCB_add_sub_contrib 4 1 2 2 1 

PIT_LT_Corr_Rmax_fx 3 5 2 /  /  

Average 4 4 2 3 2 

Average / # of issuses 0.52 0.47 1.00 0.57 0.76 

 

 

V. Conclusion 

1. Our experiment with new SMV benchmark shows the advantage of traditional DSP architecture even we donôt 
consider the power consumption, which has much less code size and the speed performance is also comparable 

with VLIW DSP architecture. We suggest that VLIW DSP architecture should have more balanced ratio of 

various kinds of function units and keep some powerful instructions under the support of hardware. 

2. SMV benchmark has some kernel functions which are quite different from traditional DSP kernels, however their 

major innermost loops are relatively short. It implies either too many function units are unnecessary or more 

sophisticated loop optimization approaches are needed. For example the optimal loop unrolling combining with 

software pipelining. 

3. More sophisticated software pipelining methods for complicated loops such as FFT and with nested conditional 

branches are needed. 
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