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Abstract 

omputationally taxing problems like the analysis of DNA sequences often require large and at times 

super computers in order to achieve results within a realistic time frame. Recently, multi core computers 

have been adopted as cheaper alternatives to costly computational instruments.  This research looks into 

the integration of heuristic methods (namely – the Smith Waterman algorithm) with multi core computers in 

order to perform such computationally costly operations  
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INTRODUCTION 

According to Domieka (2008), Multi Core computers are systems that are composed of more than one 

processor. These systems should theoretically exploit the presence of these multi processors to 

outpace their single processor peers in terms of speed,, efficiency and other computing metrics. 

Manifesting in a range different abstractions and concepts, parallel computing according to Gottlied 

and Almasi (1989), is the simultaneous use of computing resources to perform a task. Exhibited in its 

software abstractions as possibly instruction, data and or thread level parallelism, its use will 

theoretically involve the harnessing of hard computer resources to perform a task that has already 

been broken down into a range of multiple sub tasks that can be performed in parallel with each 

other. 

Multicore Parallelism as a summative concept of multicore computing and parallel computing 
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describes the use of multiple processors for the simultaneous performance of tasks. Other offshoot 

novel systems like hyper threading (developed by Intel) have advanced the notion of multi core 

capabilities to incorporate erstwhile near-detached ideas of concurrent computing and have created 

new generation of High performance computer systems that are trying to use a type of logical 

disjoining to ensure the continuous utilization of computer resources and hence maximizing 

efficiency ( Leng et al, 2002). 

 

The Smith Waterman 

According to Smith and Waterman (1984), the Smith-Waterman algorithm is a dynamic programming 

algorithm based on the Needleman–Wunsch algorithm. It was designed to perform long sequence 

alignment of protein, strings and or DNA sequences. The use of the dynamic programming model 

which breaks down tasks into separate smaller sub domains would presumably guaranty a solution 

based on pre set parameters, these parameters in the case of Smith-Waterman are a predefined score 

matrix and scoring scheme (Smith & Waterman, 1981). 

According to Sanchez et al (2012), the Smith Waterman algorithm is amongst its peers considered to 

be the most sensitive in determining exact sequence matches. Its use of the Dynamic programming 

paradigm gives the executor of the algorithm the countenance to determine the extent of its exactness 

although this ability comes with a price; a time computational complexity of O(mn) were m and n are 

the respective lengths of the two sequences being compared.  

The algorithm tries to find the alignment between two sequences a and b by allotting a definitive 

value (score) to each successful comparison, this score becomes a positive value if the comparison is 

successful and a negative value if the comparison is unsuccessful. A recursive redoing of this under 

the guide of a predefined dependency scheme generates the entire score matrix (Sanchez et al, 2011). 

Each matrix cell denoted (l,y) becomes dependent on matrix cells (l-1, y) , (l, y-1) and (l-1, y-1) 

respectively. The cells at the anti-diagonals are independent however. The best alignment is 

computed by tracing the score dependency pattern from the cell that has the highest score. (Sanchez 

et al 2011).  Fig 1 clued from Sanchez et al (2011) indicates the dependency chart and the paralysation 

framework of the Smith- waterman algorithm implemented on an IBM Cell B.E multicore system and 

presented by Sanchez et al 2011. 

 

 

Fig 1 Dependency chart and paralysation framework of Smith-Waterman algorithm (Sanchez et al. 2011) 



 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 3 No. 1  June 2017 

 

328 

 

 

The Smith-Waterman uses the scoring mechanics of the score matrix as the main discriminate to guide 

the algorithm towards optimal alignment. This alignment can be two type; Global or Local. The global 

alignment denotes an objective search of the entire lengths of the sequence seeking a holistic 

alignment of the two sequences while the local alignment seeks to find an alignment between 

subsections of the main sequences (Mott, 2003) 

According to Mott (2003) there are presently multiple variations of the Smith- waterman algorithm, 

like the EST_GENOME described by Mott (1997) that uses a modified scoring system to align spliced 

DNA to unspliced genomic DNA.  

Other variations try to delve into the hard problem of protein structure determination by attempting 

to align DNA sequence to protein sequence and then making further inferences (Mott, 2003) 

DNA and DNA Sequencing 

DNA (Deoxyribonucleic Acid) sequencing is a procedure involving the determination of the 

nucleotide sequence of DNA. Being the most elementary informative structure of a gene, a sequence 

determination and comparison will theoretically inform one of the evolutionary distance between the 

sequences being compared ( Heringa, J. 2003). 

 

THE SMITH-WATERMAN ON MULTI CORE ARCHITECTURES 

 This section  reviews some of the major strategies adopted for the paralysation of the Smith-

Waterman algorithm on multi core architectures. In particular, we will look at the proposals of 

Sanchez et al (2009), Sanchez et al (2011) and Hamidouche et al (2013). These we believe are of 

particular interest because they explore multiple strategies of paralysation of the Smith-waterman 

from multiple dimensions; including the possibility of automating the software paralysation of the 

algorithm using BSP++ (Hamidouche et al, 2013). 

Performance of Different Multicore Machines and Systems; Smith-Waterman paralysation on IBM 

Cell BE, SGI Altix, IBM Power6, and MareNostrum machines.  

According to Sanchez et al, (2009), a comparative analysis of the performance of a parallel 

implementation of Smith-Waterman on different multi core hardware adaptations has been 

performed. They focused on a parallel representation of the algorithm as it was implemented on 

Ssearch; a protein and DNA sequence comparison application. They selected the hardware 

configurations based on their presumed suitability to carry out multi dimensional paralysation tasks; 

Instruction, data and thread level paralysation (Sanchez et al 2009). 

The SGI Altix is a shared memory Non Uniform Memory Access multi core machine while the Power 

6 is a simultaneous multi thread (SMT) dual core processor optimised for Single Instruction Multiple 

Data (SIMD) operations. The MareNostrum was constructed with IBM’s PowerPC 970MP processors 

which were in turn constructed with a micro architecture optimised for instruction level parallel 

operations (ILP) (Sanchez et al 2009). 

The Cell Broadband Engine built with IBM’s PowerPC Processing Units and optimised as a System 
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on Chip processing model is of particular interest because the parallel procedure used for both the 

Distributed and Shared memory implementation might not have made a particularly innovative use 

of its capabilities and hence accounted for some of the discrepancy between the results of Sanchez et 

al (2009) and Sanchez et al (2011). In particular, the Local scratch pad memory available on the Cell 

BE might have been used to mitigate some of the effects of parallel overhead when it came to the 

distributed architecture of the problem. 

Using multiple similar memory and procedural conditions, Sanchez et al (2009) performed long and 

short sequence comparisons on the different machine configurations; a short sequence being one less 

than 2500 symbols and a long sequence being one more than 2500 symbols.   

While recognising the prospects for the Cell Broadband Engine, Sanchez et al (2009) concluded that 

the Shared memory processor configuration of the MareNostroum surpassed the others in terms of 

efficiency. This conclusion as they would later show with an in-depth analysis of the Cell BE by 

Sanchez et al (2011) was drawn due to the non utilization of the Cell Broadband Engine’s Local Storage 

cache which could also be used to reduce redundancy in a shared memory configuration. 

  Sanchez et al (2011) performed further analysis of the performance of the Smith-Waterman on the 

IBM Cell BE processor and obtained slightly deferring results. Possibly due to the different approach 

taken by the two researches to the utilization of the Cell BE’s 256 Kilo Byte local scratch pad memory. 

Using a shared memory approach that enabled an inter worker memory- buffer transfer, they 

obtained exceptional results.  

These results according to Sanchez et al (2011) were due to the very low rate of data reuse inherent in 

the Smith-Waterman algorithm. This has resulted in a challenging increase in synchronization 

overhead. But this overhead was compensated with the local scratch memory in combination with a 

2 mega byte shared cache and double buffering to compensate for foreseeable latency.  

But the same strategy; the use of memory buffering could also have been adopted to reduce the 

memory transfer and resulting synchronisation overhead that had inhibited significant speedup in 

the distributed memory adaptation of the problem. 

Another drawback to Sanchez et al (2011) may be the use of Ssearch version of the Smith-Waterman 

algorithm. This version of the algorithm was manually paralysed and such an endeavour may have 

unwittingly fallen victim to a conversion prejudice that favoured the shared memory architecture 

model. (as Sanchez et al (2011) have admitted, adapting the algorithm to serve with equal or even 

more efficiency on a multi core platform was taxing). An alternative could have been to use an 

automated paralysation system like BSP++. 

.BSP++ is a collection of object oriented routines implemented on the Bulk Synchronous Parallel 

principle that seek to enhance the optimization conversion of sequential algorithms to their high-

quality parallel complements. In essence, it tries to computerize the creation of parallel algorithms 

with the presence of the serial code (Hamidouche et al, 2013). 

According to Hamidouche et al (2013), a parallel version of the Smith-Waterman algorithm using 

BSP++  was generated and the said BSP ++ parallel version showed greater prospects at computing 

large sequences than most previously human-developed hardware specific parallel versions of the 
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Smith-Waterman algorithm (Hamidouche et al, 2013 pg 24). 

Such an automatically paralysed algorithm may have yielded better results the Ssearch manually 

paralysed version used by Sanchez et al (2011). And hence it may have yielded better quantitative and 

indeed qualitative parameters in the distributed architecture adaptation of the system. 

 

CONCLUSION  

From this review, we were able to review research that established the superior prospects of IBM’s 

Cell BE processor at the paralysation of the Smith-Waterman algorithm. We were also able to establish 

through the research of Sanchez et al (2011) that the distributed memory version of the Cell BE 

implementation when harnessing the opportunities provided by the unique multi core architecture 

of Cell BE’s Synergetic and Power Processing Elements (SPE and PPE) and local scratch pad memory 

(LS) provide far better performances than the shared memory versions examined so far.  

We have also established through the research of Hamidouche et al( 2013) that using computerized 

paralysation tools like BSP++for the paralysation of the software of the Smith-waterman algorithm 

offers marginally more beneficial performances than most of the human-paralysed versions 

examined so far.  

A comparison of the Smith Waterman and other algorithms  like the Heuristics and Meta heuristics 

(in the form of BLAST, FASTA and other similar sequence comparison strategies) has also revealed 

that the Smith Waterman outpaces these other  strategies  on multi-core computers  

FUTURE WORK 

The Smith-Waterman should theoretically be useful in analysing the relationships between any sorts 

of sequential process/processes, even when not so clearly apparent; using probabilistic tools to 

atomise any problem into stochastically similar atomic variables and then exposing them to similar 

sequential comparison may reveal inherent relationships that may not be quite detectable within 

large problem spaces.  Future research may consider looking at such novel approaches to Smith-

Waterman utilization   
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