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Problem Description
Pattern matching in bioinformatics is a discipline in sturdy growth, and has a great need for
searching through large amounts of data. At NTNU, an FPGA prototype specified in VHDL has been
developed, which identifies short motifs or patterns in genetic data using Position-Weight Matrices
(PWM). The prototype is designed for running on a Cray XD1 supercomputer.

Use of VHDL and similar hardware specification languages is complicated, and success requires
thorough knowledge and experience. The design process is also quite time-consuming. As such, it
would benefit the bioinformatics community to be able to use co-design languages that simplifies
the design process and make FPGA
technology more accessible to scientists without special knowledge of electronic hardware.

The project consists of the following tasks:

Specification and implementation of a Impulse-C based alternative to the existing VHDL-based
solution.

Evaluation of easy-of-use of the CoDeveloper environment, and productivity vs. final performance
when comparing the Impulse-C solution and the existing VHDL-based solution.
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Supervisor: Morten Hartmann, IDI





AbstratPattern mathing in bio-informatis is a disipline in sturdy growth, and has a great needfor searhing through large amounts of data. At NTNU, a prototype spei�ed in VHDLhas been developed for an FPGA-solution identifying short motifs or patterns in genetidata using a Position-Weight Matrix (PWM). But programming FPGAs using VHDLis a ompliated and time onsuming proess that requires intimate knowledge of howhardware works, and the prototype is not yet omplete in terms of required funtionality.Consequently, a desirable alternative is to make use of o-design languages to failitatethe use of hardware for a software developer, as well as to integrate the environmentfor development of soft- and hardware.This thesis deal with spei�ation and implementation of a o-design based alternativeto the existing VHDL based solution, as well as an evaluation of produtivity vs �nal per-formane of the newly developed solution ompared to the VHDL based solution. Thehosen o-design language is Impulse-C, reated by Impulse Aelerated TehnologiesIn., whih is a o-design language designed for data-�ow oriented appliations, but withthe �exibility to support other programming models as well. The programming modelsimpli�es the expression of highly parallel algorithms through the use of well-de�neddata ommuniation, message passing and synhronization mehanisms. The a�liateddevelopment environment, CoDeveloper, ontains tools that allow the FPGA system tobe developed and debugged using Impulse-C. The software-to-hardware ompiler andoptimizer translates C-language proesses to (RTL) VHDL ode, while optimizing thegenerated logi and identifying opportunities for parallelism. Ease-of-use for the CoDe-veloper environment is evaluated in this thesis, based on the authors experienes withthe tools.In total, four variations of the Impulse-C solution has been implemented; a basisolution and a multiore solution, both implemented in a �oating-point and a '�xed-point' version. The implemented solutions are analyzed through various experimentsdesribed in this thesis, done during simulation using CoDeveloper. Attempts weremade to get the solutions to run on the target platform, the Cray XD1 superomputerMusulus, but these were unsuessful. A wrong hoie of properties and onstraintsin Xilinx ISE are believed to have aused the FPGA programming �le to be generatedfaulty. There was no time to on�rm and orret this. Some information about devieutilization and performane ould still be extrated from the Xilinx ISE 'Stati timing'and 'Plae and route' reports.
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Chapter 1Introdution
1.1 Introdution

Figure 1.1: Pattern mathing in bio-informatis at NTNUBio-informatis involve the use of various tehniques suh as applied mathematis,informatis and omputer siene to solve biologial problems. The Cray XD1 super-omputer at NTNU, Musulus, is a omputational resoure mainly targeted for researhwithin the �eld of bio-informatis.Musulus was purhased the summer of 2005, as a part of a ollaboration betweenthe department of omputer and information siene (IDI) and the faulty of mediine(DMF). In this ollaboration, IDI will develop bio-informatis modules as part of ownresearh, usable for DMF to solve bio-informatis problems.



4 Introdution1.2 MotivationFPGA tehnology is well suited for aeleration of ompute-intensive appliations thatrequire little or no ommuniation. An implementation of the PWM algorithm is agood example of suh an appliation; a small and ompute-intensive part that requiresa minimal amount of ommuniation. But the use of hardware desriptive languagesto program FPGAs, suh as VHDL, is a ompliated and time onsuming proess thatrequires intimate knowledge of how hardware works. Consequently, it is desirable tomake use of o-design languages to failitate the use of hardware for a software developer,as well as to integrate the environment for development of soft- and hardware.1.3 ObjetivesPattern mathing in bio-informatis is a disipline in sturdy growth, and has a great needfor searhing through large amounts of data. At NTNU, an FPGA prototype spei�edin VHDL has been developed, whih identi�es short motifs or patterns in geneti datausing Position-Weight Matries (PWM). The prototype is designed for running on aCray XD1 superomputer.The projet onsists of the following tasks:
• Spei�ation and implementation of a Impulse-C based alternative to the existingVHDL-based solution.
• Evaluation of easy-of-use of the CoDeveloper environment, and produtivity vs.�nal performane when omparing the Impulse-C solution and the existing VHDL-based solution.1.4 Challenges1.4.1 Writing the report in EnglishWriting this report in English has to a degree been a hallenge, not having English asthe mother tongue. Fairy well developed English skills were put to the test when faedwith the �rst experiene in writing a more omprehensive report, both explaining anddisussing a great deal of tehnial terms and onepts, by oneself.1.4.2 Aquiring knowledge and experieneImplementing while learning Implementing the o-design based alternative to theexisting VHDL based solution did not go as fast as initially expeted. One of themajor reasons for this was the great need to aquire further knowledge about developingsystems using Impulse-C, while at the same time being in the middle of an atualdevelopment proess with a steadily approahing thesis deadline. Problems onnetedwith alloating memory in the software framework, suh as memory leakage, ontributedto slowing down the implementation proess also. Limited experiene with memoryalloation in C resulted in a need to learn more.



1.4 Challenges 5Implementing for hardware platform One of the great bene�ts of developingsystems using a o-design approah is not having to possess as muh knowledge aboutthe underlying hardware of the target platform as when developing the same systemdiretly in VHDL. Trying to implement the hardware portion of the o-design solutiontaking on the role of a pure software developer, ignoring a substantial share of possessedhardware knowledge, was somewhat di�ult.Dereased level of ontrol The inrease in abstration level when making the tran-sition from implementing in VHDL to utilizing o-design, having to rely on speialompilers to generate the atual VHDL ode, dereases the amount of ontrol the de-veloper has over the hardware that is generated. Having to give up a signi�ant amountof the ontrol that one usually have when implementing hardware modules takes sometime to get used to.Memory alloation and leakage As previously mentioned, problems onnetedwith memory alloation in the software framework arose while developing the o-designsolution. These problems were seemingly aused by so-alled memory leakage. Thisbug did not manifest itself until the framework read results sent from the �lter-modulein hardware and stored these in a designated variable. The bug prevented the softwaresimulation of the o-design solution from terminating in the orret manner. Fixingthis bug, and even �nding the atual ause, took a substantial amount of time. Thesoftware was debugged using both Valgrind and the CoDeveloper Appliation Monitor.Commenting out ode snippets that ould potentially ause the software simulation torash, as well as adding snippets that heked for potential errors losing streams and�les, were also used as methods for debugging the appliation.1.4.3 Tehnial hallengesDebugging software Debugging the software framework was not intuitive using theImpulse-C development environment, nor ompatible with the OS of the developmentworkstation, and it was onsequently found neessary to debug using an alternative de-bug tool. Help was needed for this, not being knowledgeable about software debuggers.Generating ISE projet After letting the development environment generate therequired VHDL ode, based on the Impulse-C desription of the desired hardware fun-tionality, it was made ready to export to Musulus. However, the a�liated templateprojet �le also generated did not work as it was supposed to, due to (so far) unknownauses, and the projet was onsequently not able to be opened in Xilinx ISE. A newISE-projet had to be made manually, based on the generated VHDL �les. The defaultproperties in Xilinx ISE did not work well and sabotaged the generation of a fully fun-tional FPGA programming �le. A topi about the failed translation proess was postedon the Impulse-C support forum, resulting in some problems being �xed. Taking a lookat the properties of other funtional projets also helped in getting loser to generatinga funtional programming �le.



6 Introdution1.5 Thesis OutlineChapter 2, 'Bakground', presents bakground information on FPGA tehnology, theCray XD1 platform, the PWM-algorithm, the onept of o-design, and Impulse-C.Chapter 3, 'Previous work', presents the previously implemented FPGA-solutions forthe PWM-algorithm on the Cray XD1 superomputer, Musulus. The hapter alsopresent information on work done to evaluate the use of Impulse-C, as well as o-designin general, on Cray XD1.Chapter 4, 'Possible Solutions', presents and evaluates various design shemes thatmight be suitable for implementing a PWM FPGA-solution using an Impulse-C o-design approah.Chapter 5, 'Implemented Solutions', desribes the implemented Impulse-C approahto the FPWM-system.Chapter 6, 'Results Analysis', presents an evaluation of ease-of-use and �nal per-formane of the newly developed solutions ompared to the previously implementedVHDL-based solution.Chapter 7, 'Disussion', presents a disussion on the implemented Impulse-C solu-tions.Chapter 8, 'Conlusion and Future Work', presents a onlusion to the thesis, as wellas suggestions for future work.In appendix A one an �nd a list of notation and abbreviations used in the report.In appendix B one an �nd the soure ode for the implemented Impulse-C solutions.In appendix C one an �nd reports from the HDL build proess (CoBuiler).In appendix D one an �nd blok diagrams of the implemented arhitetures as gen-erated by CoDeveloper Appliation Monitor.
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Chapter 2Bakground2.1 IntrodutionThis hapter desribes the relevant tehnologies and theory. FPGA tehnology is pre-sented in 2.2, the Cray XD1 platform in 2.3 and the PWM-algorithm in 2.4. Co-designwill then be presented in 2.5, and �nally Impulse-C in 2.6.The bakground material in this thesis is based on material from the preeding 5'thyear projet [10℄.2.2 FPGA2.2.1 IntrodutionAn Field-Programmable Gate Array (FPGA) is a speially made semiondutor usedto proess digital information, similar to a miroproessor [7℄. The FPGA onsists ofdigital gate array tehnology that an be ustom programmed and reprogrammed by theend user after manufature to de�ne funtionality. This an be done both dynamiallyand statially by hanging the eletrial onnetions, turning on swithes whih makeonnetions between iruit nodes and the metal routing traks.Appliation aelerationFPGAs in a superomputer aelerate appliations by ating as high speed, speializedo-proessors. The FPGAs shift omputational work from the main proessors, byrunning subroutines that take over portions of the appliation.2.2.2 ArhitetureWhen using FPGAs, it is important that an appliation iruit is mapped into anFPGA with adequate resoures. Although some FPGAs also have more omplex units,the average FPGA onsists of an array of on�gurable logi bloks (CLBs) onnetedby several routing hannels. This array is surrounded by a outer boundary of I/O ellsthat handle the ommuniation in and out of the FPGA, as seen in �gure 2.1.
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Figure 2.1: Simpli�ed FPGA arhitetureA CLB is the array of multi-input and multi-output logi ells that needs to beprogrammed, and onsists of several look-up tables (LUTs), �ip �ops, multiplexers(MUXs), arithmeti logi (ALU) and dediated internal routing.2.3 Cray XD1 Superomputer2.3.1 IntrodutionThe Cray XD1 superomputer is a omputational resoure purpose-built for demandingHPC appliations. It lets users simulate, analyze and solve omplex problems quiklyand aurately without having to inrease the size of the omputer or its power budget[3℄. This is done by leveraging reon�gurable omputing tehniques in the form ofspeial subroutines. Appliations that an bene�t from running on Cray XD1 inlude�nanial omputing, bio-informatis and other ompute-intensive ativities.2.3.2 ArhitetureThe Cray XD1 system is based on the Diret Conneted Proessor (DCP) arhite-ture [4℄. The CPU system is built as a standard Symmetrial Multi-Proessing (SMP)design, extended with FPGAs for appliation aeleration. A hassis houses six omputeblades, where eah ompute blades has two AMD Opteron miroproessors and a Rap-idArray Proessor to handle ommuniation. The FPGA expansion module attahedto the ompute blade ontains a Xilinx Virtex-II Pro FPGA that ats as an Applia-tion Aeleration Proessor (AAP), four QDR-II SRAM, and an additional RapidArrayproessor. A simpli�ed representation of a Cray XD1 ompute blade is shown in �gure2.2.



2.3 Cray XD1 Superomputer 11

Figure 2.2: Simpli�ed Cray XD1 arhiteture [4℄The six ompute blades, together with their FPGA expansion module, an be viewedas nodes. Eah node is an independent system with its own GNU/Linux operatingsystem, and is able to ommuniate with other nodes via the RapidArray InteronnetSystem. The six nodes in Musulus at NTNU are on�gured into one log-in node and�ve omputational nodes [11℄.Compute environmentAMD Opteron Miroproessor The miroproessor used in the Cray XD1 super-omputer is a 64-bit single ore AMD Opteron 2.4GHz proessor with 2GB RAM [2℄.The two Opteron miroproessors on eah ompute blade are onneted via AMD'sHyperTransport, forming a 2-way SMP [4℄.AMD HyperTransport HyperTransport tehnology is designed to help reduethe number of buses in a system, whih in turn an redue system bottleneks and en-able faster miroproessors to use system memory more e�iently [1℄. This will optimizemessage-passing appliations. AMD's HyperTransport appear transparent to the op-erating system and o�er little impat on peripheral drivers. Mellanox on-motherboardIn�niBand swithes reate a fabri for HyperTransport between ompute nodes.Appliation aelerationXilinx Virtex FPGA On eah node there is a Virtex-II Pro FPGA with 3.2GB/sinteronnet [14℄. Through the use of the interfae Cray XD1 QDR II SRAM Core theusers an aess the QDR SRAM memory from a FPGA-design.The Xilinx Virtex-II Pro has two built-in PowerPC 405 RISC-proessors. It has alsoseveral 18Kb Blok SeletRAM+ (BRAM) memory modules, in total 232, spread aross



12 Bakgroundthe hip. It is preferable to use the BRAMs to store larger amounts of data instead ofusing the CLBs [9℄.RapidArray InteronnetThe RapidArray interonnet is a 96-GB-per-seond non-bloking, embedded rossbar-swith fabri that onnets the RapidArray proessors (RAPs) [4℄. The enter of theRapidArray Interonnet System is the RapidArray Swith, whih has 24 internal linksused to onnet to the 12 RAPs within the hassis. The nodes within the hassisis therefore onneted to the swith using two links eah, one for eah diretion ofommuniation. The RapidArray Swith o�ers the nodes a bandwidth of 4GB/s forommuniation; 2GB/s on eah link. Communiation is, as mentioned earlier, ontrolledand oordinated by the RAPs on eah node. RapidArray Interonnet is also used toonnet the SMP with the FPGA. What interfae that is utilized depends on whihomponent it is that initiates the ommuniation between the two. The Fabri RequestInterfae is used in transations that is initiated by the SMP, while the User RequestInterfae is used in transations that is initiated by the FPGA.2.4 PWM2.4.1 IntrodutionPosition Weight Matries are often redited to Roger Staden, after he introdued theonept in his artile 'Computer methods to loate signals in nulei aid sequenes' [9℄in 1983.Position-spei� Weight Matries (PWMs) are the main omponents of many algo-rithms used in bio-informatis to identify short patterns or motifs in nulei aid, suhas a DNA sequene. PWMs, also known as log-odds matries, are simpli�ed representa-tions of known binding sites [13℄. The height of suh a weight matrix is equivalent to thelength of the alphabet in the sequene to searh through, while the width is equivalentto the length of the pattern to searh for.DNAA DNA sequene onsists of a double string of symbols that represent the 4 di�erentnuleotide building bloks; A (adenine), G (guanine), C (ytosine) and T (thymine).These strings are usually referred to as the positive and negative strand of the DNAsequene; the seond string being the reverse omplement of the atual DNA sequene,whih is the �rst string. This seond string is a DNA-binding protein, alled a tran-sription fator, that reognize and binds to the main DNA sequene. A DNA sequenewill ontain some well-de�ned regions, like genes and the regulatory regions for genes.2.4.2 The PWM algorithmAn input pattern is usually represented as a ount matrix, also known as an alignmentmatrix. This ount matrix is generated by omparing known binding sites and ountingsymbol frequenies at eah position. By normalizing the ount matrix it is transformed



2.4 PWM 13into a frequeny matrix, whih in turn is transformed into a PWM. A pseudo-ountis usually added to eah position of the matrix when it is onverted to a PWM. Theformula for onverting the individual values of an alignment matrix to produe a PWMis given in algorithm 1.

Figure 2.3: Example matries
Algorithm 1 Converting a value of the alignment matrix

c,N : int; {urrent ount, total ount}
p : double;
s : double← 0.25; {pseudo-ount}
P : double← 0.25; {bakground probability}
p = (c+s)

(N+4s) ;

ln( p
P

);The sore of the PWM for a given sub-sequene is omputed as the sum of PWMsores, and is illustrated in �gure 5.2.The PWM is moved along the input DNA sequene, and a value is alulated foreah position in the sequene from the weights of eah symbol in the PWM. The totalorrespond to the value of the �rst visible position in the sequene. Calulated totals areonseutively sent to one or more �lter proesses. Pseudo-ode for the PWM algorithmis shown in algorithm 2.The algorithm allows for both pipelining and parallelizing. Computational loopsin hardware an be pipelined, as long as they do not ontain nested loops. Parallelinstanes of the algorithm an also be implemented to searh through the sequeneusing multiple matries at the same time.
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Figure 2.4: Computing sore for a given sub-sequene [9℄Algorithm 2 PWM
M : int; {length of DNA-sequene}
N : int; {length of sub-sequene}
S : string; {DNA-sequene}
pwm : table[4][N ]; {weight matrix}
counter : int← 0; {urrent position in DNA-sequene}
i : int; {urrent position in sub-sequene}
sum : float;while counter ≤M −N dofor i = 0 to N do

sum← sum+ pwm-value S[counter + i];end for
counter + +save sum;end whileMarkov proess bakground model A higher-order bakground model, modeledas a Markov proess, is sometimes used in order to improve pattern mathing. Thismodel estimates the probability that a given sub-sequene is found in the non-patternbakground, whih is then used to normalize the �nal probability. Separate �lter mod-ules an adjust the probability aording to higher-order bakground models.2.5 Co-Design2.5.1 IntrodutionReon�gurable superomputing uses FPGAs to improve the performane of miropro-essors, but at a high ost as one have to hand-ode ustom design in a Hardware De-



2.5 Co-Design 15sription Language (HDL). In areas suh as embedded design the ollaboration betweensoftware and hardware is very intimate. It should therefore be possible to reate vari-ants of a produt by hanging parts of the implementation from software into hardware,or the other way around, without having to redesign unhanged parts of the system.One appliable method to ahieve this is using o-design. Co-design is often de�ned as"The simultaneous design of the software and hardware omposing a system". In otherwords, most approahes to o-design fous on reating systems in with both synthesisand simulation an be done of both the software and the hardware simultaneously.

Figure 2.5: Design �ow of general o-design approah2.5.2 Co-Design languagesHand-oding ustom design in an HDL is a very time onsuming and error prone task;espeially sine HDLs are not designed to desribe algorithms. Co-design languagesprovide ompilers that translate �xed- and �oating-point algorithms implemented in aHLL diretly into iruit design in VHDL. Adding hardware platforms is just a questionof de�ning new interfae desription �les and produing the ode that ties the designto the desription interfae.



16 BakgroundImplementing appliations in a o-design language, the programmer usually parti-tions the program into software and hardware setions manually, and writes C odeto synhronize the data ommuniation between the two parts. An illustration of thedesign �ow in o-design is shown in �gure 2.5.2.5.3 Co-SimulationCo-simulation is, just like o-design, used to simultaneously validate and experimentwith the hardware and the software omponents of an embedded system. This an beused to ollet information about the system before atually building a prototype. Atraditional approah is to model the hardware proessor and then run the software on it.For tratability reasons, the hardware is usually modeled using bus-funtional models(Rowson). Either way, the goal is to verify whether the hardware and software an worktogether.2.6 Impulse-C2.6.1 IntrodutionImpulse-C [12℄, reated by Impulse Aelerated Tehnologies In., is a o-design lan-guage designed for data-�ow oriented appliations, but with the �exibility to supportother programming models as well. What programming model that is seleted dependson the requirements of the appliation to be implemented, but also on the arhiteturalonstraints of the seleted programmable platform target.2.6.2 Programming modelImpulse-C extends standard C to support a modi�ed form of the Communiating Se-quential Proesses (CSP) programming model. CSP simpli�es the expression of highlyparallel algorithms through the use of well-de�ned data ommuniation, message pass-ing and synhronization mehanisms.At the enter of the Impulse-C programming model are proesses and streams. Thedata that is proessed by the appliation will �ow from proess to proess by means ofstreams, or alternatively by means of messages and/or shared memories.Proesses Proesses are independently synhronized, simultaneously operating seg-ments of an appliation. Proesses are written using standard C and perform the workof the appliation by aepting data, performing omputations and generating outputs.Streams Streams represent one-way hannels of ommuniation between simultane-ous proesses, and are self-synhronizing with respet to the proesses by the bene�t ofbu�ering. Charateristis are spei�ed at the time a stream is reated in the appliation.2.6.3 CoDeveloperCoDeveloper ontains tools that allow FPGA systems to be developed and debugged us-ing Impulse-C. The software-to-hardware ompiler and optimizer translates C-language



2.6 Impulse-C 17proesses to (RTL) VHDL ode, while optimizing the generated logi and identifyingopportunities for parallelism.Bottleneks in the data �ow and other areas of aeleration an be identi�ed byan appliation monitor, allowing designers to iteratively analyze and experiment withalternative strategies for hardware pipelining.The �ow of appliation development in CoDeveloper (and Impulse-C) is shown in�gure 2.6.

Figure 2.6: Impulse-C design �ow [3℄An appliation is �rst developed in Impulse-C, debugged in CoDeveloper using theappliation monitor, then translated to HDL by the CoBuilder tools integrated in CoDe-veloper and exported. The rest of the proess takes plae in a design environment moreappropriate to the target platform, suh as Xilinx ISE for Xilinx FPGAs, where thedesign is synthesized and implemented, and the FPGA programming �le is generated.This environment also allows for further simulation of the design. Finally, the softwareis exported to the target platform together with the generated FPGA programming �le.Impulse-C APIImpulse-C's API inludes C-ompatible funtions that let designers reate system-levelparallelism using the Impulse-C programming model. Impulse C also inludes plat-form support pakages that simplify C-to-hardware ompilation for spei� software-hardware targets, inluding Cray XD1, with the help of an infrastruture for on-hipbus ommuniation. In addition, the API o�er support for single and dual preision



18 Bakground�oating point, as well as pipelined �oating point operators, for Xilinx FPGAs.CoBuilderCoBuilder is a set of hardware generation tools that produes a set of �les ready for usewith the target platform development software and hardware.Only those soure �les that have been spei�ed as hardware get analyzed by thehardware ompiler, while all other �les are overlooked. Impulse-C proesses that arefound within the spei�ed hardware soure �les, but that are not spei�ed as hardwareproesses, will also be overlooked.
• RTL Generator : Reads the appliation soure �les, ompiles those proessesidenti�ed as hardware and reates equivalent hardware desriptions in the formof (RTL) HDL �les.
• Arhiteture Generator : Reads the appliation soure �les and generates hard-ware wrappers implementing the required stream, signal and memory interfaesallowing hardware proesses to ommuniate with other parts of the appliation.
• Library Generator : Creates software library elements required for ompilation ofImpulse-C software proesses on the target embedded proessor.HDL library The hardware generation tools make referenes to additional HDL om-ponents that are provided in a speial library alled "impulse". For the purpose of sim-ulation and/or synthesis, this library must be ombined with the generated omponent-and system-level HDL �les.In the form of C-libraries and HDL wrapper omponents, CoBuilder is apable ofgenerating the required hardware/software interfaes. This simpli�es the proess ofmoving a omplete hardware/software appliation to seleted programmable platforms.



Chapter 3Previous Work3.1 IntrodutionThis hapter desribe previous work relevant to this thesis. The previously implementedFPGA-solution for the PWM-algorithm in VHDL, on the Cray XD1 superomputerMusulus, is presented in setion 3.2, while previous work on omparing o-design lan-guages to use with Cray XD1 is presented in 3.3.The previous work presented in this thesis is based on material from the preeding5'th year projet [10℄.3.2 FPWM3.2.1 IntrodutionFPWM (FPGA PWM) is a prototype on a ustom-made FPGA-solution for identify-ing short motifs or patterns in geneti data using a position-weight matrix (PWM).Lars Krutådal at IDI had in his master's thesis done an early implementation of theprototype, and was later hired by the department to work on ompleting the system.Krutådal pitured two possible extensions to his implementation in order to ahieveparallel exeution; a multiore solution and an multiple node solution - the optimalsolution being a ombination of the two.Per Andreas Gulbrandsen developed the FPWM prototype further in his 2007 mas-ter thesis, implementing a more funtional FPGA-solution in VHDL ode [9℄. Gul-brandsen was hired by IDI the fall semester of 2007 to ontinue Krutådals work onompleting the FPWM system.Related work"Aelerating Motif Disovery: Motif Mathing on Parallel Hardware" [8℄ was pub-lished in 2006 in the book "Algorithms in Bioinformatis", as a part of the book series"Leture Notes in Computer Siene". The authors of the artile inlude among othersseveral people at IDI, NTNU. In this artile, the authors propose and de�ne an abstratmodule PAMM (Parallel Aeleration of Motif Mathing) with motif mathing on par-allel hardware in mind. There is provided a onrete implementation of the authors



20 Previous Workapproah alled MAMA, based on the MEME algorithm.3.2.2 ArhitetureThe FPWM system onsists of an overlaying framework for ontrol, and four underlyingmodules. These modules inlude a reader-, pwm-, �lter- and writer-module, as seen in�gure 3.1.

Figure 3.1: Modules of the FPWM-systemOverlaying frameworkThe overlaying framework initialize the modules, both at start-up and reset. It alsomanages ommuniation and data from the SMP-node. The SMP-node writes resultsto a �le.reader-module The reader-module reads the DNA-sequene and PWM from aninput-�le, and passes a new sub-string to the pwm-module every yle.pwm-module The pwm-module perform the neessary omputation, by applying thepwm-algorithm to the input sub-strings. The result is passed to the �lter-module,together with a result index.�lter-module The �lter-module proesses the results from the pwm-module, both inorder to redue the amount of results, by applying a threshold �lter, and to generatemore useful results, by applying the summation �lter. The �ltered results are thenpassed to the writer-module.writer-module The writer-module perform all writing to the SMP-node. Two bu�ersare initiated, with eight elements eah, so that the module don't have to onstantlystall. Instead, the module an read data at the same time as it writes to the SMP-node.Thanks to the �lter-module, the frequeny of write-alls to the writer-module is limited.



3.3 Evaluating Co-Design 213.2.3 ChallengesAs previously mentioned in hapter 1, developing systems in VHDL is a time onsum-ing and error prone task. This was also a signi�ant hallenge while developing theFPWM system. VHDL is not well suited for expressing algorithms in general, and doesnot support the use of �oating-point operands. The latter requires the designer to al-ways onvert sores between �oating-point and �xed-point when sending sores to, orreeiving sores from, hardware.In the previous implementation of the FPWM-system, some results were dupliated,while others were lost when the exeution �nished. This ould have had some e�et,small or large, on the implementation of modules �ltering the results.Filter funtionality o�ered an improvement to the FPWM system as it limited theburden on the bandwidth between the CPU and FPGA, one of the most ritial partsof the system [9℄. Filtering the results of the omputation, the queue of data to writebak to the CPU is greatly redued, giving the system a performane boost.3.2.4 StatusThe VHDL solution still does not work ompletely aurately after being worked onfor the duration of more than one 5'th year projet and two master's thesis's, whih ismostly due to the hallenging task of implementing at HDL level. The biggest bottlenekin the system today is transferring data between the CPU and the FPGA, as well asto the embedded memory. There is also still a problem with validating the output(results) of the FPWM system. Results may be false as the di�erent modules of thesystem ould translate the �xed point values, represented in two's omplement form,inorretly. This is mostly an issue when working with negative values.Some of the possible expansions to onsider for the FPWM system inlude:
• Implementing a funtion that onverts DNA for later use.
• Reading data from, and writing data, to a database instead of a �le.
• Implementing a multiple node, or multiore, solution utilizing MPI.
• Implementing ompensation for missing/skipped regions of the DNA sequene.
• Implementing more omplex on�gurations.3.3 Evaluating Co-Design3.3.1 IntrodutionSometimes the expliit and preise desriptions o�ered by VHDL are neessary to realizedesigns goals, but not always. Hardware design an bene�t from development toolsthat makes it possible to mix high-level and low-level desriptions as needed to meetthe design goals as fast as feasible. A o-design program is typially just a few hundredlines of ode, implemented in a few days - ompared to months or years in the aseof RTL VHDL. The skill pre-requisites to writing good o-design programs are not



22 Previous Workextensive. Prior experiene with C an advantage when using a C-based language, asare skills in parallel programming methods suh as MPI or OpenMP.3.3.2 Comparative analysis of high level programmingCo-design languages normally trade performane with ease-of-use [6℄, and it is thereforeof interest to know in a general sense how muh performane and utilization is givenup and how muh ease-of-use is gained. "Comparative analysis of high level program-ming for reon�gurable omputers: Methodology and empirial study" [6℄ is an artilewritten by a team of omputer sientists at the George Washington University, ArtiRegion Superomputing Center. The artile desribes a omparative analysis of threeo-design languages, eah representing di�erent high-level programming paradigms. Inthe experiment, four workloads were seleted for implementation on Cray XD1, usingeah of the three seleted o-design languages. The experiment also involved three inde-pendent users with di�erent degrees of experiene in the �eld. The resulting evaluationof the results are illustrated in �gure 3.2.

Figure 3.2: E�ieny vs. ease-of-use [6℄
3.3.3 Exploring Impulse-CThe 5'th year projet report "High level desription for FPGA hardware aeleration ofDNA motif identi�ation" [10℄, written at IDI NTNU, takes a speial look at Impulse-Cas an appliable tool methodology to re-implement the FPWM system. Observationsmade on the usability of Impulse-C and CoDeveloper, by doing simple testing, areboth desribed and disussed. Completing the tutorials available with CoDeveloperwas found to be an important part of learning about the CoDeveloper tools, as wellas gaining experiene in using them. These tutorials give step-by-step instrutions onhow to run example appliations on various target platforms, with all the neessaryillustrations and explanations needed to understand the proess. In addition to exam-ple appliations, CoDeveloper also o�er several appliation templates to help softwaredesigners get started on developing their own appliations.
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Figure 3.3: Results from software simulationUpdateDuring the duration of the projet, attempts at running the example appliation seletedfor testing on Musulus, the Cray XD1 luster at NTNU, were unsuessful. Unfortu-nately, there were no time to solve this problem before the projet deadline. Afterompletion however, further exploration led to several theories as to why the exampleappliation would not run on Musulus. For some time, it was believed to possibly bea ompatibility issue, either between Musulus and CoDeveloper, or between Musulusand the Xilinx ISE version used to generate the FPGA programming �le. The authordidn't �nd any proof on�rming this theory.After opening up to the possibility that it was only this spei� appliation thatdid not work properly, and that the other Impulse-C example appliations designed forCray XD1 ould still run orretly 'out of the box', a di�erent appliation was seletedfor testing. The new test appliation ran suessfully on the �rst try, on�rming thenew theory that there are no ompatibility issues. The software simulation of the �rsttest appliation ran suessfully as well, as shown in �gure 3.3, suggesting that theappliation did not run orretly due to an undeteted error during VHDL generation.
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Chapter 4Possible Solutions4.1 IntrodutionThis hapter presents and evaluates the various design shemes possibly suitable forimplementing a PWM FPGA-solution using the Impulse-C o-design approah. Ap-pliable proessing shemes are �rst presented in setion 4.2, after whih the plannedsystem arhiteture is presented in 4.3.4.2 Appliable proessing shemes4.2.1 Introdution
Figure 4.1: Simple streaming on Cray XD1As illustrated by �gure 4.1, appliations generally inlude software proesses runningon the Opteron proessor and hardware proesses running in the FPGA that ommu-niate via streams over the Cray XD1 RapidArray Transport (RT) fabri interfae.A reimplementation of the FPWM-system in Impulse-C should have various potentialadvantages over the VHDL-solution. Some signi�ant ones being that it is easier to ex-press algorithms in Impulse-C, due to the higher abstration level, and that Impulse-Cmore easily support the use of �oating-point values in hardware. In addition to this,Impulse-C streams send sequential data between proesses by impliitly inorporatingthe use of a FIFO-queue. Implementing these things using VHDL requires onsiderablymore time and ompetene.



28 Possible SolutionsThis setion presents appliable proessing shemes for implementing the PWM-system. Although they are presented separately, the ideal solution will inorporate aombination of all these shemes.4.2.2 Shared memory

Figure 4.2: Shared memoryThis sheme deals with inorporating the use of shared memory in simple datastreaming on Cray XD1. The appliation inludes two software proesses, Produerand Consumer, running on the Opteron proessor, and a number of hardware proessesrunning on the FPGA.The produer an request data to be written to the shared memory, while a hardwareproess will read and proess the data. When omputation is done, the onsumer anthen either try to read result data stored in the memory embedded on the FPGA, orreeive other data diretly from the hardware proess. The hardware proess will haveto signal the onsumer when data is ready to be read.For ommuniation between two hardware proesses, however, embedded memory isonly needed if the proesses require random or irregular aess to the data. In the ase ofsequential data, like in the FPWM system, a stream would be the most e�ient methodof data transfer. Deiding whether or not to use shared memory as desribed above, forommuniation between a software proess and a hardware proess, is a more omplextask and strongly dependent on the appliation and the memory available. Whether ornot it is neessary, or even favorable, to use shared memory in the FPWM system onMusulus will beome more lear during implementation of, and experimentation with,an atual Impulse-C solution.4.2.3 Pipelined proessingThis sheme deals with inorporating the use of pipelined proesses. The appliationinludes two software proesses, Produer and Consumer, running on the Opteron pro-essor, and a number of pipelined hardware proesses running on the FPGA.The produer will pass data to the �rst hardware proess, whih will proess thedata and pass the result to the next hardware proess. The data keeps getting passedfrom one hardware proess to another in this matter until it reahes the last hardware



4.2 Appliable proessing shemes 29proess, at whih time all proessing of the data should be �nished and the results aresent to the onsumer. The hardware proesses in the pipeline an be either distintlydi�erent, various instanes of the same initial proess, or both.Looking at the general struture of an Impulse-C appliation, as well as that of theFPWM system itself, there will be a degree of pipelining impliitly applied regardlessof the number of hardware proesses. In other words, only the degree of pipelining isoptional, not whether or not to utilize pipelining in the �rst plae. The appliationmodules will impliitly at jointly as a pipeline, but smaller snippets of ode an alsobe pipelined by the hardware ompilers.Pipelining of instrutions is not automati, but requires an expliit delaration usingthe Impulse-C pragma CO PIPELINE. This delaration must be inluded within thebody of a loop and prior to any statements that are to be pipelined.

Figure 4.3: Pipelined proessing4.2.4 Parallel proessingThis sheme deals with inorporating the use of parallel proesses to handle omputa-tion. The appliation inludes two software proesses, Produer and Consumer, runningon the Opteron proessor, and a number of idential parallel hardware proesses runningon the FPGA.The produer will divide the workload evenly between the hardware proesses, whihin turn proess the data in parallel. When the parallel proesses have �nished proessingtheir part of the data, the results are sent bak to the software onsumer.In the ase of the FPWM system, expliitly omputing results in parallel shouldbe easier done with multiple input matries and/or sequenes, as entire matries andsequenes an be distributed to eah parallel proess. With only one sequene andonly one matrix, the sequene would have to be broken up into multiple sub-sequenesto distribute to eah parallel proess. Breaking up the sequene would, based on thePWM algorithm, redue the number of results. The results not being omputed ouldbe results that would have been �ltered out later anyway, but ould also be some ofthe more relevant results. Beause of this, it would be no point in expliitly implementparallel instanes of the hardware modules if there is only one matrix and sequene toproess.



30 Possible SolutionsMore on the use of impliit parallel proessing is explained later, in the next setionof this hapter. Expliit parallel proessing will only be implemented if it is found tobe time for it. First and foremost, a basi solution (suessfully) proessing a singlematrix-sequene pair needs to be implemented.

Figure 4.4: Parallel proessing4.3 Basi system arhiteture4.3.1 System partitioning

Figure 4.5: Appliation pipelineFigure 4.5 show a suggested general arhiteture for the appliation, similar to thatof the previously implemented VHDL solution presented in hapter 3.2. Following thenature of o-design, the appliation will be partitioned into a software setion and ahardware setion. All ompute intensive work, suh as exeuting the PWM-algorithm



4.3 Basi system arhiteture 31itself, will be implemented in hardware for aeleration, while trivial tasks, suh asreading input and writing output, will be implemented in software. All hardware pro-esses must be spei�ed as suh, and loated in a �le separate from where the softwareproesses are de�ned. This is to make sure that all parts of the appliation we wantto run as hardware is translated orretly to VHDL, while the parts we want to run assoftware is ompiled aordingly.The planned partitioning of the FPWM system is illustrated in �gure 4.5.4.3.2 Impliit parallelismFigure 4.6 indiate how omputation an be aelerated with the help of parallel pro-essing of the appliation pipeline. Impliitly ahieving this means that the parallelismis extrated automatially from the implemented system. Tasks that an be exeutedsimultaneously, will likely be exeuted simultaneously. This means being able to exe-ute a new proess iteration, and produe a new output, while the next proess in theappliation pipeline manage the output omputed in the previous one. When pipeliningis enabled for inner ode loops of a appliation through the use of the pipeline pragma,CoBuilder will attempt to parallelize the statements appearing within that loop withthe goal of reduing the number of instrution yles required to proess the entirepipeline. Pipelined loops may not ontain any nested loops.

Figure 4.6: Impliit parallel proessing
4.3.3 Input/Output shemeInput The main input to the system will be the DNA sequene and the alignmentmatrix representing symbol frequenies in eah sub-sequene (motif) position. The DNAsequene and the alignment matrix should be read from separate �les; either in .dat-format or .txt-format. Aording to the PWM-spei�ation supplied by Finn Drabløsat DMF [5℄, the input data itself will be expressed in Fasta-format. What using theFasta-format implies is that both input sequenes and input matries must be preededwith a header line. This header line will ontain a '�' symbol, indiating the start of anew sequene or matrix, and the identi�er of the sequene or matrix to ome. Exampleinput data is illustrated, with the matrix already in PWM format, in �gure 4.7.



32 Possible Solutions

Figure 4.7: Example input data
Figure 4.8: Example output dataOutput The output of the system will be a list ontaining relevant information abouteah of the �ltered results, stored in a �le. This �nal output data will be formattedwith one hit per line, onsisting of sequene ID, hit start, hit end, matrix ID and sore.Example output data is illustrated in �gure 4.8.4.3.4 Appliation 'pipeline'Appliation 'pipeline' stagesStep 1 : Read input data from �le - softwareStep 2 : Convert input alignment matrix - softwareStep 3 : Send input data to hardware - softwareStep 4 : Reeive input data from software - hardwareStep 5 : Compute result sores - hardwareStep 6 : Filter result sores - hardwareStep 7 : Send �ltered results to software - hardwareStep 8 : Reeive �ltered results from hardware - softwareStep 9 : Write �ltered results to �le - software



4.3 Basi system arhiteture 33Read input data from �le - software (step1)One of the �rst things the appliation needs to do is to read the appliation input. Aspreviously mentioned, all input will be read from �les; the input matrix from one �le,and the input sequene from another. The header line needs to be read �rst, trimmingof the starter symbol ('�'), and stored for later use; after whih the matrix or sequenean be read.Reading the input matrix The input matrix will be read and stored into a two-dimensional integer array, using a designated funtion alled from the 'reader' softwareproess Produer.Reading the input sequene The DNA sequene will be read and stored into aone-dimensional harater array, using a designated funtion alled from Produer.Convert the input alignment matrix - software (step 2)As the name of the 'reader' software proess, Produer, indiates, this proess produesthe data needed by hardware to ompute results. A part of this job is to make surethat the input matrix is onverted to a matrix the PWM-algorithm an operate with.The input matrix is an alignment matrix, not a position-weight matrix (PWM), andhave to be onverted into a PWM before it is sent to hardware for exeution of thePWM-algorithm.The matrix an be onverted using two funtions; one for onverting the individualvalues of a matrix, and another one alling the �rst funtion in order to onvert theentire matrix. Exatly how these onversions are done is explained in hapter 2.4.Floating-point values The weights in the PWM will be omputed as �oating-pointvalues, as will the result sore values being omputed and �ltered in hardware.Send input data to hardware - software (step 3)

Figure 4.9: Data streamingFigure 4.9 show a rough suggestion on how to perform streaming of data both toand from the software.



34 Possible SolutionsBefore the appliation an start atual omputation, the onverted PWM and theDNA sequene has to be sent from software and reeived by the PWM-module in hard-ware. The length of the DNA sequene should also be sent to hardware, as it is usedby the PWM-algorithm to keep trak of when no more results an be produed.Sending the weight matrix The weight matrix will be sent to hardware throughstreaming; one weight at a time, and one row at a time.Sending the DNA sequene The DNA sequene will also be sent to hardwarethrough streaming; one symbol at a time. All symbols should be sent in the same orderas they appear in the sequene.Reeive input data from software - hardware (step 4)The PWM-module implemented in hardware needs to reeive matrix and sequene datafrom the software proess Produer before it an start produing results. A streamimplemented in Impulse-C is a form of FIFO-queue. This means that all data writtento a stream will be read from the stream in the exat same order that it was written;�rst element written is the �rst element read.Reeiving the weight matrix The PWM will be read from stream and stored in atwo-dimensional array straight away, as the hardware need the omplete PWM to startomputation.Reeiving the DNA sequene The DNA sequene will be read from stream insmall portions at a time and stored into a one-dimensional array. As the hardware donot need the entire sequene to start omputation, it is su�ient to have a portion ofthe sequene equivalent to a motif-length to start of with. The rest of the sequene anbe read onseutively during omputation; one new symbol for eah new sore to beomputed. When a new symbol is read from software it is added to the array storing theDNA sequene, and the portion of the sequene for whih the algorithm is omputinga sore for is updated.Compute result sores - hardware (step 5)The PWM-algorithm, desribed in hapter 2.4, will be implemented as a part of ahardware proess alled PWM. The proess should only need to ompute two values;a sore omputed for the urrent setion of the DNA sequene, equivalent to a motif,and the position in the sequene in whih this sub-sequene starts. The rest of theinformation relevant to eah result will be added in software, before writing the resultsto �le, for reasons to be explained soon.After a result is omputed it will be streamed to a seond hardware proess for�ltering.



4.3 Basi system arhiteture 35Filter result sores - hardware (step 6)The hardware proess Filter handles all �ltering of results. This proess will help thesystem to redue the amount of strain on the bandwidth between software and hardware,when returning results, as well as to eliminate less relevant results.There will be implemented two di�erent means of �ltering the results; one �lteringresults based on a given threshold, and another one adding all the sores together to atotal sore. Only one of these �lters will be used when exeuting the PWM-appliation;there is no need to use both at the same time. Taking ease-of-use into onsideration,the person using the appliation should have the possibility to hoose a spei� �lterwith the help of a ommand line argument when starting the appliation.Send �ltered results to software - hardware (step 7)All �ltered results will be streamed bak to software, so that the 'writer' proess Con-sumer an write relevant data about the results to �le. Results an be written to streamand sent to software as soon as they pass through the �lter.Reeive �ltered results from hardware - software (step 8)Filtered results sent from hardware are read from stream in software by the 'writer'proess Consumer. As the name indiates, this proess onsumes the results produedby hardware.Write �ltered results to �le - software (step 9)When information about a result is reeived by Consumer, it is not omplete and readyto write to the output �le. First of all, we need to ompute the position in the DNAsequene in whih the result motif ends. This is a trivial enough task when the startingposition and the motif length is given, to be omputed in software. Saving this task forthe onsumer proess will also help ease the strain on the bandwidth between hardwareand software. The sequene ID and matrix ID should be aessible and ready to bewritten diretly to �le along with the other result data.
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Chapter 5Implemented Solutions5.1 IntrodutionThis hapter presents the implemented Impulse-C o-design solutions, as well as thereasoning behind some of the design hoies made (More design hoies are disussedand explained in the synopsis). First, a rough summary of the system arhiteture ispresented in setion 5.2. Implementation of the software framework is then presented insetion 5.3, while implementation of the PWM-module and the �lter-module is presentedin 5.4 and 5.5 respetively. Finally, a short users manual for the appliations is presentedin setion 5.6.In total there has been implemented four variations of the appliation; a basisolution and a multiore solution, both implemented in a �oating-point and a '�xed-point' version. The four implemented solutions are all based on the suggested solutionsdesribed in hapter 4. Impulse-C soure ode for all of the implemented solutions isinluded in appendix B:
• FPWM (FPWM.h, FPWM_sw., FPWM_hw.): Basi solution
• FPWMi (FPWMi.h, FPWMi_sw., FPWMi_hw.): 'Fixed-point' basi solution
• FPWM2008 (FPWM2008.h, FPWM2008_sw., FPWM2008_hw.): Multioresolution
• FPWM2008i (FPWM2008i.h, FPWM2008i_sw., FPWM2008i_hw.): 'Fixed-point' multiore solutionBrute fore �xed-point There is no ommonly-aepted standard for represent-ing �xed-point numbers, as yet. However, Impulse-C provides support for �xed-pointarithmeti in the form of maros and data types. Designing in Impulse-C, �xed-pointappliations are usually reated from a well-tested �oating-point implementation, ratherthan written from srath; the proess of onverting a �oating-point appliation to �xed-point is a non-trivial task, with several issues to onsider. There was no time for reatinga true Impulse-C �xed-point solution when working on this thesis. The implemented'�xed-point' solutions presented in this thesis are therefore implemented using a morebrute fore tati, due to time onsiderations, onverting �oating-point values to and



38 Implemented Solutionsfrom 32-bit integer values. Fixed-point solutions utilizing the Impulse-C �xed-pointmaros and data types is left as future work.5.2 Basi appliation arhiteture5.2.1 IntrodutionThe Impulse-C FPWM system onsists of an overlaying framework for ontrol, just likethe VHDL solution, and four underlying modules implemented as separate proesses.These proesses inlude a produer, a PWM- and a �lter-module, as well as a onsumer.A rough blok diagram of the system arhiteture is shown in �gure 5.1. The blokdiagram was generated during software simulation of the implemented solution.

Figure 5.1: Implemented arhitetureFollowing the nature of o-design, the appliation is partitioned into a softwaresetion and a hardware setion. All ompute intensive work, suh as applying the PWM-algorithm and �ltering the results, has been implemented in hardware for aeleration,while trivial tasks, suh as reading input and writing output, has been implemented insoftware.5.2.2 Framework and modulesOverlaying framework The overlaying framework initialize the appliation arhi-teture and binds the software proesses, running on the SMP-node, together with thehardware proesses, running on the FPGA extension module.Produer The produer funtions as a reader-module, reading the DNA-sequeneand initial alignment matrix from their respetive input-�les. After onverting thealignment matrix to a PWM, it passes the PWM to the PWM-module in hardware.The DNA-sequene is streamed to the PWM-proess exatly as it was read from theinput-�le.PWM The PWM-module performs all the neessary omputation, by applying thePWM-algorithm to the input PWM and DNA-sequene streamed to hardware from the



5.3 Implementation of the software framework - FPWM*_sw. 39SMP-node. Result sores are streamed to the �lter-proess at the same rate as they areomputed, together with a result index.Filter The �lter-module proesses results omputed by and streamed from the PWM-module. The amount of results an either be redued, by applying threshold �ltering,or made more useful, by applying summation �ltering. Results are streamed to theSMP-node at the same rate as they pass through the seleted �lter.Consumer The onsumer funtions as a writer-module, reading �ltered results streamedto the SMP-node from hardware before writing them to an output-�le, formatted withone hit per line. Consumer writes all results to �le at the same rate as they are readfrom stream.5.3 Implementation of the software framework - FPWM*_sw.The software framework onsists of the the main-funtion, as well as the reader- andwriter-proesses Produer and Consumer.5.3.1 Choosing �lterThe user of the appliation is informed, by the framework, of what type of �lter is beingapplied during exeution. The applied �lter is reported to the user as being a threshold�lter if an additional argument is given together with the name of the appliation;the summation �lter otherwise. As it is only the main-funtion that has aess tothe ommand line arguments, the main-funtion reports this diretly. It is also themain-funtions job to pass the threshold value, if set, as a parameter to Produer.Choosing what �lter to atually apply is done by passing the ommand line argumentgiven at run time as a parameter to Produer. If the parameter is found to be NULLthe summation �lter will be applied; if not the threshold �lter is applied. The produermust onvert the parameter to a �oating-point value in the latter ase, as it is initiallyread as a string, before streaming the onverted value to the hardware �lter-proess.VariationsThreshold values are onverted from �oating point to '�xed-point', diretly after beingread, in the '�xed-point' solutions. In the multiore solutions a �le ontaining thresholdvalues for eah matrix is given as input, instead of a single threshold value. Thesethresholds are all read from the given �le and sent to their respetive instane of the�lter-module.5.3.2 Reading and streaming inputReading the input DNA-sequene and alignment matrix is done by Produer. Twodesignated funtions are alled by Produer to read and store the input, one for theDNA-sequene and another one for the matrix. These funtions take the name andhandler of their respetive a�liated input �le as parameters. It is a requirement that



40 Implemented Solutionsthe input is to be expressed in Fasta-format; giving the sequene and matrix their ownheader line. The header line onsists of a '�' symbol, indiating the start of a newsequene or matrix, and the identi�er of the sequene or matrix to ome. The orretinput format is illustrated by �gure 4.7.When reading the DNA-sequene, three di�erent piees of information are olletedand stored for later use; the identi�er, the sequene itself, and the length of the sequene.Exept for the sequene identi�er, this information is streamed to the hardware PWM-proess using two separate streams, one designated stream for eah piee of information.The same type of information is also olleted and stored about the alignmentmatrix, but with two major di�erenes. First of all, the alignment matrix is onvertedto a PWM before being stored for later use, using the onversion algorithm (algorithm1) from hapter 2.4. Seondly, we already know the number of rows and olumnsof the matrix before reading it. We know the length of the sub-sequenes we want toompute sores for, giving us the number of rows, and the number of di�erent nuleotidebuilding bloks a DNA-sequene onsists of, giving us the number of olumns. Of theinformation olleted about the matrix, only the onverted PWM is streamed to thehardware PWM-proess, using a designated stream.All progress in reading and streaming of output, as well as onversion of the inputalignment matrix to a weight matrix, is reported to the user.VariationsPWM weights are onverted and stored in the PWM as '�xed-point' values in the'�xed-point' solutions. In both multiore solutions the read and stream operations arerepeated, one for eah matrix in the input �le. The matries are sent to eah theirinstane of the PWM-module along with a opy of the DNA-sequene. An array keepstrak of whih instane eah matrix is sent to. At the moment, the parallel solutionwill read two matries from the matrix input �le. If more matries are provided in theinput �le, only the two �rst matries are read.5.3.3 Reading and writing outputReading the �ltered results streamed from the hardware �lter-proess is done by Con-sumer, as well as expanding the results with more information before writing them tothe output �le. This �nal output data is formatted with one hit per line, onsistingof sequene ID, hit start, hit end, matrix ID and sore. Of this information, only hitstart and sore is reeived from hardware; sequene ID and matrix ID is already aes-sible for the software, while hit end is omputed by appropriately expanding hit start.Summation �ltering results in only one result being read from stream, proessed, andwritten to the output �le. Hit start and hit end is in this ase '0' and '199' respetively.Output data for eah result is ontinuously reported to the user while it is beingwritten to �le, at the same rate as the results are read from stream.VariationsIn both multiore solutions the read and write operations are repeated twie, one foreah instane of the �lter-module to reeive results from. The orret matrix ID to add



5.4 Implementation of the general PWM-module 41to eah result is fethed from the previously mentioned array of matrix IDs based on theindex of the �lter that returned the sore. Result sores are onverted from '�xed-point'to �oating-point in both '�xed-point' solutions before they are written to sreen and tothe output �le.5.4 Implementation of the general PWM-moduleAn instane of the PWM-module is reated for eah PWM to proess. Soure ode forthe module is loated in the hardware �le (FPWM*_hw.).5.4.1 Reading input from streamThe DNA-sequene is gradually read from stream during omputation, at the minimumrate needed to ompute results, while the entire PWM needs to be read and storedbefore omputation an start.5.4.2 Computing soresAs already mentioned, the PWM-module performs omputation by applying the PWM-algorithm to the PWM and DNA-sequene streamed from software. This algorithm(algorithm 2) was previously presented in hapter 2.4 as part of the bakground infor-mation olleted about the onept and use of PWMs.New sores are omputed as long as the ounter keeping trak of the urrent resultindex does not exeed the index of the last sub-sequene of the DNA-sequene. Theindex of the last sub-sequene is omputed by subtrating the motif length from theDNA-sequene length.

Figure 5.2: Computing sore for a given sub-sequene [9℄Figure 5.2 illustrate how the PWM is, metaphorially speaking, moved along theinput DNA-sequene one position at a time, and a sore is alulated for eah positionfrom the weights of eah symbol in the PWM. The sore for the urrent sub-sequene is



42 Implemented Solutionsomputed as the sum of the weights found for eah of its symbols. The index assoiatedwith eah result sore is the position in the DNA-sequene where the �rst visible positionof the sub-sequene is loated.The following pseudo ode desribes how the orret weights to add to eah soreare found. Variables delared only one for the entire PWM-algorithm are mentionedhere to make sense of the pseudo ode.Algorithm 3 Finding orret PWM-sores
N : int; {length of sub-sequene}
l : int; {urrent position in sub-sequene}
s : string; {DNA-sequene}
counter : int; {urrent position in DNA-sequene}
pwm : table[4][N ]; {weight matrix}
sum : float← 0;if s[l+ounter℄ == 'A' then

sum+ = pwm[0][l];else if s[l+ounter℄ == 'C' then
sum+ = pwm[1][l];else if s[l+ounter℄ == 'G' then
sum+ = pwm[2][l];else if s[l+ounter℄ == 'T' then
sum+ = pwm[3][l];else{do nothing}end ifThe CO PIPELINE pragma is used on the inner loop of the algorithm in an attemptto speed up omputation, this by inreasing the level of parallelism extrated from thesoure ode by the hardware ompilers.To onlude, two values are omputed: the sore for the urrent sub-sequene, andthe index of the main DNA-sequene in whih this sub-sequene starts. The rest of theinformation relevant to eah result will be added later in the appliation pipeline. After aresult is omputed it is immediately streamed to the �lter-module for further proessing.The result sore and index are streamed to the �lter using eah their designated stream.5.5 Implementation of the general �lter-moduleAn instane of the �lter-module is reated for eah PWM-module. Soure ode for themodule is loated in the hardware �le (FPWM*_hw.).5.5.1 Applying summation �lterThe summation �lter is applied if there is no threshold value written to the designatedstream by Produer in software for the �lter-module to read. All inoming result soresare added to a total sore, while the a�liated result indexes are all ignored. When allomputed sores have been read and added to the total sore, the total is streamed to



5.6 Generating VHDL and hardware 43Consumer in software together with a result index of 0. The result index is set to '0'as the total sore represents the entire DNA-sequene.5.5.2 Applying threshold �lterA threshold �lter is applied if there is a threshold value written to the designated streamby Produer in software for the �lter-module to read. All inoming result sores areompared with the given threshold value to see if they are higher than or equivalent tothe threshold value. If they are, the sores are allowed to pass through the �lter. Resultsare streamed to Consumer in software as soon as they pass through the threshold �lter;the sore and a�liated index in eah their designated stream.5.6 Generating VHDL and hardwareAlthough all the desired hardware funtionality for the PWM appliation is expressedusing Impulse-C, it has to be translated to VHDL by CoBuilder, the set of hardwaregeneration tools, before an FPGA programming �le an be generated. How CoBuilderworks is roughly desribed in hapter 2.6. Summed up, the software-to-hardware om-piler and optimizer translates C-language proesses to (RTL) VHDL ode, while opti-mizing the generated logi and identifying opportunities for parallelism.From the generated VHDL ode an FPGA programming is generated, using XilinxISE. Complete reports from the HDL build proess are inluded in appendix C, whileblok diagrams of the implemented arhitetures are inluded in appendix D.5.7 Users manualThis setion presents a users manual for the implemented Impulse-C solutions, desrib-ing how to run them on the Musulus Cray XD1 platform. The manual presuppose thata fully funtional FPGA programming �le has been generated for eah solution/appli-ation.To start exeuting the appliation you have to have to �rst make sure you have aessto all the required �les, as well as a user aount on a ompatible Cray XD1 lustersuh as Musulus at NTNU. The host name for Musulus is musulus.hp.ntnu.no.Requirements for the Cray XD1 luster
• Xilinx Virtex-II Pro model x2vp50, release 1.3 or newer
• Xilinx ISE development tools, version 7.1 with servie pak 4, or newer (ISE 8.1SP1 not supported)
• Optional: Third-party FPGA synthesis software with support for Xilinx FPGAs
• Optional: Third-party HDL simulation software



44 Implemented SolutionsRequired appliation �les
• Generated folder sw - Neessary software soure �les
• top.bin.ufp - FPGA programming �le
• pwm.txt - Input �le ontaining the alignment matrix
• dna.txt - Input �le ontaining the DNA-sequene
• out.txt - Output �leWhen exeuting the appliation, it ould be reommended to log on to one of theompute nodes of Musulus, and not the log-in node (musulus403-6). Although theappliation should exeute just �ne on the log-in node, using one of the ompute nodesis a lot safer. Following this reommendation will ensure that you will still have aessto the remaining nodes if the one you are urrently working on rashes.If you deide to log on to the designated log-in node it is neessary to use thebath system to distribute the work onto the various ompute nodes. As previouslymentioned, it is possible to run appliations on the log-in node, but this usage shouldbe limited to simple tasks whih do not represent a prolonged omputational load. Inother words, work whih an be performed on the ompute nodes should be performedthere. There are several reasons behind this assertion. First of all, the log-in nodeis onsiderably slower than the ompute nodes. Also, the speed of exeution will bea�eted for everyone if one user runs a great load on the log-in node.When logged on to a hosen ompute node, the �rst thing to do is to make sureall required appliation �les are loated on an appropriate loation, as well as in thesame diretory. After seleting the appliation diretory as the working diretory, theappliation an be started.Running the basi appliation The basi appliation is started by writing ./F-PWM [optional threshold value℄. Giving the appliation a threshold value will ensurethat a threshold �lter is applied to omputed results; no given threshold value indiatesa wish to apply the summation �lter.Running the '�xed-point' basi appliation The basi '�xed-point' appliationis started by writing ./FPWMi [optional threshold value℄. Giving the appliation athreshold value will ensure that a threshold �lter is applied to omputed results; nogiven threshold value indiates a wish to apply the summation �lter.Running the parallel omputation appliation The multiore appliation is startedby writing ./FPWM2008 [optional threshold input �le℄. Giving the appliation a �leontaining threshold values for all matries will ensure that a threshold �lter is appliedto omputed results; no given threshold value indiates a wish to apply the summation�lter.



5.7 Users manual 45Running the '�xed-point' parallel omputation appliation The '�xed-point'multiore appliation is started by writing ./FPWM2008i [optional threshold input �le℄.Giving the appliation a �le ontaining threshold values for all matries will ensure thata threshold �lter is applied to omputed results; no given threshold value indiates awish to apply the summation �lter.Computed results is ontinuously written to sreen during exeution, as well as writtento the output-�le out.txt. Between eah exeution, there must be made a bakup of theresults stored in out.txt if there is a need for later review of these results.
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Chapter 6Results Analysis6.1 IntrodutionThis hapter presents experiments done during simulation and exeution of the imple-mented Impulse-C solutions, fousing on both the software framework and the hardwaremodules separately, as well as the solutions as a whole.Setion 6.2 presents tests done through software simulation, while setion 6.3 ov-ers observations done during e�orts made to understanding the generated HDL ode.The generated hardware logi is then analyzed in setion 6.4. Finally, e�orts made inattempts to suessfully generate a funtional FPGA programming �le is desribed insetion 6.5.6.2 Software simulationThrough software simulation, the two �oating-point solutions are tested with the inten-tion to verify the implemented Impulse-C ode; proving that the ode desribe orretfuntionality for both the software and the hardware partition. As the '�xed-point'solutions are mostly idential to the �oating-point solutions, exept for the hosen sorevalue representation in hardware, simulating these have not been a priority. Also, it isalready known that the summation �lter in the '�xed-point' solutions does not work asintended; this from debugging e�orts during the development proess.Testing is done by simulating with di�erent ombinations of input data, one for eah�lter. The atual ombinations are presented later in this setion, for both solutionstested.6.2.1 Input dataFor the software simulation tests, a seletion of alignment matries and DNA sequeneshave been hosen as input. All of these matries and sequenes are in Fasta-format,with no additional information provided in the header line after the matrix/sequeneID. The seleted alignment matries are shown below in table 6.1.As the seond matrix is the reverse of the �rst matrix, it is also representing soresfor the reversed motifs. Both matries will have the same threshold value of 1.15. TheDNA sequenes seleted as simulation input are shown in table 6.2.



50 Results Analysis>MA0801a >MA0801b0 4 7 1 6 1 2 32 1 8 1 12 0 0 00 0 12 0 0 0 0 1212 0 0 0 0 0 0 120 0 0 12 12 0 0 00 0 0 12 0 0 12 012 0 0 0 2 1 8 16 1 2 3 0 4 7 1Table 6.1: Input alignment matries>ENSG00000205139ACCATTATATACTGTAAAATCACAAATATATGTAATATATACATATATACATATAGTGATATATGTGTGTATATATGCATACTTATACATGTATACATGTGTATATATACATATTTATGTGTGTGCATATATATGTATACATCCCCAAACTATCTTAATTTAACTTTAAATCCAGTAATACTTTACAATAGAACATTCTT>ENSG00000208641AGTTATCCACACCTCTATTTCTTGTATGCATTGCATATTACACTTTTATTCCCAAAGAGGCACTATTTTGGGCTACCATGTTTAGACACATTTATCAAATAGTCTTTCTAGATTTGTTCATTTGTCCATGCTCTTTTTCAGATCCCCTCCTGGGCCTAGCACAGGTACTGTGTGCTGGGCTAAACTGAAATGAATATGAA>ENSG00000105971GTTAGAATTTTATGTGAAATTAACATTTAATTCTCACGGACACCCCTGAAACAGATGCCACAGCCCCCATTTTGCCAACGAGGCAGCTGAGGTTCCCAGAGGCTCAATACCAGCACCATGAGCCGCAGCACGCAAGGCAAACACAGCCGGAGGTGAGCACATACCTGCTTCGCACCCCATGCGCCTAACCACAAGGTTCC Table 6.2: Input DNA sequenesThe length of the sequenes hosen as test input are only a fration of that of realistiinput sequenes to an FPWM system, but will serve well as test input when simulatingthe Impulse-C solutions as they are implemented today.6.2.2 Software partitionFor analysis purposes the software is extended somewhat, printing additional infor-mation to sreen during exeution. Questions whih are answered about the softwarepartition during simulation are:
• ...whether the �lter hosen by the user is registered by the software: OK
• ...whether the alignment matrix is read orretly from the input �le: OK
• ...whether the alignment matrix is onverted orretly to PWM: OK
• ...whether the DNA sequene is read orretly from the input �le: OK
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• ...whether the PWM and DNA sequene is suessfully sent to hardware: OK
• ...whether �ltered results are reeived suessfully from hardware: OK
• ...whether the orret matrix and sequene data is onneted to eah result: OK
• ...whether �ltered results are written to sreen and �le orretly: OK
• ...whether the appliation terminates orretly: OK>MA0801a >MA0801b-2.56 0.27 0.80 -0.96 0.65 -0.96 -0.37 0.00-0.37 -0.96 0.93 -0.96 1.33 -2.56 -2.56 -2.56-2.56 -2.56 1.33 -2.56 -2.56 -2.56 -2.56 1.331.33 -2.56 -2.56 -2.56 -2.56 -2.56 -2.56 1.33-2.56 -2.56 -2.56 1.33 1.33 -2.56 -2.56 -2.56-2.56 -2.56 -2.56 1.33 -2.56 -2.56 1.33 -2.561.33 -2.56 -2.56 -2.56 -0.37 -0.96 0.93 -0.960.65 -0.96 -0.37 0.00 -2.56 0.27 0.80 -0.96Table 6.3: Converted matriesThe onverted alignment matries (PWMs) are shown in table 6.3. The softwaregives the �oating-point values alulated to six deimal plaes, so the reported weightsin the table are rounded o� values.Basi appliation InputTest DNA sequene Alignment matrix Threshold # Results1a ENSG00000205139 MA0801a - 11b ENSG00000205139 MA0801a 1.15 02a ENSG00000205139 MA0801b - 12b ENSG00000205139 MA0801b 1.15 03a ENSG00000208641 MA0801a - 13b ENSG00000208641 MA0801a 1.15 24a ENSG00000208641 MA0801b - 14b ENSG00000208641 MA0801b 1.15 45a ENSG00000105971 MA0801a - 15b ENSG00000105971 MA0801a 1.15 16a ENSG00000105971 MA0801b - 16b ENSG00000105971 MA0801b 1.15 0Table 6.4: Tests done on basi solutionTable 6.4 above presents the tests done through simulation of the basi solution,proessing only one matrix at a time. Here, the input data is presented, as well as thenumber of �ltered results.



52 Results AnalysisTest Results1a ENSG00000205139 0 199 MA0801a -1562.7663572a ENSG00000205139 0 199 MA0801b -1569.9158943a ENSG00000208641 0 199 MA0801a -1702.8651123b ENSG00000208641 33 40 MA0801a 1.687562ENSG00000208641 176 183 MA0801a 1.2385454a ENSG00000208641 0 199 MA0801b -1705.0913094b ENSG00000208641 35 42 MA0801b 2.643074ENSG00000208641 64 71 MA0801b 1.238545ENSG00000208641 79 86 MA0801b 2.275349ENSG00000208641 96 103 MA0801b 2.7092135a ENSG00000105971 0 199 MA0801a -1854.1530765b ENSG00000105971 15 22 MA0801a 3.8310826a ENSG00000105971 0 199 MA0801b -1848.449097Table 6.5: Filtered results - basi solutionFiltered results from eah test done on the basi solution is presented in table 6.5.These results will later be ompared to those of the multiore solution.Multiore appliation InputTest DNA sequene Alignment matries Threshold # Results7a ENSG00000205139 MA0801a - 1MA0801b - 17b ENSG00000205139 MA0801a 1.15 0MA0801b 1.15 08a ENSG00000208641 MA0801a - 1MA0801b - 18b ENSG00000208641 MA0801a 1.15 2MA0801b 1.15 49a ENSG00000105971 MA0801a - 1MA0801b - 19b ENSG00000105971 MA0801a 1.15 1MA0801b 1.15 0Table 6.6: Tests done on multiore appliationTable 6.6 above presents the tests done through simulation of the multiore solution,proessing two matries at a time in parallel. Here, the input data is presented, as wellas the number of �ltered results. As expeted, the number of �ltered results produedfor eah matrix-sequene pair is the same for this solution as for the basi solution.Filtered results from eah test done on the multiore solution is presented in table6.7. As expeted, the �ltered results produed for eah matrix-sequene pair is the samefor this solution as for the basi solution.



6.2 Software simulation 53Test Results7a ENSG00000205139 0 199 MA0801a -1562.766357ENSG00000205139 0 199 MA0801b -1569.9158948a ENSG00000208641 0 199 MA0801a -1702.865112ENSG00000208641 0 199 MA0801b -1705.0913098b ENSG00000208641 33 40 MA0801a 1.687562ENSG00000208641 176 183 MA0801a 1.238545ENSG00000208641 35 42 MA0801b 2.643074ENSG00000208641 64 71 MA0801b 1.238545ENSG00000208641 79 86 MA0801b 2.275349ENSG00000208641 96 103 MA0801b 2.7092139a ENSG00000105971 0 199 MA0801a -1854.153076ENSG00000105971 0 199 MA0801b -1848.4490979b ENSG00000105971 15 22 MA0801a 3.831082Table 6.7: Filtered results - multiore appliation6.2.3 Hardware partitionFor analysis purposes, the CoDeveloper Appliation Monitor is utilized to gather in-formation about what happens in the hardware partition of the appliation during thesimulation.PWM moduleQuestions whih are answered about the hardware PWM module during simulation are:
• ...whether the orret sequene length is reeived from software: OK
• ...whether the orret amount of result sores are omputed: OK
• ...whether the omputed sores are seemingly orret: OKAll sequenes used for testing have a length of 200 bases and the PWM module(s)omputes 193 sores (with a�liated indexes) for eah matrix-sequene pair; one sorefor eah sub-sequene. The orretness of these sores have been tested during imple-mentation by printing the steps of omputing eah sore to the simulation log shown inCoDeveloper Appliation Monitor. A weight is added to a sore for all bases of the ur-rent sub-sequene, and the added weights are fethed from the orret row and olumnin the matrix. There are no over�ow issues adding the weights together.FilterQuestions whih are answered about the hardware �lter module during simulation are:
• ...whether the orret �lter is applied: OK
• ...whether all results from the PWM module are reeived and proessed: OK
• ...whether the applied �lter perform orret �ltering of all sores: OK



54 Results Analysis6.3 Generated HDL odeEven though the HDL �les generated by CoBuilder ontain no omments explaining thegenerated HDL ode, some understanding an be gained through studying the atualode. 9-10 hours were set aside for making an e�ort to understand the generated HDLode and hardware logi.The omponent- and system-level HDL �les generated by CoBuilder are found in�les named as follows:
• FPWM*_omp.vhd
• FPWM*_top.vhd
• rt_impulse_FPWM*.vhdThese �les are too big to inlude in the thesis appendix.6.3.1 FPWM*_omp.vhdThis �le ontains implementation of the appliation spei� hardware modules. An rtlarhiteture is reated for eah module, together with an entity de�ning signals for allinput and output streams. Eah stream is also de�ned with a�liated interfae signals.For the �oating-point solutions the �oating-point HDL library is inluded. But allsolutions inlude a referene to external omponents, as they need to. Eah design onlyde�ne one lok signal, as only one lok is supported by the hardware platform. Statesdetermining what ations whih will take plae eah lok yle are reated, de�ning anappropriate �ow for the appliation. Use of the Impulse-C pragma CO PIPELINE havealso reated a pipeline for the loop adding orret PWM sores to eah result sore.The six stages of the pipeline are implemented as reords.omponent PWM_sequene_RAM i sport ( s i g n a l r s t : in s td_ulog i  ;s i g n a l  l k : in s td_ulog i  ;s i g n a l we : in s td_ulog i  ;s i g n a l addr : in std_ulogi_vetor (8 downto 0) ;s i g n a l addr2 : in std_ulogi_vetor (8 downto 0) ;s i g n a l din : in std_ulogi_vetor (7 downto 0) ;s i g n a l dout : out std_ulogi_vetor (7 downto 0) ;s i g n a l dout2 : out std_ulogi_vetor (7 downto 0) ) ;end omponent ;For arrays storing input data in hardware a RAM entity, dualsyn arhiteture andRAM omponent is reated. An example of a RAM omponent is shown above. Arraysalso need memory signals, signals whih are reated for eah array. Regular variables,on the other hand, are implemented only with the help of a single signal.The atual funtionality of the hardware modules, as it was translated to HDL, istoo onfusing and partially rypti to understand in the time set to study the HDLode.



6.3 Generated HDL ode 556.3.2 FPWM*_top.vhdThis �le ontains de�nition of the appliation spei� arhiteture. An entity de�ningsignals for all input and output and output signals for the arhiteture is reated. Asintermediate streams between omponents of the arhiteture is left out, the arhiteturede�nition an be viewed as a 'blak box'. The hardware modules are onneted to thearhiteture de�ned as omponents of the arhiteture. Stream signals de�ned for thearhiteture are now onneted to the orret omponent (module). A wrapper forthe arhiteture is also reated, and the arhiteture is onneted to an arhiteturestruture de�ned as a omponent of the struture.a r  h i t e  t u r e s t r u  tu r e o f FPWM i somponent PWM i sport (r e s e t : in s td_ulog i  ;s  l k : in s td_ulog i  ; l k : in s td_ulog i  ;p_pwm_stream_rdy : in s td_ulog i  ;p_pwm_stream_en : inout s td_ulog i  ;p_pwm_stream_eos : in s td_ulog i  ;p_pwm_stream_data : in std_ulogi_vetor (31 downto 0) ;p_iteration_stream_rdy : in s td_ulog i  ;p_iteration_stream_en : inout s td_ulog i  ;p_iteration_stream_eos : in s td_ulog i  ;p_iteration_stream_data : in std_ulogi_vetor (15 downto 0) ;p_dna_stream_rdy : in s td_ulog i  ;p_dna_stream_en : inout s td_ulog i  ;p_dna_stream_eos : in s td_ulog i  ;p_dna_stream_data : in std_ulogi_vetor (7 downto 0) ;p_ounter_stream_rdy : in s td_ulog i  ;p_ounter_stream_en : inout s td_ulog i  ;p_ounter_stream_eos : out s td_ulog i  ;p_ounter_stream_data : out std_ulogi_vetor (15 downto 0) ;p_sum_stream_rdy : in s td_ulog i  ;p_sum_stream_en : inout s td_ulog i  ;p_sum_stream_eos : out s td_ulog i  ;p_sum_stream_data : out std_ulogi_vetor (31 downto 0)) ;end omponent ;omponent F i l t e r i sport (r e s e t : in s td_ulog i  ;s  l k : in s td_ulog i  ; l k : in s td_ulog i  ;p_threshold_stream_rdy : in s td_ulog i  ;p_threshold_stream_en : inout s td_ulog i  ;p_threshold_stream_eos : in s td_ulog i  ;p_threshold_stream_data : in std_ulogi_vetor (31 downto 0) ;p_ounter_stream_rdy : in s td_ulog i  ;p_ounter_stream_en : inout s td_ulog i  ;p_ounter_stream_eos : in s td_ulog i  ;p_ounter_stream_data : in std_ulogi_vetor (15 downto 0) ;p_sum_stream_rdy : in s td_ulog i  ;p_sum_stream_en : inout s td_ulog i  ;p_sum_stream_eos : in s td_ulog i  ;p_sum_stream_data : in std_ulogi_vetor (31 downto 0) ;p_start_stream_rdy : in s td_ulog i  ;p_start_stream_en : inout s td_ulog i  ;p_start_stream_eos : out s td_ulog i  ;p_start_stream_data : out std_ulogi_vetor (15 downto 0) ;p_sore_stream_rdy : in s td_ulog i  ;



56 Results Analysisp_sore_stream_en : inout s td_ulog i  ;p_sore_stream_eos : out s td_ulog i  ;p_sore_stream_data : out std_ulogi_vetor (31 downto 0)) ;end omponent ;The arhiteture struture de�ning the hardware modules as omponents is shownabove. Signals are reated for eah stream and the streams are initialized. All streamsignals are then mapped to the orret module instane when these are reated.6.3.3 rt_impulse_FPWM*.vhdThis �le ontains system-level ode providing neessary ommuniation between thesoftware and the appliation spei� hardware design over the RapidArray transportinterfae (RT). Streams running between software and hardware over RT are de�nedand mapped, and signals assisting in ommuniation through streams are reated. Allsignals are loked using the same lok. A MUX, implemented as a state mahine,ontrols when to write to or read from the di�erent streams. This MUX is shownbelow.rt_idata_reg_mux : proe s s ( p_Produer_threshold_stream_rt_idata_reg ,p_Produer_pwm_stream_rt_idata_reg ,p_Produer_iteration_stream_rt_idata_reg ,p_Produer_dna_stream_rt_idata_reg , p_Consumer_start_stream_rt_idata_reg ,p_Consumer_sore_stream_rt_idata_reg , rt_onn_sel ) i sbeginase rt_onn_sel i swhen "000" => rt_resp_rdata <= p_Produer_threshold_stream_rt_idata_reg;when "001" => rt_resp_rdata <= p_Produer_pwm_stream_rt_idata_reg ;when "010" => rt_resp_rdata <= p_Produer_iteration_stream_rt_idata_reg;when "011" => rt_resp_rdata <= p_Produer_dna_stream_rt_idata_reg ;when "100" => rt_resp_rdata <= p_Consumer_start_stream_rt_idata_reg ;when "101" => rt_resp_rdata <= p_Consumer_sore_stream_rt_idata_reg ;when other s => rt_resp_rdata <= ( other s => 'X' ) ;end ase ;end proe s s rt_idata_reg_mux ;6.3.4 VHDL libraryFor the purpose of simulation and synthesis, the generated appliation spei� omponent-and system-level HDL �les are ombined with additional HDL wrapper omponents.These omponents are provided in a speial library alled "impulse". Wrapper ompo-nents makes CoBuilder apable of generating the required software/hardware interfaesfor the target platform Musulus. The software/hardware inferfaes speially gener-ated for Musulus are provided as HDL ode in speial HDL �les as well, and must beinluded in the same projet VHDL library as the appliation spei� HDL ode.6.4 Generated hardware logiTable 6.8 shows design statistis reported by Xilinx ISE after synthesizing and imple-menting the designs from the HDL �les generated by CoBuilder. The Xilinx Virtex-II



6.4 Generated hardware logi 57Pro FPGA has a speed grade of -7.Devie utilization Minimum period Maximum frequenyFPWM 16% 12.436ns 80.412MHzFPWM2008 21% 13.954ns 71.664MHzFPWMi 14% 10.084ns 99.167MHzFPWM2008i 18% 11.490ns 87.032MHzTable 6.8: Design statistisMore detailed information on devie utilization is presented in table 6.9.Oupied Slies Slie Flip Flops 4 input LUTsFPWM 16% 9% 7%FPWM2008 21% 11% 10%FPWMi 14% 9% 6%FPWM2008i 18% 10% 8%Table 6.9: Devie utilizationEven though there were no time to generate funtional FPGA programming �lesfor the implemented solutions, some limited understanding of the generated hardwarelogi an be gained. Methods for doing this inlude studying the generated HDL ode,as well as the reports from the atual HDL build proess. 9-10 hours were set asidefor making an e�ort to understand the generated HDL ode and hardware logi. Theomplete reports generated from the HDL build proess of the implemented solutionsare inluded in appendix C.6.4.1 PWM module17 bloks are generated for the PWM module. The total number of stages di�er betweenthe �oating-point and the '�xed-point' implementation; the �oating-point implementa-tion requires 30 stages, while the '�xed-point' implementation requires only 27 stages.Maximum unit delay is however 33 for both implementations.Analyzing the PWM module further, it is reported that multiple aess to the PWMarray redues the minimum rate to two in the pipelined loop adding PWM sores tothe result sores. A warning is also reported, saying that reursively used variables mayredue the pipeline rate.|----------------------------------------| Operators:| 4 Adder(s)/Subtrator(s) (5 bit)| 2 Adder(s)/Subtrator(s) (9 bit)| 1 Adder(s)/Subtrator(s) (16 bit)| 7 Adder(s)/Subtrator(s) (32 bit)| 2 Comparator(s) (2 bit)| 4 Comparator(s) (8 bit)| 7 Comparator(s) (32 bit)| 4 Floating-point Adder(s)/Subtrator(s) (32 bit)|----------------------------------------From the general view of generated operators one an see that the only di�erenein operators between the �oating-point and the '�xed-point' solution is the type of four



58 Results Analysisof the 32-bit adder(s)/subtrator(s) utilized. In the �oating-point solution these needto be �oating-point operators. Operators for the �oating-point PWM module is shownabove.6.4.2 Filter moduleThe number of bloks generated for the �lter module di�er between the �oating-pointand the '�xed-point' implementation; the �oating-point implementation has 13 bloks,while the '�xed-point' implementation has 14 stages. The total number of stages dif-fer between the �oating-point and the '�xed-point' implementation also for the �ltermodule; the �oating-point implementation requires 22 stages, while the '�xed-point'implementation requires only 17 stages. Maximum unit delay is however 32 for bothimplementations, less than for the PWM module.|----------------------------------------| Operators:| 1 Adder(s)/Subtrator(s) (32 bit)| 3 Comparator(s) (2 bit)| 2 Comparator(s) (3 bit)| 2 Comparator(s) (32 bit)|----------------------------------------From the general view of generated operators one an see that the di�erene inoperators between the �oating-point and the '�xed-point' solution is that the '�xed-point' solution requires two extra omparators. Both the extra blok and the extraomparators ould be explained by the extra if-blok in the �xed-point Impulse-C im-plementation. Operators for the '�xed-point' �lter module is shown below. In the�oating-point solution, the adder/subtrator is of ourse a �oating-point operator.6.4.3 StageMaster

Figure 6.1: Pipelined loop in StageMaster vs soure ode



6.5 FPGA programming �le 59Simulating generated hardware logi with the help of the StageMaster debuggergives an interesting view of the instrution �ow within the two hardware proesses(modules). StageMaster shows whih instrutions that are exeuted at the same time,and how some lines of ode take multiple stages to omplete. Figure 6.1 shows thepipelined loop of the PWM algorithm.6.5 FPGA programming �leUnfortunately, there were no time to suessfully generate a fully funtional FPGA pro-gramming �le for the solutions. The main theory this far is that beause the ISE projethad to be reated from srath, and not from the template generated by CoBuilder, theproperties applied during the di�erent stages of generation the FPGA programming �lewere inompatible with the design. Several properties had to be hanged in order togenerate a programming �le at all, funtional or not. An example of suh a propertyis the Xilinx spei� property adding I/O bu�ers to signals. This property had to bedisabled as all neessary I/O bu�ers were already inluded in the design as a part ofimplementing Impulse-C streams.Non funtional means, in this ase, that the FPGA programming �le is (apparently)suessfully loaded on the target FPGA, but none of the expeted results are returnedby the FPGA, as illustrated in �gure 6.2.

Figure 6.2: First faulty FPGA programming �le on MusulusQuestions whih are answered about the FWPM system during exeution on Mus-ulus are:
• ...whether the �lter hosen by the user is registered by the software: OK
• ...whether the alignment matrix is read suessfully from the input �le: OK
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• ...whether the alignment matrix is onverted suessfully to PWM: OK
• ...whether the DNA sequene is read suessfully from the input �le: OK
• ...whether the PWM and DNA sequene is sent suessfully to hardware: OK
• ...whether the data sent from software is reeived by the hardware: FAILED
• ...whether the orret amount of result sores are omputed: NOT TESTABLE
• ...whether the omputed sores are orret: NOT TESTABLE
• ...whether the orret �lter is applied: NOT TESTABLE
• ...whether (all) results from the PWM module are proessed by the �lter: NOTTESTABLE
• ...whether the applied �lter perform orret �ltering of all sores: NOT TESTABLE
• ...whether �ltered results are reeived suessfully from hardware: FAILED
• ...whether the orret matrix and sequene data is onneted to eah result: NOTTESTABLE
• ...whether �ltered results are written to sreen and �le orretly: NOT TESTABLE
• ...whether the appliation terminates orretly: FAILED/NOT TESTABLEVarious hanges to the properties in Xilinx ISE were done in attempts at gettingloser to a fully funtional programming �le to run on the FPGA. One attempt involvedfully dupliating the properties applied during the generation of a known funtionalFPGA programming �le. This funtional programming �le belonged to a Cray XD1example projet supplied with CoDeveloper. These attempts had some kind of impaton the generated programming �le, as illustrated in �gure 6.3, but did not result in afuntional programming �le.A large amount of warnings reported during the ISE synthesis proess talk aboutunonneted signals in the RT (RapidArray Transport) part of the design. However,some of the unonneted signals reported are onneted in the VHDL ode and shouldbe so in the generated FPGA programming �le also.For a while, inompatible/inorret timing onstraints was also believed to play apart in the generated programming �le not funtioning. The frequeny of the onvertedFPGA programming �le was set both to the minimum and the maximum frequeny. Ofourse, as vital signals were not onneted in the FPGA programming �le, no apparentimpat on the programming �le was observed during these experiments.
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Figure 6.3: Seond faulty FPGA programming �le on Musulus
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Chapter 7Disussion7.1 IntrodutionThis hapter presents a disussion on the implemented Impulse-C solutions; omparingthem to both the planned solution and the previously implemented VHDL solution. Thenewly implemented Impulse-C solutions are disussed in setion 7.2, then ompared tothe VHDL solution in following setions. Ease-of-use of the CoDeveloper environment isdisussed in setion 7.3. Produtivity and performane when omparing the Impulse-Csolutions and the existing VHDL-based solution is disussed in setion 7.4 and setion7.5 respetively. The hapter is �nally rounded o� with some thoughts and re�etionson unanswered questions in setion 7.6.7.2 Implemented solutions7.2.1 Funtionality and featuresImplemented variations In this disussing there will be referenes to Impulse-C so-lutions in plural, but in reality they are all variations of the same basi solution. Eah ofthe four implemented variations use a di�erent ombination of PWM weight value rep-resentation and number of matries proessed. The reason behind implementing thesemultiple variations is that it was onsidered to be a good way of testing and omparingthe e�ets of �oating-point arithmeti's and �xed-point arithmeti's in hardware, for amultiore implementation as well as a basi implementation.Floating-point vs �xed-point There is, as yet, no ommonly-aepted standardfor representing �xed-point numbers. Floating-point, on the other hand, is odi�ed inIEEE standard. Impulse-C does however provide support for a hosen standard of �xed-point arithmeti in the form of maros and data-types. Fixed-point is an alternativeto �oating-point, but has a smaller range of values and/or less preision. Convertingfrom �oating-point to �xed-point is a non trivial task and is easier done on a well tested�oating-point solution, as the deision to sale �xed-point variables depends on theatual values eah variable is expeted to take on. Floating-point variables must beonverted to �xed-point individually, and needs to be saled throughout omputationto align deimal points, prevent over�ow and manage preision. The FPWM system



66 Disussionshould be tested further before attempting to onvert the �oating-point alternatives toImpulse-C �xed-point.Command line arguments A missing feature of the implemented solutions is thepossibility of proessing multiple input ommand line arguments. This is in�uening thepossibility to hoose whih �les to read input data from. Proessing multiple matriesin parallel redues this drawbak somewhat, as the user does not have to replae theontent of the default input �les as often. The software should be able to proessmultiple ommand line arguments in the future, but proved to be more work thanantiipated when implementing the Impulse-C solutions. The list of arguments an notbe proessed diretly in the main funtion, but need to be passed as a parameter �rst tothe arhiteture de�nition and then to the appropriate software funtion. This turnedout to be a less straight forward task than it sounds, thus the possibility to hoosewhih matrix and sequene input �les to read from was given a low priority. Being ableto hoose the name and loation of the matrix and sequene input �les were deemed tobe more a question of inreased user friendliness than of being a vital funtionality.Ignoring regions of DNA The Fasta-format allows for additional information abouta matrix or sequene in its header line. The implemented solutions however, does notsupport this. It has been ontemplated whether or not to support the possibility ofignoring regions of the DNA sequene, a feature whih requires index onsiderations tobe made, but was valued as a low priority. In addition to being mentioned in the headerline, regions to ignore are also usually indiated by being typed in small letters. Theimplemented solutions have no support for suh sequenes either, as of yet.DNA sequene lengths At the moment, only sequenes with a length of 300 or lesssymbols are supported by the implemented Impulse-C solutions. Supporting the useof longer DNA-sequenes is easy up to a ertain point. In the soure ode it is just amatter of hanging a single onstant, inreasing the depth of the FIFO queue for thesequene stream. In hardware, larger sequenes at up to 300 Mbases ould require alarge amount of RAM omponents to be implemented, whih is not favorable as it wouldlimit the amount of spae left on the FPGA for the rest of the design. In any ase, itdoes not seem like CoDeveloper/CoBuilder would allow stream depths of 300 Mbasesto be reated in the �rst plae. Either way, long sequenes ould be divided into severalsmaller setions and sent to hardware one suh setion at a time.Parallel omputation Implementing the use of multiple instanes of the hardwaremodules in parallel one need to take the required number of parameters (memory,streams, signals et.) into onsideration. Impulse-C support the use of maximum 32parameters for eah proess. The amount of streams, signals and memory supportedby the hardware itself is also limited due to general resoure limitations suh as routingapabilities and available logi bloks.Pipelining Pipelining of instrutions is not automati, but requires an expliit de-laration. This delaration must be inluded within the body of a loop and prior to



7.2 Implemented solutions 67any statements that are to be pipelined. Impliit �attening of logi is applied whenusing the CO PIPELINE pragma. Beause of this, one need to onsider the size of therequired logi before hoosing to pipeline a loop. Loops with many iterations are notwell suited for pipelining, while nested loops are not suited at all. One also have toonsider if there are any potential bene�ts in pipelining a spei� loop at all. Only oneloop was found somewhat suitable for pipelining in the implemented solutions, and thatwas the loop adding matrix weights to the sore of the urrent sub-sequene.Threshold values Choosing orret threshold �lter values for matries in the multi-ore solutions is done by listing them in the same order in the threshold input �le asthe matries are listed in the matrix input �le. This was deemed to be intuitive, or thatit at least should be.Filters Implemented �ltering is summation and threshold �ltering, whih is the same�lters as in the existing VHDL solution. More �lter types ould be implemented inthe future, though there is no obvious need for it at the moment. There is also aquestion about what other �lters that ould be appliable, if there are any. In any ase,more �lters to hoose from would introdue a need to implement a di�erent methodof determining what �lter to apply also. Command line parameter �ags, instead of anoptional threshold value, ould be utilized.Shared memory It has been ontemplated whether or not to inlude the use ofshared memory or not, as the Impulse-C FPWM system is implemented today. Thereis a higher transfer rate with shared memory, ompared to that of Impulse-C streams,when using one or both of the Xilinx Virtex-II Pro PowerPCs. There is however nouse of the PowerPC tehnology in the implemented solutions. As there is no need forthe PWM module to have read and loally stored the entire DNA sequene at the startof omputation, the sequene is rather read onseutively during omputation at theminimum rate required by the PWM algorithm. Transferring the PWM to hardwareusing shared memory would potentially yield greater bene�ts, depending on the transferrate, but did not work as intended when it was tried out during implementation. Makingit work was therefore left as potential future work.FIFO depths FIFO queues are impliitly reated to pass omputed results to the�lter, when reating Impulse-C streams. FIFO depths in the implemented solutions arehosen based on the maximum DNA sequene length. This length is the same as theFIFO depth antiipated to be needed in order to avoid a ommuniation bottlenek.Too large depths an result in a value over�ow when omputing the depth of one streambased on the depth of another, as the implemented solutions does in some ases at themoment. This limits the maximum sequene length possible to support, and shouldtherefore be hanged in the future.7.2.2 Sope
• DNA sequene length: Maximum sequene length supported is urrently 300,but only temporary during development, and should be inreased in the future.



68 DisussionThis length is only a fration of the realisti sequene lengths mentioned in theFPWM spei�ation from Drabløs [5℄, whih are up to 300Mbases.
• DNA sequene bases: The solutions are ase sensitive, so that all bases in theinput DNA sequene must be in apital letters. Small letters will be ignored, andthe index of the following valid bases are skewed.
• Motif length: Motif length is set to eight; this length is hard oded in all foursolutions. All input matries must therefore have a row ount of eight, representingthe seleted motif length.
• Matrix weights: There are no observed limitations on matrix weights for the�oating-point solutions. The �oating-point solutions should be both more fun-tional and safer than the '�xed-point' solutions, due to the absene of over�owissues.
• Multiple matries: The maximum number of matries whih an be proessedin parallel in hardware is set to be two at the moment. More an easily be addedlater, but if more than two matries are given in the matrix input �le today, onlythe �rst two will be read and proessed.
• Threshold values: No negative threshold values are allowed in software simu-lation, at least when given as ommand line arguments. This should not be anissue, as negative sores are not too interesting and matries will most likely nothave a negative threshold value anyway. In software simulation, the summation�lter is exeuted instead of the threshold �lter if a negative threshold value isgiven as argument.
• 'Fixed-point' summation �lter: A brute fore method for avoiding potentialsign issues onneted to negative values prunes negative sores in the '�xed-point'summation �lter. The inorret summation of the '�xed-point' values are mostlikely due to over�ow though, but as the majority of the observed sores duringanalysis were negative, pruning negative sores will prevent over�ow in these ases.The possibility of over�ow in a �xed-point solution is troublesome.
• Simulation vs exeution: Simulation of the solutions is possible today, but notexeution on the atual target platform Musulus.7.2.3 Generated HDL/HWUnderstanding the logi During analysis of the implemented solutions, it was ofinterest to gain an understanding of the generated HDL and resulting hardware logi.There were both fators making this task easy and fators making it di�ult, but thelatter were in majority. A lak of omments and doumentation of the generated ap-pliation spei� HDL �les was de�nitely one of the fators making it di�ult. Stru-tured, tidy, organized ode helped somewhat however. To a degree, it was intuitivewhat Impulse-C ode the individual HDL ode bloks was a translation of. Details sur-rounding the translation of atual omputation were more rypti and far less intuitive,on the other hand. This, of ourse, was not helped by the limited time to study and



7.2 Implemented solutions 69gain knowledge about the ode. An analysis of the generated VHDL ode and resultinghardware logi was presented in hapter 6.3.Parallel behavior Whih instrutions of a hardware proess that is atually per-formed in parallel is indiated by the hardware simulator/debugger StageMaster, asillustrated in �gure 6.1 in hapter 6. There is a partially sequential exeution of in-strutions in the hardware modules, though some instrutions in the same blok an beexeuted in parallel. These are usually instrutions of same nature. Reursively usedvariables limits parallel omputation in the pipelined loop as these are referenes to thesame array.Pipelining Pipelining is an optimization that redues the number of yles requiredto exeute a loop by allowing the operations of one iteration to exeute in parallelwith operations of one or more subsequent iterations. In some ases it is not possibleto perform all stages of a pipeline in parallel, suh as when two stages read from thesame memory (loal variable). This was initially not believed to be an issue for theimplemented FPWM solutions, though it turned out to be. Sometimes, the rate ofa pipeline that ontains multiple reads of the same array an be redued by dividingthe array into several smaller arrays. This ould be done for the Impulse-C FPWMsolutions.Devie utilization Devie utilization for the implemented designs is reported in theXilinx ISE 'Plae and route' report, and summarized and repeated in table 7.1. Inomparison, the existing VHDL solution utilize 8% of the FPGA. Floating-point isgenerally signi�antly more expensive, in terms of omputation time and hardware logirequired, than integer or �xed-point math. This is proved by omparing the devie slieutilization for the �oating-point and '�xed-point' solutions presented in table 7.1. Moredetailed information on devie utilization is presented in hapter 6.4. There are alsoother fators than value representations that an have an inpat on devie utilization. Asthe ompiler will impliitly �atten ontrol logi when the CO PIPELINE pragma is used,the depth of the generated logi may have been dramatially inreased by pipeliningthe omputational loop of the PWM module. Whether or not this is the ase for theimplemented FPWM solutions an not be proved at this time. The inrease in logiwhen adding instanes of the hardware modules PWM and Filter on the other hand, isindiated by omparing the devie utilizations presented in table 7.1. The logi is notdoubled, as only parts of the system needs to be dupliated. It an be worth pointingout how there is a larger inrease in logi for the �oating-point solution, as was expetedbeforehand. Looking at the reported utilization, some alulation an be made towardsthe number of parallel proessing element (PE) pairs there ould possibly be room foron the same FPGA. These numbers will of ourse be very aproximate. For example,there is no guarantee that the inrese in hardware logi is linear. Being realisti, it ouldalso be the ase that the entire FPGA an not be utilized, due to resoure limitationssuh as routing apabilities.Utilization without PEs + utilization PEs * X = 100%. Following this formula, 17possible PWM-Filter pairs is alulated for the �oating-point alternative, and 22 for



70 Disussionthe '�xed-point' alternative. This is under the inorret assumption that the inreasein logi is linear and the entire FPGA an be utilized. The real numbers are probablyonly half of the omputed estimates.Floating-point 'Fixed-point'Basi 16% 14%Multiore 21% 18%Table 7.1: Devie utilization - sliesFPGA programming �le Some theories as to why it has not been possible to gen-erate a funtional FPGA programming �le was presented in hapter 6. A warning isreported by Xilinx ISE that the entity 'top' is dupliated. What is known is that signalspassing over the RT are unsuessfully onneted to the top module, so this ould be theause. This is likely due to inorret handling of the design spei�ations during syn-thesis and/or implementation of the design in Xilinx ISE; though it an not be provedor disproved at this point. If it an be proved in the future, �nding a way to suessfullyopen the template ISE projet generated by CoDeveloper ould solve the problem. Theonstraints in the .uf-�le is orret, and is also the standard onstraints �le for CrayXD1 projets developed in Impulse-C. The alternative solution is to study all warningsin Xilinx ISE and �nd the orret properties to hange (in order to eliminate the ritialwarnings). If it on the other hand is not in Xilinx ISE it all goes wrong, it should bein CoBuilder. This is however harder to prove, as well as to straighten out, due to thelimited insight into and ontrol over the HDL build and export proesses.7.3 CoDeveloper ease-of-useThe level of abstration for the development language and tools is di�erent from theVHDL solution, but the target platform is the same. Considerations do need to be madewhen implementing in Impulse-C also, in order to avoid implementing funtionality thatrequires hardware logi not supported by the target platform.Pure software developers should be able to implement a FPWM system in Impulse-C, aording to the o-design "priniples". Impulse-C must therefore support a 'brutefore' implementation of hardware proesses, as has been done in the solutions presentedin this thesis. Hardware onsideration an not be a must, exept for the need to standlear of obvious violations of what the hardware platform support. Example of suhonsiderations when implementing for Musulus is �oating-point formats, dual-loks,et. Musulus, and the Cray XD1 platform in general, does not support the use ofdual-loks or single preision �oating-point (double). The report from the HDL buildproess will give feedbak on the suess for the HDL build proess. Notie will begiven if the CoBuilder tools have observed funtionality that learly violates what ispossible to implement on the seleted hardware platform. The Impulse-C ode an beeasily optimized for performane later after a solution is initially developed. OptimizingImpulse-C ode for performane an be done in a few easy steps, as desribed in theImpulse-C user guide.



7.4 Produtivity 71The abstration level of Impulse-C allows for the designer to reate and use variablesof di�erent data-types to a large degree without having to worry about the hardwarelogi required and how it should be set up. FIFO queues are also impliitly reated topass omputed results to the �lter, when streams are reated. This saves a designer alot of work when implementing.Problems with suessfully generating funtional programming �les from the gener-ated HDL has its e�et on the experiened ease-of-use. CoDeveloper should integrate thefuntionality of Xilinx ISE, and similar tools for other platforms, allowing the designerto get more onstrutive and helpful feedbak/on�rmation on what exatly ould beproblemati at any time and in what part of the design proess something fails. Havingto the FPWM design from CoDeveloper to Musulus by way of a ompletely separateand independent synthesis/implementation tool gives redued ontrol over the proess.If something fails along the way, it is a non trivial task to �gure out the exat problem(s)and how to �x it/them. Also, it redues the ease-of-use onsiderably.7.4 ProdutivityThe VHDL solution was developed over a period of more than one 5'th year projet,two masters theses, and a semester of ontinued work. The solution still does not workompletely aurately after all this time, whih is mostly due to the hallenging task ofimplementing at HDL level.When deiding to utilize the o-design approah to implementing a system, designerswillingly sari�e performane in order to gain more produtivity. During the period oftime available for working on this thesis, both a basi and a multiore FPWM solutionwere implemented using Impulse-C. In order to explore the e�ets �oating point oper-ations in hardware would have on performane, a �xed point version of both the basisolution and the multiore solution was also implemented and tested. Both variations ofthe multiore solution proess multiple matries in parallel in hardware. The multioresolutions was originally left as future work, as it was believed that there would be notime to �nish implementing them during the time available to work on the thesis.The proess of implementing the basi Impulse-C solution started of slower thanwhat was expeted in advane of the thesis period, reating a fear that the rest of theimplementation proess would go just as slow, or even slower if implementing a moreomplex multiore solution. Needles to say, the lak of previous programming experienein Impulse-C, and o-design in general, have lead to lower produtivity than if previousexperiene was present. There was a onsiderable need to aquire further knowledgeabout developing systems using Impulse-C, while at the same time being in the middleof an atual development proess with a steadily approahing thesis deadline.'Brute fore' high level programming of the hardware partition in Impulse-C allowsfor high produtivity, at the expense of potential performane. As previously mentioned,the Impulse-C ode an be easily optimized for performane later, after a solution isinitially developed. Optimizing Impulse-C ode for performane an be done in a feweasy steps, as desribed in the Impulse-C user guide.As previously mentioned, �oating-point is generally signi�antly more expensivethan integer or �xed-point math. Converting �oating-point appliations to �xed-point



72 Disussionis an inherently non trivial and time-onsuming proess involving managing trade-o�sin preision, range and performane. In hardware proesses the size of the generatedhardware also needs to be onsidered. Designers must onvert eah individual variableinitially to a �xed-point format and keep trak of that format as the variable is operatedon. Fixed-point programs will therefore also be full of saling operations. This is easierdone with well tested �oating-point solutions, whih the implemented �oating-pointsolutions are not yet. The proess of onverting the implemented �oating-point solutionsdid therefore not �t into the time shedule of this thesis.Lak of ontrol over the HDL build proess, and insight into the generated HDL,ould easily a�et produtivity if something fails along the way. This has been the asewhen working on this thesis. For the implemented Impulse-C FPWM solutions, thetemplate ISE projet fails to open on the development environment mahine. This hasled to problems suessfully generating a funtional programming �le. As there is limitedamount of insight into what happens to the Impulse-C soure after the 'Build HDL'button has been pressed, it is a rather time-onsuming task to investigate what has gonewrong, and in what part of the design/implementation proess. Was it implementationof the Impulse-C soure ode, generation of HDL from the Impulse-C soure ode,export of the HDL ode, synthesis of the design, or implementation of the design thatwas faulty? Is it the designer, the CoBuilder tools, Xilinx ISE, or the OS that isthe ulprit? It ould be any ombination of these. When �nally sorting it out, theproblem also has to be �xed in an appropriate manner; whih is not neessarily a trivialtask either. The level of abstration for the development language and design tools isdi�erent from the VHDL solution, but the target platform is the same, as well as thesynthesis/implementation tools. Some produtivity issues an not be avoided.7.5 PerformaneDespite limited possibility to ompare performane of the implemented Impulse-C so-lutions and the existing VHDL solution, it has been assumed that the basi Impulse-Csolution have lower performane than the VHDL solution. As a rule, designers of o-design solutions have to sari�e performane in order to inrease the produtivity, thisdue to the abstration level of the Impulse-C and other o-design languages.Even though performane data from atual exeution of the solutions on Musulusis missing, as the programming �les are not funtional, various design statistis arereported by the stati timing summary in Xinlinx ISE. Table 7.2 present timing infor-mation reported by Xilinx ISE for the implemented solutions. Due to the generatedprogramming �les being faulty, this data should be viewed as approximate values only,giving at least a general impression as to what the di�erene in omputation time isbetween the di�erent solutions. Minimum period Maximum frequenyFPWM 12.436ns 80.412MHzFPWM2008 13.954ns 71.664MHzFPWMi 10.084ns 99.167MHzFPWM2008i 11.490ns 87.032MHzTable 7.2: Timing statistis



7.6 Unanswered questions 73Floating-point o�ers a greater range of values and more preision, but is also signi�-antly more expensive in terms of omputation time than integer or �xed-point math, asillustrated in table 7.2. Embedded systems and digital signal proessing (DSP) design-ers often hoose �xed-point in order to ahieve greater speed and redue hardware ostsin their designs. The existing VHDL solution operate with �xed-point in hardware.Parallel omputation is extrated automatially from the implemented ode by thehardware ompiler where it sees the possibility for it, while the ompiler will attempt toextrat pipelined omputation from loops the designer have marked with the Impulse-Cpragma CO PIPELINE. Both extrated the pipelined and parallel omputation shouldhave a positive e�et on performane for the Impulse-C solutions. Proessing multiplematries in parallel should also have a signi�antly better performane than proessingthem serial (with the same PE), as illustrated in 7.2.The thesis report for the existing VHDL solution refer to the maximum lok fre-queny for the Xilinx Virtex-II Pro as the realisti best ase senario. This makes itsomewhat harder to ompare performane of the Impulse-C solutions with that of theVHDL solution, as it is doubtful that the VHDL solution really an have a maximumfrequeny equal to the FPGA lok frequeny of 200MHz. It an seem a bit too opti-misti even as a best ase? As the VHDL solution sari�e produtivity for performane,while the opposite is the ase for the Impulse-C solutions, it is still a fair assumption tomake that the VHDL solution have a better performane than the Impulse-C solutions.7.6 Unanswered questionsThere is a limited possibility to ompare atual performane of the implemented Impulse-C solutions and the existing VHDL solution. The VHDL solution does not work entirelyas intended, �rst of all, and there is not muh performane data available. There is notmuh performane data available for the Impulse-C solutions either, as they have notyet been suessfully tested on the target platform.
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Chapter 8Conlusion and Future WorkThis hapter will present a onlusion for the thesis, as well as some thoughts on futurework.8.1 ConlusionAs it says in the thesis objetives, an FPGA prototype spei�ed in VHDL has beendeveloped at NTNU, whih identi�es short motifs or patterns in geneti data usingPosition-Weight Matries.This thesis present work done on the following major tasks:
• Spei�ation and implementation of a Impulse-C based alternative to the existingVHDL-based solution.
• Evaluation of easy-of-use of the CoDeveloper environment, and produtivity vs.�nal performane when omparing the Impulse-C solution and the existing VHDL-based solution.In total, four variations of a Impulse-C alternative have been implemented; a basisolution and a multiore solution, both implemented in a �oating-point and a '�xed-point' version. These solutions have all been suessfully software simulated. The�oating-point solutions have also been tested and analyzed. Tests and analysis doneduring software simulation show that the implemented �oating-point solutions funtionorretly for the tested sequene length. The VHDL ode generated by CoBuilder hasalso been slightly analyzed.Unfortunately, attempts made to get the solutions to run on the target platformMusulus were all unsuessful. Some information about devie utilization and perfor-mane an still be extrated from the Xilinx ISE 'Stati timing' and 'Plae and route'reports. Creating a funtional FPGA programming �le for the most funtional of theimplemented solutions should never the less be priority number one as far as futurework goes.Designers of o-design solutions must sari�e performane in order to inrease theprodutivity, this due to the abstration level of o-design languages suh as Impulse-C. This has been demonstrated by this thesis. Co-design would learly ease furtherdevelopment of the FPWM in the future. The thesis has also demonstrated how devie



76 Conlusion and Future Workutilization is also a�eted by the use of o-design and giving preferene to produtivity.The e�ets of �oating-point arithmeti's in hardware on both performane and devieutilization have also been observed and doumented in the thesis. Floating-point isgenerally signi�antly more expensive, in terms of omputation time and hardwarelogi required, than integer or �xed-point math.Finally, it has been shown how some produtivity issues an not be avoided evenwith the use of o-design. The level of abstration for the development language anddesign tools is di�erent from implementing a VHDL solution, but the target platformis the same, as well as the required synthesis/implementation tools.The implemented Impulse-C solutions have lower performane than the previouslyimplemented VHDL solution, as well as higher FPGA utilization. However, produtivitywhen implementing in Impulse-C is signi�antly higher than when implementing inVHDL.8.1.1 Projet valueThe use of hardware desriptive languages to program FPGAs, suh as VHDL, is a om-pliated and time onsuming proess that requires intimate knowledge of how hardwareworks. Consequently, it is truly bene�ial for produtivity to make use of o-designlanguages that failitate the use of hardware, as well as to integrate the environmentfor development of soft- and hardware.There is a lak of Impulse-C ompetene at NTNU, as there is on a general basis noonsiderably widespread use of Impulse-C as of yet. Although o-simulation languagessuh as SystemC is already in use, the use of Impulse-C at NTNU ould have both greateduational and signi�ant researh value also.8.2 Future workThis setion inlude spei� reommendations for future work. These reommendationsare presented in a suggested order of priority.8.2.1 Choosing I/O �lesGiving the user more ontrol over the I/O proess would improve both ease-of-use ande�ieny. One of the important hanges to make to the system in the future is thereforeto implement the possibility for the user to hoose both the input �les to read data fromand the output �le to write data to. As the system is implemented today, the name ofall the I/O �les are spei�ed in the appliation soure ode. Changing this, to lettingthe user speify whih I/O �les to use as ommand line arguments, would redue theamount of time needed between eah exeution to prepare the next input and takebakup of the previous output.8.2.2 Seuring written resultsAn alternative method for seuring previous results written to the output �le, insteadof writing the new results to a di�erent output �le, is to be more preise about how the



8.2 Future work 77software should handle the existing ontent of the output �le. The way the softwarehandle existing ontent of the output �le today is to simply ignore it; e�etively erasingit from the �le. By telling the software to append new ontent to the existing ontent,if there is any, all results should be seured for later review.Whether or not to append new results to the existing ontent, instead of writingover the existing ontent, ould also be a deision left for the user of the appliation tomake.8.2.3 Multiple matries and sequenesAn interesting addition to make to the system in the future ould be to add the pos-sibility to proess multiple DNA-sequenes during a single exeution of the FPWMappliation, in addition to proessing multiple matries. All DNA-sequenes would bestored in the same input �le, just as all matries are today.The urrently implemented solution, only allowing one sequene to be read andproessed at a time, has an input sheme that is prepared for being expanded to handlemultiple DNA-sequenes. By already requiring all input to be expressed in Fasta-format,the transition should go smoother than it would have otherwise. In the Fasta-format,the header line of a matrix or sequene starts of with a '�' symbol to indiate the startof a new input element.Even though there is a multiore implementation of the Impulse-C solution today,it should be extended to proess more than two matries in parallel in the future. Theuse of multiple matries also introdue the need for a module that an pre-proess allthe input alignment matries, making them ready for later use, by onverting them toPWMs. This is a more vital hange to make to the system, taking performane intoonsideration, espeially if the system should proess more than two matries in parallel.Shared memory and registersAllowing multiple matries and/or sequenes to be read and proessed by the system,as suggested in this subsetion, ould inrease the need for implementing the use ofshared memory to transfer data between software and hardware.8.2.4 Expliit parallel proessingExpliitly omputing results in parallel ould be done more e�etively if other methodsof passing data between software and hardware were utilized. Shared memory is a goodexample of suh a method. Parallel proessing using shared memory to transfer dataould potentiality inrease the performane of the system. It ould also allow for morematries to be proessed.A parallel implementation of the software framework, reading input and writingoutput, ould also signi�antly inrease performane.8.2.5 True �xed-point solutionFixed-point is an alternative to �oating-point, a more well-known method of represent-ing real numbers. Impulse-C provides support for �xed point arithmeti in the form of



78 Conlusion and Future Workmaros and data-types that allow you to express �xed point operations in ANSI C andperform omputations either as software on an embedded CPU or as hardware modulesrunning in an FPGAs logi. There is however, as yet, no ommonly-aepted standardfor representing �xed-point numbers.Fixed-point appliations are often reated from a well-tested �oating-point imple-mentation, rather than written from srath. The proess of onverting a �oating-pointappliation to �xed-point is a non-trivial e�ort, with many issues to onsider. Prei-sion and range of the variables as it is run with sample data must be traked in orderto determine the variables' �xed-point formats. Designers must onvert eah variableinitially to a �xed-point format and keep trak of that format as the variable is oper-ated on. Fixed-point programs will be full of saling operations to align deimal points,prevent over�ow, and manage preision. It is important to be able to haraterize therange and preision of input, intermediate, and output variables throughout a �xedpoint program.8.2.6 Ignoring regions of DNAPWM sores at a positions inluding a non-standard symbol ould either be ignoredor disarded. In some ases lower ase symbols are used to indiate positions in theinput string that should be ignored/disarded during PWM soring ("repeat-maskedsequenes"). This is however optional, but ould be an interesting feature to implementin the future. Implementing the feature should not take too muh time or e�ort.8.2.7 Utilizing a database onnetionAn alternative input soure to reading input data from �le is to implement a databaseonnetion so that the DNA-sequene and/or alignment matrix an be fethed froman external database. The database an either replae the input �les ompletely as aninput soure, or be used in ombination with the input �les. The database onnetionould also be used as an alternative to the output �le for storing �ltered results.Using a database onnetion to handle I/O in the software framework ould be amore e�etive method than reading from and writing to �les, and result in reduedexeution time for the system. It would also make stored results more easily aessiblefor later review or proessing, than when stored in a �le.The importane a database onnetion would have for the system is somewhat de-batable, but should in any ase be easy to implement.8.2.8 Web interfaeA method of making the FPWM system more easily aessible to the user is to onnet-ing the system to a web interfae. A seemingly funtional prototype for suh an interfaehas been implemented prior to this thesis. The time and e�ort needed to onnet theImpulse-C solution to this interfae, and possibly extending the funtionality somewhatif found neessary, is strongly dependent on the �nal funtionality of the interfae.
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Appendix ANomenlatureAbbreviations
• AAP : Appliation Aeleration Proessor
• API : Appliation Program Interfae
• CLB : Con�gurable Logi Blok
• CPU : Central Proessing Unit
• CSP : Communiating Sequential Proesses
• DMF : The Medial Faulty
• FPGA: Field Programmable Gate Array
• HLL : High Level Language
• HDL : Hardware Desription Language
• HPC : High Performane Computing
• IDI : Department of Computer and Information Siene
• MPI : Message Passing Interfae
• NTNU : Norwegian University of Siene and Tehnology
• PWM : Position Weight Matrix
• RAP : RapidArray Proessor
• RTL : Register Transfer Level
• SMP : Symmetrial Multi-Proessing
• TF : Transription Fator
• VHDL : VLSIC Hardware Desription Language
• VLSIC : Very Large-Sale Integrated Ciruit
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Appendix BSoure CodeFPWMFPWM.h// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//#define MAX_STREAMWIDTH 64 /∗ bu f f e r width f o r FIFO in hardware ∗/#define MIN_STREAMDEPTH 1 /∗ minimum buf f e r s i z e f o r FIFO in hardware ∗/#define DNA_INPUT_FILE "dna . txt "#define PWM_INPUT_FILE "pwm. txt "#define OUTPUT_FILE "out . txt "#define COLUMNS 4 /∗ A,C,G,T ∗/#define ROWS 8 /∗ l eng th o f pattern /moti f ∗/#define MAX_SEQUENCE 300#define FILTER_QUEUE MAX_SEQUENCE /∗ FIFO length between PWM and F i l t e r ∗/#define WRITE_QUEUE ((MAX_SEQUENCE∗10) /100) /∗ FIFO length between F i l t e r and Consumer ∗/#define VALID_CHAR(a ) ( ( ( a ) > 64) && (( a ) < 91) && (( a ) != 74) && (( a ) != 79) && (( a ) != 85)? (1 ) : ( 0 ) )FPWM_sw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWM_sw.  : in lude s the so f tware t e s t benh p ro  e s s e s and// main ( ) fun t i on f o r the bas i  f l o a t i ng−point v e r s i o n o f// the FPWM system .//// See add i t i o n a l omments in FPWM.h .//#inlude <s td i o . h>#inlude <s t d l i b . h>#inlude <s t r i n g . h>#inlude <math . h>#inlude "o . h"#inlude "osim_log . h"#inlude "FPWM.h"extern o_arh i t e  ture  o_ in i t i a l i z e (void ∗) ;// Globalsstat i har ∗pwmHeader , ∗dnaHeader ;stat i f loat ∗pwm;stat i har ∗dnaSequene ;stat i int pwmSize , dnaLength ;stat i int f i l t e rMode ;



84 Soure Code//// This i s the fun t i on f o r  a l  u l a t i n g pwm−va lue s from ount−va lue s//f loat onvert_value ( f loat  , f loat N) {double s = 0 . 2 5 ;double P = 0 . 2 5 ;double p , valueTemp ;f loat pwmValueTemp ;p = (double) ( ( +s ) /(N+(4∗ s ) ) ) ;valueTemp = (double) (p/P) ;pwmValueTemp = ( f loat ) l og ( valueTemp ) ;return pwmValueTemp ;}//// This i s the fun t i on f o r onve r t ing an alignment matrix to pwm//f loat ∗ onvert_matrix ( f loat ∗ matrix ) {int i , j ;f loat ∗pwmTemp;double N;pwmTemp = ( f loat ∗) mal lo (ROWS∗COLUMNS∗ s izeo f ( f loat ) ) ;for ( j = 0 ; j < ROWS; j++) {N = (matrix [ j ∗COLUMNS+0℄+matrix [ j ∗COLUMNS+1℄+matrix [ j ∗COLUMNS+2℄+matrix [ j ∗COLUMNS+3℄) ;for ( i = 0 ; i < COLUMNS; i++) {pwmTemp[ j ∗COLUMNS+i ℄ = onvert_value ( matrix [ j ∗COLUMNS+i ℄ , N) ;}}return pwmTemp;}//// This i s the fun t i on f o r reading an input matrix from a f i l e and onver t ing i t to a pwm,// based on a funt i on from the Impulse CoDeveloper example p ro j e  t ' SmithWatermanSerial '//void read_matrix ( onst har ∗ PwmFileName , FILE ∗pwmInFile ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗header ;int s t a tus = 0 ;int s i z e = 32 ; /∗ s i z e o f header ∗/int matr ixSize = COLUMNS∗ROWS;f loat ∗matrix ;int i , j ;har hara t e r ;// Opening matrix input f i l epwmInFile = fopen (PwmFileName , " r " ) ;i f ( pwmInFile == NULL ) {f p r i n t f ( s tde r r , "Error opening matrix input f i l e %s \n" , PwmFileName ) ;hara t e r = get ( s td in ) ;e x i t (−1) ;}// Finding the s i z e o f the header l i n es t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;// Making sure the matrix i s in the  o r r e  t input formati f ( bu f f e r [ 0 ℄ != '> ' ) {p r i n t f ( "Matrix in %s must be in FASTA format , s t a r t i n g with '>'\n" , PwmFileName ) ;}// Clos ing matrix input f i l ei f ( f  l o s e ( pwmInFile ) != 0) {p r i n t f ( " Error  l o s i n g matrix input f i l e \n" ) ;}// Al l o a t ing memory to s to r e header l i n eheader = ( har∗) mal lo ( s i z e ∗ s izeo f ( har ) ) ;matrix = ( f loat ∗) mal lo ( matr ixSize ∗ s izeo f ( f loat ) ) ;// Reopening matrix input f i l epwmInFile = fopen (PwmFileName , " r " ) ;i f ( pwmInFile == NULL ){p r i n t f ( " Error opening matrix input f i l e %s f i l e \n" , PwmFileName) ;e x i t (−1) ;}// Pruning '>'f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;// Reading matrix names t a tus = f s  a n f ( pwmInFile , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {



85p r i n t f ( "Error reading %s f i l e header \n" , PwmFileName ) ;e x i t (−1) ;}// Reading and s t o r i ng the matrixp r i n t f ( "\nReading matrix %s : " , header ) ;for ( j = 0 ; j < ROWS; j++) {for ( i = 0 ; i < COLUMNS; i++) {f s  a n f ( pwmInFile , "%f " , &matrix [ j ∗COLUMNS+i ℄ ) ;}}p r i n t f ( "done\n" ) ;// Clos ing matrix input f i l ei f ( f  l o s e ( pwmInFile ) != 0) {p r i n t f ( "Error  l o s in g matrix input f i l e \n" ) ;}// Saving pwm datapwmHeader = header ;p r i n t f ( "Converting %s : " , header ) ;pwm = onvert_matrix ( matrix ) ;p r i n t f ( "done\n" ) ;pwmSize = matr ixSize ;f r e e ( matrix ) ;f r e e ( bu f f e r ) ;}//// This i s the fun t i on f o r reading an input sequene from a f i l e , based on a funt i on// from the Impulse CoDeveloper example pr o j e  t ' SmithWatermanSerial '//void read_sequene ( onst har ∗DnaFileName , FILE ∗dnaInFi le ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗ sequene , ∗header ;int sequeneLength ;int s i z e = 32 ;int s t a t us = 0 ;int nonval id ;har hara t e r ;// Opening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ) {f p r i n t f ( s tde r r , "Error opening sequene input f i l e %s \n" , DnaFileName ) ;hara t e r = get ( s td in ) ;e x i t (−1) ;}// Finding the s i z e o f the header l i n es t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Making sure the sequene i s in the  o r r e  t input formati f ( bu f f e r [ 0 ℄ != '> ' ) {p r i n t f ( "Sequene in %s must be in FASTA format , s t a r t i n g with '>'\n" , DnaFileName ) ;}// Triming o f f non−va l id ha r a  t e r s be fo r e sequenebu f f e r [ 0 ℄ = ' \n ' ;while ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) ) {f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;}// Finding the s i z e o f the sequene , a f t e r pruning the header l i n ef s  a n f ( dnaInFi le , "%s" , bu f f e r ) ;sequeneLength = 0 ;nonval id = 0 ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR( ( int ) bu f f e r [ 0 ℄ ) )sequeneLength++;i f ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) )nonval id++;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( "Error  l o s in g sequene input f i l e \n" ) ;}// Al l o a t ing memory to s to r e the sequene and header l i n eheader = (har∗) mal lo ( s i z e ∗ s izeo f (har ) ) ;sequene = (har∗) mal lo ( ( sequeneLength + 1)∗ s izeo f (har ) ) ;// Reopening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ){



86 Soure Codep r i n t f ( " Error opening sequene input f i l e %s f i l e \n" , DnaFileName ) ;e x i t (−1) ;}// Pruning '>'f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Reading sequene names t a tus = f s  a n f ( dnaInFi le , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( " Error reading %s f i l e header \n" , DnaFileName ) ;e x i t (−1) ;}s i z e = 1 ; /∗ Why shouldn ' t t h i s value be 0? Would ause an e r r o r ∗/// Reading the sequenep r i n t f ( "\nReading sequene %s : " , header ) ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) {sequene [ s i z e++℄ = buf f e r [ 0 ℄ ;}}p r i n t f ( "done \n" ) ;i f ( s i z e −1 != sequeneLength ) {p r i n t f ( " Error reading %s f i l e sequene\n" , DnaFileName ) ;e x i t (−1) ;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( " Error  l o s i n g sequene input f i l e \n" ) ;}// Saving sequene datadnaHeader = header ;dnaSequene = sequene ;dnaLength = sequeneLength ;f r e e ( bu f f e r ) ;}//// This i s the so f tware ' r eade r ' p roe s s//void Produer ( o_stream threshold_stream , o_stream pwm_stream , o_stream iterat ion_stream ,o_stream dna_stream , o_parameter f i l t e r ){ f loat th re sho ld ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Produer" ) ; )// Opening streamso_stream_open( threshold_stream , O_WRONLY, FLOAT_TYPE) ;o_stream_open(pwm_stream , O_WRONLY, FLOAT_TYPE) ;o_stream_open( dna_stream , O_WRONLY, CHAR_TYPE) ;o_stream_open( iterat ion_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;// Determining type o f f i l t e r based on ommand l i n e argumenti f ( f i l t e r == NULL) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;thre sho ld = a to f ( f i l t e r ) ;o_stream_write ( threshold_stream , &threshold , s izeo f ( f loat ) ) ;}// Reading matrix from input f i l e and onver t ing i t to pwmonst har ∗ PwmFileName = PWM_INPUT_FILE;FILE ∗ pwmInFile ;read_matrix (PwmFileName , pwmInFile ) ;// Sending matrixint i ;f loat nSamplePwm ;p r i n t f ( "Sending %s : " , pwmHeader ) ;for ( i = 0 ; i < pwmSize ; i++) {nSamplePwm = ( f loat )pwm[ i ℄ ;o_stream_write (pwm_stream , &nSamplePwm , s izeo f ( f loat ) ) ;}p r i n t f ( "done \n" ) ;f r e e (pwm) ;// Reading sequene from input f i l eonst har ∗ DnaFileName = DNA_INPUT_FILE;FILE ∗ dnaInFi le ;



87read_sequene (DnaFileName , dnaInFi le ) ;// Sending sequene l ength and a tua l sequeneint k ;har nSampleDna ;o_stream_write ( i terat ion_stream , &dnaLength , s izeo f ( in t16 ) ) ;p r i n t f ( "Sending %s . . . \ n\n" , dnaHeader ) ;for ( k = 1 ; k <= dnaLength ; k++) {nSampleDna = ( har ) dnaSequene [ k ℄ ;o_stream_write ( dna_stream , &nSampleDna , s izeo f (har ) ) ;}p r i n t f ( "done sending %s\n" , dnaHeader ) ;f r e e ( dnaSequene ) ;// Clos ing streamso_stream_lose ( threshold_stream ) ;o_stream_lose (pwm_stream) ;o_stream_lose ( i t e ra t i on_st r eam) ;o_stream_lose ( dna_stream) ;}//// This i s the so f tware ' wr i t e r ' p roe s s//void Consumer ( o_stream start_stream , o_stream sore_stream ){ in t16 nResu l tS ta r t ;int resultEnd ;f loat nResultSore ;unsigned int ount = 0 ;onst har ∗ FileName = OUTPUT_FILE;FILE ∗ outF i l e ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Consumer" ) ; )// Opening output f i l eoutF i l e = fopen (FileName , "w" ) ;i f ( outF i l e == NULL ) {f p r i n t f ( s tde r r , "Error opening f i l e %s f o r wr i t ing \n" , FileName ) ;e x i t (−1) ;}// Opening streamso_stream_open( start_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_stream , O_RDONLY, FLOAT_TYPE) ;IF_SIM( osim_logwindow_write ( log , "Consumer reading r e s u l t s . . . \ n" ) ; )// Reading f i l t e r e d r e s u l t s from stream ; then wr i t ing them to s r e en and f i l ewhile ( o_stream_read ( start_stream , &nResultStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sore_stream , &nResultSore , s izeo f ( f loat ) ) == o_err_none ) {i f ( f i l t e rMode == 1) { // Summation f i l t e rresultEnd = dnaLength − 1 ;} else { // Threshold f i l t e rresultEnd = nResu l tS ta r t + (ROWS−1) ;}f p r i n t f ( outFi le , "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmHeader ,nResultSore ) ;IF_SIM( osim_logwindow_fwrite ( log , "Result : %s %d %d %s %f \n" , dnaHeader , nResultStart ,resultEnd , pwmHeader , nResultSore ) ; )p r i n t f ( "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmHeader , nResultSore );ount++;}}IF_SIM( osim_logwindow_fwrite ( log , "Consumer read %d f i l t e r e d r e s u l t s \n" , ount ) ; )p r i n t f ( "\n\nThe a pp l i  a t i o n produed %d f i l t e r e d s  o r e s f o r %s \n" , ount , dnaHeader ) ;f r e e ( dnaHeader ) ;f r e e (pwmHeader ) ;// Clos ing output f i l ei f ( f  l o s e ( outF i l e ) != 0) {p r i n t f ( "Error  l o s in g r e s u l t output f i l e \n" ) ;}// Clos ing streamso_stream_lose ( start_stream) ;o_stream_lose ( sore_stream ) ;}//// Impulse C Main Funtion//int main ( int arg , har ∗∗ argv )



88 Soure Code{ o_arh i t e  ture my_arh ;void ∗param = NULL;har ∗ f i l t e r ;har ∗∗ arg ;int  ;p r i n t f ( "\n\n== IMPULSE−C APPLICATION: FPWM ==\n" ) ;swith ( arg ) {ase 1 :p r i n t f ( "Exeuting with summation f i l t e r \n" ) ;my_arh =  o_ in i t i a l i z e (param ) ;o_exeute (my_arh ) ;break ;ase 2 :p r i n t f ( "Exeuting with thre sho ld f i l t e r ; " ) ;arg = (har∗∗) argv ;f i l t e r = ( har∗) arg [ 1 ℄ ;p r i n t f ( " thre sho ld s e t at %s\n" , f i l t e r ) ;my_arh =  o_ in i t i a l i z e ( f i l t e r ) ;o_exeute (my_arh ) ;break ;default :p r i n t f ( "\nWrong use o f parameters ! \ n" ) ;break ;}p r i n t f ( " App l i a t i on omplete ! Press the Enter key to ont inue . . . \ n" ) ; = get ( s td in ) ;return (0 ) ;}FPWM_hw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWM_hw.  : in  lude s the hardware pro e s s e s and  on f i g ur a t i o n// funt i on f o r the bas i  f l o a t in g−point ve r s i on o f the FPWM// system .//// See add i t i o n a l omments in FPWM.h .//#inlude "o . h"#inlude "osim_log . h"#inlude "FPWM.h"#inlude "o_math . h"// Software proe s s de  l a r a t i o n s ( s e e FPWM_sw.  )extern void Produer ( o_stream threshold_stream , o_stream pwm_stream , o_streamiterat ion_stream , o_stream dna_stream ,o_parameter f i l t e r ) ;extern void Consumer ( o_stream start_stream , o_stream sore_stream ) ;//// This i s the hardware 'pwm' proe s s//void PWM( o_stream pwm_stream , o_stream iterat ion_stream , o_stream dna_stream , o_streamounter_stream , o_stream sum_stream){ int i , j , k , l ;f loat nSamplePwm ;f loat pwm[COLUMNS℄ [ROWS℄ ;in t16 dnaLength ;int motifLength ;har nSampleDna ;har sequene [MAX_SEQUENCE℄ ;in t16 ounter ;f loat sum ;in t16 nHitStart ;f loat nHitSore ;IF_SIM( int samplesread ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( "PWM" ) ; )do { // Hardware p ro  e s s e s run f o r e v e rIF_SIM( samplesread=0; r e s u l t sw r i t t e n =0;)// Sta t ing moti f l engthmotifLength = ROWS;



89// Opening streamso_stream_open(pwm_stream , O_RDONLY, FLOAT_TYPE) ;o_stream_open( iterat ion_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( dna_stream , O_RDONLY, CHAR_TYPE) ;o_stream_open( ounter_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sum_stream , O_WRONLY, FLOAT_TYPE) ;// Reading pwm from streamfor ( j =0; j<ROWS; j++) {for ( i =0; i<COLUMNS; i++) {o_stream_read (pwm_stream , &nSamplePwm , s izeo f ( f loat ) ) ;pwm[ i ℄ [ j ℄ = ( f loat )nSamplePwm ;}}// Reading sequene l ength from streami f ( o_stream_read ( iterat ion_stream , &dnaLength , s izeo f ( in t16 ) ) == o_err_none ) {IF_SIM( osim_logwindow_fwrite ( log , "Sequene l ength i s %d\n" , dnaLength ) ; )}// Reading por t i on o f sequene from stream nee s sa ry to s t a r t omputationfor ( k = 0 ; k < motifLength ; k++) {o_stream_read ( dna_stream , &nSampleDna , s izeo f (har ) ) ;IF_SIM( samplesread++;)sequene [ k ℄ = (har ) nSampleDna ;}// I n i t i a t i n g ounter and streamounter = 0 ;sum = 0 ;// Computing r e s u l t s  o r e s f o r a l l subsequeneswhile ( ounter <= ( dnaLength − motifLength ) ) {// Ca l u la t ing so r e f o r ur r ent po s i t i o nfor ( l = 0 ; l < motifLength ; l++) {#pragma CO PIPELINE#pragma CO SET stageDelay 32swith ( sequene [ l+ounter ℄ ) {ase ( ( har ) 'A ' ) :sum += pwm[ 0 ℄ [ l ℄ ;break ;ase ( ( har ) 'C ' ) :sum += pwm[ 1 ℄ [ l ℄ ;break ;ase ( ( har ) 'G' ) :sum += pwm[ 2 ℄ [ l ℄ ;break ;ase ( ( har ) 'T ' ) :sum += pwm[ 3 ℄ [ l ℄ ;break ;default :// Do nothing herebreak ;}}// Sta t ing that ounter and sum w i l l be r e s u l t datanHitStart = ounter ;nHitSore = sum ;// Sending r e s u l t to f i l t e ro_stream_write ( ounter_stream , &nHitStart , s izeo f ( in t16 ) ) ;o_stream_write ( sum_stream , &nHitSore , s izeo f ( f loat ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , "Wrote s o r e %f to f i l t e r , f o r pattern s t a r t i n g atpo s i t i o n %d .\ n" , nHitSore , nHitStart ) ; )// Reading new sequene base from streami f ( o_stream_read ( dna_stream , &nSampleDna , s izeo f (har ) ) == o_err_none ) {IF_SIM( samplesread++;)sequene [ k ℄ = (har )nSampleDna ;k++;} else {break ;}// Updating ounter and r e s e t i n g sumounter++;sum = 0 ;}// Clos ing streamso_stream_lose (pwm_stream) ;o_stream_lose ( i t e ra t i on_st r eam) ;o_stream_lose ( dna_stream) ;o_stream_lose ( ounter_stream) ;



90 Soure Codeo_stream_lose ( sum_stream) ;IF_SIM( osim_logwindow_fwrite ( log , "Clos ing PWM proe s s ; Symbols in sequene read : %d ,r e s u l t s wr i t t en : %d\n" , samplesread , r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// This i s the hardware ' f i l t e r ' p roe s s//void F i l t e r ( o_stream threshold_stream , o_stream ounter_stream , o_stream sum_stream ,o_stream start_stream , o_stream sore_stream ){ f loat th re sho ld ;int f i l t e rMode ;in t16 nResu l tS ta r t ;f loat nResultSore ;in t16 nHitStart ;f loat nHitSore ;IF_SIM( int r e s u l t s r e a d ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( " F i l t e r " ) ; )do { // Hardware p ro  e s s e s run f o r e v e rIF_SIM( r e s u l t s r e a d =0; r e s u l t sw r i t t e n =0;)// Opening streamso_stream_open( threshold_stream , O_RDONLY, FLOAT_TYPE) ;o_stream_open( ounter_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sum_stream , O_RDONLY, FLOAT_TYPE) ;o_stream_open( start_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_stream , O_WRONLY, FLOAT_TYPE) ;// Reading thre sho ld value from stream ; determining f i l t e r modei f ( o_stream_read ( threshold_stream , &threshold , s izeo f ( f loat ) ) != o_err_none ) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )IF_SIM( osim_logwindow_fwrite ( log , "Threshold value : %f \n" , th re sho ld ) ; )}// I n i t i a t i n g f i l t e r e d r e s u l t datanResu l tS ta r t = 0 ;nResultSore = 0 ;// Reading omputed r e s u l t s from streamwhile ( o_stream_read ( ounter_stream , &nHitStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sum_stream , &nHitSore , s izeo f ( f loat ) ) == o_err_none ) {IF_SIM( r e s u l t s r e a d++;)i f ( f i l t e rMode == 1) { // Summation f i l t e rnResultSore += nHitSore ;} else { // Threshold f i l t e ri f ( nHitSore >= thre sho ld ) {// Sta t ing that the r e s u l t s o r e w i l l pass through the f i l t e rnResu l tS ta r t = nHitStart ;nResultSore = nHitSore ;// Sending f i l t e r e d r e s u l t to onsumero_stream_write ( start_stream , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore_stream , &nResultSore , s izeo f ( f loat ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d so r e %f f o r pattern s t a r t i n g atpo s i t i o n %d .\n" , nResultSore , nResu l tS ta r t ) ; )}}}}i f ( f i l t e rMode == 1) { // Summation f i l t e r// Sending r e s u l t s o r e from summation f i l t e r to onsumero_stream_write ( start_stream , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore_stream , &nResultSore , s izeo f ( f loat ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d ombined so re %f f o r the en t i r e sequene. \n" , nResultSore ) ; )}// Clos ing streamso_stream_lose ( threshold_stream ) ;



91o_stream_lose ( ounter_stream) ;o_stream_lose ( sum_stream) ;o_stream_lose ( start_stream) ;o_stream_lose ( sore_stream ) ;IF_SIM( osim_logwindow_fwrite ( log ,"Clos ing F i l t e r p roe s s ; Resu l t s read : %d , r e s u l t s f i l t e r e d : %d\n" , r e s u l t s r e ad ,r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// Impulse C on f i g ur a t i on funt i on//void onfig_FPWM(void ∗arg ){ o_stream threshold_stream ;o_stream pwm_stream ;o_stream i t e ra t i on_st r eam ;o_stream dna_stream ;o_stream ounter_stream ;o_stream sum_stream ;o_stream start_stream ;o_stream sore_stream ;o_proess produer_proess ;o_proess pwm_proess ;o_proess f i l t e r_p r o  e s s ;o_proess onsumer_proess ;IF_SIM( osim_logwindow_init ( ) ; )har ∗parameter ;i f ( arg != NULL) {parameter = (har∗) arg ;} else {parameter = NULL;}threshold_stream = o_stream_reate( " threshold_stream " , FLOAT_TYPE, MIN_STREAMDEPTH) ;pwm_stream = o_stream_reate( "pwm_stream" , FLOAT_TYPE, COLUMNS∗ROWS) ;i t e ra t i on_st r eam = o_stream_reate( " i t e ra t i on_st r eam" , INT_TYPE(MAX_STREAMWIDTH/4) ,MIN_STREAMDEPTH) ;dna_stream = o_stream_reate( "dna_stream" , CHAR_TYPE, MAX_SEQUENCE) ;ounter_stream = o_stream_reate( " ounter_stream" , INT_TYPE(MAX_STREAMWIDTH/4) ,FILTER_QUEUE) ;sum_stream = o_stream_reate( "sum_stream" , FLOAT_TYPE, FILTER_QUEUE) ;start_stream = o_stream_reate( " start_stream" , INT_TYPE(MAX_STREAMWIDTH/4) , WRITE_QUEUE) ;sore_stream = o_stream_reate( " sore_stream " , FLOAT_TYPE, WRITE_QUEUE) ;produer_proess = o_proess_reate ( "Produer" , ( o_funt ion) Produer ,5 ,threshold_stream ,pwm_stream ,iterat ion_stream ,dna_stream ,parameter ) ;pwm_proess = o_proess_reate ( "PWM" , ( o_funt ion)PWM,5 ,pwm_stream ,iterat ion_stream ,dna_stream ,ounter_stream ,sum_stream) ;f i l t e r_p r o  e s s = o_proess_reate ( " F i l t e r " , ( o_funt ion) F i l t e r ,5 ,threshold_stream ,ounter_stream ,sum_stream ,start_stream ,sore_stream ) ;onsumer_proess = o_proess_reate ( "Consumer" , ( o_funt ion)Consumer ,2 ,start_stream ,sore_stream ) ;o_proess_onf ig ( pwm_proess , o_lo , "PE0" ) ;o_proess_onf ig ( f i l t e r_pr o  e s s , o_lo , "PE0" ) ;}o_arh i t e  ture  o_ in i t i a l i z e ( int param ){



92 Soure Codereturn ( o_arh i t e  ture_rea te ( "FPWM" , " gener i_vhdl" ,onfig_FPWM , ( void ∗)param ) ) ;}



93FPWM2008FPWM2008.h// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//#define MAX_STREAMWIDTH 64 /∗ bu f f e r width f o r FIFO in hardware ∗/#define MIN_STREAMDEPTH 1 /∗ minimum buf f e r s i z e f o r FIFO in hardware ∗/#define DNA_INPUT_FILE "dna . txt "#define PWM_INPUT_FILE "pwm. txt "#define OUTPUT_FILE "out . txt "#define COLUMNS 4 /∗ A,C,G,T ∗/#define ROWS 8 /∗ l eng th o f pattern /moti f ∗/#define MAX_SEQUENCE 300#define FILTER_QUEUE MAX_SEQUENCE /∗ FIFO length between PWM and F i l t e r ∗/#define WRITE_QUEUE ((MAX_SEQUENCE∗10) /100) /∗ FIFO length between F i l t e r and Consumer ∗/#define VALID_CHAR(a ) ( ( ( a ) > 64) && (( a ) < 91) && (( a ) != 74) && (( a ) != 79) && (( a ) != 85)? (1 ) : ( 0 ) )FPWM2008_sw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWM2008_sw.  : in  lude s the so f tware t e s t benh p ro  e s s e s and// main ( ) fun t i on f o r the p a r a l l e l f l o a t in g−point ve r s i on o f// the FPWM system .//// See add i t i o n a l omments in FPWM2008 . h .//#inlude <s td i o . h>#inlude <s t d l i b . h>#inlude <s t r i n g . h>#inlude <math . h>#inlude "o . h"#inlude "osim_log . h"#inlude "FPWM2008 . h"extern o_arh i t e  ture  o_ in i t i a l i z e (void ∗) ;// Globalsstat i har ∗pwmHeader , ∗dnaHeader ;stat i f loat ∗pwm;stat i har ∗dnaSequene ;stat i int pwmSize , dnaLength ;stat i int f i l t e rMode ;stat i har∗ pwmList [ 2 ℄ ;//// This i s the fun t i on f o r reading an input sequene from a f i l e , based on a funt i on// from the Impulse CoDeveloper example pr o j e  t ' SmithWatermanSerial '//void read_sequene ( onst har ∗DnaFileName , FILE ∗dnaInFi le ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗ sequene , ∗header ;int sequeneLength ;int s i z e = 32 ;int s t a t us = 0 ;int nonval id ;har hara t e r ;// Opening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ) {f p r i n t f ( s tde r r , "Error opening sequene input f i l e %s \n" , DnaFileName ) ;hara t e r = get ( s td in ) ;e x i t (−1) ;}// Finding the s i z e o f the header l i n es t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Making sure the sequene i s in the  o r r e  t input format



94 Soure Codei f ( bu f f e r [ 0 ℄ != '> ' ) {p r i n t f ( " Sequene in %s must be in FASTA format , s t a r t i n g with '>'\n" , DnaFileName ) ;}// Triming o f f non−va l i d har a  t e r s be fo r e sequenebu f f e r [ 0 ℄ = ' \n ' ;while ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) ) {f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;}// Finding the s i z e o f the sequene , a f t e r pruning the header l i n ef s  a n f ( dnaInFi le , "%s" , bu f f e r ) ;sequeneLength = 0 ;nonval id = 0 ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR( ( int ) bu f f e r [ 0 ℄ ) )sequeneLength++;i f ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) )nonval id++;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( " Error  l o s i n g sequene input f i l e \n" ) ;}// Al l o a t ing memory to s to r e the sequene and header l i n eheader = ( har∗) mal lo ( s i z e ∗ s izeo f ( har ) ) ;sequene = ( har∗) mal lo ( ( sequeneLength + 1)∗ s izeo f (har ) ) ;// Reopening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ){p r i n t f ( " Error opening sequene input f i l e %s f i l e \n" , DnaFileName ) ;e x i t (−1) ;}// Pruning '>'f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Reading sequene names t a tus = f s  a n f ( dnaInFi le , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( " Error reading %s f i l e header \n" , DnaFileName ) ;e x i t (−1) ;}s i z e = 1 ; /∗ Why shouldn ' t t h i s value be 0? Would ause an e r r o r ∗/// Reading the sequenep r i n t f ( "\nReading sequene %s : " , header ) ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) {sequene [ s i z e++℄ = buf f e r [ 0 ℄ ;}}p r i n t f ( "done \n" ) ;i f ( s i z e −1 != sequeneLength ) {p r i n t f ( " Error reading %s f i l e sequene\n" , DnaFileName ) ;e x i t (−1) ;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( " Error  l o s i n g sequene input f i l e \n" ) ;}// Saving sequene datadnaHeader = header ;dnaSequene = sequene ;dnaLength = sequeneLength ;f r e e ( bu f f e r ) ;}//// This i s the fun t i on f o r reading a f i l t e r th re sho ld from f i l e//f loat read_threshold ( onst har ∗ Fi lterFi leName , FILE ∗ f i l t e r I n F i l e ) {har ∗header ;int s t a tus = 0 ;int s i z e = 32 ; /∗ s i z e o f header ∗/f loat th re sho ld ;header = ( har∗) mal lo ( s i z e ∗ s izeo f ( har ) ) ;// Reading matrix names t a tus = f s  a n f ( f i l t e r I nF i l e , "%s" , header ) ;



95i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( "Error reading %s f i l e header \n" , Fi l terFi leName ) ;e x i t (−1) ;}// Reading thre sho ld valuef s  a n f ( f i l t e r I nF i l e , "%f " , &thre sho ld ) ;f r e e ( header ) ;// Returning thre sho ld valuereturn th re sho ld ;}//// This i s the fun t i on f o r  a l  u l a t i n g pwm−va lue s from ount−va lue s//f loat onvert_value ( f loat  , f loat N) {double s = 0 . 2 5 ;double P = 0 . 2 5 ;double p , valueTemp ;f loat pwmValueTemp ;p = (double ) ( ( +s ) /(N+(4∗ s ) ) ) ;valueTemp = (double) (p/P) ;pwmValueTemp = ( f loat ) l og ( valueTemp ) ;return pwmValueTemp ;}//// This i s the fun t i on f o r onve r t ing an alignment matrix to pwm//f loat ∗ onvert_matrix ( f loat ∗ matrix ) {int i , j ;f loat ∗pwmTemp;double N;pwmTemp = ( f loat ∗) mal lo (ROWS∗COLUMNS∗ s izeo f ( f loat ) ) ;for ( j = 0 ; j < ROWS; j++) {N = (matrix [ j ∗COLUMNS+0℄+matrix [ j ∗COLUMNS+1℄+matrix [ j ∗COLUMNS+2℄+matrix [ j ∗COLUMNS+3℄) ;for ( i = 0 ; i < COLUMNS; i++) {pwmTemp[ j ∗COLUMNS+i ℄ = onvert_value ( matrix [ j ∗COLUMNS+i ℄ , N) ;}}return pwmTemp;}//// This i s the fun t i on f o r reading an input matrix from a f i l e and onver t ing i t to a pwm,// based on a funt i on from the Impulse CoDeveloper example p ro j e  t ' SmithWatermanSerial '//void read_matrix ( onst har ∗ PwmFileName , FILE ∗pwmInFile ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗header ;int s t a t us = 0 ;int s i z e = 32 ; /∗ s i z e o f header ∗/int matr ixSize = COLUMNS∗ROWS;f loat ∗matrix ;int i , j ;// Finding the s i z e o f the header l i n e and pruning '>'s t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;// Making sure the next matrix have been foundwhile ( bu f f e r [ 0 ℄ != '> ' ) {s t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;}// Al l o a t ing memory to s to r e header l i n e and matrixheader = (har∗) mal lo ( s i z e ∗ s izeo f (har ) ) ;matrix = ( f loat ∗) mal lo ( matr ixSize ∗ s izeo f ( f loat ) ) ;// Reading matrix names t a tus = f s  a n f ( pwmInFile , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( "Error reading %s f i l e header \n" , PwmFileName ) ;e x i t (−1) ;}// Reading and s t o r i ng the matrixp r i n t f ( "\nReading matrix %s : " , header ) ;for ( j = 0 ; j < ROWS; j++) {for ( i = 0 ; i < COLUMNS; i++) {f s  a n f ( pwmInFile , "%f " , &matrix [ j ∗COLUMNS+i ℄ ) ;



96 Soure Code}}p r i n t f ( "done \n" ) ;// Saving pwm datapwmHeader = header ;p r i n t f ( "Converting %s : " , header ) ;pwm = onvert_matrix ( matrix ) ;p r i n t f ( "done \n" ) ;pwmSize = matr ixSize ;f r e e ( matrix ) ;f r e e ( bu f f e r ) ;}//// This i s the so f tware ' r eade r ' p roe s s//void Produer ( o_stream threshold_0 , o_stream threshold_1 , o_stream pwm_0, o_stream pwm_1,o_stream iterat ion_0 ,o_stream iterat ion_1 , o_stream dna_0 , o_stream dna_1 , o_parameter f i l t e r s ){ int  ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Produer" ) ; )// Opening streamso_stream_open( threshold_0 , O_WRONLY, FLOAT_TYPE) ;o_stream_open( threshold_1 , O_WRONLY, FLOAT_TYPE) ;o_stream_open(pwm_0, O_WRONLY, FLOAT_TYPE) ;o_stream_open(pwm_1, O_WRONLY, FLOAT_TYPE) ;o_stream_open( iterat ion_0 , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( iterat ion_1 , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(dna_0 , O_WRONLY, CHAR_TYPE) ;o_stream_open(dna_1 , O_WRONLY, CHAR_TYPE) ;// Prepar ing to send thre s ho ld sint n ;f loat nSampleThreshold ;// Prepar ing to send matr i  e sint i , j ;f loat nSamplePwm ;// Prepar ing to send sequeneint k ;har nSampleDna ;// Reading sequene from input f i l eonst har ∗ DnaFileName = DNA_INPUT_FILE;FILE ∗ dnaInFi le ;read_sequene (DnaFileName , dnaInFi le ) ;// Determining type o f f i l t e r based on ommand l i n e argumenti f ( f i l t e r s == NULL) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;// Opening thre sho ld input f i l eonst har ∗ Fi lterFi leName = f i l t e r s ;FILE ∗ f i l t e r I n F i l e ;f i l t e r I n F i l e = fopen ( Fi l terFi leName , " r " ) ;i f ( f i l t e r I n F i l e == NULL ) {f p r i n t f ( s tde r r , "Error opening f i l t e r input f i l e %s \n" , Fi l terFi leName ) ; = get ( s td in ) ;e x i t (−1) ;}// Reading thre sho ld value f o r f i r s t matrix from input f i l e and sending i tnSampleThreshold = read_threshold ( Fi l terFi leName , f i l t e r I n F i l e ) ;o_stream_write ( threshold_0 , &nSampleThreshold , s izeo f ( f loat ) ) ;// Reading thre sho ld value f o r seond matrix from input f i l e and sending i tnSampleThreshold = read_threshold ( Fi l terFi leName , f i l t e r I n F i l e ) ;o_stream_write ( threshold_1 , &nSampleThreshold , s izeo f ( f loat ) ) ;// Clos ing thre sho ld input f i l ei f ( f  l o s e ( f i l t e r I n F i l e ) != 0) {p r i n t f ( " Error  l o s i n g f i l t e r input f i l e \n" ) ;}}// Opening matrix input f i l eonst har ∗ PwmFileName = PWM_INPUT_FILE;FILE ∗ pwmInFile ;pwmInFile = fopen (PwmFileName , " r " ) ;



97i f ( pwmInFile == NULL ) {f p r i n t f ( s tde r r , "Error opening matrix input f i l e %s \n" , PwmFileName) ; = get ( s td in ) ;e x i t (−1) ;}// Reading f i r s t input matrix from input f i l e and onver t ing i t to pwmread_matrix (PwmFileName , pwmInFile ) ;pwmList [ 0 ℄ = ( har∗)pwmHeader ;// Sending f i r s t matrixp r i n t f ( "Sending %s : " , pwmList [ 0 ℄ ) ;for ( i = 0 ; i < pwmSize ; i++) {nSamplePwm = ( f loat )pwm[ i ℄ ;o_stream_write (pwm_0, &nSamplePwm , s izeo f ( f loat ) ) ;}p r i n t f ( "done\n" ) ;f r e e (pwm) ;// Reading seond input matrix from input f i l e and onver t ing i t to pwmread_matrix (PwmFileName , pwmInFile ) ;pwmList [ 1 ℄ = ( har∗)pwmHeader ;// Sending seond matrixp r i n t f ( "Sending %s : " , pwmList [ 1 ℄ ) ;for ( i = 0 ; i < pwmSize ; i++) {nSamplePwm = ( f loat )pwm[ i ℄ ;o_stream_write (pwm_1, &nSamplePwm , s izeo f ( f loat ) ) ;}p r i n t f ( "done\n" ) ;f r e e (pwm) ;// Clos ing matrix input f i l ei f ( f  l o s e ( pwmInFile ) != 0) {p r i n t f ( "Error  l o s in g matrix input f i l e \n" ) ;}// Sending sequene l ength and a tua l sequeneo_stream_write ( i terat ion_0 , &dnaLength , s izeo f ( in t16 ) ) ;o_stream_write ( i terat ion_1 , &dnaLength , s izeo f ( in t16 ) ) ;p r i n t f ( "\nSending %s . . . \ n\n" , dnaHeader ) ;for ( k = 1 ; k <= dnaLength ; k++) {nSampleDna = ( har ) dnaSequene [ k ℄ ;o_stream_write (dna_0 , &nSampleDna , s izeo f ( har ) ) ;o_stream_write (dna_1 , &nSampleDna , s izeo f ( har ) ) ;}p r i n t f ( "done sending %s\n" , dnaHeader ) ;f r e e ( dnaSequene ) ;// Clos ing streamso_stream_lose ( threshold_0 ) ;o_stream_lose ( threshold_1 ) ;o_stream_lose (pwm_0) ;o_stream_lose (pwm_1) ;o_stream_lose ( i t e ra t i on_0 ) ;o_stream_lose ( i t e ra t i on_1 ) ;o_stream_lose (dna_0) ;o_stream_lose (dna_1) ;}//// This i s the so f tware ' wr i t e r ' p roe s s//void Consumer ( o_stream start_0 , o_stream sore_0 , o_stream start_1 , o_stream sore_1 ){ in t16 nResu l tS ta r t ;int resultEnd ;f loat nResultSore ;unsigned int ount = 0 ;onst har ∗ FileName = OUTPUT_FILE;FILE ∗ outF i l e ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Consumer" ) ; )// Opening output f i l eoutF i l e = fopen (FileName , "w" ) ;i f ( outF i l e == NULL ) {f p r i n t f ( s tde r r , "Error opening f i l e %s f o r wr i t ing \n" , FileName ) ;e x i t (−1) ;}// Opening streamso_stream_open( start_0 , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_0 , O_RDONLY, FLOAT_TYPE) ;o_stream_open( start_1 , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_1 , O_RDONLY, FLOAT_TYPE) ;



98 Soure CodeIF_SIM( osim_logwindow_write ( log , "Consumer reading r e s u l t s . . . \ n" ) ; )// Reading f i l t e r e d r e s u l t s streamed from f i r s t f i l t e r ; then wr i t ing them to s r e en andf i l ewhile ( o_stream_read ( start_0 , &nResultStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sore_0 , &nResultSore , s izeo f ( f loat ) ) == o_err_none ) {i f ( f i l t e rMode == 1) { // Summation f i l t e rresultEnd = dnaLength − 1 ;} else { // Threshold f i l t e rresultEnd = nResu l tS ta r t + (ROWS−1) ;}f p r i n t f ( outFi le , "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 0 ℄ ,nResultSore ) ;IF_SIM( osim_logwindow_fwrite ( log , "Result : %s %d %d %s %f \n" , dnaHeader , nResultStart ,resultEnd , pwmList [ 0 ℄ , nResultSore ) ; )p r i n t f ( "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 0 ℄ , nResultSore) ;ount++;}}// Reading f i l t e r e d r e s u l t s streamed from seond f i l t e r ; then wr i t ing them to s r e en andf i l ewhile ( o_stream_read ( start_1 , &nResultStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sore_1 , &nResultSore , s izeo f ( f loat ) ) == o_err_none ) {i f ( f i l t e rMode == 1) { // Summation f i l t e rresultEnd = dnaLength − 1 ;} else { // Threshold f i l t e rresultEnd = nResu l tS ta r t + (ROWS−1) ;}f p r i n t f ( outFi le , "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 1 ℄ ,nResultSore ) ;IF_SIM( osim_logwindow_fwrite ( log , "Result : %s %d %d %s %f \n" , dnaHeader , nResultStart ,resultEnd , pwmList [ 1 ℄ , nResultSore ) ; )p r i n t f ( "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 1 ℄ , nResultSore) ;ount++;}}IF_SIM( osim_logwindow_fwrite ( log , "Consumer read %d f i l t e r e d r e s u l t s \n" , ount ) ; )p r i n t f ( "\n\nThe a pp l i  a t i o n produed %d f i l t e r e d s  o r e s f o r %s \n" , ount , dnaHeader ) ;f r e e ( dnaHeader ) ;f r e e (pwmHeader ) ;// Clos ing output f i l ei f ( f  l o s e ( outF i l e ) != 0) {p r i n t f ( " Error  l o s i n g r e s u l t output f i l e \n" ) ;}// Clos ing streamso_stream_lose ( start_0 ) ;o_stream_lose ( sore_0 ) ;o_stream_lose ( start_1 ) ;o_stream_lose ( sore_1 ) ;}//// Impulse C Main Funtion//int main ( int arg , har ∗∗ argv ){ o_arh i t e  ture my_arh ;void ∗param = NULL;har ∗ f i l t e r ;har ∗∗ arg ;int  ;p r i n t f ( "\n\n== IMPULSE−C APPLICATION: FPWM 2008 ==\n" ) ;swith ( arg ) {ase 1 :p r i n t f ( "Exeuting with summation f i l t e r \n" ) ;my_arh =  o_ in i t i a l i z e (param ) ;o_exeute (my_arh ) ;break ;ase 2 :p r i n t f ( "Exeuting with thre sho ld f i l t e r \n" ) ;arg = (har∗∗) argv ;f i l t e r = ( har∗) arg [ 1 ℄ ;my_arh =  o_ in i t i a l i z e ( f i l t e r ) ;o_exeute (my_arh ) ;break ;default :p r i n t f ( "\nWrong use o f parameters ! \ n" ) ;break ;}



99p r i n t f ( " App l i a t i on omplete ! Press the Enter key to ont inue . . . \ n" ) ; = get ( s td in ) ;return (0 ) ;}FPWM2008_hw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWM2008_hw.  : in  lude s the hardware pro e s s e s and  on f i g ur a t i o n// funt i on f o r the p a r a l l e l f l o a t i ng−point v e r s i o n o f the FPWM// system .//// See add i t i o n a l omments in FPWM2008 . h .//#inlude "o . h"#inlude "osim_log . h"#inlude "FPWM2008 . h"#inlude "o_math . h"// Software proe s s de  l a r a t i o ns ( s e e FPWM2008_sw.  )extern void Produer ( o_stream threshold_0 , o_stream threshold_1 , o_stream pwm_0, o_streampwm_1, o_stream iterat ion_0 ,o_stream iterat ion_1 , o_stream dna_0 , o_stream dna_1 , o_parameter f i l t e r s ) ;extern void Consumer ( o_stream start_0 , o_stream sore_0 , o_stream start_1 , o_streamsore_1 ) ;//// This i s the hardware 'pwm' proe s s//void PWM( o_stream pwm, o_stream i t e r a t i o n , o_stream dna , o_stream ounter , o_stream sum ,o_parameter nInstane ){ int i , j , k , l ;f loat nSamplePwm ;f loat matrix [COLUMNS℄ [ROWS℄ ;in t16 dnaLength ;int motifLength ;har nSampleDna ;har sequene [MAX_SEQUENCE℄ ;in t16 nCounter ;f loat nSum;in t16 nHitStart ;f loat nHitSore ;IF_SIM( int samplesread ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( "PWM" ) ; )do { // Hardware pr o  e s s e s run f o r e v e rIF_SIM( samplesread=0; r e s u l t sw r i t t e n =0;)// Sta t ing moti f l engthmotifLength = ROWS;// Opening streamso_stream_open(pwm, O_RDONLY, FLOAT_TYPE) ;o_stream_open( i t e r a t i o n , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(dna , O_RDONLY, CHAR_TYPE) ;o_stream_open( ounter , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(sum , O_WRONLY, FLOAT_TYPE) ;// Reading pwm from streamfor ( j =0; j<ROWS; j++) {for ( i =0; i<COLUMNS; i++) {o_stream_read (pwm, &nSamplePwm , s izeo f ( f loat ) ) ;matrix [ i ℄ [ j ℄ = ( f loat )nSamplePwm ;}}// Reading sequene l ength from streami f ( o_stream_read ( i t e r a t i o n , &dnaLength , s izeo f ( in t16 ) ) == o_err_none ) {IF_SIM( osim_logwindow_fwrite ( log , "Sequene l ength i s %d\n" , dnaLength ) ; )}// Reading por t i on o f sequene from stream nee s sa ry to s t a r t omputationfor ( k = 0 ; k < motifLength ; k++) {o_stream_read (dna , &nSampleDna , s izeo f (har ) ) ;IF_SIM( samplesread++;)sequene [ k ℄ = (har ) nSampleDna ;}



100 Soure Code// I n i t i a t i n g ounter and sumnCounter = 0 ;nSum = 0 ;// Computing r e s u l t s  o r e s f o r a l l subsequeneswhile ( nCounter <= ( dnaLength − motifLength ) ) {// Ca l u la t ing so r e f o r ur r ent po s i t i o nfor ( l = 0 ; l < motifLength ; l++) {#pragma CO PIPELINE#pragma CO SET stageDelay 32swith ( sequene [ l+nCounter ℄ ) {ase ( ( har ) 'A ' ) :nSum += matrix [ 0 ℄ [ l ℄ ;break ;ase ( ( har ) 'C ' ) :nSum += matrix [ 1 ℄ [ l ℄ ;break ;ase ( ( har ) 'G' ) :nSum += matrix [ 2 ℄ [ l ℄ ;break ;ase ( ( har ) 'T ' ) :nSum += matrix [ 3 ℄ [ l ℄ ;break ;default :// Do nothing here .break ;}}// Sta t ing that ounter and sum w i l l be r e s u l t datanHitStart = nCounter ;nHitSore = nSum;// Sending r e s u l t to f i l t e ro_stream_write ( ounter , &nHitStart , s izeo f ( in t16 ) ) ;o_stream_write (sum , &nHitSore , s izeo f ( f loat ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , "Wrote s o r e %f to f i l t e r , f o r pattern s t a r t in g atpo s i t i o n %d .\ n" , nHitSore , nHitStart ) ; )// Reading new sequene base from streami f ( o_stream_read (dna , &nSampleDna , s izeo f (har ) ) == o_err_none ) {IF_SIM( samplesread++;)sequene [ k ℄ = (har ) nSampleDna ;k++;} else {break ;}// Updating ounter and r e s e t i n g sumnCounter++;nSum = 0 ;}// Clos ing streamso_stream_lose (pwm) ;o_stream_lose ( i t e r a t i o n ) ;o_stream_lose ( dna ) ;o_stream_lose ( ounter ) ;o_stream_lose (sum) ;IF_SIM( osim_logwindow_fwrite ( log , "Clos ing PWM proe s s %d ; Symbols in sequene read : %d ,r e s u l t s wr i t t en : %d\n" , nInstane , samplesread , r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// This i s the hardware ' f i l t e r ' p roe s s//void F i l t e r ( o_stream threshold , o_stream ounter , o_stream sum , o_stream sta r t , o_streamsore , o_parameter nInstane ){ f loat nThreshold ;int f i l t e rMode ;in t16 nResu l tS ta r t ;f loat nResultSore ;in t16 nHitStart ;f loat nHitSore ;IF_SIM( int r e s u l t s r e a d ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( " F i l t e r " ) ; )do { // Hardware p ro  e s s e s run f o r e v e r



101IF_SIM( r e s u l t s r e a d =0; r e s u l t sw r i t t e n =0;)// Opening streamso_stream_open( threshold , O_RDONLY, FLOAT_TYPE) ;o_stream_open( ounter , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(sum , O_RDONLY, FLOAT_TYPE) ;o_stream_open( s ta r t , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore , O_WRONLY, FLOAT_TYPE) ;// Reading thre sho ld value from stream ; determining f i l t e r modei f ( o_stream_read ( threshold , &nThreshold , s izeo f ( f loat ) ) != o_err_none ) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )IF_SIM( osim_logwindow_fwrite ( log , "Threshold value : %f \n" , nThreshold ) ; )}// I n i t i a t i n g f i l t e r e d r e s u l t datanResu l tS ta r t = 0 ;nResultSore = 0 ;// Read omputed r e s u l t s from streamwhile ( o_stream_read ( ounter , &nHitStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read (sum , &nHitSore , s izeo f ( f loat ) ) == o_err_none ) {IF_SIM( r e s u l t s r e a d++;)i f ( f i l t e rMode == 1) { // Summation f i l t e rnResultSore += nHitSore ;} else { // Threshold f i l t e ri f ( nHitSore >= nThreshold ) {// Sta t ing that the r e s u l t s o r e w i l l pass through the f i l t e rnResu l tS ta r t = nHitStart ;nResultSore = nHitSore ;// Sending f i l t e r e d r e s u l t to onsumero_stream_write ( s ta r t , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore , &nResultSore , s izeo f ( f loat ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d so r e %f f o r pattern s t a r t i n g atpo s i t i o n %d .\ n" , nResultSore , nResu l tS ta r t ) ; )}}}}i f ( f i l t e rMode == 1) { // Summation f i l t e r// Sending r e s u l t s o r e from summation f i l t e r to onsumero_stream_write ( s ta r t , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore , &nResultSore , s izeo f ( f loat ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d ombined so re %f f o r the en t i r e sequene. \n" , nResultSore ) ; )}// Clos ing streamso_stream_lose ( thre sho ld ) ;o_stream_lose ( ounter ) ;o_stream_lose (sum) ;o_stream_lose ( s t a r t ) ;o_stream_lose ( s o r e ) ;IF_SIM( osim_logwindow_fwrite ( log ,"Clos ing f i l t e r p roe s s %d ; Resu l t s read : %d , r e s u l t s f i l t e r e d : %d\n" , nInstane ,r e s u l t s r e ad , r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// Impulse C on f i g ur a t i on funt i on//void onfig_FPWM2008(void ∗arg ){ o_stream threshold_0 ;o_stream threshold_1 ;o_stream pwm_0;o_stream pwm_1;o_stream i t e ra t i on_0 ;o_stream i t e ra t i on_1 ;o_stream dna_0 ;



102 Soure Codeo_stream dna_1 ;o_stream ounter_0 ;o_stream sum_0;o_stream ounter_1 ;o_stream sum_1;o_stream start_0 ;o_stream sore_0 ;o_stream start_1 ;o_stream sore_1 ;o_proess produer_proess ;o_proess PWM0;o_proess PWM1;o_proess F i l t e r 0 ;o_proess F i l t e r 1 ;o_proess onsumer_proess ;IF_SIM( osim_logwindow_init ( ) ; )har ∗parameters ;i f ( arg != NULL) {parameters = ( har∗) arg ;} else {parameters = NULL;}threshold_0 = o_stream_reate( " threshold_0 " , FLOAT_TYPE, MIN_STREAMDEPTH) ;threshold_1 = o_stream_reate( " threshold_1 " , FLOAT_TYPE, MIN_STREAMDEPTH) ;pwm_0 = o_stream_reate( "pwm_0" , FLOAT_TYPE, COLUMNS∗ROWS) ;pwm_1 = o_stream_reate( "pwm_1" , FLOAT_TYPE, COLUMNS∗ROWS) ;i t e ra t i on_0 = o_stream_reate( " i t e ra t i on_0 " , INT_TYPE(MAX_STREAMWIDTH/4) , MIN_STREAMDEPTH);i t e ra t i on_1 = o_stream_reate( " i t e ra t i on_1 " , INT_TYPE(MAX_STREAMWIDTH/4) , MIN_STREAMDEPTH);dna_0 = o_stream_reate( "dna_0" , CHAR_TYPE, MAX_SEQUENCE) ;dna_1 = o_stream_reate( "dna_1" , CHAR_TYPE, MAX_SEQUENCE) ;ounter_0 = o_stream_reate( " ounter_0 " , INT_TYPE(MAX_STREAMWIDTH/4) , FILTER_QUEUE) ;sum_0 = o_stream_reate( "sum_0" , FLOAT_TYPE, FILTER_QUEUE) ;ounter_1 = o_stream_reate( " ounter_1 " , INT_TYPE(MAX_STREAMWIDTH/4) , FILTER_QUEUE) ;sum_1 = o_stream_reate( "sum_1" , FLOAT_TYPE, FILTER_QUEUE) ;start_0 = o_stream_reate( " start_0 " , INT_TYPE(MAX_STREAMWIDTH/4) , WRITE_QUEUE) ;sore_0 = o_stream_reate( " sore_0" , FLOAT_TYPE, WRITE_QUEUE) ;start_1 = o_stream_reate( " start_1 " , INT_TYPE(MAX_STREAMWIDTH/4) , WRITE_QUEUE) ;sore_1 = o_stream_reate( " sore_1" , FLOAT_TYPE, WRITE_QUEUE) ;produer_proess = o_proess_reate ( "Produer" , ( o_funt ion) Produer ,9 ,threshold_0 ,threshold_1 ,pwm_0,pwm_1,iterat ion_0 ,i terat ion_1 ,dna_0 ,dna_1 ,parameters ) ;PWM0 = o_proess_reate ( "PWM0" , ( o_funt ion)PWM,6 ,pwm_0,iterat ion_0 ,dna_0 ,ounter_0 ,sum_0,0) ;PWM1 = o_proess_reate ( "PWM1" , ( o_funt ion)PWM,6 ,pwm_1,iterat ion_1 ,dna_1 ,ounter_1 ,sum_1,1) ;F i l t e r 0 = o_proess_reate ( " F i l t e r 0 " , ( o_funt ion) F i l t e r ,6 ,threshold_0 ,ounter_0 ,sum_0,start_0 ,sore_0 ,0) ;F i l t e r 1 = o_proess_reate ( " F i l t e r 1 " , ( o_funt ion) F i l t e r ,6 ,threshold_1 ,ounter_1 ,



103sum_1,start_1 ,sore_1 ,1) ;onsumer_proess = o_proess_reate ( "Consumer" , ( o_funt ion)Consumer ,4 ,start_0 ,sore_0 ,start_1 ,sore_1 ) ;o_proess_onf ig (PWM0, o_lo , "PE0" ) ;o_proess_onf ig (PWM1, o_lo , "PE0" ) ;o_proess_onf ig ( F i l t e r0 , o_lo , "PE0" ) ;o_proess_onf ig ( F i l t e r1 , o_lo , "PE0" ) ;}o_arh i t e  ture  o_ in i t i a l i z e ( int param ){ return ( o_arh i t e  ture_rea te ( "FPWM2008" , " ray_rt " ,onfig_FPWM2008 , ( void ∗)param ) ) ;}



104 Soure CodeFPWMiFPWMi.h// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//#define MAX_STREAMWIDTH 64 /∗ bu f f e r width f o r FIFO in hardware ∗/#define MIN_STREAMDEPTH 1 /∗ minimum bu f f e r s i z e f o r FIFO in hardware ∗/#define DNA_INPUT_FILE "dna . txt "#define PWM_INPUT_FILE "pwm. txt "#define OUTPUT_FILE "out . txt "#define COLUMNS 4 /∗ A,C,G,T ∗/#define ROWS 8 /∗ l eng th o f pattern /moti f ∗/#define MAX_SEQUENCE 300#define FILTER_QUEUE MAX_SEQUENCE /∗ FIFO length between PWM and F i l t e r ∗/#define WRITE_QUEUE ((MAX_SEQUENCE∗10) /100) /∗ FIFO length between F i l t e r and Consumer ∗/#define VALID_CHAR(a ) ( ( ( a ) > 64) && (( a ) < 91) && ( ( a ) != 74) && (( a ) != 79) && (( a ) != 85)? (1 ) : ( 0 ) )FPWMi_sw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWMi_sw.  : in lud e s the so f tware t e s t benh pr o  e s s e s and// main ( ) fun t i on f o r the bas i  " f i x ed−point " ve r s i on o f the// FPWM system .//// See add i t i o n a l omments in FPWMi. h .//#inlude <s td io . h>#inlude <s t d l i b . h>#inlude <s t r i n g . h>#inlude <math . h>#inlude "o . h"#inlude "osim_log . h"#inlude "FPWMi. h"extern o_arh i t e  ture  o_ in i t i a l i z e (void ∗) ;// Globalsstat i har ∗pwmHeader , ∗dnaHeader ;stat i int ∗pwm;stat i har ∗dnaSequene ;stat i int pwmSize , dnaLength ;stat i int f i l t e rMode ;//// This i s the fun t i on f o r enoding a f l o a t in g−point value to f i xed−point ,// taken from the so f tware framework o f the e x i s t i n g VHDL s o l u t i on//int fpEnode ( f loat x) {return x ∗ 16777216;}//// This i s the fun t i on f o r deoding a f i xed−point value bak to f l o a t in g−point ,// taken from the so f tware framework o f the e x i s t i n g VHDL s o l u t i on//f loat fpDeode ( int x ) {return ( f loat ) ( ( x ) /16777216.0) ;}//// This i s the fun t i on f o r  a l  u l a t i n g pwm−va lue s from ount−va lue s//int onvert_value ( f loat  , f loat N) {double s = 0 . 2 5 ;double P = 0 . 2 5 ;double p , valueTemp ;f loat pwmValueTemp ;



105p = (double ) ( ( +s ) /(N+(4∗ s ) ) ) ;valueTemp = (double) (p/P) ;pwmValueTemp = ( f loat ) l og ( valueTemp ) ;return fpEnode (pwmValueTemp) ;}//// This i s the fun t i on f o r onve r t ing an alignment matrix to a pwm//int ∗ onvert_matrix ( f loat ∗ matrix ) {int i , j ;int ∗pwmTemp;double N;pwmTemp = ( int ∗) mal lo (ROWS∗COLUMNS∗ s izeo f ( int ) ) ;for ( j = 0 ; j < ROWS; j++) {N = (matrix [ j ∗COLUMNS+0℄+matrix [ j ∗COLUMNS+1℄+matrix [ j ∗COLUMNS+2℄+matrix [ j ∗COLUMNS+3℄) ;for ( i = 0 ; i < COLUMNS; i++) {pwmTemp[ j ∗COLUMNS+i ℄ = onvert_value ( matrix [ j ∗COLUMNS+i ℄ , N) ;}}return pwmTemp;}//// This i s the fun t i on f o r reading an input matrix from a f i l e and onver t ing i t to a pwm,// based on a funt i on from the Impulse CoDeveloper example p ro j e  t ' SmithWatermanSerial '//void read_matrix ( onst har ∗ PwmFileName , FILE ∗pwmInFile ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗header ;int s t a t us = 0 ;int s i z e = 32 ; /∗ s i z e o f header ∗/int matr ixSize = COLUMNS∗ROWS;f loat ∗matrix ;int i , j ;har hara t e r ;// Opening matrix input f i l epwmInFile = fopen (PwmFileName , " r " ) ;i f ( pwmInFile == NULL ) {f p r i n t f ( s tde r r , "Error opening matrix input f i l e %s \n" , PwmFileName) ;hara t e r = get ( s td in ) ;e x i t (−1) ;}// Finding the s i z e o f the header l i n es t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;// Making sure the matrix i s in the  o r r e  t input formati f ( bu f f e r [ 0 ℄ != '> ' ) {p r i n t f ( "Matrix in %s must be in FASTA format , s t a r t i n g with '>'\n" , PwmFileName ) ;}// Clos ing matrix input f i l ei f ( f  l o s e ( pwmInFile ) != 0) {p r i n t f ( "Error  l o s in g matrix input f i l e \n" ) ;}// Al l o a t ing memory to s to r e header l i n eheader = (har∗) mal lo ( s i z e ∗ s izeo f (har ) ) ;matrix = ( f loat ∗) mal lo ( matr ixSize ∗ s izeo f ( f loat ) ) ;// Reopening matrix input f i l epwmInFile = fopen (PwmFileName , " r " ) ;i f ( pwmInFile == NULL ){p r i n t f ( "Error opening matrix input f i l e %s f i l e \n" , PwmFileName) ;e x i t (−1) ;}// Pruning '>'f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;// Reading matrix names t a tus = f s  a n f ( pwmInFile , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( "Error reading %s f i l e header \n" , PwmFileName ) ;e x i t (−1) ;}// Reading and s t o r i ng the matrixp r i n t f ( "\nReading matrix %s : " , header ) ;for ( j = 0 ; j < ROWS; j++) {for ( i = 0 ; i < COLUMNS; i++) {



106 Soure Codef s  a n f ( pwmInFile , "%f " , &matrix [ j ∗COLUMNS+i ℄ ) ;}}p r i n t f ( "done \n" ) ;// Clos ing matrix input f i l ei f ( f  l o s e ( pwmInFile ) != 0) {p r i n t f ( " Error  l o s i n g matrix input f i l e \n" ) ;}// Saving pwm datapwmHeader = header ;p r i n t f ( "Converting %s : " , header ) ;pwm = onvert_matrix ( matrix ) ;p r i n t f ( "done \n" ) ;pwmSize = matr ixSize ;f r e e ( matrix ) ;f r e e ( bu f f e r ) ;}//// This i s the fun t i on f o r reading an input sequene from a f i l e , based on a funt i on// from the Impulse CoDeveloper example pr o j e  t ' SmithWatermanSerial '//void read_sequene ( onst har ∗DnaFileName , FILE ∗dnaInFi le ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗ sequene , ∗header ;int sequeneLength ;int s i z e = 32 ;int s t a tus = 0 ;int nonval id ;har hara t e r ;// Opening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ) {f p r i n t f ( s tde r r , "Error opening sequene input f i l e %s \n" , DnaFileName ) ;hara t e r = get ( s td in ) ;e x i t (−1) ;}// Finding the s i z e o f header l i n es t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Making sure the sequene i s in the  o r r e  t input formati f ( bu f f e r [ 0 ℄ != '> ' ) {p r i n t f ( " Sequene in %s must be in FASTA format , s t a r t i n g with '>'\n" , DnaFileName ) ;}// Triming o f f non−va l i d har a  t e r s be fo r e sequenebu f f e r [ 0 ℄ = ' \n ' ;while ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) ) {f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;}// Finding the s i z e o f the sequene , a f t e r pruning the header l i n ef s  a n f ( dnaInFi le , "%s" , bu f f e r ) ;sequeneLength = 0 ;nonval id = 0 ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR( ( int ) bu f f e r [ 0 ℄ ) )sequeneLength++;i f ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) )nonval id++;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( " Error  l o s i n g sequene input f i l e \n" ) ;}// Al l o a t ing memory to s to r e the sequene and header l i n eheader = ( har∗) mal lo ( s i z e ∗ s izeo f ( har ) ) ;sequene = ( har∗) mal lo ( ( sequeneLength + 1)∗ s izeo f (har ) ) ;// Reopening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ){p r i n t f ( " Error opening sequene input f i l e %s f i l e \n" , DnaFileName ) ;e x i t (−1) ;}// Pruning '>'f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Reading sequene names t a tus = f s  a n f ( dnaInFi le , "%s " , header ) ;



107i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( "Error reading %s f i l e header \n" , DnaFileName ) ;e x i t (−1) ;}s i z e = 1 ; /∗ Why shouldn ' t t h i s value be 0? Would ause an e r ro r ∗///Reading the sequenep r i n t f ( "\nReading sequene %s : " , header ) ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) {sequene [ s i z e++℄ = buf f e r [ 0 ℄ ;}}p r i n t f ( "done\n" ) ;i f ( s i z e −1 != sequeneLength ) {p r i n t f ( "Error reading %s f i l e sequene\n" , DnaFileName ) ;e x i t (−1) ;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( "Error  l o s in g sequene input f i l e \n" ) ;}// Save sequene datadnaHeader = header ;dnaSequene = sequene ;dnaLength = sequeneLength ;f r e e ( bu f f e r ) ;}//// This i s the so f tware ' r eade r ' p roe s s//void Produer ( o_stream threshold_stream , o_stream pwm_stream , o_stream iterat ion_stream ,o_stream dna_stream , o_parameter f i l t e r ){ f loat th re sho ld ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Produer" ) ; )// Opening streamso_stream_open( threshold_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open(pwm_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open(dna_stream , O_WRONLY, CHAR_TYPE) ;o_stream_open( iterat ion_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;// Determining type o f f i l t e r based on ommand l i n e argumenti f ( f i l t e r == NULL) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;thre sho ld = fpEnode ( a t o f ( f i l t e r ) ) ;o_stream_write ( threshold_stream , &threshold , s izeo f ( in t32 ) ) ;}// Reading matrix from input f i l e and onver t ing i t to pwmonst har ∗ PwmFileName = PWM_INPUT_FILE;FILE ∗ pwmInFile ;read_matrix (PwmFileName , pwmInFile ) ;// Sending matrixint i , j ;int nSamplePwm ;p r i n t f ( "Sending %s : " , pwmHeader ) ;for ( i = 0 ; i < pwmSize ; i++) {nSamplePwm = ( int )pwm[ i ℄ ;o_stream_write (pwm_stream , &nSamplePwm , s izeo f ( in t32 ) ) ;}p r i n t f ( "done\n" ) ;f r e e (pwm) ;// Reading sequene from input f i l eonst har ∗ DnaFileName = DNA_INPUT_FILE;FILE ∗ dnaInFi le ;read_sequene (DnaFileName , dnaInFi le ) ;// Sending sequene l ength and a tua l sequeneint k ;har nSampleDna ;o_stream_write ( i terat ion_stream , &dnaLength , s izeo f ( in t16 ) ) ;p r i n t f ( "Sending %s . . . \ n\n" , dnaHeader ) ;for ( k = 1 ; k <= dnaLength ; k++) {nSampleDna = ( har ) dnaSequene [ k ℄ ;



108 Soure Codeo_stream_write ( dna_stream , &nSampleDna , s izeo f (har ) ) ;}p r i n t f ( "done sending %s\n" , dnaHeader ) ;f r e e ( dnaSequene ) ;// Clos ing streamso_stream_lose ( threshold_stream ) ;o_stream_lose (pwm_stream) ;o_stream_lose ( i t e ra t i on_st r eam) ;o_stream_lose ( dna_stream) ;}//// This i s the so f tware ' w r i t e r ' p roe s s//void Consumer ( o_stream start_stream , o_stream sore_stream ){ in t16 nResu l tS ta r t ;int resultEnd ;in t32 nResultSore ;f loat r e s u l t S  o r e ;unsigned int ount = 0 ;onst har ∗ FileName = OUTPUT_FILE;FILE ∗ outF i l e ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Consumer" ) ; )// Opening output f i l eoutF i l e = fopen ( FileName , "w" ) ;i f ( outF i l e == NULL ) {f p r i n t f ( s tde r r , "Error opening f i l e %s f o r wr i t ing \n" , FileName ) ;e x i t (−1) ;}// Opening streamso_stream_open( start_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;IF_SIM( osim_logwindow_write ( log , "Consumer reading r e s u l t s . . . \ n" ) ; )// Reading f i l t e r e d r e s u l t s from stream ; then wr i t ing them to s r e en and f i l ewhile ( o_stream_read ( start_stream , &nResultStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sore_stream , &nResultSore , s izeo f ( in t32 ) ) == o_err_none ) {i f ( f i l t e rMode == 1) { // Summation f i l t e rresultEnd = dnaLength − 1 ;} else { // Threshold f i l t e rresultEnd = nResu l tS ta r t + (ROWS−1) ;}r e s u l t S  o r e = fpDeode ( nResultSore ) ;f p r i n t f ( outFi le , "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmHeader ,r e s u l t S  o r e ) ;IF_SIM( osim_logwindow_fwrite ( log , "Result : %s %d %d %s %f \n" , dnaHeader , nResultStart ,resultEnd , pwmHeader , r e s u l t S  o r e ) ; )p r i n t f ( "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmHeader , r e s u l t S  o r e ) ;ount++;}}IF_SIM( osim_logwindow_fwrite ( log , "Consumer read %d f i l t e r e d r e s u l t s \n" , ount ) ; )p r i n t f ( "\n\nThe a pp l i  a t i o n produed %d f i l t e r e d s  o r e s f o r %s \n" , ount , dnaHeader ) ;f r e e ( dnaHeader ) ;f r e e (pwmHeader ) ;// Clos ing output f i l ei f ( f  l o s e ( outF i l e ) != 0) {p r i n t f ( " Error  l o s i n g r e s u l t output f i l e \n" ) ;}// Clos ing streamso_stream_lose ( start_stream) ;o_stream_lose ( sore_stream ) ;}//// Impulse C Main Funtion//int main ( int arg , har ∗∗ argv ){ o_arh i t e  ture my_arh ;void ∗param = NULL;har ∗ f i l t e r ;har ∗∗ arg ;int  ;p r i n t f ( "\n\n== IMPULSE−C APPLICATION: FPWMi ==\n" ) ;



109swith ( arg ) {ase 1 :p r i n t f ( "Exeuting with summation f i l t e r \n" ) ;my_arh =  o_ in i t i a l i z e (param ) ;o_exeute (my_arh ) ;break ;ase 2 :p r i n t f ( "Exeuting with thre sho ld f i l t e r ; " ) ;arg = (har∗∗) argv ;f i l t e r = ( har∗) arg [ 1 ℄ ;p r i n t f ( " thre sho ld s e t at %s\n" , f i l t e r ) ;my_arh =  o_ in i t i a l i z e ( f i l t e r ) ;o_exeute (my_arh ) ;break ;default :p r i n t f ( "\nWrong use o f parameters ! \ n" ) ;break ;}p r i n t f ( " App l i a t i on omplete ! Press the Enter key to ont inue . . . \ n" ) ; = get ( s td in ) ;return (0 ) ;}FPWMi_hw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWMi_hw.  : in lude s the hardware pr o  e s s e s and o n f i g u r a t i on// funt i on f o r the bas i  " f i x ed−point " v e r s i o n o f the FPWM// system .//// See add i t i o n a l omments in FPWMi. h .//#inlude "o . h"#inlude "osim_log . h"#inlude "FPWMi. h"#inlude "o_math . h"// Software proe s s de  l a r a t i o ns ( s e e FPWMi_sw.  )extern void Produer ( o_stream threshold_stream , o_stream pwm_stream , o_streamiterat ion_stream , o_stream dna_stream ,o_parameter f i l t e r ) ;extern void Consumer ( o_stream start_stream , o_stream sore_stream ) ;//// This i s the hardware 'pwm' proe s s//void PWM( o_stream pwm_stream , o_stream iterat ion_stream , o_stream dna_stream , o_streamounter_stream , o_stream sum_stream){ int i , j , k , l ;i n t32 nSamplePwm ;in t32 pwm[COLUMNS℄ [ROWS℄ ;in t16 dnaLength ;int motifLength ;har nSampleDna ;har sequene [MAX_SEQUENCE℄ ;in t16 ounter ;in t32 sum ;in t16 nHitStart ;in t32 nHitSore ;IF_SIM( int samplesread ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( "PWM" ) ; )do { // Hardware pr o  e s s e s run f o r e v e rIF_SIM( samplesread=0; r e s u l t sw r i t t e n =0;)// Sta t ing moti f l engthmotifLength = ROWS;// Opening streamso_stream_open(pwm_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( iterat ion_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( dna_stream , O_RDONLY, CHAR_TYPE) ;o_stream_open( ounter_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sum_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;// Reading pwm from stream



110 Soure Codefor ( j =0; j<ROWS; j++) {for ( i =0; i<COLUMNS; i++) {o_stream_read (pwm_stream , &nSamplePwm , s izeo f ( in t32 ) ) ;pwm[ i ℄ [ j ℄ = ( in t32 )nSamplePwm ;}}// Reading sequene l ength from streami f ( o_stream_read ( iterat ion_stream , &dnaLength , s izeo f ( in t16 ) ) == o_err_none ) {IF_SIM( osim_logwindow_fwrite ( log , "Sequene l ength i s %d\n" , dnaLength ) ; )}// Reading por t i on o f sequene from stream nee s sa ry to s t a r t omputationfor ( k = 0 ; k < motifLength ; k++) {o_stream_read ( dna_stream , &nSampleDna , s izeo f (har ) ) ;IF_SIM( samplesread++;)sequene [ k ℄ = (har )nSampleDna ;}// I n i t i a t i n g ounter and streamounter = 0 ;sum = 0 ;// Computing r e s u l t s  o r e s f o r a l l subsequeneswhile ( ounter <= ( dnaLength − motifLength ) ) {// Ca l u la t ing so r e f o r ur r ent po s i t i o nfor ( l = 0 ; l < motifLength ; l++) {#pragma CO PIPELINE#pragma CO SET stageDelay 32swith ( sequene [ l+ounter ℄ ) {ase ( ( har ) 'A ' ) :sum += ( int32 )pwm[ 0 ℄ [ l ℄ ;break ;ase ( ( har ) 'C ' ) :sum += ( int32 )pwm[ 1 ℄ [ l ℄ ;break ;ase ( ( har ) 'G' ) :sum += ( int32 )pwm[ 2 ℄ [ l ℄ ;break ;ase ( ( har ) 'T ' ) :sum += ( int32 )pwm[ 3 ℄ [ l ℄ ;break ;default :// Do nothing here .break ;}}// Sta t ing that ounter and sum w i l l be r e s u l t datanHitStart = ounter ;nHitSore = sum ;// Sending r e s u l t to f i l t e ro_stream_write ( ounter_stream , &nHitStart , s izeo f ( in t16 ) ) ;o_stream_write ( sum_stream , &nHitSore , s izeo f ( in t32 ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , "Wrote s o r e %d to f i l t e r , f o r pattern s t a r t in g atpo s i t i o n %d .\ n" , nHitSore , nHitStart ) ; )// Reading new sequene base from streami f ( o_stream_read (dna_stream , &nSampleDna , s izeo f (har ) ) == o_err_none ) {IF_SIM( samplesread++;)sequene [ k ℄ = (har ) nSampleDna ;k++;} else {break ;}// Updating ounter and r e s e t i n g sumounter++;sum = 0 ;}// Clos ing streamso_stream_lose (pwm_stream) ;o_stream_lose ( i t e ra t i on_st r eam) ;o_stream_lose ( dna_stream) ;o_stream_lose ( ounter_stream) ;o_stream_lose ( sum_stream) ;IF_SIM( osim_logwindow_fwrite ( log , "Clos ing PWM proe s s ; Symbols in sequene read : %d ,r e s u l t s wr i t t en : %d\n" , samplesread , r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}



111//// This i s the hardware ' f i l t e r ' p roe s s .//void F i l t e r ( o_stream threshold_stream , o_stream ounter_stream , o_stream sum_stream ,o_stream start_stream , o_stream sore_stream ){ in t32 thre sho ld ;int f i l t e rMode ;in t16 nResu l tS ta r t ;in t32 nResultSore ;in t16 nHitStart ;in t32 nHitSore ;IF_SIM( int r e s u l t s r e a d ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( " F i l t e r " ) ; )do { // Hardware pr o  e s s e s run f o r e v e rIF_SIM( r e s u l t s r e a d =0; r e s u l t sw r i t t e n =0;)// Opening streamso_stream_open( threshold_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( ounter_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sum_stream , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( start_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_stream , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;// Reading thre sho ld value from stream ; determining f i l t e r modei f ( o_stream_read ( threshold_stream , &threshold , s izeo f ( in t32 ) ) != o_err_none ) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )IF_SIM( osim_logwindow_fwrite ( log , "Threshold value : %d\n" , th re sho ld ) ; )}// I n i t i a t i n g f i l t e r e d r e s u l t datanResu l tS ta r t = 0 ;nResultSore = 0 ;// Reading omputed r e s u l t s from streamwhile ( o_stream_read ( ounter_stream , &nHitStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sum_stream , &nHitSore , s izeo f ( in t32 ) ) == o_err_none ) {IF_SIM( r e s u l t s r e a d++;)i f ( f i l t e rMode == 1) { // Summation f i l t e ri f ( nHitSore > 0) {nResultSore += ( int32 ) nHitSore ;}} else { // Threshold f i l t e ri f ( nHitSore >= thre sho ld ) {// Sta t ing that the r e s u l t s o r e w i l l pass through the f i l t e rnResu l tS ta r t = nHitStart ;nResultSore = nHitSore ;// Sending f i l t e r e d r e s l u t to onsumero_stream_write ( start_stream , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore_stream , &nResultSore , s izeo f ( in t32 ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d so r e %d f o r pattern s t a r t i n g atpo s i t i o n %d .\ n" , nResultSore , nResu l tS ta r t ) ; )}}}}i f ( f i l t e rMode == 1) { // Summation f i l t e r// Sending r e s u l t s o r e from summation f i l t e r to onsumero_stream_write ( start_stream , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore_stream , &nResultSore , s izeo f ( in t32 ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d ombined so re %d f o r the en t i r e sequene. \n" , nResultSore ) ; )}// Clos ing streamso_stream_lose ( threshold_stream ) ;o_stream_lose ( ounter_stream) ;o_stream_lose ( sum_stream) ;o_stream_lose ( start_stream) ;o_stream_lose ( sore_stream ) ;IF_SIM( osim_logwindow_fwrite ( log ,



112 Soure Code"Clos ing F i l t e r p roe s s ; Resu l t s read : %d , r e s u l t s f i l t e r e d : %d\n" , r e s u l t s r e ad ,r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// Impulse C on f i g ur a t i on funt i on//void onfig_FPWMi(void ∗arg ){ o_stream threshold_stream ;o_stream pwm_stream ;o_stream i t e ra t i on_st r eam ;o_stream dna_stream ;o_stream ounter_stream ;o_stream sum_stream ;o_stream start_stream ;o_stream sore_stream ;o_proess produer_proess ;o_proess pwm_proess ;o_proess f i l t e r_p r o  e s s ;o_proess onsumer_proess ;IF_SIM( osim_logwindow_init ( ) ; )har ∗parameter ;i f ( arg != NULL) {parameter = (har∗) arg ;} else {parameter = NULL;}threshold_stream = o_stream_reate( " threshold_stream " , INT_TYPE(MAX_STREAMWIDTH/2) ,MIN_STREAMDEPTH) ;pwm_stream = o_stream_reate( "pwm_stream" , INT_TYPE(MAX_STREAMWIDTH/2) , COLUMNS∗ROWS) ;i t e ra t i on_st r eam = o_stream_reate( " i t e ra t i on_st r eam" , INT_TYPE(MAX_STREAMWIDTH/4) ,MIN_STREAMDEPTH) ;dna_stream = o_stream_reate( "dna_stream" , CHAR_TYPE, MAX_SEQUENCE) ;ounter_stream = o_stream_reate( " ounter_stream" , INT_TYPE(MAX_STREAMWIDTH/4) ,FILTER_QUEUE) ;sum_stream = o_stream_reate( "sum_stream" , INT_TYPE(MAX_STREAMWIDTH/2) , FILTER_QUEUE) ;start_stream = o_stream_reate( " start_stream" , INT_TYPE(MAX_STREAMWIDTH/4) , WRITE_QUEUE) ;sore_stream = o_stream_reate( " sore_stream " , INT_TYPE(MAX_STREAMWIDTH/2) , WRITE_QUEUE) ;produer_proess = o_proess_reate ( "Produer" , ( o_funt ion) Produer ,5 ,threshold_stream ,pwm_stream ,iterat ion_stream ,dna_stream ,parameter ) ;pwm_proess = o_proess_reate ( "PWM" , ( o_funt ion)PWM,5 ,pwm_stream ,iterat ion_stream ,dna_stream ,ounter_stream ,sum_stream) ;f i l t e r_p r o  e s s = o_proess_reate ( " F i l t e r " , ( o_funt ion) F i l t e r ,5 ,threshold_stream ,ounter_stream ,sum_stream ,start_stream ,sore_stream ) ;onsumer_proess = o_proess_reate ( "Consumer" , ( o_funt ion)Consumer ,2 ,start_stream ,sore_stream ) ;o_proess_onf ig ( pwm_proess , o_lo , "PE0" ) ;o_proess_onf ig ( f i l t e r_pr o  e s s , o_lo , "PE0" ) ;}o_arh i t e  ture  o_ in i t i a l i z e ( int param ){ return ( o_arh i t e  ture_rea te ( "FPWMi" , " ray_rt" , onfig_FPWMi , ( void ∗)param ) ) ;}



113FPWM2008iFPWM2008i.h// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//#define MAX_STREAMWIDTH 64 /∗ bu f f e r width f o r FIFO in hardware ∗/#define MIN_STREAMDEPTH 1 /∗ minimum buf f e r s i z e f o r FIFO in hardware ∗/#define DNA_INPUT_FILE "dna . txt "#define PWM_INPUT_FILE "pwm. txt "#define OUTPUT_FILE "out . txt "#define COLUMNS 4 /∗ A,C,G,T ∗/#define ROWS 8 /∗ l eng th o f pattern /moti f ∗/#define MAX_SEQUENCE 300#define FILTER_QUEUE MAX_SEQUENCE /∗ FIFO length between PWM and F i l t e r ∗/#define WRITE_QUEUE ((MAX_SEQUENCE∗10) /100) /∗ FIFO length between F i l t e r and Consumer ∗/#define VALID_CHAR(a ) ( ( ( a ) > 64) && (( a ) < 91) && (( a ) != 74) && (( a ) != 79) && (( a ) != 85)? (1 ) : ( 0 ) )FPWM2008i_sw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWM2008i_sw .  : in lud e s the so f tware t e s t benh pr o  e s s e s and// main ( ) fun t i on f o r the p a r a l l e l " f i x ed−point " ve r s i o n o f the// FPWM system .//// See add i t i o n a l omments in FPWM2008i . h .//#inlude <s td i o . h>#inlude <s t d l i b . h>#inlude <s t r i n g . h>#inlude <math . h>#inlude "o . h"#inlude "osim_log . h"#inlude "FPWM2008i . h"extern o_arh i t e  ture  o_ in i t i a l i z e (void ∗) ;// Globalsstat i har ∗pwmHeader , ∗dnaHeader ;stat i int ∗pwm;stat i har ∗dnaSequene ;stat i int pwmSize , dnaLength ;stat i int f i l t e rMode ;stat i har∗ pwmList [ 2 ℄ ;//// This i s the fun t i on f o r enoding a f l o a t i ng−point value to f i xed−point ,// taken from the so f tware framework o f the e x i s t i n g VHDL s o lu t i on//int fpEnode ( f loat x) {return x ∗ 16777216;}//// This i s the fun t i on f o r deoding a f i xed−point value bak to f l o a t in g−point ,// taken from the so f tware framework o f the e x i s t i n g VHDL s o lu t i on//f loat fpDeode ( int x ) {return ( f loat ) ( ( x ) /16777216.0) ;}//// This i s the fun t i on f o r reading an input sequene from a f i l e , based on a funt i on// from the Impulse CoDeveloper example pr o j e  t ' SmithWatermanSerial '//void read_sequene ( onst har ∗DnaFileName , FILE ∗dnaInFi le ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗ sequene , ∗header ;



114 Soure Codeint sequeneLength ;int s i z e = 32 ;int s t a tus = 0 ;int nonval id ;har hara t e r ;// Opening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ) {f p r i n t f ( s tde r r , "Error opening sequene input f i l e %s \n" , DnaFileName ) ;hara t e r = get ( s td in ) ;e x i t (−1) ;}// Finding the s i z e o f header l i n es t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Making sure the sequene i s in the  o r r e  t input formati f ( bu f f e r [ 0 ℄ != '> ' ) {p r i n t f ( " Sequene in %s must be in FASTA format , s t a r t i n g with '>'\n" , DnaFileName ) ;}// Triming o f f non−va l i d har a  t e r s be fo r e sequenebu f f e r [ 0 ℄ = ' \n ' ;while ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) ) {f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;}// Finding the s i z e o f the sequene , a f t e r pruning the header l i n ef s  a n f ( dnaInFi le , "%s" , bu f f e r ) ;sequeneLength = 0 ;nonval id = 0 ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR( ( int ) bu f f e r [ 0 ℄ ) )sequeneLength++;i f ( ! (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) )nonval id++;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( " Error  l o s i n g sequene input f i l e \n" ) ;}// Al l o a t ing memory to s to r e the sequene and header l i n eheader = ( har∗) mal lo ( s i z e ∗ s izeo f ( har ) ) ;sequene = ( har∗) mal lo ( ( sequeneLength + 1)∗ s izeo f (har ) ) ;// Reopening sequene input f i l ednaInFi le = fopen (DnaFileName , " r " ) ;i f ( dnaInFi le == NULL ){p r i n t f ( " Error opening sequene input f i l e %s f i l e \n" , DnaFileName ) ;e x i t (−1) ;}// Pruning '>'f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ;// Reading sequene names t a tus = f s  a n f ( dnaInFi le , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( " Error reading %s f i l e header \n" , DnaFileName ) ;e x i t (−1) ;}s i z e = 1 ; /∗ Why shouldn ' t t h i s value be 0? Would ause an e r r o r ∗///Reading the sequenep r i n t f ( "\nReading sequene %s : " , header ) ;while ( f r ead ( bu f f e r , s izeo f (har ) , 1 , dnaInFi le ) ) {i f (VALID_CHAR(( int ) bu f f e r [ 0 ℄ ) ) {sequene [ s i z e++℄ = buf f e r [ 0 ℄ ;}}p r i n t f ( "done \n" ) ;i f ( s i z e −1 != sequeneLength ) {p r i n t f ( " Error reading %s f i l e sequene\n" , DnaFileName ) ;e x i t (−1) ;}// Clos ing sequene input f i l ei f ( f  l o s e ( dnaInFi le ) != 0) {p r i n t f ( " Error  l o s i n g sequene input f i l e \n" ) ;}// Saving sequene datadnaHeader = header ;dnaSequene = sequene ;dnaLength = sequeneLength ;



115f r e e ( bu f f e r ) ;}//// This i s the fun t i on f o r reading a f i l t e r th re sho ld from f i l e//int read_threshold ( onst har ∗ Fi lterFi leName , FILE ∗ f i l t e r I n F i l e ) {har ∗header ;int s t a t us = 0 ;int s i z e = 32 ; /∗ s i z e o f header ∗/f loat th re sho ld ;header = (har∗) mal lo ( s i z e ∗ s izeo f (har ) ) ;// Reading matrix names t a tus = f s  a n f ( f i l t e r I nF i l e , "%s" , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( "Error reading %s f i l e header \n" , Fi l terFi leName ) ;e x i t (−1) ;}// Reading thre sho ld valuef s  a n f ( f i l t e r I nF i l e , "%f " , &thre sho ld ) ;f r e e ( header ) ;// Returning thre sho ld valuereturn fpEnode ( thre sho ld ) ;}//// This i s the fun t i on f o r  a l  u l a t i n g pwm−va lue s from ount−va lue s//int onvert_value ( f loat  , f loat N) {double s = 0 . 2 5 ;double P = 0 . 2 5 ;double p , valueTemp ;f loat pwmValueTemp ;p = (double ) ( ( +s ) /(N+(4∗ s ) ) ) ;valueTemp = (double) (p/P) ;pwmValueTemp = ( f loat ) l og ( valueTemp ) ;return fpEnode (pwmValueTemp) ;}//// This i s the fun t i on f o r onve r t ing an alignment matrix to a pwm//int ∗ onvert_matrix ( f loat ∗ matrix ) {int i , j ;int ∗pwmTemp;double N;pwmTemp = ( int ∗) mal lo (ROWS∗COLUMNS∗ s izeo f ( int ) ) ;for ( j = 0 ; j < ROWS; j++) {N = (matrix [ j ∗COLUMNS+0℄+matrix [ j ∗COLUMNS+1℄+matrix [ j ∗COLUMNS+2℄+matrix [ j ∗COLUMNS+3℄) ;for ( i = 0 ; i < COLUMNS; i++) {pwmTemp[ j ∗COLUMNS+i ℄ = onvert_value ( matrix [ j ∗COLUMNS+i ℄ , N) ;}}return pwmTemp;}//// This i s the fun t i on f o r reading an input matrix from a f i l e and onver t ing i t to a pwm,// based on a funt i on from the Impulse CoDeveloper example p ro j e  t ' SmithWatermanSerial '//void read_matrix ( onst har ∗ PwmFileName , FILE ∗pwmInFile ) {har ∗ bu f f e r = ( har∗) mal lo (32∗ s izeo f ( har ) ) ;har ∗header ;int s t a t us = 0 ;int s i z e = 32 ; /∗ s i z e o f header ∗/int matr ixSize = COLUMNS∗ROWS;f loat ∗matrix ;int i , j ;// Finding the s i z e o f the header l i n e and pruning '>'s t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;// Making sure the next matrix have been foundwhile ( bu f f e r [ 0 ℄ != '> ' ) {s t a t us = f r ead ( bu f f e r , s izeo f (har ) , 1 , pwmInFile ) ;



116 Soure Code}// Al l o a t ing memory to s to r e header l i n e and matrixheader = ( har∗) mal lo ( s i z e ∗ s izeo f ( har ) ) ;matrix = ( f loat ∗) mal lo ( matr ixSize ∗ s izeo f ( f loat ) ) ;// Reading matrix names t a tus = f s  a n f ( pwmInFile , "%s " , header ) ;i f ( s ta tus <= 0 | | s ta tus > s i z e ) {p r i n t f ( " Error reading %s f i l e header \n" , PwmFileName ) ;e x i t (−1) ;}// Reading and s t o r i ng the matrixp r i n t f ( "\nReading matrix %s : " , header ) ;for ( j = 0 ; j < ROWS; j++) {for ( i = 0 ; i < COLUMNS; i++) {f s  a n f ( pwmInFile , "%f " , &matrix [ j ∗COLUMNS+i ℄ ) ;}}p r i n t f ( "done \n" ) ;// Saving pwm datapwmHeader = header ;p r i n t f ( "Converting %s : " , header ) ;pwm = onvert_matrix ( matrix ) ;p r i n t f ( "done \n" ) ;pwmSize = matr ixSize ;f r e e ( matrix ) ;f r e e ( bu f f e r ) ;}//// This i s the so f tware ' r eade r ' p roe s s//void Produer ( o_stream threshold_0 , o_stream threshold_1 , o_stream pwm_0, o_stream pwm_1,o_stream iterat ion_0 ,o_stream iterat ion_1 , o_stream dna_0 , o_stream dna_1 , o_parameter f i l t e r s ){ int  ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Produer" ) ; )// Opening streamso_stream_open( threshold_0 , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( threshold_1 , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open(pwm_0, O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open(pwm_1, O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( iterat ion_0 , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( iterat ion_1 , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(dna_0 , O_WRONLY, CHAR_TYPE) ;o_stream_open(dna_1 , O_WRONLY, CHAR_TYPE) ;// Prepar ing to send thre s ho ld sint n ;int nSampleThreshold ;// Prepar ing to send matr i  e sint i , j ;int nSamplePwm ;// Prepar ing to send sequeneint k ;har nSampleDna ;// Reading sequene from input f i l eonst har ∗ DnaFileName = DNA_INPUT_FILE;FILE ∗ dnaInFi le ;read_sequene (DnaFileName , dnaInFi le ) ;// Determining type o f f i l t e r based on ommand l i n e argumenti f ( f i l t e r s == NULL) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;// Opening thre sho ld input f i l eonst har ∗ Fi lterFi leName = f i l t e r s ;FILE ∗ f i l t e r I n F i l e ;f i l t e r I n F i l e = fopen ( Fi l terFi leName , " r " ) ;i f ( f i l t e r I n F i l e == NULL ) {f p r i n t f ( s tde r r , "Error opening f i l t e r input f i l e %s \n" , Fi l terFi leName ) ; = get ( s td in ) ;e x i t (−1) ;}



117// Reading thre sho ld value f o r f i r s t matrix from input f i l e and sending i tnSampleThreshold = read_threshold ( Fi l terFi leName , f i l t e r I n F i l e ) ;o_stream_write ( threshold_0 , &nSampleThreshold , s izeo f ( in t32 ) ) ;// Reading thre sho ld value f o r seond matrix from input f i l e and sending i tnSampleThreshold = read_threshold ( Fi l terFi leName , f i l t e r I n F i l e ) ;o_stream_write ( threshold_1 , &nSampleThreshold , s izeo f ( in t32 ) ) ;// Clos ing thre sho ld input f i l ei f ( f  l o s e ( f i l t e r I n F i l e ) != 0) {p r i n t f ( "Error  l o s i ng f i l t e r input f i l e \n" ) ;}}// Opening matrix input f i l eonst har ∗ PwmFileName = PWM_INPUT_FILE;FILE ∗ pwmInFile ;pwmInFile = fopen (PwmFileName , " r " ) ;i f ( pwmInFile == NULL ) {f p r i n t f ( s tde r r , "Error opening matrix input f i l e %s \n" , PwmFileName) ; = get ( s td in ) ;e x i t (−1) ;}// Reading f i r s t input matrix and onver t ing i t to pwmread_matrix (PwmFileName , pwmInFile ) ;pwmList [ 0 ℄ = ( har∗)pwmHeader ;// Sending f i r s t matrixp r i n t f ( "Sending %s : " , pwmList [ 0 ℄ ) ;for ( i = 0 ; i < pwmSize ; i++) {nSamplePwm = ( int )pwm[ i ℄ ;o_stream_write (pwm_0, &nSamplePwm , s izeo f ( in t32 ) ) ;}p r i n t f ( "done\n" ) ;f r e e (pwm) ;// Reading seond input matrix and onver t ing i t to pwmread_matrix (PwmFileName , pwmInFile ) ;pwmList [ 1 ℄ = ( har∗)pwmHeader ;// Sending seond matrixp r i n t f ( "Sending %s : " , pwmList [ 1 ℄ ) ;for ( i = 0 ; i < pwmSize ; i++) {nSamplePwm = ( int )pwm[ i ℄ ;o_stream_write (pwm_1, &nSamplePwm , s izeo f ( in t32 ) ) ;}p r i n t f ( "done\n" ) ;f r e e (pwm) ;// Clos ing matrix input f i l ei f ( f  l o s e ( pwmInFile ) != 0) {p r i n t f ( "Error  l o s in g matrix input f i l e \n" ) ;}// Sending sequene l ength and a tua l sequeneo_stream_write ( i terat ion_0 , &dnaLength , s izeo f ( in t16 ) ) ;o_stream_write ( i terat ion_1 , &dnaLength , s izeo f ( in t16 ) ) ;p r i n t f ( "\nSending %s . . . \ n\n" , dnaHeader ) ;for ( k = 1 ; k <= dnaLength ; k++) {nSampleDna = ( har ) dnaSequene [ k ℄ ;o_stream_write (dna_0 , &nSampleDna , s izeo f ( har ) ) ;o_stream_write (dna_1 , &nSampleDna , s izeo f ( har ) ) ;}p r i n t f ( "done sending %s\n" , dnaHeader ) ;f r e e ( dnaSequene ) ;// Clos ing streamso_stream_lose ( threshold_0 ) ;o_stream_lose ( threshold_1 ) ;o_stream_lose (pwm_0) ;o_stream_lose (pwm_1) ;o_stream_lose ( i t e ra t i on_0 ) ;o_stream_lose ( i t e ra t i on_1 ) ;o_stream_lose (dna_0) ;o_stream_lose (dna_1) ;}//// This i s the so f tware ' wr i t e r ' p roe s s//void Consumer ( o_stream start_0 , o_stream sore_0 , o_stream start_1 , o_stream sore_1 ){ in t16 nResu l tS ta r t ;int resultEnd ;in t32 nResultSore ;f loat r e s u l t S  o r e ;



118 Soure Codeunsigned int ount = 0 ;onst har ∗ FileName = OUTPUT_FILE;FILE ∗ outF i l e ;IF_SIM( osim_logwindow log = osim_logwindow_reate ( "Consumer" ) ; )// Opening output f i l eoutF i l e = fopen ( FileName , "w" ) ;i f ( outF i l e == NULL ) {f p r i n t f ( s tde r r , "Error opening f i l e %s f o r wr i t ing \n" , FileName ) ;e x i t (−1) ;}// Opening streamso_stream_open( start_0 , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_0 , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( start_1 , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore_1 , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;IF_SIM( osim_logwindow_write ( log , "Consumer reading r e s u l t s . . . \ n" ) ; )// Reading f i l t e r e d r e s u l t s streamed from f i r s t f i l t e r ; then wr i t ing them to s r e en andf i l ewhile ( o_stream_read ( start_0 , &nResultStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sore_0 , &nResultSore , s izeo f ( in t32 ) ) == o_err_none ) {i f ( f i l t e rMode == 1) { // Summation f i l t e rresultEnd = dnaLength − 1 ;} else { // Threshold f i l t e rresultEnd = nResu l tS ta r t + (ROWS−1) ;}r e s u l t S  o r e = fpDeode ( nResultSore ) ;f p r i n t f ( outFi le , "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 0 ℄ ,r e s u l t S  o r e ) ;IF_SIM( osim_logwindow_fwrite ( log , "Result : %s %d %d %s %f \n" , dnaHeader , nResultStart ,resultEnd , pwmList [ 0 ℄ , r e s u l t S  o r e ) ; )p r i n t f ( "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 0 ℄ , r e s u l t S  o r e );ount++;}}// Reading f i l t e r e d r e s u l t s streamed from seond f i l t e r ; then wr i t ing them to s r e en andf i l ewhile ( o_stream_read ( start_1 , &nResultStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read ( sore_1 , &nResultSore , s izeo f ( in t32 ) ) == o_err_none ) {i f ( f i l t e rMode == 1) { // Summation f i l t e rresultEnd = dnaLength − 1 ;} else { // Threshold f i l t e rresultEnd = nResu l tS ta r t + (ROWS−1) ;}r e s u l t S  o r e = fpDeode ( nResultSore ) ;f p r i n t f ( outFi le , "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 1 ℄ ,r e s u l t S  o r e ) ;IF_SIM( osim_logwindow_fwrite ( log , "Result : %s %d %d %s %f \n" , dnaHeader , nResultStart ,resultEnd , pwmList [ 1 ℄ , r e s u l t S  o r e ) ; )p r i n t f ( "%s %d %d %s %f \n" , dnaHeader , nResultStart , resultEnd , pwmList [ 1 ℄ , r e s u l t S  o r e );ount++;}}IF_SIM( osim_logwindow_fwrite ( log , "Consumer read %d f i l t e r e d r e s u l t s \n" , ount ) ; )p r i n t f ( "\n\nThe a pp l i  a t i o n produed %d f i l t e r e d s  o r e s f o r %s \n" , ount , dnaHeader ) ;f r e e ( dnaHeader ) ;f r e e (pwmHeader ) ;// Clos ing output f i l ei f ( f  l o s e ( outF i l e ) != 0) {p r i n t f ( " Error  l o s i n g r e s u l t output f i l e \n" ) ;}// Clos ing streamso_stream_lose ( start_0 ) ;o_stream_lose ( sore_0 ) ;o_stream_lose ( start_1 ) ;o_stream_lose ( sore_1 ) ;}//// Impulse C Main Funtion//int main ( int arg , har ∗∗ argv ){ o_arh i t e  ture my_arh ;void ∗param = NULL;har ∗ f i l t e r ;



119har ∗∗ arg ;int  ;p r i n t f ( "\n\n== IMPULSE−C APPLICATION: FPWM 2008 i ==\n" ) ;swith ( arg ) {ase 1 :p r i n t f ( "Exeuting with summation f i l t e r \n" ) ;my_arh =  o_ in i t i a l i z e (param ) ;o_exeute (my_arh ) ;break ;ase 2 :p r i n t f ( "Exeuting with thre sho ld f i l t e r \n" ) ;arg = (har∗∗) argv ;f i l t e r = ( har∗) arg [ 1 ℄ ;my_arh =  o_ in i t i a l i z e ( f i l t e r ) ;o_exeute (my_arh ) ;break ;default :p r i n t f ( "\nWrong use o f parameters ! \ n" ) ;break ;}p r i n t f ( " App l i a t i on omplete ! Press the Enter key to ont inue . . . \ n" ) ; = get ( s td in ) ;return (0 ) ;}FPWM2008i_hw.// ///////////////////////////////////////////////////////////////////////////////// Impulse−C(  ) 2003−2008 Impulse Ae l e ra t ed Tehnologies , In .//// FPWM2008i_hw .  : in lud e s the hardware pr o  e s s e s and  on f i g ur a t i on// funt i on f o r the p a r a l l e l " f i x ed−point " ve r s i on o f the FPWM// system .//// See add i t i o n a l omments in FPWM2008i . h .//#inlude "o . h"#inlude "osim_log . h"#inlude "FPWM2008i . h"#inlude "o_math . h"// Software proe s s de  l a r a t i o ns ( s e e FPWM2008i_sw .  )extern void Produer ( o_stream threshold_0 , o_stream threshold_1 , o_stream pwm_0, o_streampwm_1, o_stream iterat ion_0 ,o_stream iterat ion_1 , o_stream dna_0 , o_stream dna_1 , o_parameter f i l t e r s ) ;extern void Consumer ( o_stream start_0 , o_stream sore_0 , o_stream start_1 , o_streamsore_1 ) ;//// This i s the hardware 'pwm' proe s s//void PWM( o_stream pwm, o_stream i t e r a t i o n , o_stream dna , o_stream ounter , o_stream sum ,o_parameter nInstane ){ int i , j , k , l ;i n t32 nSamplePwm ;in t32 matrix [COLUMNS℄ [ROWS℄ ;in t16 dnaLength ;int motifLength ;har nSampleDna ;har sequene [MAX_SEQUENCE℄ ;in t16 nCounter ;in t32 nSum;in t16 nHitStart ;in t32 nHitSore ;IF_SIM( int samplesread ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( "PWM" ) ; )do { // Hardware pr o  e s s e s run f o r e v e rIF_SIM( samplesread=0; r e s u l t sw r i t t e n =0;)// Sta t ing moti f l engthmotifLength = ROWS;// Opening streamso_stream_open(pwm, O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( i t e r a t i o n , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(dna , O_RDONLY, CHAR_TYPE) ;



120 Soure Codeo_stream_open( ounter , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(sum , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;// Reading pwm from streamfor ( j =0; j<ROWS; j++) {for ( i =0; i<COLUMNS; i++) {o_stream_read (pwm, &nSamplePwm , s izeo f ( in t32 ) ) ;matrix [ i ℄ [ j ℄ = ( in t32 )nSamplePwm ;}}// Reading sequene l ength from streami f ( o_stream_read ( i t e r a t i o n , &dnaLength , s izeo f ( in t16 ) ) == o_err_none ) {IF_SIM( osim_logwindow_fwrite ( log , "Sequene l ength i s %d\n" , dnaLength ) ; )}// Reading por t i on o f sequene from stream nee s sa ry to s t a r t omputationfor ( k = 0 ; k < motifLength ; k++) {o_stream_read (dna , &nSampleDna , s izeo f (har ) ) ;IF_SIM( samplesread++;)sequene [ k ℄ = (har )nSampleDna ;}// I n i t i a t i n g ounter and sumnCounter = 0 ;nSum = 0 ;// Computing r e s u l t s  o r e s f o r a l l subsequeneswhile ( nCounter <= ( dnaLength − motifLength ) ) {// Ca l u la t ing so r e f o r ur r ent po s i t i o nfor ( l = 0 ; l < motifLength ; l++) {#pragma CO PIPELINE#pragma CO SET stageDelay 32swith ( sequene [ l+nCounter ℄ ) {ase ( ( har ) 'A ' ) :nSum += ( int32 ) matrix [ 0 ℄ [ l ℄ ;break ;ase ( ( har ) 'C ' ) :nSum += ( int32 ) matrix [ 1 ℄ [ l ℄ ;break ;ase ( ( har ) 'G' ) :nSum += ( int32 ) matrix [ 2 ℄ [ l ℄ ;break ;ase ( ( har ) 'T ' ) :nSum += ( int32 ) matrix [ 3 ℄ [ l ℄ ;break ;default :// Do nothing here .break ;}}// s t a t i ng that ounter and sum w i l l be r e s u l t datanHitStart = nCounter ;nHitSore = nSum;// Sending r e s u l t to f i l t e ro_stream_write ( ounter , &nHitStart , s izeo f ( in t16 ) ) ;o_stream_write (sum , &nHitSore , s izeo f ( in t32 ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , "Wrote s o r e %d to f i l t e r , f o r pattern s t a r t in g atpo s i t i o n %d .\ n" , nHitSore , nHitStart ) ; )// Reading new sequene base from streami f ( o_stream_read (dna , &nSampleDna , s izeo f (har ) ) == o_err_none ) {IF_SIM( samplesread++;)sequene [ k ℄ = (har ) nSampleDna ;k++;} else {break ;}// Updating ounter and r e s e t i n g sumnCounter ++;nSum = 0 ;}// Clos ing streamso_stream_lose (pwm) ;o_stream_lose ( i t e r a t i o n ) ;o_stream_lose ( dna ) ;o_stream_lose ( ounter ) ;o_stream_lose (sum) ;IF_SIM( osim_logwindow_fwrite ( log , "Clos ing PWM proe s s %d ; Symbols in sequene read : %d ,r e s u l t s wr i t t en : %d\n" , nInstane , samplesread , r e s u l t sw r i t t e n ) ; )



121IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// This i s the hardware ' f i l t e r ' p roe s s//void F i l t e r ( o_stream threshold , o_stream ounter , o_stream sum , o_stream sta r t , o_streamsore , o_parameter nInstane ){ in t32 nThreshold ;int f i l t e rMode ;in t16 nResu l tS ta r t ;in t32 nResultSore ;in t16 nHitStart ;in t32 nHitSore ;IF_SIM( int r e s u l t s r e a d ; int r e s u l t sw r i t t e n ; )IF_SIM( osim_logwindow log ; )IF_SIM( log = osim_logwindow_reate ( " F i l t e r " ) ; )do { // Hardware pr o  e s s e s run f o r e v e rIF_SIM( r e s u l t s r e a d =0; r e s u l t sw r i t t e n =0;)// Opening streamso_stream_open( threshold , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( ounter , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open(sum , O_RDONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;o_stream_open( s ta r t , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/4) ) ;o_stream_open( sore , O_WRONLY, INT_TYPE(MAX_STREAMWIDTH/2) ) ;// Reading thre sho ld value from stream ; determining f i l t e r modei f ( o_stream_read ( threshold , &nThreshold , s izeo f ( in t32 ) ) != o_err_none ) {// F i l t e r i s s e t to summation f i l t e rf i l t e rMode = 1 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )} else {// F i l t e r i s s e t to thre sho ld f i l t e rf i l t e rMode = 2 ;IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r Mode : %d\n" , f i l t e rMode ) ; )IF_SIM( osim_logwindow_fwrite ( log , "Threshold value : %d\n" , nThreshold ) ; )}// I n i t i a t i n g f i l t e r e d r e s u l t datanResu l tS ta r t = 0 ;nResultSore = 0 ;// Reading omputed r e s u l t s from streamwhile ( o_stream_read ( ounter , &nHitStart , s izeo f ( in t16 ) ) == o_err_none ) {i f ( o_stream_read (sum , &nHitSore , s izeo f ( in t32 ) ) == o_err_none ) {IF_SIM( r e s u l t s r e a d++;)i f ( f i l t e rMode == 1) { // Summation f i l t e ri f ( nHitSore > 0) {nResultSore += ( int32 ) nHitSore ;}} else { // Threshold f i l t e ri f ( nHitSore >= nThreshold ) {// Sta t ing that the r e s u l t s o r e w i l l pass through the f i l t e rnResu l tS ta r t = nHitStart ;nResultSore = nHitSore ;// Sending f i l t e r e d r e s u l t to onsumero_stream_write ( s ta r t , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore , &nResultSore , s izeo f ( in t32 ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d so r e %d f o r pattern s t a r t i n g atpo s i t i o n %d .\ n" , nResultSore , nResu l tS ta r t ) ; )}}}}i f ( f i l t e rMode == 1) { // Summation f i l t e r// Sending r e s u l t s o r e from summation f i l t e r to onsumero_stream_write ( s ta r t , &nResultStart , s izeo f ( in t16 ) ) ;o_stream_write ( sore , &nResultSore , s izeo f ( in t32 ) ) ;IF_SIM( r e s u l t sw r i t t e n ++;)IF_SIM( osim_logwindow_fwrite ( log , " F i l t e r e d ombined so re %d f o r the en t i r e sequene. \n" , nResultSore ) ; )}// Clos ing streamso_stream_lose ( thre sho ld ) ;o_stream_lose ( ounter ) ;o_stream_lose (sum) ;



122 Soure Codeo_stream_lose ( s t a r t ) ;o_stream_lose ( s o r e ) ;IF_SIM( osim_logwindow_fwrite ( log ,"Clos ing f i l t e r p roe s s %d ; Resu l t s read : %d , r e s u l t s f i l t e r e d : %d\n" , nInstane ,r e s u l t s r e ad , r e s u l t sw r i t t e n ) ; )IF_SIM(break ; ) // Only run one f o r desktop s imu la t i on} while (1 ) ;}//// Impulse C on f i g ur a t i on funt i on//void onfig_FPWM2008i(void ∗arg ){ o_stream threshold_0 ;o_stream threshold_1 ;o_stream pwm_0;o_stream pwm_1;o_stream i t e ra t i on_0 ;o_stream i t e ra t i on_1 ;o_stream dna_0 ;o_stream dna_1 ;o_stream ounter_0 ;o_stream sum_0;o_stream ounter_1 ;o_stream sum_1;o_stream start_0 ;o_stream sore_0 ;o_stream start_1 ;o_stream sore_1 ;o_proess produer_proess ;o_proess PWM0;o_proess PWM1;o_proess F i l t e r 0 ;o_proess F i l t e r 1 ;o_proess onsumer_proess ;IF_SIM( osim_logwindow_init ( ) ; )har ∗parameters ;i f ( arg != NULL) {parameters = ( har∗) arg ;} else {parameters = NULL;}threshold_0 = o_stream_reate( " threshold_0 " , INT_TYPE(MAX_STREAMWIDTH/2) , MIN_STREAMDEPTH);threshold_1 = o_stream_reate( " threshold_1 " , INT_TYPE(MAX_STREAMWIDTH/2) , MIN_STREAMDEPTH);pwm_0 = o_stream_reate( "pwm_0" , INT_TYPE(MAX_STREAMWIDTH/2) , COLUMNS∗ROWS) ;pwm_1 = o_stream_reate( "pwm_1" , INT_TYPE(MAX_STREAMWIDTH/2) , COLUMNS∗ROWS) ;i t e ra t i on_0 = o_stream_reate( " i t e ra t i on_0 " , INT_TYPE(MAX_STREAMWIDTH/4) , MIN_STREAMDEPTH);i t e ra t i on_1 = o_stream_reate( " i t e ra t i on_1 " , INT_TYPE(MAX_STREAMWIDTH/4) , MIN_STREAMDEPTH);dna_0 = o_stream_reate( "dna_0" , CHAR_TYPE, MAX_SEQUENCE) ;dna_1 = o_stream_reate( "dna_1" , CHAR_TYPE, MAX_SEQUENCE) ;ounter_0 = o_stream_reate( " ounter_0 " , INT_TYPE(MAX_STREAMWIDTH/4) , FILTER_QUEUE) ;sum_0 = o_stream_reate( "sum_0" , INT_TYPE(MAX_STREAMWIDTH/2) , FILTER_QUEUE) ;ounter_1 = o_stream_reate( " ounter_1 " , INT_TYPE(MAX_STREAMWIDTH/4) , FILTER_QUEUE) ;sum_1 = o_stream_reate( "sum_1" , INT_TYPE(MAX_STREAMWIDTH/2) , FILTER_QUEUE) ;start_0 = o_stream_reate( " start_0 " , INT_TYPE(MAX_STREAMWIDTH/4) , WRITE_QUEUE) ;sore_0 = o_stream_reate( " sore_0" , INT_TYPE(MAX_STREAMWIDTH/2) , WRITE_QUEUE) ;start_1 = o_stream_reate( " start_1 " , INT_TYPE(MAX_STREAMWIDTH/4) , WRITE_QUEUE) ;sore_1 = o_stream_reate( " sore_1" , INT_TYPE(MAX_STREAMWIDTH/2) , WRITE_QUEUE) ;produer_proess = o_proess_reate ( "Produer" , ( o_funt ion) Produer ,9 ,threshold_0 ,threshold_1 ,pwm_0,pwm_1,iterat ion_0 ,i terat ion_1 ,dna_0 ,dna_1 ,parameters ) ;PWM0 = o_proess_reate ( "PWM0" , ( o_funt ion)PWM,6 ,pwm_0,iterat ion_0 ,dna_0 ,



123ounter_0 ,sum_0,0) ;PWM1 = o_proess_reate ( "PWM1" , ( o_funt ion)PWM,6 ,pwm_1,iterat ion_1 ,dna_1 ,ounter_1 ,sum_1,1) ;F i l t e r 0 = o_proess_reate ( " F i l t e r 0 " , ( o_funt ion) F i l t e r ,6 ,threshold_0 ,ounter_0 ,sum_0,start_0 ,sore_0 ,0) ;F i l t e r 1 = o_proess_reate ( " F i l t e r 1 " , ( o_funt ion) F i l t e r ,6 ,threshold_1 ,ounter_1 ,sum_1,start_1 ,sore_1 ,1) ;onsumer_proess = o_proess_reate ( "Consumer" , ( o_funt ion)Consumer ,4 ,start_0 ,sore_0 ,start_1 ,sore_1 ) ;o_proess_onf ig (PWM0, o_lo , "PE0" ) ;o_proess_onf ig (PWM1, o_lo , "PE0" ) ;o_proess_onf ig ( F i l t e r0 , o_lo , "PE0" ) ;o_proess_onf ig ( F i l t e r1 , o_lo , "PE0" ) ;}o_arh i t e  ture  o_ in i t i a l i z e ( int param ){ return ( o_arh i t e  ture_rea te ( "FPWM2008i" , " ray_rt" , onfig_FPWM2008i , ( void ∗)param ) ) ;}
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Appendix CHDL Build ReportsFPWM======== Building target 'build' in file _Makefile ========HW_SRC="FPWM_hw."; \for i in $HW_SRC; do CPP_INCLUDES="$CPP_INCLUDES -inlude $i"; done; \eho | "C:\Impulse\CoDeveloper2\MinGW\bin\g" -E -DWIN32 -DIMPULSE_C_SYNTHESIS -DRC_INVOKED -DBYTE="unsigned har" -DWORD="unsigned short" -DDWORD="unsigned int" -Dsize_t="long unsigned int" -DNULL=0 -Dstdin=NULL "-IC:\Impulse\CoDeveloper2\Inlude" $CPP_INCLUDES - > FPWM.i"C:\Impulse\CoDeveloper2\bin\impulse_snoot" -Timpulse- FPWM.i FPWM.snt"C:\Impulse\CoDeveloper2\bin\impulse_prep" FPWM.snt FPWM.pk0Impulse C TransformationsCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.proessing FPWM.snt..."C:\Impulse\CoDeveloper2\bin\impulse_porky" -iterate -fold -unused-syms -unused-types -Dmempys -onst-prop -salarize -loop-invariants FPWM.pk0 FPWM.pk1"C:\Impulse\CoDeveloper2\bin\impulse_porky" -build-arefs FPWM.pk1 FPWM.pky"C:\Impulse\CoDeveloper2\bin\impulse_imp" FPWM.pky FPWM.siImpulse C PreproessorCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.---Software ativated---proessing FPWM.pky...analyzing o_initialize...found arhiteture definition: FPWM/generi_vhdlanalyzing onfig_FPWM...reating stream threshold_stream ...reating stream pwm_stream ...reating stream iteration_stream ...reating stream dna_stream ...reating stream ounter_stream ...reating stream sum_stream ...reating stream start_stream ...reating stream sore_stream ...reating proess produer_proess ...reating proess pwm_proess ...reating proess filter_proess ...reating proess onsumer_proess ..."C:\Impulse\CoDeveloper2\bin\impulse_s2xml" FPWM.si > FPWM.xiImpulse C to XMLCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007."C:\Impulse\CoDeveloper2\bin\impulse_arh.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -std_logi -no_port_bus_onnet -lfloat -swdirsw -files "FPWM_omp.vhd FPWM_top.vhd " FPWM.xi hw/FPWM_top.vhdImpulse C HDL Design GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...



126 HDL Build ReportsLoading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/RT/bus.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/target.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/tehnology.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Xilinx/float.xml ...Loading FPWM.xi ..."C:\Impulse\CoDeveloper2\bin\impulse_sm.exe" -g "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -lfloat FPWM.xi FPWM.xhwStage Master Version 2.7Copyright by Green Mountain Computing Systems, 2003-2006.All rights reserved.Build Jan 19 2007.Analyzing PWM:..........Multiple aess to pwm redues minimum rate to 2................. done 17 bloks.Analyzing Filter:............. done 13 bloks.GeneratingWarning: Reursively used variables may redue pipeline rate in PWM b10 (l sum)Generating .. done.Results:|----------------------------------------| PWM|----------------------------------------| Blok #0 loop:| Stages: 28| Max. Unit Delay: 0| Blok #1 loop:| Stages: 6| Max. Unit Delay: 1| Blok #2 loop:| Stages: 3| Max. Unit Delay: 32| Blok #3:| Stages: 1| Max. Unit Delay: 32| Blok #4:| Stages: 2| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 0| Blok #6 loop:| Stages: 3| Max. Unit Delay: 32| Blok #7:| Stages: 1| Max. Unit Delay: 33| Blok #8 loop:| Stages: 13| Max. Unit Delay: 1| Blok #9:| Stages: 1| Max. Unit Delay: 0| Blok #10 pipeline:| Lateny: 7| Rate: 6| Max. Unit Delay: 32| Effetive Rate: 192| Blok #11:| Stages: 2| Max. Unit Delay: 1| Blok #12:| Stages: 1| Max. Unit Delay: 32| Blok #13:| Stages: 1



127| Max. Unit Delay: 0| Blok #14:| Stages: 1| Max. Unit Delay: 33| Blok #15:| Stages: 1| Max. Unit Delay: 0| Blok #16:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 4 Adder(s)/Subtrator(s) (5 bit)| 2 Adder(s)/Subtrator(s) (9 bit)| 1 Adder(s)/Subtrator(s) (16 bit)| 7 Adder(s)/Subtrator(s) (32 bit)| 2 Comparator(s) (2 bit)| 4 Comparator(s) (8 bit)| 7 Comparator(s) (32 bit)| 4 Floating-point Adder(s)/Subtrator(s) (32 bit)|----------------------------------------| Total Stages: 30| Max. Unit Delay: 33|----------------------------------------|----------------------------------------| Filter|----------------------------------------| Blok #0 loop:| Stages: 20| Max. Unit Delay: 1| Blok #1:| Stages: 1| Max. Unit Delay: 0| Blok #2:| Stages: 1| Max. Unit Delay: 0| Blok #3:| Stages: 1| Max. Unit Delay: 0| Blok #4 loop:| Stages: 13| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 1| Blok #6:| Stages: 4| Max. Unit Delay: 32| Blok #7:| Stages: 4| Max. Unit Delay: 1| Blok #8:| Stages: 1| Max. Unit Delay: 0| Blok #9:| Stages: 1| Max. Unit Delay: 1| Blok #10:| Stages: 1| Max. Unit Delay: 0| Blok #11:| Stages: 1| Max. Unit Delay: 0| Blok #12:| Stages: 1



128 HDL Build Reports| Max. Unit Delay: 0|----------------------------------------| Operators:| 3 Comparator(s) (2 bit)| 2 Comparator(s) (3 bit)| 1 Floating-point Adder(s)/Subtrator(s) (32 bit)|----------------------------------------| Total Stages: 22| Max. Unit Delay: 32|----------------------------------------Writing output done."C:\Impulse\CoDeveloper2\bin\impulse_genvhdl.exe" FPWM.xhw hw/FPWM_omp.vhdImpulse C RTL Component GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Generating PWM ...Generating Filter ...---Software ativated---hmod -R +rw hw"C:\Impulse\CoDeveloper2\bin\impulse_lib.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -hwdirhw -files "FPWM_sw." FPWM.xi sw/o_init.Impulse C Software Interfae GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/Opteron/RT/pu.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading FPWM.xi ...for i in FPWM_sw.; do p $i sw; donefor i in FPWM.h; do p $i sw; donehmod -R +rw sw======== Build of target 'build' omplete ========FPWM2008======== Building target 'build' in file _Makefile ========HW_SRC="FPWM2008_hw."; \for i in $HW_SRC; do CPP_INCLUDES="$CPP_INCLUDES -inlude $i"; done; \eho | "C:\Impulse\CoDeveloper2\MinGW\bin\g" -E -DWIN32 -DIMPULSE_C_SYNTHESIS -DRC_INVOKED -DBYTE="unsigned har" -DWORD="unsigned short" -DDWORD="unsigned int" -Dsize_t="long unsigned int" -DNULL=0 -Dstdin=NULL "-IC:\Impulse\CoDeveloper2\Inlude" $CPP_INCLUDES - > FPWM2008.i"C:\Impulse\CoDeveloper2\bin\impulse_snoot" -Timpulse- FPWM2008.i FPWM2008.snt"C:\Impulse\CoDeveloper2\bin\impulse_prep" FPWM2008.snt FPWM2008.pk0Impulse C TransformationsCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.proessing FPWM2008.snt..."C:\Impulse\CoDeveloper2\bin\impulse_porky" -iterate -fold -unused-syms -unused-types -Dmempys -onst-prop -salarize -loop-invariants FPWM2008.pk0 FPWM2008.pk1"C:\Impulse\CoDeveloper2\bin\impulse_porky" -build-arefs FPWM2008.pk1 FPWM2008.pky"C:\Impulse\CoDeveloper2\bin\impulse_imp" FPWM2008.pky FPWM2008.siImpulse C PreproessorCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.---Software ativated---proessing FPWM2008.pky...analyzing o_initialize...found arhiteture definition: FPWM2008/ray_rtanalyzing onfig_FPWM2008...reating stream threshold_0 ...reating stream threshold_1 ...reating stream pwm_0 ...reating stream pwm_1 ...reating stream iteration_0 ...reating stream iteration_1 ...reating stream dna_0 ...



129reating stream dna_1 ...reating stream ounter_0 ...reating stream sum_0 ...reating stream ounter_1 ...reating stream sum_1 ...reating stream start_0 ...reating stream sore_0 ...reating stream start_1 ...reating stream sore_1 ...reating proess produer_proess ...reating proess PWM0 ...reating proess PWM1 ...reating proess Filter0 ...reating proess Filter1 ...reating proess onsumer_proess ..."C:\Impulse\CoDeveloper2\bin\impulse_s2xml" FPWM2008.si > FPWM2008.xiImpulse C to XMLCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007."C:\Impulse\CoDeveloper2\bin\impulse_arh.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -std_logi -no_port_bus_onnet -lfloat -swdirsw -files "FPWM2008_omp.vhd FPWM2008_top.vhd " FPWM2008.xi hw/FPWM2008_top.vhdImpulse C HDL Design GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/RT/bus.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/target.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/tehnology.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Xilinx/float.xml ...Loading FPWM2008.xi ..."C:\Impulse\CoDeveloper2\bin\impulse_sm.exe" -g "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -lfloat FPWM2008.xi FPWM2008.xhwStage Master Version 2.7Copyright by Green Mountain Computing Systems, 2003-2006.All rights reserved.Build Jan 19 2007.Analyzing PWM:..........Multiple aess to matrix redues minimum rate to 2................. done 17 bloks.Analyzing Filter:............. done 13 bloks.GeneratingWarning: Reursively used variables may redue pipeline rate in PWM b10 (l nSum)Generating .. done.Results:|----------------------------------------| PWM|----------------------------------------| Blok #0 loop:| Stages: 28| Max. Unit Delay: 0| Blok #1 loop:| Stages: 6| Max. Unit Delay: 1| Blok #2 loop:| Stages: 3| Max. Unit Delay: 32| Blok #3:| Stages: 1| Max. Unit Delay: 32| Blok #4:| Stages: 2| Max. Unit Delay: 1| Blok #5:| Stages: 1



130 HDL Build Reports| Max. Unit Delay: 0| Blok #6 loop:| Stages: 3| Max. Unit Delay: 32| Blok #7:| Stages: 1| Max. Unit Delay: 33| Blok #8 loop:| Stages: 13| Max. Unit Delay: 1| Blok #9:| Stages: 1| Max. Unit Delay: 0| Blok #10 pipeline:| Lateny: 7| Rate: 6| Max. Unit Delay: 32| Effetive Rate: 192| Blok #11:| Stages: 2| Max. Unit Delay: 1| Blok #12:| Stages: 1| Max. Unit Delay: 32| Blok #13:| Stages: 1| Max. Unit Delay: 0| Blok #14:| Stages: 1| Max. Unit Delay: 33| Blok #15:| Stages: 1| Max. Unit Delay: 0| Blok #16:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 4 Adder(s)/Subtrator(s) (5 bit)| 2 Adder(s)/Subtrator(s) (9 bit)| 1 Adder(s)/Subtrator(s) (16 bit)| 7 Adder(s)/Subtrator(s) (32 bit)| 2 Comparator(s) (2 bit)| 4 Comparator(s) (8 bit)| 7 Comparator(s) (32 bit)| 4 Floating-point Adder(s)/Subtrator(s) (32 bit)|----------------------------------------| Total Stages: 30| Max. Unit Delay: 33|----------------------------------------|----------------------------------------| Filter|----------------------------------------| Blok #0 loop:| Stages: 20| Max. Unit Delay: 1| Blok #1:| Stages: 1| Max. Unit Delay: 0| Blok #2:| Stages: 1| Max. Unit Delay: 0| Blok #3:| Stages: 1| Max. Unit Delay: 0



131| Blok #4 loop:| Stages: 13| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 1| Blok #6:| Stages: 4| Max. Unit Delay: 32| Blok #7:| Stages: 4| Max. Unit Delay: 1| Blok #8:| Stages: 1| Max. Unit Delay: 0| Blok #9:| Stages: 1| Max. Unit Delay: 1| Blok #10:| Stages: 1| Max. Unit Delay: 0| Blok #11:| Stages: 1| Max. Unit Delay: 0| Blok #12:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 3 Comparator(s) (2 bit)| 2 Comparator(s) (3 bit)| 1 Floating-point Adder(s)/Subtrator(s) (32 bit)|----------------------------------------| Total Stages: 22| Max. Unit Delay: 32|----------------------------------------Writing output done."C:\Impulse\CoDeveloper2\bin\impulse_genvhdl.exe" FPWM2008.xhw hw/FPWM2008_omp.vhdImpulse C RTL Component GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Generating PWM ...Generating Filter ...---Software ativated---hmod -R +rw hw"C:\Impulse\CoDeveloper2\bin\impulse_lib.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -hwdirhw -files "FPWM2008_sw." FPWM2008.xi sw/o_init.Impulse C Software Interfae GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/Opteron/RT/pu.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading FPWM2008.xi ...for i in FPWM2008_sw.; do p $i sw; donefor i in FPWM2008.h; do p $i sw; donehmod -R +rw sw======== Build of target 'build' omplete ========FPWMi======== Building target 'build' in file _Makefile ========HW_SRC="FPWMi_hw."; \for i in $HW_SRC; do CPP_INCLUDES="$CPP_INCLUDES -inlude $i"; done; \



132 HDL Build Reportseho | "C:\Impulse\CoDeveloper2\MinGW\bin\g" -E -DWIN32 -DIMPULSE_C_SYNTHESIS -DRC_INVOKED -DBYTE="unsigned har" -DWORD="unsigned short" -DDWORD="unsigned int" -Dsize_t="long unsigned int" -DNULL=0 -Dstdin=NULL "-IC:\Impulse\CoDeveloper2\Inlude" $CPP_INCLUDES - > FPWMi.i"C:\Impulse\CoDeveloper2\bin\impulse_snoot" -Timpulse- FPWMi.i FPWMi.snt"C:\Impulse\CoDeveloper2\bin\impulse_prep" FPWMi.snt FPWMi.pk0Impulse C TransformationsCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.proessing FPWMi.snt..."C:\Impulse\CoDeveloper2\bin\impulse_porky" -iterate -fold -unused-syms -unused-types -Dmempys -onst-prop -salarize -loop-invariants FPWMi.pk0 FPWMi.pk1"C:\Impulse\CoDeveloper2\bin\impulse_porky" -build-arefs FPWMi.pk1 FPWMi.pky"C:\Impulse\CoDeveloper2\bin\impulse_imp" FPWMi.pky FPWMi.siImpulse C PreproessorCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.---Software ativated---proessing FPWMi.pky...analyzing o_initialize...found arhiteture definition: FPWMi/ray_rtanalyzing onfig_FPWMi...reating stream threshold_stream ...reating stream pwm_stream ...reating stream iteration_stream ...reating stream dna_stream ...reating stream ounter_stream ...reating stream sum_stream ...reating stream start_stream ...reating stream sore_stream ...reating proess produer_proess ...reating proess pwm_proess ...reating proess filter_proess ...reating proess onsumer_proess ..."C:\Impulse\CoDeveloper2\bin\impulse_s2xml" FPWMi.si > FPWMi.xiImpulse C to XMLCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007."C:\Impulse\CoDeveloper2\bin\impulse_arh.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -std_logi -no_port_bus_onnet -swdirsw -files "FPWMi_omp.vhd FPWMi_top.vhd " FPWMi.xi hw/FPWMi_top.vhdImpulse C HDL Design GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/RT/bus.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/target.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/tehnology.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading FPWMi.xi ..."C:\Impulse\CoDeveloper2\bin\impulse_sm.exe" -g "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" FPWMi.xi FPWMi.xhwStage Master Version 2.7Copyright by Green Mountain Computing Systems, 2003-2006.All rights reserved.Build Jan 19 2007.Analyzing PWM:..........Multiple aess to pwm redues minimum rate to 2................. done 17 bloks.Analyzing Filter:.............. done 14 bloks.GeneratingWarning: Reursively used variables may redue pipeline rate in PWM b10 (l sum)Generating .. done.Results:|----------------------------------------| PWM|----------------------------------------| Blok #0 loop:| Stages: 25| Max. Unit Delay: 0



133| Blok #1 loop:| Stages: 6| Max. Unit Delay: 1| Blok #2 loop:| Stages: 3| Max. Unit Delay: 32| Blok #3:| Stages: 1| Max. Unit Delay: 32| Blok #4:| Stages: 2| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 0| Blok #6 loop:| Stages: 3| Max. Unit Delay: 32| Blok #7:| Stages: 1| Max. Unit Delay: 33| Blok #8 loop:| Stages: 10| Max. Unit Delay: 1| Blok #9:| Stages: 1| Max. Unit Delay: 0| Blok #10 pipeline:| Lateny: 4| Rate: 2| Max. Unit Delay: 32| Effetive Rate: 64| Blok #11:| Stages: 2| Max. Unit Delay: 1| Blok #12:| Stages: 1| Max. Unit Delay: 32| Blok #13:| Stages: 1| Max. Unit Delay: 0| Blok #14:| Stages: 1| Max. Unit Delay: 33| Blok #15:| Stages: 1| Max. Unit Delay: 0| Blok #16:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 4 Adder(s)/Subtrator(s) (5 bit)| 2 Adder(s)/Subtrator(s) (9 bit)| 1 Adder(s)/Subtrator(s) (16 bit)| 11 Adder(s)/Subtrator(s) (32 bit)| 2 Comparator(s) (2 bit)| 4 Comparator(s) (8 bit)| 7 Comparator(s) (32 bit)|----------------------------------------| Total Stages: 27| Max. Unit Delay: 33|----------------------------------------|----------------------------------------| Filter



134 HDL Build Reports|----------------------------------------| Blok #0 loop:| Stages: 15| Max. Unit Delay: 1| Blok #1:| Stages: 1| Max. Unit Delay: 0| Blok #2:| Stages: 1| Max. Unit Delay: 0| Blok #3:| Stages: 1| Max. Unit Delay: 0| Blok #4 loop:| Stages: 8| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 1| Blok #6:| Stages: 1| Max. Unit Delay: 1| Blok #7:| Stages: 1| Max. Unit Delay: 32| Blok #8:| Stages: 1| Max. Unit Delay: 1| Blok #9:| Stages: 1| Max. Unit Delay: 0| Blok #10:| Stages: 1| Max. Unit Delay: 1| Blok #11:| Stages: 1| Max. Unit Delay: 0| Blok #12:| Stages: 1| Max. Unit Delay: 0| Blok #13:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 1 Adder(s)/Subtrator(s) (32 bit)| 3 Comparator(s) (2 bit)| 2 Comparator(s) (3 bit)| 2 Comparator(s) (32 bit)|----------------------------------------| Total Stages: 17| Max. Unit Delay: 32|----------------------------------------Writing output done."C:\Impulse\CoDeveloper2\bin\impulse_genvhdl.exe" FPWMi.xhw hw/FPWMi_omp.vhdImpulse C RTL Component GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Generating PWM ...Generating Filter ...---Software ativated---hmod -R +rw hw"C:\Impulse\CoDeveloper2\bin\impulse_lib.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -hwdirhw -files "FPWMi_sw." FPWMi.xi sw/o_init.Impulse C Software Interfae GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.



135All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/Opteron/RT/pu.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading FPWMi.xi ...for i in FPWMi_sw.; do p $i sw; donefor i in FPWMi.h; do p $i sw; donehmod -R +rw sw======== Build of target 'build' omplete ========FPWM2008i======== Building target 'build' in file _Makefile ========HW_SRC="FPWM2008i_hw."; \for i in $HW_SRC; do CPP_INCLUDES="$CPP_INCLUDES -inlude $i"; done; \eho | "C:\Impulse\CoDeveloper2\MinGW\bin\g" -E -DWIN32 -DIMPULSE_C_SYNTHESIS -DRC_INVOKED -DBYTE="unsigned har" -DWORD="unsigned short" -DDWORD="unsigned int" -Dsize_t="long unsigned int" -DNULL=0 -Dstdin=NULL "-IC:\Impulse\CoDeveloper2\Inlude" $CPP_INCLUDES - > FPWM2008i.i"C:\Impulse\CoDeveloper2\bin\impulse_snoot" -Timpulse- FPWM2008i.i FPWM2008i.snt"C:\Impulse\CoDeveloper2\bin\impulse_prep" FPWM2008i.snt FPWM2008i.pk0Impulse C TransformationsCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.proessing FPWM2008i.snt..."C:\Impulse\CoDeveloper2\bin\impulse_porky" -iterate -fold -unused-syms -unused-types -Dmempys -onst-prop -salarize -loop-invariants FPWM2008i.pk0 FPWM2008i.pk1"C:\Impulse\CoDeveloper2\bin\impulse_porky" -build-arefs FPWM2008i.pk1 FPWM2008i.pky"C:\Impulse\CoDeveloper2\bin\impulse_imp" FPWM2008i.pky FPWM2008i.siImpulse C PreproessorCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007.---Software ativated---proessing FPWM2008i.pky...analyzing o_initialize...found arhiteture definition: FPWM2008i/ray_rtanalyzing onfig_FPWM2008i...reating stream threshold_0 ...reating stream threshold_1 ...reating stream pwm_0 ...reating stream pwm_1 ...reating stream iteration_0 ...reating stream iteration_1 ...reating stream dna_0 ...reating stream dna_1 ...reating stream ounter_0 ...reating stream sum_0 ...reating stream ounter_1 ...reating stream sum_1 ...reating stream start_0 ...reating stream sore_0 ...reating stream start_1 ...reating stream sore_1 ...reating proess produer_proess ...reating proess PWM0 ...reating proess PWM1 ...reating proess Filter0 ...reating proess Filter1 ...reating proess onsumer_proess ..."C:\Impulse\CoDeveloper2\bin\impulse_s2xml" FPWM2008i.si > FPWM2008i.xiImpulse C to XMLCopyright 2003-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Build May 7 2007."C:\Impulse\CoDeveloper2\bin\impulse_arh.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -std_logi -no_port_bus_onnet -swdirsw -files "FPWM2008i_omp.vhd FPWM2008i_top.vhd " FPWM2008i.xi hw/FPWM2008i_top.vhd



136 HDL Build ReportsImpulse C HDL Design GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/RT/bus.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/target.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/VHDL/Cray/tehnology.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading FPWM2008i.xi ..."C:\Impulse\CoDeveloper2\bin\impulse_sm.exe" -g "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" FPWM2008i.xi FPWM2008i.xhwStage Master Version 2.7Copyright by Green Mountain Computing Systems, 2003-2006.All rights reserved.Build Jan 19 2007.Analyzing PWM:..........Multiple aess to matrix redues minimum rate to 2................. done 17 bloks.Analyzing Filter:.............. done 14 bloks.GeneratingWarning: Reursively used variables may redue pipeline rate in PWM b10 (l nSum)Generating .. done.Results:|----------------------------------------| PWM|----------------------------------------| Blok #0 loop:| Stages: 25| Max. Unit Delay: 0| Blok #1 loop:| Stages: 6| Max. Unit Delay: 1| Blok #2 loop:| Stages: 3| Max. Unit Delay: 32| Blok #3:| Stages: 1| Max. Unit Delay: 32| Blok #4:| Stages: 2| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 0| Blok #6 loop:| Stages: 3| Max. Unit Delay: 32| Blok #7:| Stages: 1| Max. Unit Delay: 33| Blok #8 loop:| Stages: 10| Max. Unit Delay: 1| Blok #9:| Stages: 1| Max. Unit Delay: 0| Blok #10 pipeline:| Lateny: 4| Rate: 2| Max. Unit Delay: 32| Effetive Rate: 64| Blok #11:| Stages: 2| Max. Unit Delay: 1| Blok #12:



137| Stages: 1| Max. Unit Delay: 32| Blok #13:| Stages: 1| Max. Unit Delay: 0| Blok #14:| Stages: 1| Max. Unit Delay: 33| Blok #15:| Stages: 1| Max. Unit Delay: 0| Blok #16:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 4 Adder(s)/Subtrator(s) (5 bit)| 2 Adder(s)/Subtrator(s) (9 bit)| 1 Adder(s)/Subtrator(s) (16 bit)| 11 Adder(s)/Subtrator(s) (32 bit)| 2 Comparator(s) (2 bit)| 4 Comparator(s) (8 bit)| 7 Comparator(s) (32 bit)|----------------------------------------| Total Stages: 27| Max. Unit Delay: 33|----------------------------------------|----------------------------------------| Filter|----------------------------------------| Blok #0 loop:| Stages: 15| Max. Unit Delay: 1| Blok #1:| Stages: 1| Max. Unit Delay: 0| Blok #2:| Stages: 1| Max. Unit Delay: 0| Blok #3:| Stages: 1| Max. Unit Delay: 0| Blok #4 loop:| Stages: 8| Max. Unit Delay: 1| Blok #5:| Stages: 1| Max. Unit Delay: 1| Blok #6:| Stages: 1| Max. Unit Delay: 1| Blok #7:| Stages: 1| Max. Unit Delay: 32| Blok #8:| Stages: 1| Max. Unit Delay: 1| Blok #9:| Stages: 1| Max. Unit Delay: 0| Blok #10:| Stages: 1| Max. Unit Delay: 1| Blok #11:| Stages: 1



138 HDL Build Reports| Max. Unit Delay: 0| Blok #12:| Stages: 1| Max. Unit Delay: 0| Blok #13:| Stages: 1| Max. Unit Delay: 0|----------------------------------------| Operators:| 1 Adder(s)/Subtrator(s) (32 bit)| 3 Comparator(s) (2 bit)| 2 Comparator(s) (3 bit)| 2 Comparator(s) (32 bit)|----------------------------------------| Total Stages: 17| Max. Unit Delay: 32|----------------------------------------Writing output done."C:\Impulse\CoDeveloper2\bin\impulse_genvhdl.exe" FPWM2008i.xhw hw/FPWM2008i_omp.vhdImpulse C RTL Component GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Generating PWM ...Generating Filter ...---Software ativated---hmod -R +rw hw"C:\Impulse\CoDeveloper2\bin\impulse_lib.exe" "-aC:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml" -hwdirhw -files "FPWM2008i_sw." FPWM2008i.xi sw/o_init.Impulse C Software Interfae GeneratorCopyright 2002-2007, Impulse Aelerated Tehnologies, In.All rights reserved.Loading C:\Impulse\CoDeveloper2\Arhitetures\ray_xd1_vhdl.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/Opteron/RT/pu.xml ...Loading C:/Impulse/CoDeveloper2/Arhitetures/Cray/system.xml ...Loading FPWM2008i.xi ...for i in FPWM2008i_sw.; do p $i sw; donefor i in FPWM2008i.h; do p $i sw; donehmod -R +rw sw======== Build of target 'build' omplete ========
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