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A b s t r a c t  
 

C om p ut ing  ac c elerat ors are inc reasing ly b eing  c alled  up on t o p rovid e 
im p roved  ap p lic at ion p erf orm anc e, as m ic rop roc essor c loc k  rat es h ave 
leveled  of f . R ang ing  f rom  low -level d evic es ( F PG As or F PO As)  t o m ore 
sp ec ializ ed  ac c elerat ors, lik e C learS p eed , t h ey c an b e f ound  in d esk t op s or 
in larg e sup erc om p ut ers. Present ed  p ap er out lines ef f ort s of  O p enF PG A t o 
f ost er int erop erab ilit y and  op en int erc h ang e of  inf orm at ion am ong  
org aniz at ions. T o d o t h at , several ac t ivit ies and  em erg ing  servic es are 
int rod uc ed  t o enab le an inc reasing ly t ec h nic ally and  ec onom ic ally 
sust ainab le m ainst ream  of  rec onf ig urab le c om p ut ing  ec osyst em . 
 
K e y w o r d s :  H PC , F PG A, ac c elerat ing  c om p ut ing . 
 
St a n d a rd y  p rz e n o ś n o ś ci d l a  p o d s y s t e m ó w  
w s p o m a g a n ia  o b l icz e ń :  s p rz ę t ,   
o p ro g ra m o w a n ie ,  o rg a n iz a cj a  

 
S t r e s z c z e n i e  

 
Poniew aż, c z ę st ot liw oś c i p rac y m ik rop roc esoró w  osią g nę ł y p ew ien 
g ranic z ny p oz iom , ab y sp rost ać  w ym ag aniom  z w ią z anym  z  m oc ą  
ob lic z eniow ą  d la ok reś lonyc h  ap lik ac j i, c oraz  c z ę ś c iej  się g a się  d o 
roz w ią z ań  d od at k ow o z w ię k sz aj ą c yc h  m oc  ob lic z eniow ą  k om p ut eró w . 
Z ak res m ożliw oś c i j est  b ard z o sz erok i i roz c ią g a się , p oc z ą w sz y od  
op eruj ą c yc h  na p oz iom ie b ram k i lub  ob iek t u rep rog ram ow alnyc h  t ab lic  
log ic z nyc h  ( F PG A lub  F PO A)  aż p o b ard z iej  sp ec j aliz ow ane roz w ią z ania 
t ak ie, j ak  t ec h nolog ia ClearSpeed. Z nam iennym  d la t yc h  roz w ią z ań  j est  
w yk orz yst yw anie ró w noleg ł oś c i p row ad z enia ob lic z eń  z aró w no na 
p oz iom ie alg oryt m u j ak  i d anyc h , a t ak że st ruk t uralne p row ad z enie d z iał ań  
z  użyc iem  z w ielok rot nionyc h  z asob ó w  sp rz ę t ow yc h  z  c ec h ą  elast yc z noś c i 
t yc h  st ruk t ur, w ynik aj ą c ą  z  m ożliw oś c i ic h  rek onf ig urac j i. S k ut ec z noś ć  
st osow ania t ak ic h , d od at k ow yc h  p od syst em ó w  w sp om ag ania ob lic z eń  
ud ok um ent ow ana j uż z ost ał a lic z nym i p rz yk ł ad am i, z aró w no  
w  od niesieniu d o k om p ut eró w  t yp u PC , j ak  i w  od niesieniu d o 
sup erk om p ut eró w . Prez ent ow ana p ub lik ac j a c h arak t eryz uj e w  z arysie 
w ysił ek  p od j ę t y w  ram ac h  org aniz ac j i O p enF PG A, d ot yc z ą c y z am ysł u 
sp eł nienia w arunk u p eł nej  p rz enoś noś c i st and ard ó w  użyt k ow ania 
p od syst em ó w  p rz ysp iesz aj ą c yc h  ob lic z enia, a t ak że z ap ew nienia 
w ym iennoś c i inf orm ac j i p om ię d z y org aniz ac j am i k reuj ą c ym i t eg o t yp u 
now e t ec h nolog ie. S z ereg  d z iał ań  oraz  now yc h  usł ug , z aof erow anyc h  na 
p lat f orm ie org aniz ac j i, m a na c elu p osz erz enie p onad narod ow ej  
w sp ó ł p rac y p oz w alaj ą c ej  sp rost ać  w ym ag aniom  t ec h nic z no-
ek onom ic z neg o roz w oj u ut rw alaj ą c eg o się  nurt u k om p ut eró w  
rek onf ig urow alnyc h  w raz  z  t ow arz ysz ą c ym  j em u, sw oist ym  ek osyst em em . 
 
S ł o w a  k l u c z o w e :  ob lic z enia d użej  m oc y, rek onf ig urow alne t ab lic e 
log ic z ne, w sp om ag anie ob lic z eń . 
 
1 .  I n t ro d u ct io n  
 

A c c el erat ed and rec onfig urabl e c omput ing  ret urns now  as 
seriousl y  c onsidered idea aft er dec ade of doubt s.  T he reason is 
t hat  t oday  w e hav e ot her needs and ot her t ec hnol og y  av ail abl e 
t han before.  N eeds are driv en by  t he prog ress of t he c iv il iz at ion.  
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S c ienc e and eng ineering  fac e c hal l eng es being  before out  of 
dreaming .  T he t ec hnol og y  offer mak es ec onomic al l y  reasonabl e t o 
expl ore ideas,  somet imes ev en not  new ,  but  g iv en up before 
bec ause of t heir impl ement at ion inabil it y .  T here are st il l  
impl ement at ion l imit at ions;  t his w il l  nev er c hang e,  how ev er,  on 
t he ot her l ev el  of expl ored effic ienc y .  

A ppearanc e of t he mic roproc essor c hang ed t he w ay  of 
c omput er desig n.  O l d,  g ood,  but  expensiv e desig ns sl ow l y  faded 
aw ay .  G reat  effort  made on est abl ishing  g ood c omput ing  prac t ic e 
w as al most  forg ot t en.  T he mark et  st art ed t o be div ided int o 
professional  and personal  area.  P ersonal  c omput ing  made 
rev ol ut ion in c omput ing ,  but  w it h t y pic al  for rev ol ut ions 
ig noranc e in respec t  t o t he c ont inuat ion of prev ious g enerat ions’  
effort .  W e c oul d observ e rac ing ,  some w ay  t ec hnol og ic al ,  but  
rat her c onc ent rat ed on popul ariz at ion and simpl ific at ion.  T he l ast  
2 0  y ears in c omput ing  it  is P ersonal  C omput er ( P C )  dominat ion 
[ 1 ] ,  w it h it s w eak nesses in rel iabil it y  of soft w are and hardw are.  
W hat  w as more surprising ,  t he more adv anc ed proposit ions fail ed 
t he P C  rac ing ,  l ik e t hese from A ppl e I nc .  for exampl e.  

P C  era w as t he reason of t radit ional  c omput er mark et  g radual  
c ol l apsing .  I t  appeared t hat ,  in spit e of rat her not  promising  at  t he 
beg inning ,  P C  performanc e w as g row ing .  P eopl e st art ed t o prefer 
c heap,  w el l  k now n,  easy  t o use,  famil iar boxes t han w ork  st at ions 
w ork ing  w it h t radit ional  U N I X  req uired a l ot  of t y ping .  M il e-st one 
c ompanies,  l ik e D ig it al  E q uipment  C orp.  disappeared,  ot hers,  l ik e 
S il ic on G raphic s I nc .  had t o dramat ic al l y  fig ht  for surv iv al .  B ut ,  
t he popul arit y  of t he P C  opened t he rat her hermet ic  box of 
C omput er S c ienc e and made it  popul ar.  H av ing  P C s,  peopl e 
st art ed t o l earn earl y ,  a l ot  of t radit ional  appl ic at ions of 
eng ineering  and business has been port ed t o P C  sy st ems.  
A ppearanc e of I nformat ion T ec hnol og y  in c ont ext  of I nt ernet  w as 
t he next ,  sec ondary  t o P C ,  rev ol ut ion.  E v ent ual l y ,  it  w as g ood 
t urn,  reg ardl ess of t he l osses of t he prev ious empire of 
superc omput ing  and w ork  st at ions,  ec onomy  and c iv il iz at ion made 
sig nific ant  improv ement s.  

T hese few  c ompanies buil ding  g eneral  purpose mic roproc essors 
w here c onc ent rat ed on t he effort  of enc apsul at ing  t he c omput er of 
prev ious epoc h int o one sil ic on c hip.  I t  suc c eeded as far as t he 
int eg rat ion had al l ow ed.  S ome adv anc es l ik e C I S C / R I S C  dil emma 
w here present  in bet w een [ 2 ] .  B ut  for many  y ears mic roproc essor 
c l oc k  speed w as t he main paramet er c ompared t o est imat e ( g uess)  
a c omput ing  effic ienc y .  B ut ,  for t he t ime being  phy sic al  l ay er 
l imit at ions l imit  al so t he c l oc k  speed.  A nd ag ain,  t here is 
somet hing  t o borrow  from t radit ional  c omput ing ,  l ik e expl ic it l y  
paral l el  c omput ing .  M ul t ipl e c ore mic roproc essors are al ready  
c ommon,  how ev er,  suffering  from t heir possibl e ut il iz at ion - 
diffic ul t  prog ramming .   

E v ent ual l y ,  it  is possibl e t o say  t hat  ev ery  appl ic at ion t y pe 
req uires different  prog ramming  met hod t o be exec ut ed as fast  as 
possibl e.  A ny  al g orit hmic  or dat a paral l el ism,  w it h any  g ranul arit y  
shoul d be expl oit ed up t o t he l imit .  B ut ,  mul t iproc essing  l imit s 
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algorithmic granularity  dif f erentiations to be ex ecuted in parallel,  
similarly ,  processor architecture limits algorithmic and data 
granularity .  N ot ev ery  algorithmic graph,  on any  lev el can be 
accessed f or paralleliz ation;  data w ord may  not hav e optimal siz e 
to mak e room f or other data w ords to be ex ecuted in parallel.  T he 
answ er w ould be a computer w here its detailed hardw are structure 
can match ex act,  f rom parallelism point of  v iew  optimiz ed 
programming,  optimally  utiliz ing resources [ 3 ] .  E v en if  it w ould 
be possible to build it w ould be practically  impossible to program 
this computer,  no one w ants to mak e so customiz ed programming 
[ 4 ,  5 ] .  A nother solution w ould be to build compilers able to 
recogniz e any  parallelism and automatically  conf igure the 
hardw are,  also v ery  dif f icult.  T o mak e hardw are to dy namically  
recogniz e the nature of  program under-run may  be also considered 
( lesson learned f rom late super-scalar to E P I C  migration [ 6 ] ) .  

A s usual,  some compromise is needed.  T he computer 
architecture and organiz ation can not change to q uite new  
paradigm,  ev en if  it w ould be technologically  possible on so great 
scale.  P rogramming methods also can not change into q uite new  
direction.  T he H y brid C omputing may  be possible answ er.  
M ultiprocessor/ multi-core sy stem w ith a bus,  optimiz ing 
computing on process lev el,  completed w ith accelerating 
components distributed some w ay  in the sy stem.  T he nature of  
accelerating components may  dif f er,  f rom logical lev el as f or 
F P G A  to specializ ed ( multi) / processors,  w ith F P O A  in betw een.  
F P G A s of f er most “ sof t”  nature of  hardw are allow ing 
conf iguration of  a structure at bit lev el.  C onf igured computing 
structure may  completely  f ollow  any  concurrency  recogniz ed in an 
algorithm on the low est lev el.  B ut again,  programming is the issue 
[ 7 ,  8 ] .  

I n this paper the authors w anted to outline a collaborativ e ef f ort 
w hich is being made by  the international community  to mak e the 
reconf igurable computing standardiz ed to mak e it directly  
adoptable f or ev ery  demanding application.  O penF P G A  is the 
organiz ation w here this ambitious idea is turning to the reality .  

A f ter general introduction w here the back ground of  
reconf igurable computing is outlined,  in section 2 ,  observ ations of  
how  the reconf igurable computing is grow ing are presented.  
S ection 3  it is the presentation of  O peF P G A  organiz ation.  
W ork ing activ ities,  mission and a proj ect ex ample are presented 
there.  T he paper is then shortly  concluded in section 4 .  

 

Core Core Core 

F P G A  E n a b l ed  S y s t em 

A p p l i ca t i on  

Common  
I n t erf a ces  

  
F i g .  1 .   Re c o n f i g u r a b l e  s y s t e m  w i t h  a l l  c o m p o n e n t s  a n d i n t e r f a c e s  a r e  f u l l y  

s t a n da r di z e d 
Ry s .  1 .   S y s t e m  r e k o n f i g u r o w a l n y  z e  w s z y s t k i m i  k o m p o n e n t a m i  o r a z  i n t e r f e j s a m i   

w  p e ł n i  s t a n da r do w y m i  
 
 

2. R e c o n f i g u r a b l e  c o m p u t i n g  g r o w t h  
 

L et us compare reconf igurable computing f rom perspectiv e of  
near past and near f uture.  F or the y ear 2 0 0 4  the f ragmentation w as 
characteristic,  there w here many  activ ities made,  but in isolation,  
w ithout cross-communication.  F rom the common challenges and 
needs perspectiv e,  tools w here ex pensiv e and dev elopment time 
w as v ery  long.  T here w as no portability  across v endors and across 
product v ersions.  I t w as challenging and risk y  to try  to enter the 
mark et.  N o common practices w ere in use.  C urrent situation w as 
similar to the massage-passing and S M P  computers,  solutions 
av ailable w here v endor specif ic,  w ithout common f unctionality .  
G eneral application mark et w as out of  reach.  H ow ev er,  some 
technological priorities inf luenced the f uture architectures;  

hardw are interf aces design and standards also inter-component or 
inter-sy stem design and standards started to appear.  

F our y ears later ( 2 0 0 8 )  some improv ements w here observ ed,  
but the ef f ort w as still,  relativ ely  isolated;  I ntel A A L ,  O penF P G A  
and C H R E C  made signif icant progress.  T ools w here still 
ex pansiv e and dev elopment time long,  interoperability  and hy brid 
integration remained emerged,  still limited portability  betw een 
v endors and across product v ersions w as f aced,  absence of  critical 
commercial applications and challenging mark ed to enter 
observ ed.  H ow ev er,  there w ere characteristic changes in the 
practices:  industry  v alidated F P G A s and other accelerating 
technologies,  v endor specif ic f unctionality  w here directed to 
common aims.  T he technology  already  poised to enter general 
application mark et.  

Y ear 2 0 1 0  horiz on promises great changes in the sof tw are 
env ironments.  A f f ordable and common programmable A P I ,  f or 
preserv ation of  inv estment,  should be av ailable.  I mplementations 
w ill be transf erable ov er time and platf orms w ith readily  
implemented algorithms.  N ew  A P I s should be ex tensible,  
adaptable to new  innov ations and challenges.  S of tw are w ill be 
abstracted f rom technological domain.  C ore implementations w ill 
be portable,  reliable and def ined in the standard manner.  W hat is 
more,  the new  culture and climate w ill be present;  w ith 
reconf igurable technology  appreciation,  industry  standards 
characteriz ed w ith industry  needs and technology  deploy ed in 
business critical operations.  F igure 1  illustrates this situation.  

 

  
F i g .  2.   B r i n g i n g  r e s e a r c h  t o  p r a c t i c e  t r e a t e d a s  g e n e r a l  r u l e  o f  a c t i v i t y  
Ry s .  2.   P r z e n o s z e n i e  w y n i k ó w  dz i a ł a l n o ś c i  n a u k o w e j  do  p r a k t y k i ,  j a k o  

p o ds t a w o w a  r e g u ł a  dz i a ł a n i a  
 
 
3 . O r g a n i z a t i o n a l  o v e r v i e w  
 

O penF P G A  is a non-prof it consortium of  organiz ations aiming 
to support and accelerate the incorporation of  reconf igurable 
computing technology  activ ities.  H igh-perf ormance and enterprise 
applications are considered as the main area of  interest.  
O penP F G A  is serv ing the w orldw ide community  through the 
activ ities of  w ork ing groups,  technology  discussions,  mailing lists 
and collaborativ e dev elopment of  best practices and industry  
standards in reconf igurable computing.  T he initiativ e started in 
2 0 0 4 ,  spearheaded w ith leadership by  an international cross-sector 
steering group and support of  the U niv ersity  of  D ay ton.  P resently ,  
through the mailing list,  w ork ing groups and other av enues,  
O penF P G A  includes participation f rom ov er 2 0 0  organiz ations 
spanning 4 0  countries w orldw ide.  F igure 2  show s the k ey  aspect 
of  tight cooperation leading to bring research results to the 
practice.  

T he policy  of  the organiz ation is to create a f uture of  
computing,  w here:  
• A dv ances in reconf igurable computing technology  w ill be 

easily  and eagerly  adopted,  incorporated across critical high-
perf ormance computing and enterprise applications.  

• O penF P G A  w ill be a cataly st f or innov ation and a v ehicle f or 
establishing standards f or portability ,  perf ormance and 
interoperability  in the heterogeneous supercomputing 
community .  
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• OpenFPGA will advance contexts for reconfigurable computing 
research and channels for moving innovations into production use.  
And the mission of the organiz ation:  
“The mission of OpenFPGA is to promote the use of Field 

Prog ra mma b le Ga te Arra y s in hig h lev el a nd enterprise 
a pplic a tions b y  c olla b ora tiv ely  defining ,  dev eloping  a nd sha ring  
c ritic a l informa tion,  tec hnolog ies a nd b est pra c tic es. ”  

OpenFPGA working groups and their responsibilities:  
T-H L L A N G :  T echnical working group on high-level language 

specifications,  created to define elements needed to transform 
algorithm specifications to implementation for FPGA sy stems.  
T-A P P L I B :  T echnical working group on application specific 

FPGA libraries,  created to define elements of or needed for using 
portable software callable application specific API s to incorporate 
FPGA functionality  in traditional software applications.  

T-G E N A P I :  T echnical working group on general FPGA 
functionality  API s,  created to define elements of or needed for an 
application independent common interface for basic FPGA 
functionalities ( application independent,  similar to OpenM P and 
M PI  which are not application specific) .  
T-CO R E L I B :  T echnical working group on core libraries and 

interoperability ,  to define elements of or needed for increasing 
reusability  and interoperability  of FPGA functional core 
definitions incorporated into applications.  

T-B E N CH :  T echnical working group on FPGA benchmarks.  
T he purpose of this working group is to develop an OpenFPGA 
B enchmark S uite.  T his suite would provide a standard set of 
interesting problems to compare not only  performance,  but also 
implementation ease,  time to solution,  compile time ( place and 
route,  etc) .  

A proj ect example:  OpenAccelerator Portable Accelerated 
M edical Application L ibraries Proj ect 

S cope:  T he proj ect focuses on developing an industry  standard 
set of portable accelerated software libraries for use in medical 
and health research applications.  T he software libraries will 
provide a portable set of standard software API s that have been 
designed to support application acceleration using a variety  of 
application accelerators including FPGAs,  C ell processors,  multi-
core C PU s of many  ty pes and GPGPU s.  API s will be openly  
published along with necessary  validation datasets used to confirm 
correct operation.  N on-accelerated reference implementations will 
also be provided.  T here will be several releases of the libraries 
developed through an iterative,  spiral development process.  E ach 
cy cle will follow the approximate stages described below:  

 
P h a s e  0  – R eview medical and health information application 
workflows with focus on usage coverage,  performance bottlenecks 
and end-user req uirements.  T he outcome of Phase 0  is the subset 
of those application scenarios demonstrating the most potential 
benefit if accelerator technologies are integrated into the 
workflows.  For these workflows datasets for benchmarks are 
collected and evaluated.  
 
P h a s e  1  – R eview existing medical application libraries in use 
within medical and health information applications of Phase 0 .  
T his includes a review of existing image processing libraries,  
libraries for encry ption/ decry ption and data compression.  
E xamples of such current libraries include V S I PL .  
 
P h a s e  2  – Functional capabilities of each application library  
component are cataloged and classified.  
 
P h a s e  3  – Available functionalities will be contrasted to current 
industry  data processing bottlenecks in medical application 
performance.  Functionalities will be placed in one of four 
q uadrants:  a)  high utiliz ation and causing little bottleneck;  b)  high 
utiliz ation and causing significant bottleneck;  c)  low utiliz ation 
and causing little bottleneck and d)  low utiliz ation and causing 
significant bottleneck 
 

P h a s e  4  – H y brid accelerator friendly  application programmer 
interfaces ( API s)  will be defined for functions having high 
utiliz ation y et causing significant bottlenecks.  D epending on used 
methods and data ty pes the API  may  cover all or a subset of 
accelerator devices.  
 
P h a s e  5  – V alidation and performance measuring datasets will be 
identified for each API  
 
P h a s e  6  – A first release of accelerated medical application 
libraries will be proposed with working and openly  available 
reference implementations.  
 
Proj ect details:  

I mplementations of accelerated libraries will be accomplished 
globally  by  partnering research,  academic and commercial 
organiz ations.  E xisting industry  standard libraries,  datasets and 
benchmarks will be incorporated where each remains consistent 
with the obj ectives of the proj ect.  OpenFPGA partners,  members 
and proj ect sponsors using processes established to minimiz e risk 
to end use applications,  will facilitate certification of correctness 
and performance.  
 
4. C o n c l u s i o n  
 

One of the most important issues limiting the growth of 
reconfigurable computing is the diversity  of accelerating hardware 
offerings,  their programming architecture and interfaces to 
application level.  Also programming methods are not unified;  
there are in use hardware description languages and C -like 
languages to implement reconfigurable hardware.  S tandardiz ation 
is needed to allow directed growth in the area of reconfigurable 
computing.   
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