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=Q Q=m x@ ẁQW |=Q@ sRq C=aq]= w Ovm|t |yOQ=Okt =Q |Ov@ Qm}Bp@=k OL=w
'xOW xQ}NP u; QO C=aq]= u}= xm =Q x_i=L R= |DtUk |v=Wv =} OyO|t u; x@

"Ovm|t QO=Y |Ov@ Qm}B p@=k OL=w x@
l} R= |}xOvR=OQB u=wvax@ |R} Qxt=vQ@ p@=k OL=w CU= umtt 'swU |wor= QO
p@=k OL=w |=Q@ |rY= |xOvR=OQB 9Vm C=aq]= "Ovm pta xOvR=OQBOvJ sDU}U
\=@DQ= Ovv=t� =RH= u}= u}@ \=@DQ= p}rO u}tyx@ "CU= Q}PB=vC} wQ '|U} wvxt=vQ@
QDu}}=B CaQU =@ �G}=Dv w |OwQw C=aq]= '|Ov@ Qm}B C=aq]= p=kDv= |=Q@
s=Hv= |}=v=wD |Ov@ Qm}Bp@=k OL=w xm Q_v u}= R= Q=DN=U u}= "OQ}o|t CQwY
"CU= ?U=vt 'OQ=O u=tRsy CQwYx@ =Q C=aq]= O=} R Q}O=kt |wQ C=@U=Lt
pkDUt w |HQ=N |xOvR=OQB l} =@ |Ov@ Qm}B p@=k Q=Ri=CNU 'sQ=yJ |wor=

[16]"CPU w FPGA p=YD= |=Q@ hrDNt |=y|Ov@ Qm}B "1 pmW

'RDQy=ot 60 OQmQ=m Tv=mQi QO w OW pL 8� 12 |xm@W l} QO xQiL |Oa@ wO
"O}UQ |RDQy=o}o 3 2 CPU l} QO pL CaQU Q@=Q@ 7 14 pL |}=yv CaQU x@
QO C=@U=Lt CaQU V}=Ri= |=Q@ sD} Qwor= |xaUwD *|HvUu=mt= ut[ u}kkLt
|xr�Ut QO Qr} w= |Oa@l} x@W CqO=at pL |=Q@ |OQ@ Q=m |WwQ [11]'FPGA

|=yOv}=Qi |WywSB QO [12]u=Q=mty w TQOv= "Ov=xOQm x�=Q= |}x@ Q[ Gwt |xrwr
TBU w OvOQm |UQQ@ =Q R=}v OQwt u=tR Q_v R= RANS CqO=at pL hrDNt
Ovv=t O}OH |=yQ=Ri=CNU R= xO=iDU= w C=@U=Lt uOQm|R=wt 'Om |R=Uxv}y@ =@
x@ Qr} w= CqO=at u}vJty "OW s=Hv= |QDq=@ CaQU =@ pL 'FPGA w GPU

|wQ �C |U} wvxt=vQ@ u=@ R� q=@ K]U u=@ R l} R= xO=iDU= =@ OwOLt sHL VwQ
"CU= xOW xOy=Wt CaQU V}=Ri= 'Q@=Q@ 13 25 =D w [13]xOW |R=UxO=}B FPGA

|xr�Utl} C=@U=LtCaQUV}=Ri= QO FPGA R= xO=iDU= QF= '|Qo}OVywSB QO
O=OaD V}=Ri= =@ [14]"CU= xOW |UQQ@ 'OW|t pL |Q=QmD pmWx@ xm |]N CFD

pL CaQU xm OW xOy=Wt 'Ov=xDiQoQ=Qk xO=iDU= OQwt u=tRsy xm |}=yFPGA

u=} QH |OOa pL 'j=QDL= |xv}tR QO u}vJty "O@=}|t V}=Ri= |]N CQwYx@
s=Hv= [15] FPGA R= xO=iDU= =@ |v} Rv@ QwDwt |=yxrwr pN=O |k=QDL= |Oa@l}
Q=m x@ Q=Ri=CNU R= xO=iDU= QO QDW}@ |} wHxiQY |=Q@ |votyQ}e Q=DN=U w xOW

"CU= xOW xDiQo
OQwt w O}OH |WwQ u=wvax@ FPGA |Q=Ri=CNU |}=v=wD 'Q[=L Q=DWwv QO
|D=@U=Lt Cq=}U l}t=v}O hrDNt p�=Ut pL CaQU V}=Ri= |=Q@ 'xOv}; QO xHwD
u}= R= 'Qw_vtu}O@ "CU= xOW |UQQ@ |xr�Ut |OOa pL CkO Vy=m uwO@
|xvwtv p�=Ut u=wvax@ C�wm |=}=B=v u=} QH w TqBq |xrO=at pL |=Q@ Q=Ri=CNU
|U} wvxt=vQ@ |=yl}vmD w =yVwQ "CU= xOW xO=iDU= |D=@U=Lt Cq=}U l}t=v}O
w 'xOW p=ta= FPGA |wQ �pL `} QUD� C=@U=Lt OQmrta Ow@y@ |=Q@ |irDNt
xU}=kt �CPU R= xO=iDU=� |DvU |=yxv=}=Q |wQ pL =@ u; CkO w pL |v=tR G}=Dv
wO Qy =@ u=} QH CqO=at pL CaQU V}=Ri= =Hv}= QO |rY= VqD "CU= xOW

"CU= |Q=Ri=sQv w |Q=Ri=CNU VwQ

OOHt |Ov@ Qm}B C}r@=k =@ |=yQ=Ri=CNU "2
�=yFPGA Ovv=t� |Ov@ Qm}Bp@=k %OvwW|t s}UkD xDUO wO x@|m}vwQDmr= |=yxW=QD
Q}}eD C}r@=k =@ |}=yQ=Ri=CNU "�=yGPU w CPU Ovv=t� |Ov@ Qm}B p@=kQ}e w
|}=RH= w |k]vt C}o |O=OaD R= xm OvDUy |atDHt |=yQ=Ot '4|Ov@ Qm}B QO
u}= pN=O |=RH= u}@ |=yO}rm w \@=wQ w =yC}o OQmrta "Ov=xOW xDN=U Qo}O
u}L QO =Q Q=Ri=CNU u}= Q=DN=U w |Ov@ Qm}B u=wD|t w OvQ}PB Q}}eD Q=Ri=CNU
R= xm OvQ=O |irDNt |=RH= |}=yQ=Ri=CNU u}vJ xRwQt= "O=O Q}}eD xt=vQ@ |=QH=
6xaH=Qt pw=OH u=wvax@ Q=Ox_i=L |=RH= u}= R= "CU= 5x_i=L pwrU =yv; u} QDsyt
'hrDNt |=RH= u}@ Cq=YD= |rQDvm |=yO}rm =yv; ltmx@ =D OwW|t xO=iDU=
u}}aD =Q O}rm Cr=L w |k]vt C}o Qy OQmrta xm |}xt=vQ@ "OwW pQDvm w s}_vD
xU}=kt QO =yQ=Ri=CNU u}= |U=U= jQi "OwW|t xO}t=v 7Q=DN=U l} 'Ovm|t
u}= pQDvm w C=aq]= p=kDv= Q}Ut QO Q}}eD |}=v=wD '|rwtat |=yxOvR=OQB wQm}t =@
=Q Q=Ri=CNU Q=DN=U 'xt=vQ@ |=QH= s=ovy QO u=wD|t u; Q@xwqa "CU= Ov}=Qi
Q=Ri=CNU `=wv= u} QDhwQat R= |m} "O=O Q}}eD 'O}OH |L=Q] l} |Q=PoQ=@ =@
=@ ,qwtat FPGA "CU= OwHwt FPGA s=v =@ '|Ov@ Qm}B QO Q}}eD C}r@=k =@
|Ov@ Qm}B VERILOG w VHDL Ovv=t 8|Q=Ri=CNU h}YwD u=@ R R= xO=iDU=

98



1|
xQ=t

W'
34

�3
xQwO

'�1
39

7Q
=y@�

h}
QW

l}
v=mt

|U
Ovyt xO=iDU= OQwt Q=Ri=CNU |iQat "5
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=@ xm OvDUy sy R= =OH OL=w wO CPU w FPGA Q[=L VywSB QO "OW Oy=wNv
|=Q@ swO |wor= R= |va} &Ov=xOW pYDt syx@ x]U=w uwO@ w `} QU Q=}U@ C=]=@DQ=

"CU= xOW xO=iDU= Q=Ri=CNU wO p=YD=

FPGA uwQO |]=@DQ= |=ylwr@ "4
|Q=QkQ@ |=Q@ xm OQ=O OwHw |O=} R |k]vt |=ylwr@ FPGA |xW=QD Qy uwQO
u}= Q=DN=U "OwW|t xO=iDU= |]=@DQ= |=yI}�wU w =ylwr@ R= =yv; u}@ \=@DQ=
=@ "OQ=O |oDU@ Q=Ri=CNU uwQO |k]vt |=ylwr@ O=OaD w sm =QD x@ Cq=YD=
w |rLt |=y|Wms}U Q=DN=U u}}aD |=Q@ |rY= VwQ wO '2 pmW x@ xHwD
x@ \w@ Qt =yVwQ u}= R= |m} "OQ=O OwHw |Ov@ Qm}Bp@=k Q=Ri=CNU l} QO |rm
p=kDv= |=Q@ x=Dwm s}U |QU l} R= 'u; QO xm CU= 10x=Dwm Cq=YD= R= xO=iDU=
=yI}�wUx@aH \UwD u=wD|t =Q Cq=YD= u}= "OwW|t xO=iDU= |rLt C=aq]=
"OvQ}o Q=Qk xO=iDU= OQwt QD|vqw] |=ys}U u=wvax@ =D OQm pYDt Qo}Om}x@
p=YD= QO "OQm xO=iDU= |rm w |rLt p=YD= |=Q@ u=wD|t =Q QD|vqw] |=ys}U
|=ys}U \UwD lJwm |=yxwQo |rN=O |=RH= p=YD= R= Oa@ '11|@D=QtxrUrU
xO=iDU= =yxwQo u}= RQt QO QD|vqw] |=ys}U R= =yxwQo u}= p=YD= |=Q@ 'x=Dwm
C=]=@DQ= QDW}@ CU= Q=Qk xm |Dr=L |=Q@ =Q |@D=QtxrUrU p=YD= ,qwtat "OwW|t
|R=Uxv}y@ 'OW=@ =yxwQo u}@ C=]=@DQ= R= |QDsm CtUk w =yxwQo |rN=O |=RH= u}@

"Ovvm|t

[17]"FPGA l} uwQO |Wms}U l}D=tW "2 pmW
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"""`}
QUD

|=Q@
F

P
G

A
Q=Ri=

CN
UR

=xO
=iDU

=j} Q] R= u=wD|t IP u}= R= xO=iDU= =@ "OwW|t xO=iDU= Zynq-7020 |xW=QD |wQ
R= w Ow@ \=@DQ= QO HLS lwr@ =@ AXI Interconnect CaQUQB |]=@DQ= lwr@
|a@=vt =yIP Q}=U OQ@ Q=m |UQQ@ |=Q@ "OQm pQDvm =Q |Ov@ Qm}B p@=k j]vt j} Q] u}=

[19]"CU= TQDUO QO

|UQQ@ OQwt p�=Ut "7
u=wvax@ |Oa@l} C�wm u=} QH |=}=B=v |xrO=at w TqBq |xrO=at 'VywSB u}= QO
Q=Ri=CNU|wQ|R=UxO=}B|=Q@|D=@U=LtCq=}Ul}t=v}O|x}=Bp�=UtR=|}=yxvwtv
w x}rw= p�=Ut R= |m} "CU= xOW xO=iDU= |OOa pL CaQU |@=} RQ= w FPGA

|xrO=at "CU= TqBq |xr�Ut '|D=@U=Lt Cq=}U l}t=v}O |xv}tR QO OQ@ Q=mQB
sm =L |xrO=at u}vJty w �p}Uv=DB u=} QH� GRrQ}e Q}OB=vsm =QD p=}U u=} QH Q@ sm =L
'=tQo |xtWJ |xrtH uwO@ |Oa@ wO |=}=B CQ=QL p=kDv= |xO=U |xr�Ut l} Q@
w |RQt \}=QW uOw@ swrat =@ p}Uv=DB u=} QH |xr�Ut QO "CU= TqBq |xrO=at
u}= R= |Q}ojDWt =@ xm OwW|t x@U=Lt u=} QH `@=D Q}O=kt 'TqBq |xrO=at pL
p=kDv= |xr�Ut OQwtQO "OQw; CUOx@ =Q u=} QH QO CaQU u=O}t u=wD|t QDt=Q=B
s}kDUt CQwYx@ =tO u=O}t 'TqBq |xrO=at pL R= Oa@ '|Oa@ wO |=}=B CQ=QL
x@ xHwD =@ w CU= pL p@=k |Dw=iDt |=yVwQ x@ xr�Ut u}= "OwW|t x@U=Lt
|HvUQ=@Da= u=wD|t =Q G}=Dv CkO 'OQ=O OwHw u; |=Q@ R}v |r}rLD pL xm u}=
xDWwv 1 |x]@=Q CQwYx@ |Oa@ wO w |DQ=mO C=YDNt QO TqBq |xrO=at "OQm

"OwW|t

r2 = @2 
@x2 + @2 

@y2 = 0 (1)

' (x; �) = 0 ' (x; 0) = x 'CQwYx@ xr=Ut u}= |=Q@ |RQt \}=QW
R= xO=iDU= =@ "CU= xOW xDiQo Q_vQO  x(�; y) = 0 w  x(0; y) = 0
xDWwv 2 |x]@=Q CQwYx@ xr=Ut u}= j}kO w |r}rLD pL '=yQ}eDt |R=U=OH VwQ

[20]%OwW|t

 (x; y) = 1
2 (� � y) +

1X
n=1

2
�n2 [(�1)2 � 1]

sinh(n(� � 1))
sinh(n�)

cos(nx) (2)

"OwW|t xO=iDU= 15pO}=U Two |}x]kv VwQ R= xr�Ut u}= |OOa pL s=Hv= |=Q@
u; R= xm [21]O@=}|t Q}}eD 3 |x]@=Q x@ VwQ u}= =@ |R=UxDUUo R= Oa@ 1 |xrO=at

%OW Oy=wN xO=iDU= TqBq |xr�Ut |OOa pL |=Q@
 k+1
i;j = 1

2(1 + �2)

�
 k+1
i�1;j +  ki+1;j + �2( k+1

i;j�1 +  ki;j+1)
�

(3)

|xm@W R= |}x]kv |xOv}=tv j w i |=yOvwUB 'pL |v=tR s=o k 'u; QO xm
y |=DU=Q x@ x |=DU=Q QO xm@W xR=Ov= C@Uv |xOvyOu=Wv � w |OOa

"CU=
u=} QH |R=Ux}@W 'OQ}o|t Q=Qk |UQQ@ OQwt VywSB u}= QO xm |Qo}O |xr�Ut
xm CU= XNWt CHRr =@ |r=}U pt=W xr�Ut u}= "CU= |Oa@l} C�wm |=}=B=v
|xLiY 'QiY |x_Lr QO "CU= xOW xO=O Q=Qk |vqw] C}=yv|@ |xLiY wO u}@
\QW QF= 'p=}U CHRr OwHw Crax@ "O};|tQO CmQL x@ U C@=F CaQU =@ |}q=@

QDxO=U |U} wvxt=vQ@ QO XYNDtQ}e O=Qi= |=Q@ u; R= xO=iDU= u}=Q@=v@ w OwW|t
"CU=

u}= =@ xOW xDWwv |xt=vQ@ =t= OvyO|t Vy=m =Q Q=Ri=sQv |xaUwD u=tR =yHLL

|xO=wv=N "CU= |DUO |R=Uxv}y@ OvtR=}v Q=Ri=CNU |wQ QDy@ |=QH= |=Q@ =yu=@ R
=Q =yv; |wQ |[=} Q p=ta= s=Hv= w |Q=Wa= O=Oa= R= xO=iDU= =yFPGA O}OH

"CU= xDiyv =yv; uwQO QO |R=Uxv}y@ ?}DQD u}= x@ w Ovvm|t QDxO=U
'13Q=Ot uOQmXNWt "OQ=O OwHw Q=Ot l} |L=Q] Ov}=Qi QO |irDNt pL=Qt
"OvQ}o@ Q=Qk |Ov@ Qm}Bp@=k Q=Ri=CNU |wQ CU= Q=Qk xm CU= |a@=wD h} QaD Ov}=Qi
K}[wD =Q sD} Qwor= C}a@=D xm C u=@ R x@ |}xt=vQ@ uDWwv =@ u=wD|t =Q Q=m u}=
|OwQw uOQm XNWt =@ Q=mu}ty CU= umtt Qo}O hQ] R= "O=O s=Hv= 'OyO|t
xm OwW s=Hv= Q=Ri=CNU uwQO |k]vt |=ylwr@ l}l} C=}rta w =y|HwQN w
xOWxDN=U V}B R= |=yOL=w R= xO=iDU= =@ Q=Ot CN=U "CU= p@k Cr=L R= QDQ=wWO
wO u}@ 'uOw@ Q=wWO Q_v R= xm CU= |WwQ R}v =yxOvvm?Q[ w =yxOvvm`tH Ovv=t

"OQ}o|t Q=Qk q=@ VwQ
XwYNt VywSB u}= QO Q=Ri=CNU |L=Q] |=Q@ xOW xO=iDU= |rY= Ov}=Qi
"CU= xOW O=yvW}B Tmv}r}=R CmQW \UwD xm CU= Zynq-7000 |=yxW=QD
u}UOvyt \UwD xU Qy xm OvwW|t xO=iDU= Ov}=Qi u}= pw] QO |rY= Q=Ri=sQv xU
xU u}= "Ov=xOW xO=O xaUwD CmQW u}ty CqwYLt XwYNt w Tmv}r}=R CmQW
|L=Q] Ov}=Qi "OvDUy Xilinx SDK w Vivado 'Vivado HLS pt=W Q=Ri=sQv
|L=Q] "OwW|t s=Hv= q=@ K]U Q=Ri=CNU h}YwD u=@ R R= xO=iDU= =@ =Hv}= QO
|Q=QkQ@ w 14 IP s=v =@ xDN=UV}B |=ylwr@ |QU l} R= |Q}oxQy@ =@ Q=Ri=CNU
4 pmW QO "OwW|t s=Hv= Vivado Q=Ri=sQv QO |m}i=Qo CQwYx@ =yv; u}@ Cq=YD=
u=Wv xOW xO=iDU= |=yIP w TqBq |xr�Ut pL |=Q@ xOW|L=Q] Q=DN=U xvwtv
K}[wD xt=O= QO xm OvQ=O |Y=N OQ@ Q=m =ylwr@ u}= R= s=OmQy "CU= xOW xO=O
l} R= xO=iDU= =@ xm CU= TqBq |xrO=at QopL HLS lwr@ "CU= xOW x�=Q= =yv;
Q[=L VywSB |=Q@ Vivado HLS Q=Ri=sQv QO C�� u=@ R =@ xOW xDWwv xt=vQ@
=Q TqBq |xr�Ut |x}rw= |=yxO=O OwN |OwQw QO IP u}= "CU= xOW xO=O xaUwD
lwr@ "ODUQi|t lwr@ R= uwQ}@ x@ =Q G}=Dv 'pL Ov}=Qi s=Hv= R= Oa@ w Ovm|t Ci=} QO
O=OaD |Q}oxR=Ov= |=Q@ Tmv}r}=R CmQW \UwD xDi=} xaUwD IP l} AXI Timer

lwr@ u}= R= "CU= u; OQmQ=m s=ovy QO �xOW |L=Q] Q=Ri=CNU� xW=QD V=aDQ= j}kO
R= u}vJty "OwW|t xO=iDU= xr�Ut Qy pL QO xOW |] u=tR j}kO |x@U=Lt |=Q@
OwHwt |=yxOvR=OQB wQm}t |R=Ov=x=Q |=Q@ ZYNQ7 Processing System lwr@

"TqBq xr=Ut pL |=Q@ |mwr@ KQ] "4 pmW
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1|
xQ=t

W'
34

�3
xQwO

'�1
39

7Q
=y@�

h}
QW

l}
v=mt

|U
Ovyt "TqBq xr=Ut |OOa w |r}rLD pL |=]N sQv "1 pwOH

C}=yv|@ sQv swO sQv pw= sQv s=o xR=Ov=
=]N =]N =]N pL xm@W

0 7743 0 4366 0 3836 1000
0 0937 0 0601 0 0537 5000 �=100
0 018 0 0063 0 005 10000

"TqBq xr=Ut |OOa pL QO  QwDv=m "6 pmW

"TqBq xr=Ut pL `} QUD w u=tR Q=Owtv "7 pmW

pL CLY |xOvyOu=Wv pwOH u}= QO OwHwt |=]N sQv sm Q}O=kt "CU= xOW
pL w |r}rLD pL |=yxO=O u}@ |=]N sQv 'xr�Ut u}= |}=Qosy Q=}at "CU= |OOa
xO=iDU= =@ �m�n xR=Ov= =@ wO Qy� B w AT} QD=t wO u}@ =]N sQv "CU= |OOa

"CU= xOW x@U=Lt 11 =D 9 \@=wQ R=

L1 = 1
nm

mX
i=1

nX
j=1
jAij �Bij j (9)

L2 =

" 1
nm

mX
i=1

nX
j=1

(Aij �Bij)2
# 12

(10)

L1 = max (jAij �Bij j) (11)

u=R}t w �AJ CtU |Owta QwLt� xr�Ut pL u=tR |}xr}t Q=Owtv 7 pmW QO
|=Q@ FPGA w CPU R= xO=iDU= =@ �CU=Q CtU |Owta QwLt� C=@U=Lt `} QUD

"TqBq xr=Ut |OOa pL QO  QwDv=m "5 pmW

Ovm|t Q}}eD CaQU p}iwQB w xOQm Pwiv \}Lt QO u=tR QwQt x@ lQLDt |RQt
OyO|t u=Wv =Q Q}PB=vsm =QD GRr p=}U |=}=B=v |Oa@ l} u=} QH xr�Ut u}= "�5 pmW�
|R=UxO=U R= xr�Ut Q@ sm =L |xrO=at "OwW|t xDN=vW C�wm u=} QH s=v =@ xm
Oa@|@ pmWx@ xrO=at u}= [22]"O};|t CUOx@ x CyH QO swDvtwt |=k@ |xrO=at

%CU= xOt; 4 |x]@=Q QO
@u(y; t)
@t

= 1
Re

@2u(y; t)
@y2 (4)

%OwW|t h} QaD u}vJ x}rw= w |RQt \}=QW u; QO xm8<:u(y < 1; 0) = 0; u(1; 0) = 0
u(0; t) = 0; u(1; t) = 1

(5)

%OwW|t x@U=Lt 6 |x]@=Q R= xO=iDU= =@ ROrwv} Q OOa 4 |xrO=at QO u}vJty
Re = HU

�
(6)

|v=tR jDWt 'Q=m u}= |=Q@ "OwW|t |R=UxDUUo K} QY Qr} w= VwQ =@ 4 |xrO=at
|RmQt OwOLt hqDN= ?} QkD =@ |v=mt jDWt w wQW}B pw= |x@DQt ?} QkD CQwYx@

%�7 |xrO=at� OwW|t |R=UxDUUo
un+1
j = unj + �t

Re(�y)2
�
unj�1 � 2unj + unj+1

�
(7)

'|OOa |xm@W |wQ x]kv |xQ=tW Qou=}=tv j 'pL |v=tR s=o Qou=}=tv n u; QO xm
pL "CU= |OOa |xm@W R= OL=w Qy |xR=Ov= �y w |v=tR s=o Qy |xR=Ov= �T

xDWwv 8 |xrO=at CQwYx@ C�wm |=}=B=v u=} QH �Oa@|@ CaQU p}iwQB� |r}rLD
|r}N t xm |Q=Okt x@ pL |wQW}B w u=tR CWPo =@ |OL \}=QW QO [21]"OwW|t
xm OwW|t xYqN u(y; t) = y pmWx@ xr�Ut ?=wH '�=}=B \}=QW� OwW nQR@

"CU= u w y u}@ |]N |x]@=Q l} |xOvyOu=Wv

u(y; t) = y + 2
�

1X
n=1

1
n

�
(�1)n exp(�n2�2 tU

ReH
) sin(n�y)

�
(8)

|OOa pL G}=Dv "8
=@ |D=@U=Lt |xm@W |=Q@ CPU w FPGA |wQ TqBq |xrO=at |OOa pL
pL R=  u=} QH `@=D |=Q@ R=QDsy \w]N G}=Dv "CU= xOW s=Hv= 101�101 O=a@=
QO pL s=o 10000 R= Oa@ ' �100 |xm@W xR=Ov= w 16ha=[t CkO =@ 3 |xrO=at
n = 1000 =D 2 |xrO=at |QU 'xr�Ut u}= |r}rLD pL |=Q@ "CU= xOt; 6 pmW
xOQw; |r}rLD w |OOa pL |=yxO=O u}@ |=]N sQv 1 pwOH QO w xOW x@U=Lt
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QUD

|=Q@
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Q=Ri=
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=iDU

="TqBq xm@W R= x]kv l} pL |v=tR G}=Dv "2 pwOH
O=OaD pL u=tR VR=OQB Tv=mQi Q=Ri=CNU VywSBlqm (ns) (MHz)

130 43 3000 CPU
[9]

1 1 22 822 37 FPGA

261 1 89 11 2930 CPU
[14]

1 7 5 133 FPGA

10 5822 6 12 1730 CPU Q[=L VywSB1 2071 4 83 250 FPGA

"C�wm xr=Ut |OOa pL CkO |UQQ@ "3 pwOH
|=]N OYQO |OOa pL |r}rLD pL

t y|@Uv u� 10 u� 10
3 07 1 1387 1 1737 0 1
0 59 2 7333 2 7595 0 3 0 3
0 12 2 9629 2 9666 0 5

0 88 5 0219 5 0661 0 1
0 23 6 7333 6 7494 0 3 0 7
0 05 6 9629 6 9666 0 5

xr=Ut pL hrDNt |=yu=tR QO `} QUD u=R}t w C=@U=Lt u=tR COt Q=Owtv "9 pmW
"C�wm

u}vJty w �t = 10�7 QO ha=[t CkO =@ C�wm |xr�Ut pL G}=Dv
|=Q@ "CU= xOW xOQw; 3 pwOH QO '8 x]@=Q R= |r}rLD pL Q}O=kt =@ =yv; hqDN=
x@U=Lt n = 1000 =D 8 |xrO=at |QU 'C�wm |xr�Ut pL |r}rLD Q=Okt x@U=Lt
pL xm CiQo xH}Dv u=wD|t pwOH u}= QO xOW x@U=Lt |=]N Q}O=kt R= "CU= xOW
u=tR |}xr}t Q=Owtv 9 pmW QO "CU= xOW s=Hv= CUQO C�wm |xr�Ut |OOa
FPGA w CPU R= xO=iDU= =@ �AJ CtU |Owta QwLt� C�wm |xr�Ut pL
QwLt� pL CaQU V}=Ri= u=R}t u}vJty pmW u}= QO "CU= xOt; |mD CkO QO

"CU= xOW XNWt u=tR Qy QO �CU=Q CtU |Owta

"xm@W \=kv O=OaD ?ULQ@ pL u=tR "8 pmW

xm OwW|t xOy=Wt "CU= xOt; |D=@U=Lt |xm@W \=kv O=OaD ?ULQ@ |mD CkO
xm =Hv; R= "CU= xOt; CUOx@ CaQU V}=Ri= R}v Q@=Q@ 10 =D =yCr=L R= |m} QO
|=ys=o O=OaD x@ pL CU= sRq 'j}kO w ?U=vt |OOa ?=wH uOQw; CUOx@ |=Q@
Q=Ri=CNU |wQ xr�Ut u}= pt=m pL '�pL s=o 1000 R= QDW}@� OwQ@ V}B |O=} R
'u; |}xv=}=Q |xt=vQ@ QO wDQOwD |k]vt Q=QmD xkrL xU OwHw Crax@ '|Ov@ Qm}B p@=k
|wQ pL s=o l} pL CaQU V}=Ri= \ki CU= QDy@ u}=Q@=v@ "Ow@ Oy=wNv xv}y@
Q=Ri=CNU VR=OQB Tv=mQi w CQOk Q_v R= xJv=vJ xD@r= "OwW |UQQ@ FPGA

"OQm pL u; |wQ pt=m CQwYx@ =Q xr�Ut u=wD|t 'Ow@ Q=}DN= QO |QD|wk
O=OaD p@=kt QO |mD CkO =@ FPGA |wQ TqBq |xr�Ut pL u=tR Q=Owtv
pL u=tR 'OwW|t xOy=Wt xm u=vJ "CU= xOt; 8 pmW QO |OOa |xm@W \=kv
"OQ=O |]N w s}kDUt |x]@=Q xm@W \=kv O=OaD =@ |Ov@ Qm}Bp@=k Q=Ri=CNU |wQ
u}= x@ "CU= TqBq |xrO=at uOw@ |]N R= |W=v xm xOw@ 1 Q@=Q@ \N u}= ?}W
OwHw CQwY QO 'QDnQR@ |xm@W O=a@= QO =Q xr�Ut u}ty pL u=tR u=wD|t ?}DQD

"ORu}tND 'QDq=@ |D=@U=Lt K]U =@ Q=Ri=CNU
R= xO=iDU= =@ |OOa C=@U=Lt `} QUD |xv}tR QO xm |r@k |=yVywSB QO
TqBq |xr�Ut pL |UQQ@ OQwt syt p�=Ut R= |m} 'Ov=xOW s=Hv= FPGA

Q}=U =@ TqBq |xr�Ut pL R= xOt; CUOx@ |v=tR G}=Dv VN@ u}= QO "CU= xOw@
Qy |wQ xr�Ut u}= |OOa |xm@W R= x]kv l} pL "CU= xOW xU}=kt `H=Qt
xOW xO=iDU= |=yQ=Ri=CNU [9]"CU= xOWs=Hv= FPGA w CPU Q=Ri=CNU wO
"CU= Cw=iDt Q[=L VywSB QO xO=iDU= OQwt |=yQ=Ri=CNU =@ 'Qw_vt u}= |=Q@
|Q}eDt "OwW ?=NDv= G}=Dv |xU}=kt |=Q@ |twta |QDt=Q=B CU= sRq p}rO u}tyx@
'Ovm XNWt xOW xO=iDU= Q=Ri=CNU R= Q_vhQY =Q |D=@U=Lt u=wD Ov=wD|t xm
lqm O=OaD "CU= xr�Ut pL |=Q@ sRq �17lqm � |v=tR Tv=mQi |=yxQwO O=OaD
Q}=U x@C@Uv R}v Q_v u}= R= w CU= Oa@|@ QDt=Q=B l} 'pL Ov}=Qi p}tmD |=Q@ sRq
x]kv l} pL QO lqm O=OaD w |v=tR G}=Dv 2 pwOH QO "OQ=O |QDQ@ Oa@=@ |=yQ}eDt
|Q=Wa= CkO =@ =yV}=tR; |t=tD "CU= xOt; TqBq |xr�Ut |OOa |xm@W R=
G}=Dv xm [14]xOW s=Hv= xv}tR u}= QO R}v |Qo}O VywSB "CU= xOW s=Hv= |rwtat
VywSB w [14w9]Q=Ri=CNU |L=Q] |=yVwQ "CU= xOW x�=Q= xU}=kt |=Q@ R}v u;
|OOa C=@U=Lt `} QUD '|}=yv hOy xm =Hv; R= =t= "OvQ=O Cw=iD sy =@ R}v Q[=L
w xDiQo Q=Qk Q_vOt =yVywSB u}= R= l} Qy OQmrta u} QDy@ 'CU= TqBq |xr�Ut

"OwW|tv xU}=kt sy =@ Q=Ri=CNU |L=Q] VwQ
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w O=OaD Q_v R= =Hv}= QO xO=iDU= OQwt Q=Ri=CNU "CU= xOW xO=iDU= C=@U=Lt
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C=@U=LtCaQUV}=Ri= |=Q@ |irDNt |=yVwQ "OW xOy=Wt R}v `} QUD Q@=Q@ 10 =D
x@ CPU R= xO=iDU= OQwt |D=@U=Lt Q=Ri=CNU Q}}eD RH x@ 'CU= xOW xO=iDU=
x@ uO}UQ |=Q@ |O=} R |Q=Ri=sQv |=y|R=Uxv}y@ w |tD} Qwor= |=yVwQ 'FPGA

VywSB QO FPGA R= xO=iDU= =@ pL s=Hv= CkO u}vJty "OW xO=iDU= hOy u}=
CaQU V}=Ri= sOa p}qO R= |m} "CU= xDi=}v Vy=m CPU x@ C@Uv Q[=L
|=Q@ QDu}}=B |=yCkO xm |DQwYQO "CU= ẁ[wt u}ty 'O=} R xR=Ov= x@ C=@U=Lt
u=R}t xm CW=O xHwD xDmv u}= x@ O}=@ 'OwW ?=NDv= FPGA |wQ pL QO O=Oa=

=yCWwv=B
1. parallel computing
2. graphical processing unit
3. �eld programmable gate array
4. recon�gurable hardware
5. memory cell
6. lookup table
7. con�guration
8. hardware description language
9. cache
10. segmented routing
11. hierarchical routing
12. high level language
13. circuit speci�cation
14. intellectual property
15. point Gauss Seidel
16. double
17. Clock
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