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Vivado High Level Synthesis Hardware Acceleration Based on Genetic Algorithm
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Abstract: At present, in order to adapt to the coming of “big data and in-depth model” age, a feasible solution is put
forward by using FPGA to realize hardware accelerator of various algorithms. In this study, by using \{iquo HLS tools, a
set of intelligent hardware acceleration architecture is designed based on the genetic algorithm, which can automatically
generate TCL file by programming, and automatically call HLS tool to complete;the simulation analysis and extract the
data to analyze in the report. What’s more, the case programs like FIR and DCT g.iven by the Xilinx company are tested.
A better solution is found in the experiments, and the efficiency is mcreased by magnitude compared with the manual
methods. It has met the universality of the general algorithm in hardware acceleration.
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(GPU) SR 38 I i 5 B AR FE 82 T (GPGPU).
AL, T AT FE 7 5t BR#fE (OpenCL) X FPGA .
DSP Hl GPU 45— Leffi 35 3 45, JF BT RN 51K 3
ST JFIR, R AE S ) B G 2 1 T HL R
ZW . BT GPU 4h, FPGA i TR {1l B R 3%, A
PR FATEENE . EAE AR AR R Y, B
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SN P T TR 2 A T LA AR FE SR 2015 4F, Intel B
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B JIAT RTL ARED, Ik 13— Le R TRE T SR M
H.
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H 4}, HLS (High Level Synthesis) A& 2 R4 G, E
REBH B TT RN BT n S C/C+H+55 i 208 5 1SS 5 3
A gmARE BT, P G F 5 T A DG A iR
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77 T S ME T R A SR i i d g i, 4 H R
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N, 1T EL I FEE A . SCRR[OTR) A £ by 7t
J738%, EF R UR BESESIA (8 90 41 S50 T () T L R A
S 15 1) I8 B R A BE AT N, E 7R A 1 R A M e
BT b RS Ui ik /0, 8 R AN G SCRR[10142 7
MNER LA R B 30 B 5 45 @ 127 DUE AL ZERS,
SEaG 2E R IR, A AR P AT A 12 AR E, R
W 77 AERRE R, HIEAE T 4 52 LUT, 5
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Vivado HLS TH A4t | 20 RMLALTE 2, T
IIX LA A FE A REAS TE B FE SR T, AHLIR] B 1 2% K
FERE N FPGA [ RTHFE. FEMMRALTE 4K 1,
FAR A IRACBUR 7T 2% 5 77 T

# 1 VivadoHLS fifrfg4

2% BRBRAL TR 4 RIS HAMAH 2 ZOIES
0 Dataflow Dataflow Array Map Array Map
1 Pipeline Pipeline Array Partition Array Partition
2 Inline Unroll Array Reshape Array Reshape
3 Allocation Loop_Flatten Resource Resource
4 Latency Loop Merge Stream Stream
5 Interface Dependence Interface
6 Function_Instantiate Loop_TripCount
7 Latency
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FIR F2 7 i AR IS DA AT 38 4 185 00 I 26 AOPE RE YA
5 B URVE A Bl . e PRIEAT e (O [ 4 Y 5
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X\ ARG — RYIEACE B A B LRI
1.1 BRI

LA ACRS 9 DCT H s 84l i — /N B e, e
read_data N4, RD _Loop R. RD Loop C AN
FIiER)FRS, bufy input 4 4.

void read_data(short input[N], short buf[ DCT_SIZE]
[DCT_SIZE])

{

intr, c;
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RD Loop R:
for (r=0; r <DCT_SIZE; r++)
{
RD Loop C:
for (c =0; ¢ <DCT_SIZE; c++)

buf[r][c] = input[r * DCT_SIZE + c];
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i,
JRILXML
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N

Petufh
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ITERATI

K1 e

Performance Estimates

= Timing (ns)
= Summary
Clock  Target Estimated = Uncertainty
ap_clk 10.00 8.43 1.25
- Latency (clock cycles)
=l Summary
Latency Interval
min  max min  max Type
78 78 79 79 none
K2 PEREITAIE
Utilization Estimates
= Summary
Name BRAM_18K  DSP48E FF LuT
DsP
Expression - - 0 39
FIFO
Instance - 4 0 0
Memory 0 - 64 6
Multiplexer - 114
Register - - 179 -
Total 0 4 243 159
Available 650 600 202800 101400
Utilization (%) 0 ~0 ~0 ~0

B3 BRI AP 1R
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S EE R AR PR R TEIR . B4,
BB AT R 2 ik FE VA A SR 2 4RI AR 3 I g
R g i B Bl A ) — 2k G AR, Rl 6 £ 1 PR Al
FE b5 2> M R R Fitness(G&E M ). Latency (B ZE).
DSP48E. FF(%{74%). LUT(##k%). BRAM 18K,
JE TSy (5B 7 LB 16 £7) BL 4 NFEBON—A, &R
% 2 AT, 10 0 det 2d 2 7, 0 FoRRAL, det_2d

RN, 2 Fon T REL 7 R g e 4. H
Deepl A MIUA: 1GERTIERED) . 2081 KE);
Deep2 RnLHJLEERIRE, W | Rn—EIRE,
2 RINWZRE; Deep3 RNEAH 4R, 10 1 Rom—4E
B, 2 RARPIYERAL; Deepd Foni D BUH R, Fon
77925 Deep3 #[H. Directivel | Directived 43 %
1 HRIREL PE . B ORI S g

x2  BENUAERR— Rk L\

SR EN TR 1 2 3 4 S5 ™ 6
GRAEELD Fitness Latency DSP4SE g &5 “Lut BRAM_18K
PR FEARAE 0.00192186 3321 1 - . 362 5
et i By 7 8 9 10 11

VY - B 0dct 2d27 0dct 1d30 10 Loop 17 1 XRI_Loop 2 7 1 XRI_Loop 2 1

b RN A 12 13 14 15 16

VY7 B i “1RD Loop C20 1 WR_Loop C24 2buf 2d in20 2 col_inbuf 2 2

1 XCI_Loop 2.7

h |

VR ek

Chromosome ~ #i—#r B HB=Ar DA
Function 0 ARSI Deepl Directivel
Loop 1 HARRS2 Deep2  Directive2
Array 2 W53 Deep3  Directive3
Interface 3 HHbR 54 Deep4  Directived

1.2 ENEITE

ARSI 1) 10 R TR 50 B G S5 TR, M PE
AL RUTT R R I e ks TR A8 B (G, 267 1 4
AR . DU A BToR fiE RE A 0:

1

Latency - DS PASE+FF+LUT+BRAM

B, Latency o~ i & B 3 AEIR , Bl 248 2 %
o A5 16 9 (0 I kA QSP48E“\ FF. LUT I
BRAM 7 i DS AL 45 2 J55 I 72 A 1 W2 VR F A
B, BT 2% 1 3 b IR A A .
1.3 EFIRE

AR P SRR BB ()53 AN EAT e
AT, 75 LA R g AR B (M, 51 %5
JER e €0 A, 432 R 5 B 22 R XA B AN PHEAT B AN
Hetn 2 3 I = 4 St bk, JEtt Fitness HEATHERE, 24
JE 7 PR VB BT I8 725 1 (55— 4% ), S 3 I8 {1
[ (A —4%). BB TER S — 2 etk TN B4 —
%rf.

Fitness=

(M.

1.4 RZX#E

K S R FH R B W 5T, K AR R AT
4341, AR SE AN B AT P I 2 ). 38 X fh
S 13 I8 P Y € P A A, o i 1 FEE A
KA S 523 XA FARAE. 3k 4 o 28 AT I
3 SRR, B L B i, AN BEAT AT ERAE, 5
AR S A5 R — AT SR, R UK. SRS
A HLAE S €0 hif 52 AN B, BL IR AT R2, P 3
HEAT 5 AR AE (AT IR A HOARH: =

Odet17<-=0det10

2 row_‘out‘t‘)uf 2 4 <--=> 2 row_outbuf?2 5

; W2 5 it 615 SR ST RS, B

72 2 (36 I8 B 480 28 SCRT 1, LA A B 9 E AR
I8 5, 7] B2 IR

* 4 G ARsE YT
Fitness Latency Chromosome
1 2 R1 R2
0.00255404 412 Odetl5 ...... 2row_outbuf24 ...
0.00191727 1256 O0dct17 ...... 2row_outbuf24 ...
0.00195958 2920 Odct10 ...... 2 row_outbuf25 ...
K5 OROEE NS
Fitness Latency Chromosome
1 2 R1 R2
0.00255404 412 Odet15 ... 2row_outbuf24 ...
0.00205958 920 Odct10 ...... 2 row_outbuf25 ...
0.0019921 1050 Odctl17 ...... 2row_outbuf24 ...
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1.5 TR®RME
BEALEA E P AS BT 2R A B 7 A MR
A, R A BT S B S B . R 6 FR,
BEALAAE R1. R2 AR R o, XA T A8 R4 A
0dct10<-->0dct13

2 row_outbuf 2 5 <--->2 row_outbuf 2 1

Ko QOB

Fitness Latency Chromosome
1 2 R1 R2
0.00195958 2920 Odct10 ...... 2row_outbuf25 ...

H 7 R IR T G R, L LA ST
BTN, IR A AR RHE R, tha]
Rt 2

R N S

Fitness Latency 4 Chromosome

1 27, ¥RI R2

0.0025921 550 Odet13 ...... 2row_outbuf2 1 ...

2 GA MSHNE

SIS R AR T P R AN B A
AT 4R A B AL, Rl — %484 FIA RS HCR A
— 52 RS BN E Bh A . S2Ie 3T Rk E T Xilinx &
B 3 ANREEEAT T, Hoh GA I H AR S H0E B W
% 8.

*8  wMLEEZHWE

S MBE RO, AN &R PCLIBf
N N IR | 717 S
o S NI Yo UE £ B 1l (h)
Fir 50 20 0.95 0.8 0.05 4 8.37369
Matrixmul 50 20 0.95 0.8 0.05 5 748536
Dct 50 20 0.95 0.8 Q.OS? 11 10.6974

VO RN R AR . % RIS
S ot Sy G LRI A7 A — 5 S, (R B i
AR FE L PR S o S 7 22 % B B S LA
KA. Fe bR R 2 B T R (B IR A
W FRBERAE) TR RIR04E R, BT SR SR R
5%, R ARICSIR, Btk P T K 1B K

3 IR SRRV
3.1 WINE
ARSI K FH AR HL 2% 4 Intel(R) Core(TM) i5-

124 A4 AR - 5% Software Technique- Algorithm

3210M CPU @2.50GHz, X H ] FPGA & Xilinx
kintex7, xc7k160tfbgd84-1. F|H Vivado HLS T. HiH{T
F R EIE YA BIGE. gw i as R A VS2013 #H47 &
VSRRV i i = N M T U -~ A 710 VT
MATLAB 1 95 i 5256 45 S 1 E0ah B2 .
3.2 XWHERSMEITM

& 4 4 FIR J T8 4% 5000 S 4R s Mk 1 ik Ak ok
FE, B8 mUONRE 50 MFEAS (35 1050 A) Ak B i
P3&E LR, B8 W16 i e 3L 21 Nﬁ:“'_ﬁh@?)ﬁ‘zib
PEAN K, g 5 (i 2 | O SRR &, 22 20 Ik
SEARR, TR IS R V] 2 TR, ULR (38
P 0.33442982, JCAT X FhBEIE B 6 10F, (LI
PRk R T 9, & B BRI, (H iR
REE T AARBIAE R b5, DR 8 B SR g Tt

04 Evolutionary process (20 iteration) max

03

025 |

=
)

Fitness values

IS
—
W

0.1

0 5 10 15 20 25
Hereditary algebra

L 4" FIRB R I L R

<1 5 J9 FIR WA BORE AR 5 20 i 3o 44 51
S5 2% 77 AR AR AR SO ) 7 R XoF L P, P S AR AT A
EHHEEMAREARFEE 0.05 DL E, HdANH&Ed
GA J& [P RE AR 3 . 2 Al I DA S AT R BB 3 22 H
THREEIRZSE (B — %562 TSHOREA ) Bl
AT 77 AR, ABLIX G AN 2 5 0 B AN P b (R B L.
TR SRR R, S2I0 TR SR EL TR AR B
R R Matrixmul (K5 FEAI) SkiEAT 20, Forpszig
FAH— A8 2 TS EE T (BDAS N kAT BE AL
ALK, TSR HLS TR HIERNSH). i 6. K 7
N Matrixmul /=25 [13&E BB o dr i, KR E 6, BT
Matrixmul & 2% A &, JFAEESS 7 AR AR ot & B
FELERAL AR, DR SR s As e ok, e 7wl
B, ERAZHEEW T, Ja A B 4 H R E AR
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0.251675 1, 4R 0 5 FIR H04 S50 [F 8 th 2= A 2%
LG5 5.

Fltness Map (20 1terat10n)

0.35 T
* * o In1t1a1 Populatlon
* Population after GA
0.3 1
025 B+ * *
g
= 02 + *
-
2 * *
E 0.15 o Hx * *
= + * o+
0.1 Foe *
o O ++
0.05 * o
e
o O *, *® O
0 0000000000 O 00 0000000 oooQooO&I)oO(X)?o *

0 5 10 15 20 25 30 35 40 45 50
Sample: 50

]

/5 FIR ¥)435 GA J HIFRAE L FEG AT
g ¥ 5

&
0.26 Evolutionary process (20 iteration) max

024 | .

022 f B

Fitness values
(=}
[}
\

0.18 i

0.16 E
0 5 10 15 20 25
Hereditary algebra
Kl 6 Matrixmul sALM LR
Fltness Map (20 1terat10n
035 P ( )
o Inmal Populatlon
+ Population after GA
0.3 E
0.25  Hebstokkbokook oA E RO A SR A A Ao ot AR o
g
= 02 E
-
2
g 0.15 o o o© o o b
=
0.1 | o i
o
0405 I [¢] (0] .
o o
o Lo ® @00 oo

0 5 10 15 20 25 30 35 40 45 50
Sample: 50

7 Matrixmul Y455 GA J& FIREAE N 7347 B

F 9. % 10 A FIR Al Matrixmul {14 &85 %5
& B XS E, 28 —47 R A DT TR0 58 4 11
BUR PP AR 5 R, 5 AT ROR Xilinx 2 w1 FE b
S B ERUT T B (LIS AE R, B AT RN A
FIFH GA TR EARAR = A 25 B, X L =Fh 7 2 5 A0,
TEGIRFL R T, BUST 2 S TR, 25 = Fho7 28 s,
1M HAE I Xilinx AR AR 7 Rk DT, HA K
KIPE N, AEE R 7 M GA SR A
R, 'Q “‘v.

% 9  Performance and utilizatien comparison to FIR

Comparison Fitn(gss‘l Latency DSP48E FF LUT BRAM_I8K

Original 0.0152'2‘;357‘ 78 4 243 159 0
Xilinx 0.06745098 15 44 977 254 0
GA 0.33442982 3 44 676 192 0

% 10 Performance and utilization comparison to Matrixmul

Comparison Fitness Latency DSP48E  FF LUT BRAM 18K

Original ~ 0.022968 79 1 44 52 0
Xilinx ~ 0.144579 7 27 479 71 0
GA 0.251675 4 27 501 69 0

[ 2, R A BAFZE M5 DCT JE4T T8, 181745
REFEEIEwE 8. B 9 FEk 9, HARKI 4B AL wT
TR EH TR S A 0 PR A, SR sk 1 A 2 AT )
R, 182 TS HCR BN E R, B [ e %
ArrayPartition L TE 4, Tk E 11‘\/\@5@6 ML 8.
B 9, JFEARIES 13 ik ek, S im G —
YekEh, 43 20 R RHEA LT RIIE S 0.00743396 1
FE R K. AR P R O, 3 11 T DU L 1
VRIEFER AR K, (HAE SR 78 2 1 LT, DA [R] e [A]
AR A S —PPASEE I T

744 % 103 Evolutionary process (20 iteration) max

7435
7.43 |
7.425 |
7.42

7.415 |

Fitness values

7.41 |

7.405

7.4

0 5 10 15 20 25
Hereditary algebra

8 DCT mAtfEnEtbidfE
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g %1073 Fitness Map (20 iteration)
7 . .
© Initial Population
6 + Population after GA

Fitness values
~
.

o

2 F %0 o) E
oo o

o o
oo 090L0 © 50 00 "R 0

0 1 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50
Sample: 50

B9 DCT #4615 GA Ji FIREAS I8 R 437

Performance and utilization comparison toe DCT

%11
Latency DSP48E FF LUT BRAM 18K

Comparison Fitness
Original 0.00182244 3959 1 278‘ 353 5
Xilinx  0.00242689 479 16 2360 566 6
GA 0.00743396 138 & 48 2875 2400 8

W
&

4 WG

NI R H AT KBS B AR, K R AT R A L
BEAT DN 2 A A 0 B AL SE I RE A R 1E = A A
TR A, T 5 e K 8 DR 3 17 G206 2 2 A 7 oK
WEREOLR, A ERIEA R Bl 15
B R AEH 2 2, Xt I BT R R A 2 T S 38,
DA S AR T — Fh 5 F 0 A% 595 R Vivado HLS
T H BT POl F 4R i AR @I X Xilinx 2 & Fr g4t
ff) FIR. DCT 1 Matrixmul =™ 3 2 R4 34T VE 7>
T, IE AR NS I — B FE 7 2ot Ho Al Haee, 4%
B T RARKITTAT %, AR 5 ALt RS T At 7R
ZEREAE SEE I IR, — e RERE Ll A2 s TE. Sk
R R BRI TN T B, HT RAL 1 2 0
72 A 2H A R, SRR E B K 1R i 2 () v SR A A
A PR AR A, DRI DA AR I 2 7 W He R I 3 A R S0
T, Lt FUBE S o ) SRR R AL, X B K R A
JE Wt TR E A
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