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How 1o

¢ New Vivado HLS Project
Project Configuration

Create Vivado HLS project of selected type

x

4 New Vivado HLS Project

Add/Remove Files

x

create a new project (2)

&

Project name: [tes:{

]

Location: [/home/asap2/mushakiworkspace/hls workspace

\

|| Browse... |

Next > H Cancel

Add/remove C-based source files (design specification)

%

Top Function: |test

Design Files

Name CFLAGS

Add Files...

New File

\

Project name and directory
are specified. Here, "test” is
used.

|

< Back Next > H Cancel

[/ New Vivado HLS Project
Add/Remave Files

Add/remove C-based testbench files (design test)

TestBench Files

Name CFLAGS

‘. Add Files ..

‘. New File.

| Add Folder |

<Back | Next> | Cancel

%

\

Top function name.
Here, test is used.

Test bench file is specified.
It can be added later, so here,
itis empty.




How to create a new project

'TNew Vivado HLS Project

Solution Configuration
3 Part must be specified.

[

Solution Name: lsulutiunl

Clock-

Period: (10

| Uncertainty:

Part Selection

Part: [Please select part]

Click here

r Device Selection Dialog

Select: QPnn's [ Boards

i xcku095-ffvb2104-2-i
i xcku095-ffvb2104-2-¢
i xcku095-ffvb2104-1-i
i xcku095-ffvba104-1-c

{ Kintex UltraScale FPGAs
Kintex UltraScale FPGAs
{ Kintex UltraScale FPGAs

| Kintex UltraScale FPGAs

| ffvb2104 | -

{ flvb2104 !

Filter
Product Category: | Al [7” Package:  [Al [7"
Family: Al l:” Speed grade: [All [i"
Sub-Family: Al t” Temp grade: |All [v ]|
Reset All Filters |
Search: w [xcku095-ffvb2104) (3 D)
Part Family Package SLICE

{67200 |
67200
67200
{67200 |

ffvb2104
ffvb2104

Cancel )

FPGA chip identifier. Here, xckul15-flvb2104-2-¢e is
specified.




|4—Vivado HLS 2017.2 - test (/home/asap2/mushak/workspace/hls_workspace/test) - O X
File Edit Project Solution Window Help
sl : X REs@gbB ROy aid-8 S el ®
[ Explorer 53 W = 3 - 8 0= outline 52 I:ﬁDirective] = O
-
b @Includes An outline is not available.
= Source
i Test Bench
P ¥= solution1
El console 33 o] Errors} & W‘amings} EM
VWivado HLS Console
VivadoHLS starts
test :




How to create a new project (5)

[/ Vivado HLS 2017.2 - test (/home/asap2/mushak/workspace/hls_workspace/test) - O X
File Edit Project Solution Window Help
g : X R E@#b%E O D - Bl ®
35 Debug &d" Analysis
[ Explorer 2 e | = B |/ outline 8 EI;{DirectiveW = g
v 25 test -
I 4 ns I An outline is not available.
5 st €0 AdaFles.
b ¢o somtfl] PULIE l
Click Source with the right
bottun, add the source
C/C++ files from
NewFile---Here, "test.c” is
_— added. Also, the test
=L bench "tb.c” is added. % Ll = B8 -0-4 70O
Vivad
)
1itermn selected :




ow to create a new project (b

|4—Vivado HLS 2017.2 - test (/home/asap2/mushak/workspace/hls_workspace/test) - O X

File Edit Project Solution Window Help

[

I—_‘T “ .i@]}ﬁiﬁﬁ*@%i@ﬂiiv\/-%-SE'EVE%EEHE 1$Debugé‘d"ﬂnalvsis

[ Explorer £2 W = B8 @test.cﬂ} g tb.c 1 = B | 5= outline 53 Eﬂ'DirectiveW = g

- =5 test a 5 -
Pl Includes B RN e &
w £ Ssource
[» flm TestBench
~ Y= solutionl
= 4% constraints
G, directives.tel
% script.tel

El console £ 9] Ermrsw & W‘aming% =
Vivado HLS Console

Ready to synthesis

[~]

Writable Smart Insert | 1 : 1
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ow to use GUI

|4—Vivado HLS 2017.2 - test (/home/asap2/mushak/workspace/hls_workspace/test)

File Edit Project Solution Window Help

<<Synthesis>>
Basic tab for high

<<Analysis>>
Analysis of the
synthesized results

level synthesis

D

Synthesis the source
and check results

EETE xi E%EF@E@@ &S] %5% | \irgﬂ - Euiﬂd"i@ i 35 De | synthesis d-'d"\(‘lalysis |
||%|Explorer b} = B || [¢ testc 82 / I\ \\ = O | g= Outline Q\Eﬂ Dire“{ue = 8
|V 1 / d lﬂz ‘ﬁ \: -
DGS/' Simulation with the
' gf? <<Directive>>
v G /L\/ test bench
v 4 consu. Insertion
% directives... O VV
%script.tcl

IP is generated from
the synthesized
result.

ol |

El console £ 9] Ermrsw & W‘aming%

Vivado HLS Console

Writable Smart Insert | 1 : 1
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N X M Product-sum operation

« NxM product-sum operation #define N 12
(N=12, M=12) #define M 12
void test(
Similar to computation in float input[M],
LeNet, the contest this year. float output|[N],
float weight[N][M]
)H
int n, m;

for(n =0; n <N; n++)
for(m = 0; m < M; m++)
output[n] += input[m]
* weight[n][m];



C-level simulation(1/?2)

FVwado HLS 2017.2 - test (/home/asap2/mushak/workspace/hls_workspace/test)

File Edit Project Solution Window Help

Ao g & DX G R EE e S ~ M@ -
[ Explorer 83 e | [g] testc || th.c 3 12| te
] [prnemaaceraia.

3 ﬁ_u Includes i §define N 12

~ = Source | §define M 12

B‘ﬁtest( RUI’] CSImU|atIO|’1

: wolid test |

= flm Test Bench
R thec 1 float input[M],
float ocutput[M],
¥ (= solution1 § float weight [N][M]
- @ constraints ? ):I
L% directives tcl .
L )= int matn () |
Sy script.tcl float idatalMl;
b &= csim ! float wdata[N][M];
b & syn float cdatalll;

mt i, 3, B, W

for (i = 0; i < M it4)
idata[i) D
Tor (5 = 07 3 H
for (m = 0; n < N; mtt)
24 for (m = D; m < M; mt+)
wdataln][m] = 1.0%m;
(<] [T
B console &2 9] Errors | & Wamnings
Vivado HLS Console
120. 000000
152. poooed
INFC: [SIM 211-1] CSim done with D errors
INFO: [SIM 211-3] #####vsssssssss CSIM EFindmh *4sssssssssiss
Finished C similaticn.

Writi

e« Simulation must be done
before synthesis
e “Run C Simulation’

e Call “test.c” from the test
bench “tb.c” like the
normal C design.

« When ap_cint.h header
(free- size integer) is
used, simulation will
cause errors.

7
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C-level simulation(2/?2)

tb.c

test.c

#define N 12
#define M 12

void test(
float input[M],
float output[N],
float weight[N][M]
N’

intn, m;

for(n=0;n < N; n++)
for(m=0; m < M; m++)
output[n] += input[m]
* weight[n][m];

#include<stdio.h>

#define N 12
#define M 12

void test(
float input[M],
float output[N],
float weight[N][M]
);

int main(){
floatidata[M];
float wdata[N][M];
float odata[N];
inti, j, n, m;
for (i=0;i < M;i++) idata[i] = 1.0;
for (j = 0;j < N; j++) odata[i] = 0.0;

for (n=0; n <N; n++)
for (m=0; m <M; m++)
wdata[n][m] = 1.0*n;
test(idata, odata, wdata);

for j=0;j <N;j++)
printf("%f¥n", odata[j]);

return 0;

}

test_csim.log

1k INFD
1/ INFD

IIT-IFE': [EIM ZE] *+*+
d INFD: [EIM 4] CE1
imake: "omim. esge"
18, eddeed

HO12. gdeadd

24, gdeddd

! 36, g

54E, gaedad

1B, gdedad
I

TE4, geREd

! 95, ddeead

5 168 . g

4 120 . laas

b 132, aaaas

If the results are
correct, go to synthesis.

TZ



Try Synthesis

|4_Vivado HLS 2017.2 - test (fhome/asap2/mushak/workspace/hls_workspace/test) - a X
File Edit Project Solution Window Help
g . . . " . Ll a . . . '
il LBy e @R EehREojirfuBeid B Fiel® | %5 Debug ||, | synthesis| 6 anaiysis
- N 7 ~
[ Explorer = 0 ;tllt.:ﬁ i [g] tb.c ] \ = B | = outline E;'!Dircctive] = 0
e N " -
B % W o %
P il Includes i #derine ¥ 12 o
=
v £ Source 45 vo1d test ( # M
E‘}test.c 5 float input[M], .
< g Test Bench . Fomt mutpt 1, Click here e test{float[], loat(], Roat{][]) : void
7 float weight [N][M]
[gy th.c Y
= Y= solutionl 9 int 5, m;
7 4§ constraints e
%dircctives tel 1 for(n = 0; n < N; ntt)
) ) 12 for(m = 0; m < M; mt+)
Y scripttel 13 output[n] += input([m]
b = csim 14 * weight[n] [ml;
b = syn kL
16
=
& console 32 Q) Ermrs] & Wamings] ]
Vivado HLS Console
120. 000808
132. 000000 The results are
INFO: [SIM Z11-1] CSim done with 0 errors. H
e generated for a while.
Finished C simulation.
)
[>])
Writable Smartinsertt  1:13 :

13



Check the synthesis results(1/2)

¢ Vivado HLS 2017.2 - test (fhome/asap2/mushak/workspace/hls_workspace/test)
File Edit Project Solution Window Help

s = =

Bl &R E8 BB RO P -8 -

[7 Explorer §2 I = |

M Y || synthesis Report for ‘test’

[) [h}! Includes

\_I test.c U tb.c _ﬂ Synthesis(solutionl) £3

¥ = Source

[gy test.c

iGeneral Information

Date: Mon Dec 3 15:21:50 2018

< flm Test Bench

L{-I-tb Version 2017.2 (Build 1909853 on Wed Aug 09 16:50:22 MDT 201
s
‘ Project: test

< Y= solutionl

Solution: solutionl
~ #§ constraints

Product kintexu

“;.f_‘q directives.tcl
“;.& script.tcl

P & csim

P & syn

Target device: xcku095-ffvb2104-1-c

Performance Estimates

-| Timing (ns)
-] Summary
Clock| Target Estimated| Uncertainty|
ap_clk 10,00 8.57] 1.25
- Latency (clock cycles)

-] Summary

Latency | Interval

min max min max Type
1321) 1321|1322 1322/ none|

B console 52 @] Errors | &

Vivado HLS Console

INF

Wamings

 Performance
 Timing
Unitis “ns”. If it is less than
10ns=100MHz, it's OK.

e Latency
Response time from data
input to data output.

* Interval
Interval of data inputs. The
time from a data-set input to
the next data-set input.

« Utilization Estimates
FPGA Resource utilization
BRAM,DSP,FF, and LUT must
be in 100%.

 Interface

Inputs/Outputs of the module

14



Check the synthesis results(2/2)

« Timing is satisfied. No problem.

Clock| Target Estimated Uncertainty
ap_clk 10,00 B.57 1.25

TR e Latency is 1177cycles, and Interval is
il el ir] sl Type 1178 cycles. The smaller the better.

T3] 132715248 132 4Nnane

. LEar « Utilization is almost 0.

Expression 98 54
FIFO
Instance 355 352
Memory
Multiplexer 75
Register 134
ot I e |nterface:
Available 3360 768 1075200 537600 "
Utilization (%) 0 ~0 ~0 ~0
ok f trol. Add d dat
ap™™ are 10r control. ress an dla are
. . .

RTL P Dir Bits| Protocol |5 Object] C Type for In ut Out u‘t and Wel ht
p_clk 1 ap_ctrl_hs testjreturn value p ro V | d e d p ’ p ’ u
p_rst 1 ap_ctrl_hs tes value
p_start 1 ap_ctrl_hs es| alu - -

« The memory is outside the module, and the
p_idle 1 ap_ctrl_hs estreturn value .
p_ready 1| ap_ctrl_hs estreturn value d t f t h d d
put_r_address0 t  4ap_memory input r array a a a re e C e I n a Va n Ce -
put_r ced 1/ap_mernory input_r array
put_r q0 2 ap_memory input_r rray
put_r_address0 4ap_memory.  outputr  array
tput_r_ce0 t 1ap_memory| tput rray
itput_r_ we0 1ap_memory| utput Tay
tput_r d0 ) ap_memory! tput rray
itput_r_q0 2 ap_memaory] put_n Tay
eight_addr ap_memory eight ay|
eight_ce0 1/ap_mermaory ight ray
eight g0 ap_memory eight] ay



Check the results (Analysis)

o « Analysis tab is
Analysisx>7
|l:e\fwj|du HLS 2017.2 - test {/home/asap2/mushak/workspace/hls_workspace/test) — m] X u S e d to a n a | y Z e t h e

ile Edit Project Solution Window Help

gimid- Biei® B o b1 Cton module in detail.

£ Module Hierarchy % = = B | glsynthesisisolutionl] |5 Performance. {solution] ) R = 7
. .
BRAM| DSP| FF | LUT Latency Ir| i | he t | | I Of data
: 1 1 3 F Current Module : test I I n
S e I el RN

b“CEFC)]peratmn\cnntrmstep | co CcL [er] c3 ca (o C6 c7 |Oad iS ShOWn. |t iS
useful for
debugging.

« Latency or interval
] of each module(for
oo 5 E e = 0 loop or function) is
i . checked.

(— ' D e Useful for
B e FN\ 8 e CERER: optimization
shown later.

16



Generating IP (Export RTL)

VVivado HLS 2017.2 - test (fhome/asap2/mushak/workspace/hls_workspace/test)

File Edit Project Solution Window Help
g x: T8 BEa S d {6
ﬁ‘_-, Explorer \ téh = 0 rﬁ Synthesis({solut ‘ - test_csim. Iug//est c 23 ”2 = E Outline §
\L_
< 12X test 1 #derine N 12
P ml Includes ; fdarize M 12
v Z Source :
Export RTL .

= {im Test Bench

gy tb.c

<~ ¢= solutionl

~ & constraints
i directives.tcl
‘ﬁﬁ script.tel
v = csim
P build
P = report
< [ syn
b & report
P (= systemc
P (= verilog
P& vhdl

1item selected

L Tloat weight [N] [M]
8o

9 int n, m;
19
11 for(n = 0; n < N; ntt)
12 forim = 0; m < M; mt+)
13 cutput [n] += input [m)
14 * weight[n] [m];
® o}
16
L ) |

®
=

& console E:! \_ 0_] Ermrs

& Warninqs|

Vivado HLS Console

Finished C similaticn.

Starting export RTL ...
canceled!

Task ha=s been

132. 000008
INFC: [SIM 211-1) CSim dene with 0 errers.
INFO: [SIM 211-3] **#ssssssessses CSIM fini

Wait for “Finished” .

.

“Export RTL”
generates IP
useful by the IP-
catalog in Vivado.

e This step is done
after debugging.

17



Directives



What are directives ? (Pragma)

« Commands for optimization of the HLS description
- UNROLL, PIPELINE, DATAFLOW, etc:-

« Various types solutions can be implemented.
e tips: multiple solutions can be generated.

« Key factors to optimize HLS.



High speed implementation using
directives

« The target source code is #define N 12
optimized. #define M 12
e The I/0 ’
bandwidth( input,weight, and Vofll t‘tesft( .
output) is assumed up to ﬂoa input] 131
128bit/cycle oat output[N],
float weight[N][M]
N
int n, m;

for(mn=0;n <N; n++)
for(m = 0; m <M; m++)
output[n] += input[m]
* weight[n|[m];



The target image

« Comparing the current design and the target image.

Data is accessed
by its address

input

Data are allocated
outside the module

No input/output
buffer

~N

weight output

Only a module works

input weight
' Optimized
: 1/0
I I I I I I Stream
processing
Double
buffer with
banking

PE(MultAdd)

m Parallelize &
I I I II . Pipelining
Dataflow

processing

output

21



#pragma HLS UNROLL (1/3)

« HLS UNROLL unrolls the loop | void test(

statically. float input[M],
« Without unrolling, only a float output[N],
statement is executed in a loop. float weight[N][M]
« Moreover, branch processing )

takes another cycle in each loop. _
int n, m;

- factor controls the degree of for(n = 0; n < N; n++)

unrlclallmg - di for(m = 0; m <M; m++)
* 4 means four loops executed in #pragma HLS UNROLL factor=4

parallel. o
« Undividable factor causes an output[n] += input[m]

error * weight[n]|[m];
- |f factor is not specified, the loop |}
is completely unrolled.

* Note that too many unrolling may
cause an memory error.



#pragma HLS UNROLL (2/3)

« Let's synthesize and compare

void test(

o

foatweightINI) ot weht NJIM Performance

Nt m M onm improvement has
for(n = 0; 1 < N; k) for(n = 01 < ;) been achieved.

for(m=0; m < M; m++)

) for(m=0; m < M; m++)
output[n] += input[m]

#pragma HLS UNROLL factor=4

k 1 .
weight[n][m]; output[n] += input[m]
} * weight[n][m];
}
Latency | Interval Latency | Interval —I|nterval is reduced
min| max min max Type min max min max Type from 1 3 2 2 CyCleS tO
13| 13211524 132 none FBY 7B TEY TEINOnE
[ 8 2cycles
Marme | BRAM_18K DSP48E FF | LUT Mame BRAM 18K DSP4BE FF | LUT
DSP DSP
Expression OF| 54 Expression 194 111
FIFO FIFO
Instance 5 355 352 Instance 5 355 352 (—lnstead the resource
Memory Memory !
Multiplexer 75 Multiplexer 200
Register 134 Register 178 lS lncreased.
Total 4] 5 587 481 Total (vl 5 727 663
Available 3360 B8 1075200 537600 Available 3360 7B8 1075200 537600
Utilization (%) o ~0 -0 -0 Utilization (%) 0 ~0 -0 -q

23



#pragma HLS UNROLL (3/3)

« Comparison of the structures
* The parallel processing with 4 Mult-Add increases the performance.

input  weight output input  weight output

»

output output

Without With directives
directives

24



#ioragma HLS PIPELINE  (1/2)

« HLS PIPELINE increases the void test(

throughput by pipelining. float input[M],
 Frequently used like as well as float output[N],
UNROLL. float weight[N][M]
« Simple performance improvement )
is obtained. int n, m;

[t is efficient when used at the
upper hierarchy of UNROLL-ed
loop.

 Note that the UNROLL inside

for(n = 0; n < N; n++)
#pragma HLS PIPELINE
fOI‘(m =0:m<M; m_|__|_) Complete

the PIPELINE-ed loop executes #pragma HLS UNROLL Unroll
the complete unrolling. .
« factor isignored output{n] += input|m|
: ' * weight[n][m];
}

Latency | Interval
> min max min| max Type
127 127 124 12AN0NE|



#pragma HLS PIPELINE

« HLS PIPELINE can be applied
to the function as well as loops.

« Al UNROLL in the function
becomes the complete unrolling.

input

weight output

The current image

C C C C
C C C C
< < < <

*pipelined

output

(2/2)

void test(
float input[M],
float output|[N],
float weight[N][M]
NH
#pragma HLS PIPELINE
intn, m;

for(n =0; n < N; n++)

#pragma HLS UNROLL
for(m = 0; m <M; m++)

#pragma HLS UNROLL

output[n] += input[m]

* weight[n][m];

}

Latency | Interval

rnin| max rnin| max| Type

?g| ?g| .Bd E;dfunctinn

26




Exercise

« Optimize the example design ‘test’ by using directives shown
here.

« Try to evaluate the clock cycles after the synthesis.
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Small module based design

e The functional module

is changed into the void test(
form of “pe” here. float input[M],
float output[N],
« Small module based float weight[N][M]
design is suitable for )
providing bUf_fer and pe(input, output, weight);
dataflow design. )

void pe(float input[M], float output[N], float
weight[N][M]){
#pragma HLS PIPELINE

Int n, m;

for(n =0;n <N; n++)
#pragma HLS UNROLL

for(m =0; m < M; m++)
#pragma HLS UNROLL
output[n] += input[m] * weight[n][m];

}



#pragma HLS ARRAY_PARTITION
(1/2)

« HLS ARRAY_PARTITION divides the array (input,output,etc.) for
increasing the parallelism.
« Usually, array division is automatically done by HLS.
 Here, it is used to divide the input/output completely.

« dim specifies the dimension which the partition is applied. 0 means all
dimension.

void pe(float input[M], float output[N], float weight[N][M]){
#pragma HLS ARRAY_PARTITION variable=input complete dim=0
#pragma HLS ARRAY_PARTITION variable=output complete dim=0
#pragma HLS ARRAY_PARTITION variable=weight complete dim=0
#pragma HLS PIPELINE

int n, m;

for(n =0; n <N; n++)
#pragma HLS UNROLL

for(m = 0; m < M; m++)
#pragma HLS UNROLL
output[n] += input[m] * weight[n][m];

}

30



#pragma HLS ARRAY_PARTITION

(2/2)

e There are three ways of ARRAY_PARTITION

e Please refer Xilinx’s document UG1270

array1[N] array4[N/2]
:: > MSB [ N/2 N-2 N-1
[ o] 1 T 21 . [N3]N2]N1] Iblock LSB 5 3 N/2-T)
arrayle] array5[N/2]
' . MSB[ 1 N-3 N-1
[l i1 Twlwlw] [odic > Tt > ~ | N2
array6([1]
array3[N] | MSB [ N-1
o T 7 T2 - [~Ns[Nz]~Ni] [complete > N-2
:
LSB

X14307-110217

Vivado HLS &3@1t F ;=81 K UG1270 (v2017.4) 6 7 ~_—I &
Y5l A
https://www.xilinx.com/support/documentation/sw_manuals_j/
xilinx2017_4/ugl1270-vivado-hls-opt-methodology-guide.pdf -,



Trial and error on PE design (1/2)

* For high performance computation, the way of computation
itself is changed.

 The current problem: the array “output” has both
input/output -> Too much amount of communication.

e Initialize “output” in the module ("read” out the output can be
eliminated.)

« Registers are provided inside the PE to store the data to store the
data temporally.



Trial and error on PE design (2/2)

void pe(float input[M], float output[N], float weight[N][M]){
#pragma HLS ARRAY_PARTITION variable=input complete dim=0
#pragma HLS ARRAY_PARTITION variable=output complete dim=0
#pragma HLS ARRAY_PARTITION variable=weight complete dim=0
#pragma HLS PIPELINE

intn, m, o, i;

float output_reg[N];

fori=0;i<N;i++)
#pragma HLS UNROLL
output_reg|i] = 0.0;

for(n =0; n <N; n++4)

#pragma HLS UNROLL
for(m =0; m <M; m++) |
#pragma HLS UNROLL gﬁw, PE is

output_reg[n] += input[m] * weight[n][m]; ‘

for(o = 0; 0 <N; 0++)
output[o] = output_reg[o];

Latency | Interval
min| max min max Type

| s s0 s1  s1/nong|




Optimization of data transfer

« The performance of PE has been enhanced. But the total
effect is not so much.

 This is because the I/O bandwidth and internal
communication bandwidth are not enough

e Let’'s enhance them.



AX| Stream

« AXl is a standard interface for Xilinx's FPGA

« Master-Slave

« AXI| Stream is a stream style interface included in the AXI

__DATA 2

VARID (1bit)

“"READ (1bi0)

Refer the manual for detail
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f#ioragma HLS INTERFACE  (1/2)

« HLS INTERFACE specifies the interface explicitly.

« Without it, address-data interface is automatically assigned.
e The following description causes an error

void test(
AXI| Stream only float input[M],
acce ptS float output[N],
. float weight|N|[M
input/output e NI
alon g with the #pragma HLS INTERFACE axis port=input
#pragma HLS INTERFACE axis port=output
order of array #pragma HLS INTERFACE axis port=weight
in d ex. pe(input, output, weight);

} They cause an error
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#toragma HLS INTERFACE

« tmp buffer is introduced for
streaming access.

void test(
float input[M],
float output[N],
float weight[N][M]

)

#pragma HLS INTERFACE axis port=input

#pragma HLS INTERFACE axis port=output

#pragma HLS INTERFACE axis port=weight
float input_tmp[M], output_tmp[N], weight_tmp[N][M];

load_weight(weight, weight_tmp);
load_input(input, input_tmp);

pe(input_tmp, output_tmp, weight_tmp);

store_output(output_tmp, output);

(2/2)

void load_weight(float weight[N][M], float
weight_tmp[N][M]){
#pragma HLS PIPELINE
int n, m;
for(n=0; n < N; n++)
#pragma HLS UNROLL
for(m =0; m <M; m++)
#pragma HLS UNROLL
weight_tmp[n][m] = weight[n][m];
}
void load_input(float input[M], float input_tmp[M]){
#pragma HLS PIPELINE
int m;
for(m = 0; m < M; m++)
#pragma HLS UNROLL
input_tmp[m] = input[m];

}

void store_output(float output_tmp[N], float
output[N]){
#pragma HLS PIPELINE
int n;
for(n =0; n < N; n++)
#pragma HLS UNROLL
output[n] = output_tmp|[n];

}



The bandwidth extension

* For extending the bandwidth, HLS ARRAY_PARTITION cyclic is
convenient.
« factor is set to be four in order to extend the bandwidth 128bits.

void test(float input[M], float output[N], float weight[N][M]){ The current image
#pragma HLS INTERFACE axis port=input _
#pragma HLS INTERFACE axis port=output input weight

#pragma HLS INTERFACE axis port=weight

#pragma HLS ARRAY_PARTITION variable=input cyclic
factor=4 dim=1

#pragma HLS ARRAY_PARTITION variable=output cyclic
factor=4 dim=1 PE(I\/IuItAdd)
#pragma HLS ARRAY_PARTITION variable=weight cyclic
factor=4 dim=2

load_input load_weight

store_output
float input_tmp[M], output_tmp|[N], weight_tmp[N][M];

load_weight(weight, weight_tmp); output

load_input(input, input_tmp);
pe(input_tmp, output_tmp, weight_tmp);
store_output(output_tmp, output);




#toragma HLS DATAFLOW

« HLS DATAFLOW is a
directive to generate
dataflow with loops and
functions.

« Each loop and function is
independent module and
data are transferred
between them.

« Each function is connected
with FIFO or PIPO (double
buffer) .

e Only a function can
read/write from/to an
argument (*_tmp, here)

e |tis quite natural considering
the hardware structure.

(1/2)

void test(float input[M], float output[N], float
weight[N][M]){

#pragma HLS INTERFACE axis port=input

#pragma HLS INTERFACE axis port=output

#pragma HLS INTERFACE axis port=weight

#pragma HLS ARRAY_PARTITION variable=input cyclic
factor=4 dim=1

#pragma HLS ARRAY_PARTITION variable=output cyclic
factor=4 dim=1

#pragma HLS ARRAY_PARTITION variable=weight cyclic
factor=4 dim=2

#pragma HLS DATAFLOW
float input_tmp[M], output_tmp[N], weight_tmp[N][M];
load_weight(weight, weight_tmp);
load_input(input, input_tmp);

pe(input_tmp, output_tmp, weight_tmp);
store_output(output_tmp, output);
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#ioragma HLS DATAFLOW  (2/2)

 The generated image

input weight
load_input load_weight
I|‘I|

PE(MultAdd)

‘Iminnre

store_output

output

Now branch
or reverse
flow.
DATAFLOW
is suitable
for the
streaming
application.

Array data
between
functions
are
transferred
through the
PIPO.

DiBic@K & B3
o testc (m.c (l% test_csim.log [ﬂsynmesis(nlmlnnl: m & Performance(solutionl)

[weighto | [weight1 | (weight2 | (weight3 | [inputo | [inpue1 | [input2 | [input3 |

el el [l (e ]\

3 Properties 52 . & Wﬂmlnui} — \N

Jroperty
\ Analysis can
visualize the
dataflow
structure.




Analyzing the performance

 Interval is only 3 6 cycles.

« 37x performance compared to
the original version.

= Timing (ns)

E Summary

Clock| Target] Estimated| Uncertainty
ap_clkl 10,00 B.2G 1.25
-] Latency (clock cycles)
[ Summary
Latency | Interval
min| max min max  Type
o1 o1 3 36 dataflow
= Detail
F Instance
Latency | Interval
Instance Module min max min| max Type
pe_U0 pe 801 &0 1 1[function
load weight_UO |load weight| 38 %5 36  36function
store_output U0/ store_output] 3 33 i function
load_input_ U0 |load_input 3 33 #function

» FPGA resource

e DSP is almost sold out.

= Summary

Mame BRAM 18K DSP4BE| FF LUT
DSP - - - .
Expression - - A4 726
FIFO 0 - O 168
Instance - 720 79431 58745
Memory - - - -
Multiplexer - - - 1545
|Regi5ter | - | - | 1?4| - |
Total | 0 720 79649 61187
Available | 33600 768 1075200537600

|

Utilization (%)

0

93

7

1
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Review

« HLS UNROLL

* Loop unrolling

« HLS PIPELINE
 Pipelining

« HLS ARRAY_PARTITION

« Array partition explicitly for interleaving and banking.

« HLS INTERFACE
« Select the interface of a function(AX| Stream, AXI4 Lite, etc )

« HLS DATAFLOW

« Data flow implementation of for loops and functions.



