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Summary

This application note describes how to use Vivado® High Level Synthesis (HLS) to develop a
floating-point matrix multiplication accelerator connected via an AXI4-Stream interface to the
Accelerator Coherency Port (ACP) of the ARM CPU in the Zynq®-7000 All Programmable SoC
(AP SoC) device.

The floating-point matrix multiplication accelerator modeled in C/C++ code can be quickly
implemented and optimized into a Register Transfer Level (RTL) design using Vivado HLS. The
solution is then exported as an IP core connected with an automatically-created AXI4-Stream
interface to the ACP on AP SoC Processing Subsystem (PS). The connection is made through a
Direct Memory Access (DMA) core in the AP SoC Programmable Logic (PL) subsystem. Vivado IP
Integrator (IPI) is used to design the AP SoC PL hardware, including the matrix multiplier
peripheral, the DMA engine, and an AXI timer. The Software Development Kit (SDK) is used to
design the AP SoC PS software to manage the peripherals.

The reference design files for this application note can be downloaded from the Xilinx website.
For detailed information about the design files, see Reference Design.

Introduction

Matrix multiplication is used in nearly every branch of applied mathematics. For example,
matrix multiplication is used by beam-forming, which is the process of phasing a receiving
antenna digitally by computer calculation in modern radar systems. The Xilinx Vivado HLS tool
allows floating-point algorithms to be quickly specified in C/C++ code, and optimized and
implemented on the Zyng-7000 AP SoC [Ref 1]. This delivers cost, performance, and power
benefits for designers relying on traditional micro-processors to implement floating-point
algorithms [Ref 2] [Ref 3].

Starting from the application of floating point multiplication on 32x32 matrices, this document
explains these Xilinx PL design flow aspects:

1. Compiling and optimizing the C/C++ floating-point design into a high-performance
hardware accelerator using Vivado HLS.

2. Specifying and generating an AXI4-Stream interface for the hardware accelerator using C++
templates in Vivado HLS.
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Matrix Multiply Design with Vivado HLS
Using Vivado IP Integrator [Ref 4] to connect the hardware accelerator to an AXI DMA
peripheral in the AP SoC PL and to the ACP in the AP SoC PS.

Writing the software running on the ARM CPU with function calls to the hardware
accelerator and measuring system level performance.

Figure 1 shows the block diagram of the system to be implemented on the Zyng-7000 device.
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Figure 1: PS and PL Partitions in the Zynq-7000 AP SoC

The design procedure described in this document applies to Vivado 2015.4 IDE release tools,
targeting the Zynqg-7000 AP SoC Evaluation Kit (ZC702) [Ref 5].

Matrix Multiply Design with Vivado HLS

The matrix multiplication algorithm A*B=C is very simple. There are three nested loops:

The first loop (L1) iterates over the elements composing a row of the input matrix A.

The second loop (L2) iterates over the elements within a column of the input matrix B.

The third loop (L3) multiplies each index of row vector A with an index of column vector B
and accumulates it to generate the elements of a row of the output matrix C.

www.Xilinx.com
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The C++ code of the function to be optimized is as follows:

template <typename T, int DIM>
void mmult hw(T A[DIM] [DIM], T B[DIM] [DIM], T C[DIM] [DIM])

// matrix multiplication of a A*B matrix
Ll:for (int ia = 0; ia < DIM; ++ia)

{

L2:for (int ib = 0; ib < DIM; ++1ib)

{
T sum = 0;
L3:for (int id = 0; id < DIM; ++id)

{

sum += A[ia] [id] * BI[id] [ib];

}

Clial [ib] = sum;
!
}

After the algorithm has been captured in C++ code, Vivado HLS can be used to synthesize this
into an RTL implementation. In addition to the C++ source code, Vivado HLS accepts as inputs
a target clock frequency, a target device specification, and user directives (commands) which
can be applied to control and direct specific optimizations. The easiest way to understand the
function and capabilities of Vivado HLS is to step through an example. For more information on
Vivado HLS see the Vivado HLS User Guide [Ref 6].

The following TCL code specifies the clock period and target device:

set part {xc7z010clg400-1}
create clock -period 10

Given the code of the mmult_hw function, Vivado HLS:

« Transforms each of the operations in the C code into an equivalent hardware operation and
schedules those operations into clock cycles. Using knowledge of the clock period and
device delays, it places as many operations as possible into a single clock cycle.

« Uses interface synthesis to automatically synchronize how the data can be brought into the
hardware block and written out. For example, if data is supplied as an array, it automatically
constructs an interface to access a RAM block (other I/O interface options can be
specified).

« Maps each of the hardware operations onto an equivalent hardware unit in the AP SoC.
« Performs any user specified optimizations, such as pipelined or concurrent operations.

« Outputs the final design, with reports, in Verilog and VHDL for implementation in the AP
SoC.

The reports generated by synthesizing the code in the example core can explain the operation
and capabilities, including the initial performance characteristics (default synthesis results).

For this example, Vivado HLS analyzes the operations in the C code and determines that it takes
329,793 clocks cycle to calculate the result using the specified target technology and clock
period. This design could execute with a maximum clock period of 8.41 ns.
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The area estimates in Figure 2 show how many resources on the PL the design is expected to
use: 5 DSP48 slices, about 473 FFs (Flip-Flops) and 830 LUTs (Look-Up Tables).

=l Synthesis(solutionl) &2
Performance Estimates
-1 Timing (ns)
= Summary
Clock  Target Estimated  Uncertainty

ap_clk 10.00 841 1.25
-1 Latency (clock cycles)
= Summary
Latency Interval
min max min max Type

329793 329793 329794 329794  none

Utilization Estimates

-l Summary

MName BRAM_18K  DSP48E FF LuT
Expression - - 0 63
FIFO - - - -
Instance - 3 348 711
Memory - - - -
Multiplexer - - - 56
Register - - 125 -
Total 0 5 473 830
Available 280 220 106400 53200
Utilization (%) 0 2 ~0 1

X15749-010416

Figure 2: Initial Performance Characteristics in 32-bit Floating Point

These are estimated figures because the RTL synthesis process still needs to transform the RTL
code into gate-level components and place and route them in the device. There might be other
gate-level optimizations that impact the final results.
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Figure 3 shows the C function arguments transformed by interface synthesis into I/O ports. This
process enables the ports to be connected to other blocks in the completed embedded design.

Interface

=1 Summary

RTL Ports
ap_clk
ap_rst
ap_start
ap_done
ap_idle
ap_ready
A_address0
A_cel
A_gO
B_address0
B_cel
B_qO
C_address0
C_cel
C_wel
C_do

Bits Protocol
1 ap_ctrl_hs
1 ap_ctrl_hs
1 ap_ctrl_hs
1 ap_ctrl_hs
1 ap_ctrl_hs
1 ap_ctrl_hs

10 ap_memory
1 ap_memory
32 ap_memory
10 ap_memory
1 ap_memoary
32 ap_memary
10  ap_memory
ap_memaory
ap_memaory
32  ap_memory
Figure 3:

Changes implemented during this step include:

Source Object
standalone_mmult
standalone_mmult
standalone_mmult
standalone_mmult
standalone_mmult

standalone_mmult

AN N m oW

Initial RTL Ports

C Type
return value
return value
return value
return value
return value
return value

array
array
array
array
array
array
array
array
array

array
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« A clock and reset signals were added to the design (ap_clk, ap_rst).

« A design-level protocol was added to the design. This is the default, but is also optional.
This allows the design to be started (ap_start) and indicates when it is ready for new inputs,

has complete (ap_done), or is idle.

« Array arguments were transformed into RAM interface with the appropriate address,
enable, and write signals to access a Xilinx block RAM. Additionally, Vivado HLS has
automatically determined that the performance can be improved if the port din uses a
dual-port block BRAM (this can be configured to a single-port block RAM, if desired).

» Vivado HLS created an RTL implementation where the operations in the C code and the I/O
operations have been implemented, without any requirement to know an RTL design
language, such as Verilog or VHDL, or without knowing anything about RTL design in

general.
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The initial design created by Vivado HLS can be optimized. Figure 4 shows the comparison of
three possible solutions. The optimizations were applied to reduce the amount of clock cycles
needed to compute the matrix multiplication. For additional details on the optimizations
provided by Vivado HLS, see the Vivado HLS Tutorial [Ref 7].

Performance Estimates

= Timing (ns)
Clock solutionl solution2 solution3
ap_clk Target 10.00 10.00 1000
Estimated 841 935 841

= Latency (clock cycles)

| solutionl  solution?  solution3

Latency min 329793 16535 1180
max 329793 16535 1180
Interval min 329794 16536 1191

—
| e
10

max 329794 16536
Utilization Estimates

solutionl solution? solution3

BRAM_18K O 0 0
DSP4BE 5 10 160
FF 473 2312 13420
LT 830 3450 232403

X15751-010316

Figure 4: Performance Estimates Comparison for Three Solutions

Solution2 is about 20 times faster than the initial design (solutionl) at the expense of more
resources: 10 DSP48 slices, 2,312 FFs and 3,450 LUTs. The estimated clock period of 9.35ns
means the output data rate is 6.46 KSPS (Kilo Samples Per Second), as shown in Equation 1

16536 x 9.35 ns =0.154 ms = 1 / (6.46 KSPS) Equation 1

Clearly the highest performance is achieved by solution3, with only 1,190 clock cycles necessary
to compute the floating point matrix multiplication. This number is obtained by using 160
DSP48 slices, 13,420 FFs and 23,293 LUTs, which represent, respectively, the 72%, 12%, and 43%,
utilization of the available resources on the AP SoC. Solution3 exhibits a Pipeline Initialization
Interval of 1, which means a throughput of 1. For this example the data rate is 118.9 MSPS
(millions of samples per second) and the whole output matrix is generated in the time period of
1,190 x 8.41 ns, that is 10 ps.

Achieving a throughput of 1 means that one matrix output sample is generated on each clock
cycle. This is a design choice. If you want a less expensive design in terms of PL resources, you
can select, for example, solution2.
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The following TCL code shows the optimization directives of solution3.

set directive array partition -type block -factor 16 -dim 2 "mmult hw" A
set_directive array partition -type block -factor 16 -dim 1 "mmult hw" B
set_directive_pipeline -II 1 "mmult_ hw/L2"

AXl4-Stream Interface with Vivado HLS

AXI4-Stream is a communication standard for point-to-point data transfer without the need for
addressing, or external bus masters [Ref 8]. This protocol allows both cores to dynamically
synchronize on data using a producer-consumer model. Depending on the implementation of
AXI4-Stream used, the communication channel can be built as wires or with storage to account
for data rate mismatches at each end.

The matrix multiplier core designed with Vivado HLS is connected to the DMA controller using
AXI4-Stream interfaces. Burst formatting, address generation, and scheduling of the memory
transaction is handled by the AXI DMA IP.

The architecture of our system, illustrated in Figure 1, applies the ACP port to connect the AXI
DMA to the L2 cache of the ARM processor — an alternative approach is to use the High
Performance (HP) ports for connection to the external DDR memory. From the perspective of
the Vivado HLS core, the memory interface through the DMA is the same regardless of whether
the memory is DDR or L2 cache. It is a system architecture decision to share data between the
processor and the Vivado HLS core by either using DDR or the L2 cache. The DDR provides the
ability to transfer a lot more data than the L2 cache, but the L2 cache has a lower latency in
communication than the DDR.

To connect the Vivado HLS matrix multiplier block to the AXI DMA, we need to change the code
shown in Matrix Multiply Design with Vivado HLS, page 2, and add some additional functions to
be synthesized, as illustrated by the new C++ code shown in this section. In particular,
pop_stream and push_stream are functions, respectively, to extract and insert elements
from/into an AXI4-Stream interface. These functions also implement the conversion between
the 32-bit floating point data of the matrices and the 32-bit unsigned data of AXI4 protocol.

The following code shows the usage of the AXI_VAL data type. This is a user-defined data type
that expresses the side channel information associated with the AXI4-Stream interface. In
Vivado HLS, any side channel information that is not part of the protocol handshake must be
expressed in the C/C++ code and used in some way. This means that while Vivado HLS abstracts
the TREADY and TVALID signals, all other signals in the AXI4-Stream interface must be part of
the user code. In addition, aside from the TDATA, TREADY, and TVALID signals, all other
AXI4-Stream interface signals are optional. The use of side channel signals depends on the
blocks connected to the Vivado HLS AXI4-Stream interface.
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#
#
t

include <assert.h>
include <ap_axi_sdata.h>
ypedef ap axiu<32,4,5,5> AXI VAL;

template <typename T, int DIM, int SIZE, int U, int TI, int TD>

void wrapped mmult hw (AXI

{

XAPP1170 (v2.

VAL in stream[2*SIZE], AXI VAL out stream[SIZE])

T A[DIM] [DIM], B[DIM] [DIM], CI[DIM] [DIM];
assert (sizeof (T)*8 == 32);
// stream in the 2 input matrices
for(int i=0; i<DIM; i++)
for(int j=0; j<DIM; Jj++)
{
#pragma HLS PIPELINE II=1
int k = i*DIM + 7;
A[i] [§j] = pop_stream<T,U,TI,TD>(in streaml[k]) ;
1
for (int 1=0; i<DIM; i++)
for (int j=0; j<DIM; j++)
{
#pragma HLS PIPELINE II=1
int k = i*DIM + j + SIZE;
B[i] [j] = pop_stream<T,U,TI,TD>(in_streaml[k]) ;

}

// do multiplication
mmult hw<T, DIM>(A, B, C);
// stream out result matrix
for (int 1=0; i<DIM; i++)
for (int j=0; j<DIM; j++)
{
#pragma HLS PIPELINE II=1
int k = i*DIM + j;
out_stream[k] = push stream<T,U,TI,TD>(C[i] [j], k==1023);

}

// this is the top level design that will be synthesized into RTL
void HLS_accel(AXI_VAL INPUT_STREAM[2048], AXI VAL OUTPUT_STREAM[1024])

{

// Map ports to Vivado HLS interfaces
#pragma HLS INTERFACE s axilite port=return bundle=CONTROL_ BUS

#pragma HLS INTERFACE axis port=INPUT STREAM
#pragma HLS INTERFACE axis port=OUTPUT STREAM

wrapped mmult hw<float,32,32*32,4,5,5>(INPUT STREAM, OUTPUT STREAM) ;
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Figure 5 shows the synthesis report of the AXI4-Stream matrix multiplier. Note that the latency
now is 4,267 clock cycles. The total latency values are computed by taking into account the time
to transfer each matrix to and from the accelerator, the time of the computation, and the setup
of the hardware function. The time to transfer each matrix is 1,024 clock cycles for 1,024 32-bit
floating point values, therefore the total time is 3,072 clock cycles. The computation time for the
matrix multiplication is 1,188 clock cycles, plus an additional two cycles for the pop_stream and
push_stream functions. Few additional clock cycle are consumed for the FOR loop prologue and
epilogue and for the start up of the function. This results in a function initialization interval (II)
of 4,268 clock cycles with a latency of 4,267 clock cycles.

Performance Estimates Utilization Estimates
= Timing (nz) - SUMmary
Summary Mame BRAM_18K DSPa3E FF LUT
Clock  Target Ectimated  Uncertainty  SAPression : : 0 233
apclk 10,00 841 125 FFO
Instance 0 1&0 11172 22792
2 IR SR Memary B ; 0 0
= Summary Multiplexer g i ; 322
Latency Interva Fegister . . 2487 440
min  max min max Type Total 66 180 13659 23784
4267 4267 4263 4268 none Available 280 220 106400 53200
- Detail Utilization (%) 28 72 12 44
= Loop
Latency Initiation Interval
Loop Name  min max Rteration Latency  achieved target Trip Count  Pipelined
- Loop 1 1024 1024 2 1 1 1024 yes
- Loop 2 1024 1024 2 1 1 1024 yes
- Loop 3 1128 1188 166 1 1 024 yes
- Loop 4 1025 1025 3 1 1 1024 yes

X15752-010316

Figure 5: Synthesis Estimation of the AXI4-Stream Matrix Multiplier Core

The overall estimated resources utilization is therefore 66 BRAM18K (Block RAM units of 18 Kbit
capacity), 160 DSP48 slices, 13,659 FFs, and 23,789 LUTs, which represent, respectively, the 23%,
72%, 12%, and 44% utilization of the available resources on the Zyng-7000 device. The data rate
remains unchanged from 118.9 MSPS and the whole output matrix is generated in the time
period of 4,268 x 8.41 ns, that is, 36 ps.
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The Vivado HLS project is created by running the provided TCL script in the design archive from
the Vivado HLS Command Prompt shell, as illustrated in Figure 6, with the following command:

vivado _hls -f run hls script.tcl

@ Vivado HLS 2015.3 Command Promp

sado HLS Command Prompt
uulluble commands

sion b6.1.7601]
Eopgrlght (c) “UD“ Microsoft Corporation. All rights reserued.

NIPIA xapp1170Y Emptuuh.
NIPIAxappl170Y,
¢:\NIPI\xappl170} Qmng vivado_hls -f run_hls_script.tcl_

X15753-010316
Figure 6: Launching the TCL Script to Create the Vivado HLS Project
Further system level improvements could be achieved by using the 64-bit AXI4-Stream

interface, which would reduce the accelerator latency from 4,267 cycles to approximately 2,700
cycles (loops L1, L2, and L4, shown in Figure 4, would take half cycles).

AXI DMA Overview

The AXI DMA core [Ref 9] provides high-bandwidth direct memory access between memory
and peripherals via an AXI4-Stream interface. The core design has the following AXI4 interfaces:

« AXI4-Lite Slave.

« AXI4 Memory Map Read Master/Write Master

« Optional AXI4 Memory Map Scatter/Gather Read/Write Master
 AXI4 to AXI4-Stream (MM2S) Stream Master

« AXI4-Stream to AXI4 (S2MM) Stream Slave

« AXI Control AXI4-Stream Master

« AXI Status AXI4-Stream Slave

XAPP1170 (v2.0) January 21, 2016 www.xilinx.com 10
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Figure 7 illustrates the AXI DMA interfaces and the data streaming. The AXI DMA works in two
different modes, but only one at a time: Scatter/Gather and Simple DMA modes. For each mode
there is a proper register to be configured with the AXI4-Lite slave interface. In our
implementation we are using the Simple DMA mode.

AXI DMA
Register Module
3> AXI Control
£g
MM2S Register | | MM2S DMA > 58 >
Controller Og
. X £ Stream
ANt - z AM2)
MM2S_| <
<JMM2S_IntrPut S2MM Register | [
_S2MM_lIntrDut
- AXI Stream
AXI Memory Map AXI| DataMover (MM2S)
Read (MN12S) (MM2S) »
AXI Memory Map AXI DataMover _ AXI Stream
SG Module
AXI Memory Map MM2S Channel
SG Read / Write
Y Y ®
< ,g 3 AXI Status
=8 |- Stream
»n 't
S2MM Channel | |a—» S2MM DMA =g (S2MM)
Controller é IS

Figure 7: AXI DMA Core Block Diagram
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The Simple DMA mode provides a configuration for doing simple DMA transfers on MM2S and
S2MM channels that require less FPGA resource utilization. The AXI4 Read (MM2S) interface
reads the data from a master external memory, then the DMA Data Mover transmits that data to
a slave peripheral through the AXI4-Stream (MM2S) port. Similarly, a master peripheral can
send data to the AXI4 Write (S2MM) interface which writes that data to a slave external memory
via the AXI4-Stream (S2MM) port.

XAPP1170 (v2.0) January 21, 2016

www.Xilinx.com

11


http://www.xilinx.com

ARM ACP Overview i: XI LI NX

ALL PROGRAMMABLE

DMA transfers are initiated by accessing control, source, or destination address and length
registers. The MM2S channel setup sequence is as follows:

1. The MM2S channel run is initiated by setting the run/stop bit in the control register.
2. A valid source address is written to the MM2S Source address register.

3. The number of bytes to transfer is written to the MM2S Length register. The Length register
must be written last.

The MM2S channel setup sequence is as follows:

1. The S2MM channel run is initiated by setting the run/stop bit in the control register.
2. Avalid destination address is written to the S2MM Destination address register.

3. Thelength in bytes of the receive buffer is written to the S2MM Length register. The Length
register must be written last.

ARM ACP Overview

The ACP port is a 64-bit AXI slave interface on the Snoop Control Unit (SCU) that provides an
asynchronous cache-coherent access point directly from the Zyng-7000 AP SoC PL to the
Cortex-A9 CPU processor subsystem. The ACP port provides a low latency path between the PS
and the accelerator implemented in the PL. A range of system PL masters can use this interface
to access the caches and the memory subsystem exactly in the way as done by the CPU
processors to increase the overall system performance of the software application executed.

Any read transactions through the ACP to a coherent region of memory interact with the SCU to
check whether the required information is stored within the processor L1 caches. If this is the
case, data is returned directly to the requesting component. If it misses in the L1 cache, then
there is also the opportunity to hit in the L2 cache before finally being forwarded to the main
memory. For write transactions to any coherent memory region, the SCU enforces coherence
before the write is forwarded to the memory system. The transaction can also optionally
allocate into the L2 cache, removing the power and performance impact of writing through to
the off-chip memory. Figure 8 illustrates the connectivity between ACP and the memory system
connected to the CPU.

XAPP1170 (v2.0) January 21, 2016 www.xilinx.com 12
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Figure 8: ARM Memories and ACP Connections

Vivado IP Integrator design

This section describes the steps to create the hardware design with Xilinx Vivado 2015.4
targeting the ZC702 board. This same procedure worked fine with previous releases including
2013.3, 2014.4, and 2015.2.

Create a basic Vivado project (project_1) by selecting all of the default settings. When
prompted for the part, select the ZC702 board. These are the detailed instructions:

1. Launch Vivado. Create a new project in your working directory
(xappll70/empty/vivado) and select:

o RTL Project

- No sources, IP, or constraints (for now)

XAPP1170 (v2.0) January 21, 2016 www.xilinx.com 13
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Vivado IP Integrator design

2. In the Default Part select Boards > Zynq-7 ZC702 Evaluation Board.
3. Click Next and then Finish. The Vivado GUI opens with an empty project.

Add the HLS IP to an IP repository:
In the Project Manager area of the Flow Navigator pane, click IP Catalog (see Figure 9).

1.
File Edit Flow Tools Window Layout MWiew Help
e Al N X 9 b ¥ G X LD SEoefaulLayu
Flow Nawvigator % Project Manager project_1
A uia W Sources
s 0 B 3|
4 Project Manager =
@ Project Semungs PR B
, th ) Constramts
% Add Sources Simulation Sources
/ Language Templates sim_1
iF IF Catalog

s TP integraior
* Create Block Design

X15756-010316

Figure 9: Open the IP Catalog
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2. After the IP Catalog tab appears, click the IP Settings icon (see Figure 10).

Project Manager project_1
Sources
QI e hE
Design Sources
t} . Constraints
Simulation Sources
sim_1

Hierarchy | Libraries | Complle Order
& Sources | Templates

] Search; | O

Name

wadt Repasitory
10 Aliance Partners
Automotrve & industrial
AXT Infrastructure
BaselP
Basic Elements
Communication & Hetworking
Debug & Verification
Digital Signal Processing
Embedded Processing
FPGA Features and Design
| Math Functions

IR R AN R

el ralealealcaleal ralea s Wealal

| £ Project Summary X | &FIP Catalog x

A4

1/ 1P Settings

1 Video & Image Processing

Figure 10: Open the IP Catalog Settings

3.
4.

XAPP1170 (v2.0) January 21, 2016

In the Repository Manager, click Add Repository....
In the IP Repositories dialog box:

a. Click the Create New Folder icon.

b. Enter the name vivado ip repo in the resulting dialog box (see Figure 11).

c. Click OK then close the IP Repository window.

¢ IP Repositories
Eecent: C:/IPLhappl 170/ pre_built/vwado

Directory:  C\IPT\xappl 170\ pre_builtyivade

B Desktop
- /& Computer
==, OSDisk ()
F1
i i | Create New Folder XS
= pre_built |
4 :‘“—5"‘ Enter the name of the new folder
L
5@ vivada_ip_repo
£ project_] ok || Ccancel
X15758-0103‘16
Figure 11: Create a New IP Repository
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5. Right-click on the User Repository (which is still empty).

a. Select Add IP to Repository.

b. In the Select IP to Add to Repository dialog box, browse to the location of
hls/hls wrapped mmult prj/solutionO/impl/ip/.

c. Selectthe xilinx com_hls HLS accel 1 0.zip file (see Figure 12).

¢ Select IP To Add To Repository

———————————— |

Look in:

-t
Recent Items

@.

Network
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L]

x PGB R ORG B

L Xil

b bd

| constraints

) doc

| drivers

| example

L hdl

L. misc

| subcore

| tmp.cache

L tmphw

| tmpsrcs

L. xgui
auxiliary
component
HLS_accel_info

B Coritin e aih G VAP AU W

Figure 12: Add

Recent Directories

b Caf fP-Lﬁ)cappl -l-?l);-r pre_bu irt;fh Is,-.r hls_wrapped_mmtﬂt . prif soluti,.. + |

& C:/IPL/xapp1170/pre_built/his/hls_wrapped_mmult_prj/solution0/im

X15759-010316

the HLS IP to the Repository

www.Xilinx.com

16


http://www.xilinx.com

Vivado IP Integrator design

& XILINX

ALL PROGRAMMABLE~

d. Click OK. There should now be a Vivado HLS IP category in the IP Catalog as shown in
Figure 13).

Cores

|| 4 B4

=" &
E3)

[ e e

.-

Hopesw .l

=

-

=

1 name
User Repository (c;/[PLixappl 1 70/pre_b

| E Project Summary x |£F IP Catalog x

Interfaces

VIVADO HLS P
F His_accel

- Vivado Repository

Allance Partners

Automotive & Industrial

AX] Infrastruchure

BaselF

Basic Elements
Communication & Netwarking
Debug & Verfication

Digital Signal Processing
Embedded Processing

FPGA Features and Design
Math Functions

Memories & Storage Elements
Fartial Reconfiguration
SDAccel DSA Infrastructure
Standard Bus Interfaces
Video & Image Processing
Video Connectivity

7. Click OK to exit the dialog.
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Figure 13:

Status License VLNV

CuNLvrado vIvado_ip_repo

AXHM, AXI-Stream  Pre-Production Included  xiline. comihls:HLS _accel: 1.0

X15760-010316

IP Catalog with HLS IP
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Start to design the block diagram in IP Integrator:
(see UG995 [Ref 4] for more details.)

1. Click Create Block Design under IP Integrator in the Flow Navigator.

a. In the resulting dialog, name the design system (see Figure 14).

File Edit Flow Tools Window Layout View Help
ACEvERRX TP D UG K LS St Layut -
Flow Nawvigator “

QI

& B SE Y

F Create Block Design S

Please specify name of block design.
4 Project Manager ey g /

& Project Settings

2% rdd Sources
‘' Language Templates
iF P Catalog

Design name; Systam

B P

— : -~
1De5|gn name: systeml

Directory:

Specify source sef:

Design Sources

4 Pilttagrator
& Create Block Design

¥ Dpen Block Design
¥ Generate Block Design

X15761-010316

Figure 14: Create Block Design

b. Click OK.

c. The upper-right pane now has an empty Diagram tab, as shown in Figure 15.

Block Design  system

Sources e = B - |:I'—-Dh-grarlx
e et hE 3] & system
Design Sources | | o
& System | system bd
¥ Constraints &":
Simulation Sources [ 1 b 1 This design (5 émpty. Press the $F b o
i sim_1 {1 ;
:-;_‘4;
e
T
L™
-
L1
&
| ™=
| =

X15762-010316

Figure 15: Diagram Pane
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2. A script is provided to automatically build the block design. In the TCL Console enter

source 2015v4 ipi xappll70 bd.tcl and press the Enter key.

3. When the script finishes, right-click Regenerate Layout in the Diagram pane. You should
see the block design, as shown in Figure 16.

| % Diagram x| & Address Editor X
3] & system »

T wm|BR R

11

LR QWS W BHALD

AL
psesering) Mo 2[5
p00_Acux E§j
e Moz A
e

T

NG

i8_F22i1:0]

processing system?_1

Figure 16:

Block Design

X15763-010316

4. Click the Address Editor tab to show the memory map of all slaves in the design. Verify that
there are no unmapped slaves. If not, right-click anywhere in the Address Editor and select
Auto Assign Address (for more information refer to Chapter 3 of UG994 [Ref 10]). The
resulting address map table should look similar to that shown in Figure 17.

i= Dizgram X | Address Editor X

) Cell

-

| [ O wd_dma_L

= Eam MM2ZS (32 sadress bit
r processi em? 1
| = prooesslng_sysxem? |

= processing_system7_L

= processing syslem? 1

-1 BB Data_S2MM (22 add
= DrOCEsSing_ sysl.em?_
= nro-cessur-g_system?_
= processing_system7?_1
= processing_system?_1

'-_; processing_system7_ 1

+ E Data {32 adares:
= a_timer_1
= HLS_accel_1
= axi_dma_1

XAPP1170 (v2.0) January 21, 2016

Slave Interface Base Name Offset Address Range High Address
I T — Y | — Y -
S_AXIACP ACP_DDR_LOWOCM ~ Ox3FEF_ F'Fr
S_AXI_ACP ACP_QSPI_LINEAR 16M - ::""E" FFEF
S_AXI_ACP ACP_M_AX]_GPD 16 = OXTFEF_FFEF
S_AXIL_ACP ACP_DDR_LOWOCM 1G = OxIFEF_EFEF
S_AXI_ACP ACP_QSPI_LINEAR 16M OxFCEF_FFEF
S_AXI_ACP ACP_loP 4M - f':I.ﬂar FEEF
S_AXI_ACP ACP_M_AXI_GPD 1G = O®TFEF_FFEF
S_AxXI Reg Ox4220 -:n‘n"n 64K ~ (0x4280_FFEF
s5_md_CONTROL_BUS Reg ox43C0_go00 64K - @x43Co_FFEF
S_AXI_LITE Reg 0x4040_00 "c G4K = 0x4040_FFFF
X15764-01031
Figure 17: Address Map Table
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5. Click on the processing system7 1 block Presets and verify that ZC702 is already the
Current Preset, as shown in Figure 18.

ik Re-customize IP

IYNQT Processing System (5.5)

¥ bocumentation @) Presets | | I Location @ Import XPS Settings

Page Navigator

Current Preset: ZC702 [

| Zynq Block Design
PS-PL Configuration

Peripheral /0 Pins

MID Configuration

Save Configuration... Ed Clocking

Apply Configuration... |, 335934 CPU Clock Ratio 6:2
Default

20702
ZC706
ZedBoard

ocks

(Clock Configuration 7

DDR Configuration
SMC Timing Caloulation

Interrupts

T Li
[ 10 Peripheral Clocks
[ PL Fabric Clocks
[ System Debug Clocks

Bl Timers

Figure 18: ZC702 Preset

i1 >

Cleck Source Requested Frequ... Actusl Frequency... Range({MHz)

X15765-010316

6. Click Clock Configuration > PL Fabric Clocks and verify that FCLK_CLKO is already set to
100 MHz, as shown in Figure 19.

iF Re-customizeIP

Zynq Block Design
F5-FL Configuration
Peripheral 'O Pins
MIQ Configuration
Clock Configuration
DDR Configuration

SMC Timing Calculation

Interrupts

ZYNQ7 Processing System (5.5)

i Documentation @ Presets || TP Location & Impert XPS Settings
Page Navigator «

Clock Confliguration }
Basic Clocking | Advanced Clocking |

- Input Frequency (MHZ) 33.333333 CPU Clock Ratio 6:2:1
S|

= Search: Q-

N ]

= Component Clock Source Reguested Frequ...
=3

£ Processor/Memory Clocks
[# 10 Peripheral Clocks

=} PL Fabric Clocks

o v [
] souk oiki 10 PLL 50
[] rok_cika D PLL 50
1 ro oxs 0 PLL 50

[# Systern Debug Clacke

[# Timers

SuMmime

Actual Frequency... Range{MHz)

30.000000 : 250.000000

S0.0040000 0. 100000 = 250,000000
50.000000 0.100000 : 250000000
50.000000 0.100000 : 250,000000

X15766-010316

Figure 19: Setting Zynq-7000 PL FCLK_CLKO
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7. Verify that the PL-PS interrupt ports are set as shown in Figure 20.

iF Re-customize IP

& XILINX

ALL PROGRAMMABLE~

-

Figure 20: Setting PL-PS Interrupt Ports

ZYNQ7 Processing System (5.5)
i Documentation @ Presets | P Location G0 Import XPS Settings
Page Navigator <« | Interrupts
| Block, De
[ o * search: Q-
PS-FL Configuration &1
| Interrupt Port i} Description
Peripheral I/O Pins 212 [¥] Fabrie interrupts Enable PL Interrupts to PS and vice verea
] =} PL-PS Intermup POI'IS
| MIO Configuration 1 [91:84], [6...|Enables 16-bit shared interrupt port from the PL. MSB is assigned f..
] c:mau_nm 28 Enables fast private interrupt signal for CPUD frem the PL
Clock Configuration | Cored_nRQ PCW IRQ F2P INTR Enables private interrupt signal for CPUQ from the PL
[ Corel_nFiQ Enables fast private interrupt signal for CFUL from the PL
BOR Configuration 7] corel_nmg 3 Enables private interrupt signal for CPUL from the PL
(] [# PS-PL Interrupt Ports
| SMC Twrung Caloulation
terrupts |

X15767-010316

8. Validate the block design by clicking the Validate Design icon on the toolbar (see

Figure 21).

Bk Desgn sy *

| EBRRERIE] ® Addvess Eator

§ | & system »
£ || %
£l CY
a
Bl®
L K=
mpe,
an=
L1 ™
&
-N
.
|3| | axi_interconned_1 HLS_accul_L ’
Validate Design (F6) ® Cp———
Validate and display errors and critical warnings in this design. 4 vt sTaown [ ARNPLN, = TREME
& R + e
i { proc_sys_resst * _angsemiien] B oo a | | e
MO0 ACLE ESE sk PR ATro—
reset_n B, wtruct_reset{0:0) I-—-n-:fmm L R
e B 01_AREETHG 4] o timer_1
_defey 5ys Al WEsDAned_seetn[ld) = 7w =
i svigaiiod | 2 ARESETND ) i il !
P N Syaie i e e -—mlq‘t I;.II'EI:IIII -
=fenere Ll o
gl
wrin
X15768-010316
Figure 21: Design Validation
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9. After successful validation, save the block design by using the menu File > Save Block
Design (or Ctrl-S).

Generate output products:
1. In the Sources tab of Project Manager pane (see Figure 22), right-click on system.bd and

select Generate Output Products.

Block Design - system

Sources S [ L &= Diagram > B Address Editor X
a2 hE *] & system »
Design Sources | | o
i Consramis }  Source Nade Properties... Ctri+E
Ssmulation Sources * Open File Alt+0
: am_} Create HDL Wrapper...
View Instantiation Template
Generate Output Products...
Reset Output Products...
L ]
® Remogve File from Projedt... Delete
e E i
Disable Fie A|T+MIF'ILIS - axi_interconmect_1
Hierarchy Update J @
—{5H - 500_Ax1
& Refresh Hierarchy —prux
IF Hierarchy 3 mARESETH 0]
= =500 _ACLK
nn e _ppEseTMan] Fe= T woo_
—0_ ALK |.:§ 0wk
a—d_ARESETNA] | | mOI_ K
Set Used In.., B i
Hierarchy =[P Sources | Libr 4 i “pRlAAEERTY
.8 o Edit Constraints Sets... ] ACLE
| E - | B Sj,, O} ABESETHG ]
= . ! Edit Simulation Sets...
Source File Properties — O Associate ELF Files..,
; %
- S @ Add Sources... Alt+A
#. system.bd L' Report IP Status

X15769-010316

Figure 22: Generating Output Products
2. Click OK in the resulting dialog box to initiate the generation of all output products.
3. Create an HDL wrapper:

a. Inthe Sources tab of the Project Manager pane (this is the same procedure and menu of
the previous step), right-click on system.bd and select Create HDL Wrapper.

b. Click OK to clear the resulting notification window.

4. Click Generate bitstream.
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5. Export the hardware platform for SDK and launch SDK (see Figure 23). Ensure that Export
Hardware is selected. Enable Include Bitstream.

XAPP1170 (v2.0) January 21, 2016

File | Edit Flow Tools Window Layout Wiew Help
2 New Project... b W @ X L G [=oefou
# Open Project...
= ick Design - system
Open Recent Project ¥
prees

Open Example Project...

Save Project As...
Write Project Tel...
Archive Project...
Close Project

Close Block Design
Open Checkpoint...

New IP Location...
Open IP Location...

New: File...
Open File...

Open [P-XACT File...

Add Sources...
Open Source File...

Export
Launch SDK

Figure 23:

Ctrl+5

Ctrl+0

Alt+A
Ctrl+MN

o gt R E

» Design Sources (1]

+i# & system_wrapper [system_
| Constraints

7 Simulation Sources (1)

HHe sim_1 (1)

prarchy IF Sources | Libraries | Co
£ Sources | B Design | B Signal

prce File Properties
+ %3 &
ystem.bd
IS_GENERATED
IS_GLOBAL_INCLUDE
IS_LOCKED
LIBRARY
NAME
Expaort Hardware...
Export Block Design...

X15770-010316

Exporting to HW
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The Zynq Software Design with SDK

Click Launch SDK (see Figure 23). When the SDK opens, software projects can be started.
Follow these steps to create a Hello World application:

1. Create a new project by selecting File > New > Application Project and name it mmult
(see Figure 24).

Project name: mmuld

+| Use default location

05 Platform: |standalone -

Target Hardware

Hardware Platform: | ZC702_hw_platform(pre-defined) v | | MNew.
Processor: ps7_cortexad_ 0 -
Target Software

Language: Q@ C C++

Board Support Package: @ Create New  mmult_bsp

Cancel

X15771-010316

Figure 24: SDK New Project Wizard
Click Board Support Package: Create New.
Click Next.
Select Hello World.

v A wN

Click Finish. This creates and builds the mmult standalone application.

XAPP1170 (v2.0) January 21, 2016 www.xilinx.com 24
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6. Because a terminal is used for the output, start the terminal application (or use the built-in
terminal in SDK) and configure it as shown in Figure 25.

Figure 25:

Terminal Settings lﬁ

View Settings:

View Title: herminal 1

Encoding: 150-8859-1

4

Connection Type:

Serial

4

Settings:
Port: COM11 -
Baud Rate: 115200

Data Bits:
Stop Bits:

Parity:

=
4 4

Flow Control:

Timeout (sec): 5

0K l ’ Cancel

X15772-010316

UART Terminal Configuration Settings

7. Program the Zynq-7000 device by right-clicking Xilinx Tools > Program FPGA.

XAPP1170 (v2.0) January 21, 2016
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8. Set the Build Configurations to Release mode, as shown in Figure 26.

L Project Explorer 12 = 0O | i& helloworld.c 22
= Y v #* Copyright (C) 2009 - 2014 Xilinx, Inc. All rights re:
| yrig g
.llll:
PR ypmm—— [l * helloworld.c: simple test application
4B Mew b

fcation configures UART 16558 to baud rate !

Go Into . S ; ; Y
- - Ir_ [{Zyng) is not initialized by this applicatiy

» Open in New Window sp configures it to baud rate 115200
- %
"5 copy asCc |
—E i e B LY,
i Paste Lirl+¥V b BAUD RATI
| M Delete B I e el e Ce e e e s
¥ o} |
1 Source L SO0
+ 8 Move ] Configurable only in HW design
& R 2 F 1152e@ {configured by bootrom/bsp)
o mimi
L3 syste o Import..
i3 Export. dio.h>
£ "
Build Project e
E|Eaﬁ Pﬁ:le‘ﬂ 1ar -istr.:l;
Refresh F5
Close Project
Close Unrelated Projects 2 ¥
Build Configurations g Set Active | 1Debug
Make Targets » Manage... v 2Release
Index "| Baild Al
Show in Remote Systems view Clean All
Profiling Tools L Build Selected...

X15773-010311

Figure 26: Set Active Configuration
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9. To execute this application on the board, create a new Run Configuration by right-clicking
Run > Run Configurations. In the GUI, select the Xilinx C/C+ + application (System
Debugger), and click New (or double click the entry). This generates a new configuration.
Accept the defaults shown in Figure 27.

New
Golnto

Open in New Window
Copy cul+c
X Delete Delete
Source
Rename F2

Import..
& Export.

[

Build Project

Clean Project

Refresh 5
Close Project

Close Unrelated Projects

Build Configurations

Make Targets

Index

Show in Remote Systerns view

Profiling Tools

Convert To.

Profile As

Debug As S st o

Run AS Launch on Hardware (System Debugger)

Team Start Performance Analysis

Compare With Launch on Hardware (System Debugger on QEMU)

£ 4Launch on Hardware (GDB)
[ 5Local C/C++ Application

Restore from Local History,

B Create Boot Image
¥ Change Referenced BSP Run Configurations.
B Generate Linker Script Bl Run Configurations
/€= Build Settings - -
4 Run/C++ Code Analysis Create, manage, and run configurations
Properties. Alt+Enter Run or Debug a program using System Debugger.

Name: mmult Release

@ Target Setup . 1 Application| & Arguments| P8 Environment| 5 Symbo Files| %> Source| & Path Map| [ Common
9 Performance Analysis
ks Hea Debug Type: [Standalone Application Debug +

Comnectior: | Local v [Mew

r on QEM

Hardware platiorm: [system, wrapper,hw,platiorm.0

Bitstream file: system wrapperbit Sean
Initialization file ttel Sean
FPGA Device: Auto Detect Sele
PS Device: etect Sele

Summary of operations
Reset entire system Following operations v
P F 1. Initializes PS. (Only fi

erformed

riormed before launching the debugger.
frer System reset or board power ON

Filter matched 6 of 14 items

0 Run

X15774-010316

Figure 27: SDK Run Configurations

10. Run the application. Hello World appears on the terminal.
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The next step is to create the software to call the HLS-generated HW accelerator. The arm sw
folder contains three C code application files that initialize the DMA, instrument performance
measurement, and invoke the hardware accelerator. All of the remaining application files are
automatically generated by Vivado HLS and imported by SDK.

1. You can delete the helloworld. c file because it is no longer needed.
2. To add the matrix multipliers C files:

a. Right-click on src in the mmult project.

b. Select Import.

c. Select General.

d. Select File System and click next.

e. Select the arm_ sw local file system and select the three files (Figure 28).

8 Import = 2L
File system

Import resources from the local file system, -

From directory. CAIPTwappllilharm_sw b Browse...

B arm_sw 7| & lib_smmult_hw.c

4,

g lib_xmmult_hw.h

<,

& main.c

Filter Types.. || Select All Deselect All

Into folder: mmult/src Browse..,

Options
Owerwrite existing resources without warning

Create top-level folder

Advanced ==

7 < Back Mex | Finish | Cancel

X15775-010316

Figure 28: Importing the Files for the ARM CPU

XAPP1170 (v2.0) January 21, 2016 www.xilinx.com 28



http://www.xilinx.com

The Zynqg Software Design with SDK 8 XI LI NX

ALL PROGRAMMABLE~

3. Prior to running the application, the Stack Size must be changed (Figure 29).
a. In the Project Explorer mmult/src, double-click on the file 1script.1d.

b. Change the Stack Size from 0x2000 to 0x3000.

c. Save the file.

Source Refactor Navigate Search Project Xilink Tools Run Window Help
M [~ vravEEED w@v vy @ rErOrQ s v 5§l
Project Explarer &2 = O || systemmss |8 lseriptid =
- w -7 : % "
— Linker Script: Iscript.ld
& app_bsp A linker script is used to control where different sections of an executable are placed in memaory.
4 15 mmult In this page, you can define new memory regions, and change the assignment of sectionsto memary reg
- 4 Binaries Available Memory Regions
 a Includes
& Release Name Base Address Size
2 B e ps7_ddr_0_5_AXI_BASEADDR Ox00100000 Ox3FFO0000
[ lib_xmmuit_hw.c ps7_ram_0_S_AX]_BASEADDR Ox00000000 000030000
[ lib_xmmult_hw.h ps7_ram_1_S_AXI_BASEADDR OxFFFFOOOO Ox0000FEGD
& main.c
i platform_config.h Stack and Heap Sizes
e platferm.c Tt
i platform.h Stack Size 0x3000
™ lscriptid Heap Size 0x2000
M mmult_bsp 1 i
4 B system_wrapper_hw_platiorm_0 Soclion 4o Memery Regien Mippieg
drivers Section Name Memaory Region
& ps7_init gplc text ps7_ddr_0_S_AXI_BASEADDR
& ps_init gplh init ps7_ddr_0_S_AXI_BASEADDR

- o

X15776-010316

Figure 29: Changing the Stack Size
4. To execute the application on the board, create a new Run Configuration by right-clicking
on Run > Run Configurations. In the GUI, select Xilinx C/C+ + application (system

Debugger), and click New (or double-click the entry), which generates a new configuration.
Accept the defaults.
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5. Run the application. The terminal should display the output shown in Figure 30.

L= Problems £ Tasks| B Console | Properties | 4 Terminal 1 & N BLE @2
Serial: (COM11, 115200, 8, 1, None, None - CONNECTED) - Encoding: {ISO-8859-1)
Helle World

W N N N DN DN NN D N RN N NN NN TN NN N NN N NN

FP 32x32 MATRIX MULT -> AXMI DMA -> ARM ACP
XAPP1178 redesigned with Vivado + HLS + IP Integrator 20815.2.1

TN N N T N N O T AT OO NN O OO N N OO O N N NN

DMA Init done
Loop time for 1824 iterations is @ cycles.
Running Matrix Mult in SK

Total run time for SW on Processor is 25898 cycles over 1024 tests.

Cache cleared

Total run time for AXI DMA + HW accelerator is 5221 cycles over 1024 tests.
Acceleration factor: 4.958

SW and HW results match!
X15777-010316

Figure 30: Terminal Output of the Application Running on the ZC702 Board
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SDSoC

Xilinx SDSoC is an Eclipse-based integrated development environment for implementing
heterogeneous embedded systems using the Zyng-7000 AP SoC platform [Ref 11]. The SDSoC
environment includes a full-system optimizing C/C++ compiler that provides automated
software acceleration in programmable logic combined with automated system connectivity
generation. An application is written as C/C++ code, with the programmer identifying a target
platform and a subset of the functions within the application to be compiled into hardware. The
SDSoC system compiler then compiles the application into hardware and software to realize the
complete embedded system implemented on a Zyng-7000 device, including a complete boot
image with firmware, operating system, and an application executable [Ref 12].

While the development time of this application takes approximately two days of work with IPI,

HLS, and SDK tools starting from scratch, it takes less than one hour using SDSoC (see
Figure 31).

— -
I SDSoC - matrix mult/project sdsoc - Xilink SDSoC
File Edit Navigate Search Project Xilink Tools Run Window Help
6 BrRvom 0O~ - v
Project Explorer & © O % matrix_mult 2 | .5 mmult_accel.cpp & mmult.cpp n mmult_accelh
e B .
= SDSoC Project Overview
4 I matrix_mult
I
R General Options
% Archives
a Includes Project Name  matrix_mult Data Mation Network Clock Frequency (MHz) |100.00 ~
SDRelease Platform 2¢702 7| Generate Bit Stream
e 05: Linu +| Generate SO card Image
i g M Insert AX] Performance Manitar
n mmult_accel.h Root Function main s
= mmult.cpp
% projectsdsoc Hardware Functions s % K Actions
b ~[
it accel ] Clock Frequency (MHz) | 10000 + . Limpufgenl..v) (bew
Command line arguments for matrix_mult.elf
% Deb @
Reports
% Data Motion Network Reoort @ Performance Estimation Reoort
g il ' | Overview | Platform
4 Target Connections ~ O £ problems| B Console Properties| & Terminal 1 & o=
4 & | |Serial: (COM11, 115200, 8, 1, None, None - CONNECTED) - Encoding: (I50-8859-1)
Hardware Server sh-4.3# . /matrix_mult.elf
Linux TCF Agent Testing with A_NROWS = A_NCOLS = B_NCOLS = B_MROWS = 32
QEMU TefGabClient Testing mmult ...
Average number of processor cycles for golden version: 173654 p
Average number of processor cycles for hardware version: 26888
TEST PASSED
X15778-010316
Figure 31: SDSoC Project Overview of the Matrix Multiplier Application
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Conclusion

Floating-point designs written in C or C++ can now be quickly and easily implemented on FPGA
devices. Implementing designs in this way takes advantage of Xilinx FPGA's parallel
performance, low power, embedded CPUs and low cost. As with other C/C++ flows, a full and
complete tool chain allows performance trade-offs to be made throughout the flow and
comprehensive analysis. The example application is a 32x32 matrix multiplication core
optimized for 32-bit floating point accuracy using the Vivado HLS tool.

The floating-point matrix multiplication modeled in C/C++ code can be quickly implemented
and optimized into an RTL design using Vivado HLS. It can then be exported as an IP core that
is connected with AXI4-Stream interface to the ACP of the Zyng-7000 AP SoC PS through a DMA
core in the PL subsystem of the Zyng-7000 device.

The matrix multiplier HW peripheral running at a 100 MHz clock frequency is computed in
almost five fewer clock cycles than its software execution on the ARM CPU running at a
666 MHz clock frequency.

In conclusion, the entire design procedure illustrated in this document can be fully automatized
by using the new system design flow called SDSoC.

Reference Design

The reference design files for this application note can be downloaded from:

https://secure.xilinx.com/webreg/clickthrough.do?cid=343614

There are two folders:

« empty - contains just C++ code and TCL scripts to build the HLS and IPI projects from
scratch.

« pre built - contains the whole HLS and IPI projects already developed

Table 1 shows the reference design matrix.

Table 1: Reference Design Matrix

Parameter Description
General
Developer name Daniele Bagni, Antonello Di Fresco (Xilinx)
Target devices Zynqg-7000 AP SoC
Source code provided Yes
Source code format C and synthesize script
Design uses code and IP from existing Xilinx No
application note and reference designs or
third party
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Table 1: Reference Design Matrix (Cont’d)

Parameter Description

Simulation

Functional simulation performed Yes

Timing simulation performed No

Testbench provided for functional and timing Yes

simulation

Testbench format C

Simulator software and version Vivado Simulator 2015.4

SPICE/IBIS simulations No

Implementation software tools/versions used Vivado Design Suite 2015.4

Static timing analysis performed Yes

Hardware Verification

Hardware verified Yes

Hardware platform used for verification Xilinx ZC702 board
References

1. Zyng-7000 All Programmable SoC: Concepts, Tools and Techniques (CTT) (UG873)

2. Floating-Point Design with Xilinx's Vivado HLS, James Hrica, Xcell Journal, Fourth Quarter
2012

3. Floating-Point PID Controller Design with Vivado HLS and System Generator for DSP
(XAPP1163)

Vivado Design Suite Tutorial: Designing IP subsystems using IP Integrator (UG995)
ZC702 Evaluation Board for the Zynq-7000 XC7020 All Programmable SoC (UG850)
Vivado Design Suite User Guide: High-Level Synthesis (UG902)

Vivado Design Suite Tutorial: High-Level Synthesis (UG871)

UG761 AXI Reference Guide (UG761)

AXI DMA v7.1 LogiCORE IP Product Guide (PG021)
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10. Vivado Design Suite User Guide: Designing IP subsystems Using IP Integrator (UG994)
11. SDSoC Environment User Guide (UG1027)

12. Using the SDSoC IDE for System-level HW-SW Optimization on the Zynq SoC, Daniele Bagni,
Nick Ni, Xcell Software Journal, issue 1, Third Quarter 2015
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Date Version Revision
01/21/2016 2.0 Release based on Vivado 2015.4
06/29/2013 1.1 Release based on Vivado HLS 2012.2 and PlanAhead (ISE/XPS/SDK) 14.4.
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