Application Note: Zynq-7000 AP SoC

v System Performance Analysis of an
X X ILINX All Programmable SoC

XAPP1219 (v1.1) November 5, 2015 Author: Forrest Pickett

Summary

This application note educates users on the evaluation, measurement, and modeling of the
performance of the Zyng-7000 All Programmable (AP) SoC. The application note introduces and
explains an example design that shows the different aspects of the system performance of
Zynqg-7000 devices. The design highlights the communication between the programmable logic
(PL) and the processing system (PS) in the Zyng-7000 architecture. The design also allows you
to model the system to evaluate if the Zynq-7000 AP SoC meets your system performance
needs.

The design that is provided with this application note extends the System Performance
Modeling (SPM) project that is provided in SDK and documented in SDK User Guide: System
Performance Analysis (UG1145) [Ref 1]. An SPM project is executed in actual target hardware
and includes a fixed bitstream containing five AXI traffic generators. These traffic generators
are configurable cores used by SDK to model programmable logic (PL) traffic activity. Software
applications can also be run simultaneously in the processing system (PS), and you can specify
system configuration parameters. After a user has run an SPM project and would like to extend
it to better reflect their application, the design in this application note can be used.

Introduction

There are three major sections of this document.

« The first section describes the system performance of a Zyng-7000 AP SoC.
« The second section shows you how to:

o Implement a system model of a design using a PL implementation that emulates an
application.

- Use the Software Development Kit (SDK) to show system performance metrics using the
model.

« The third section shows you how to:
o Add your own software to run the model.

- Replace items in the PL with your own IP.
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Hardware and Tool Requirements

The hardware requirements for the reference systems are:

ZC702 evaluation board

AC power adaptor (12 VDCQ)

USB Type-A to USB Mini-B cable (for UART communication)
USB Type-A to USB Micro-B cable (for JTAG access)
Vivado® Design Suite 2014.3

AP SoC System Performance

The performance of an SoC is measured at the device or system level, not at the interface or
circuit block level. A primary component that determines performance is how effectively the
system architecture handles shared resource contention. The connected blocks typically include
the application processor unit (APU), interconnect, I/O peripherals, I/O, and memory controllers
(static and dynamic) (Figure 1). Another important factor is the speed at which these blocks
operate and the traffic they generate. These blocks can be grouped into subsystems such as the
application processor unit, I/O subsystem, and memory subsystem. The memory subsystem,
especially on an AP SoC, is the most critical shared resource subsystem that determines the SoC
performance.
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Some of the factors affecting system performance are:

Cache sizes
Memory speed

Memory efficiency

Memory data width

CPU speed
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Figure 1: Example SoC Block Diagram

Some of these factors are constant and cannot be changed. Others are part dependent, some
are platform dependent, and others are design dependent.

It is important to define how efficiency and effectiveness are used in this document:

Efficiency refers to how efficiently the memory controller uses the DRAM. An efficient memory
controller uses DRAM intelligently to get more bandwidth. The bandwidth is measured in MB/s
and efficiency is measured as a percentage.

Effectiveness refers to how effectively the DRAM controller distributes the memory bandwidth.
Or, another way to look at this is the "fairness” of the DDR controller giving bandwidth to the
different ports.
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In other words, the efficiency is how much bandwidth the controller gets from the theoretical
maximum, and the effectiveness is how that bandwidth is distributed to the contending blocks.
Figure 2 shows the most important factors to consider for system performance.
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Figure 2: Most Important Factors in System Performance

One of the important things an SoC needs to do is to keep the CPU running with a minimal
number of data-dependent stalls. To achieve this, data used by the CPU need to be loaded to
the caches, which has much lower access latency than the main memory. The speed at which
data can be loaded into the cache depends on the performance of the memory subsystem. For
example, if the bandwidth of the memory subsystem is deficient, caches are not filled on time
and the CPU stalls waiting for the data. The performance of a memory subsystem mainly
depends on:

Speed (frequency) of the memory

Efficiency of the DRAM controller

Effectiveness of the DRAM controller

Width of the memory interface (both internal and external)
- Ports to the DDR controller (internal)

o Interfaces to the DRAM (through the PHY — external)

Note: The memory subsystem does not include the caches.

If the memory subsystem in an SoC does not have enough bandwidth, the performance of the
whole system is negatively affected. For example, if the CPU is operating at a high frequency
and is trying to fetch more data from the memory than the level-2 cache is able to deliver in a
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timely manner, the CPU has to stall until the data is received. In this kind of system, having a
CPU with a higher clock speed alone does not increase the performance of the system because
the memory subsystem is the bottleneck. Figure 3 shows the other factors in system

performance.
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Figure 3: Components for AP SoC System Performance

Typically, an SoC is a heterogeneous system and contains blocks that generate different types of
traffic. All these blocks compete for the same memory resources. The memory subsystem must
be intelligent enough to resolve contention of resources between different circuit blocks and
handle different types of traffic efficiently and fairly. Therefore, comparing CPU clock rates
without taking into account other elements in the SoC (specifically the memory subsystem and
the programmable logic) is of limited value and could potentially paint a very misleading
picture. Some of the different types of traffic in Zyng-7000 AP SoCs are between the following
masters and the DDR:

« Traffic from the APU (memory load and store instructions from the CPU and direct memory
access (DMA) requests from the central DMA)

« PS peripherals (Ethernet, USB, etc.)
« DMA requests originated from the PL

« PL peripherals (IP and accelerators). For example, the video pipeline IP.
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The memory subsystem must arbitrate access requests from these different traffic sources while
maximizing bandwidth utilization of the DRAM. An effective memory controller exhibits
balanced and predictable behaviors. Fairness of the memory controller is modulated by the
quality of service (QoS) mechanism, which optimizes total throughput while avoiding starvation
of any individual traffic. An unfair implementation of a memory subsystem would be based on
an absolute arbitration priority. This type of arbitration is inappropriate in an SoC where
multiple data streams from different sources need to be supported at the same time and
starvation at any source almost always slows down the overall system.

An Instrumented Design for Performance Analysis

To model a system that uses the Zyng-7000 AP SoC, you need a design that can emulate the
data traffic from the PL to the PS. This is done using Xilinx IP that can be configured to mimic
different parts of a user design. See Reference Design to download the design files.

1. Unzip the files into a directory called XAPP1219 on your C drive.
2. Start Vivado Design Suite 2014.3.
a. Open the Tcl window.
b. Change directories (cd) to the directory where you placed the design files.
c. Source the project.tcl file.
3. View the block diagram in Vivado IP Integrator:
a. Select IP Integrator > Open Block Design.

4. Click Generate Bitstream. There is one supplied just in case. If you are using this bitstream,
start at step 6.

5. Click Export Hardware and check the Include bitstream box.

6. Launch SDK command from the Vivado Design Suite.

There is also a workspace with all the items included. If you want to just exit the Vivado
Design Suite and start SDK, choose the workspace provided.

The design generates traffic from the PL to the PS DDR to emulate an application. To do this,
the program uses an IP core called the AXI Traffic Generator (ATG), which is documented fully in
the LogiCORE™ IP AXI Traffic Generator v2.0 Product Guide (PG125) [Ref 2]. The ATG can mimic
standard interfaces like Ethernet, USB, and PCle® or be configured in a custom manner to
better match a customer application. The reference design with this application note contains
six ATGs that are connected to the four high-performance (HP) ports, the accelerator coherency
port (ACP), and one general purpose (GP) port of the Zyng-7000 SoC. These are pre-configured,
but you can change them for the system you would like to model. The procedure to change the
design (specifically the ATGs) to model an application is described in System Performance
Analysis. The block diagram of the design (in the Vivado Design Suite) is shown in Figure 4.
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Figure 4: System Performance Analysis Block Diagram
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The ATGs are in a hierarchical block to make the top-level diagram cleaner. The TrafficGen block
was created to have the ATG, a constant block, and an AXI'interconnect block to make one block
at the top level instead of three. The block diagram in Figure 5 shows what a TrafficGen block
looks like inside the hierarchy. The constant block starts the ATG running and the interconnect
changes the ATG AXI4 to the Zyng-7000 AP SoC AXI3 interface.
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Figure 5: TrafficGen Block Diagram
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All six ATGs are configured in the same manner, having a high-level traffic profile and then a
traffic profile of data. The settings in the data flow have the percentage of reads and writes each
at 50%, and an interval fixed at 50 cycles. The 50 cycles are measured from the start of one
transaction to the start of the next transaction. (The start of the transaction is the presentation
of the address on the AXI interconnect block.) Each ATG runs off an FCLK from the PS and is
configured for 100 MHz. This generates 256 MB/s of reads and writes on each of the interfaces
for the HP and ACP ports. The GP port has a 32-bit data width, so the traffic that is generated
is half of the other ATGs in the design. Therefore, the GP port has 128 MB/s of reads and writes.

The configuration of each ATG is shown in Figure 6.
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The calculation to get the rate in MB/s is shown in Equation 1 and the numbers from the ATG
configuration are in Equation 2.

le N = Rate Equation 1
= xl
7
where
B = Bytes in a word
N = Number of words in TX
I = Interval
f = PL clock frequency (in MHz)
Or
8x16 = 256 Equation 2
() %50
100

When the ATG is programmed to have 50% reads and 50% writes, there will be 256 MB/s on the
write channel of the AXI and 256 MB/s on the read channel. The ATG issues the read and write
transactions simultaneously, so the AXIinterface has a total of 512 MB/s of traffic. Therefore, for
this example there are 512 MB/s on each HP port and the ACP. Table 1 shows the traffic on each
port and the total MB/s being transferred from the PS to the PL. The maximum bandwidth for
the PS DDR is included and is based on a 32b DDR running at 533 MHz speed.

Table 1: HP & ACP Port Bandwidth of PS DDR

HPO HP1 HP2 HP3 ACP GP1
read 256 256 256 256 256 128
write 256 256 256 256 256 128
Total for port 512 512 512 512 512 256
Total 2816
Maximum PS DDR bandwidth 4264
% of maximum PS DDR 66.04%
bandwidth

Table 1 shows that the amount of traffic from the PL is about 60% of the maximum of the PS
DDR. The interfaces from the PL to the PS can generate more traffic than the DDR controller can
handle. When configuring the ATG traffic, you need to be aware of a possible overload of the PS
DDR controller. In other words, the ATGs can never move more traffic than the maximum
bandwidth of the PS DDR, no matter how they are configured. Creating a simple table like this
is good practice to see if the PL is going to be more than 80% of the theoretical maximum of the
PS DDR. If so, there could be an issue with performance not meeting expectations, and/or the
latency could be high.

You now have a design that can model a system. How do you know if your performance metrics
are met? Is there actually 256 MB/s of traffic on the HP and ACP ports? To get this data from the
design, another Xilinx IP needs to be used. The AXI Performance Monitor (APM) is used to

collect the data from each of the AXI interfaces that are being modeled, or the HP, ACP, and GP
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ports. The configuration of the APM is shown in Figure 7.
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Figure 7: AXI Performance Monitor Configuration

The APM is in the Profile mode, supported in the SDK 2014.1 and later. There are other modes
that are documented in the LogiCORE IP AXI Performance Monitor v5.0 Product Guide (PG037)
[Ref 3].

The Profile mode shows bandwidth and latency at a high level. SDK reads the APM every 50 ms
for the data on each slot or interface. The other modes are for more detailed gathering of data
at the interface. The Advanced and Trace modes take data at a higher rate than the Profile
mode. These modes are not supported by SDK and are not part of this application note.

The configuration for the APM is shown in Figure 7. Six interfaces are selected. Each of the
monitor interfaces are set up the same way for AXI3 (Zynq-7000 AP SoC) ports and for 64 bits
of data. The only exception is the GP port, which has 32 bits of data width. The first four monitor
interface configurations are shown in Figure 7 (these are the HP ports, the fifth is the ACP, and
the sixth is the GP). The first five ports of the APM must be connected this way (HPO to slot 0,
HP1 to Slot 1, HP2 to Slot 2, HP3 to Slot 3, and ACP to Slot 4) because this is what SDK is
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designed for. If you have a customer design, set it up the same way otherwise the results are

incorrect.

The settings of the Zyng-7000 AP SoC AXI ports are as shown in Figure 8. This is configured to
connect the traffic generators to the different interfaces in the Zyng-7000 AP SoC.

Ok ] [ Cancel

-

x1219_08_120114
Figure 8: Zynq AXI Port Settings

The design is set up to model and collect system performance data or what is called
instrumented for system performance.

You can create a bitstream by clicking Generate Bitstream in the Flow Navigator pane on the
right-hand side of the Vivado window. If you do not want to perform this step, you can use the
bitstream in the workspace that is included in the ZIP file. The steps on how to use the bitstream
are in the next section, so keep the Vivado IDE running.

There is another portion of system performance that was discussed in the Introduction. How do
you know what the CPUs are doing while the hardware is being modeled in the PL? For this, the
Zynqg-7000 architecture has performance monitoring units (PMUs) in the PS to collect data
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about the ARM Cortex-A9 while it is running. There are also performance counters in the
L2-Cache that are collected and shown to you. The metrics that are gathered are:

CPU level 1 cache miss rate
CPU level 1 cache access
CPU stall cycles per read instruction

CPU stall cycles per write instruction

With the metrics about the software running on the CPUs and the hardware being modeled, you
can analyze system performance before starting a design.

System Performance Analysis

The next step is to run the model and show what is occurring at various analysis points. To view
the performance metrics, the design needs to be run in SDK. The first run is done without
software. This shows the performance of the HP and GP ports to the DDR through the PS
memory controller alone.

If you selected not to generate the bitstream, you can start SDK and select the workspace when
SDK starts using the directory called Workspace, which was part of the ZIP file. It should look
like Figure 11, so skip down to step 4, page 16.
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To set up for system analysis:

1. From the File menu in the Vivado IDE, first export the hardware for SDK by selecting
File > Export > Export Hardware, then start SDK using the exported hardware definition
by selecting File > Launch SDK. In the SDK window, shown in Figure 9, select
File > Import > General > Existing Projects into Workspace and click Next.
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Figure 9: SDK Imported Hardware Screen
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2. Select the root directory provided in the ZIP file as the Workspace. There should be two
items selected, perfmon and standalone_bsp_0, as shown in Figure 10.
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() Select archiwve file: Browse..,
Projects:
perfrnon (CHAPP 1219 arkspacelperfmaon) Select All
]
BIR|EC
El Deselect All
s
standalone_bsp_0 (CAHEAPP121TW orkspace'Warkspace'standalo
4 | m r
Options
[7] Search for nested projects
Copy projects into workspace
Warking sets
[T]2dd project to working sets
Work Select..,
@ Mext = [ Fimish ] ’ Cancel

x1219_10_101615

Figure 10: SDK Import Projects into Workspace
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3. Click Finish. The project in SDK should look like Figure 11.

er_hw_platform_0/system.hdf - Xilinx SDK

2 125 perfrion
=] perftest_bd.tel

[ ps7_init_gpl.c
[ ps7_init_gplh
[ ps7_initc
[ psT_init.h
@ psT_init.htrml
(2] psT_inittel
Iz systern.hdf

> (M standalone_bsp_0

.ﬁ. Target Cannections 2
¢ [ Hardware Server

> [ Linux TCF &gent.

. (= QEMU TefGdbClient

- l=.of # |
i - . -
File Edit Source Refactor Mavigate Search  Project  XilineToaols  Run  Window  Help |
il |Qv e 2 PAEEDE @ EER A R RS Y =@ - - - - vl #

Quick &ccess I Eﬁ‘ Fgy C/C++
[ Project Bplorer 32 5] G| ¥ T = O || g systemehdf 52 = 8 | 5= outline % | @ Make Tor.., = O

4 B perftest_wrapper_fuwe_platform_

= perftest_nrapper.hbit

perftest_wrapper_hw_platform_0 Hardware Platform Specification = . .
An outline is not available,

Design Information

Target FPGA, Device: 7z020
Created With: Vivado 2015.3
Created On; Thu Sep 24 08:58:11 2015

Address Map for processor ps7_cortexa9 0

ps?_inte_dist 0 O=f8£01000 OxfBE01fEE
psT_scutimer 0 Ox£8E00600 O=fBL0061E
psT_sler 0 O=£2000000 D=f8000££E
ps?_scundt 0 O=f8£00620 OxfBE006EE
psT_l2cachec 0 OxfRf02000 OxfBEO2£Ef
psTscuc 0 OxfBf00000 O=fBE000fc
psT_qspi_linear_ 0 Oxfc000000 Oxfoffffff
axi_perf_man_( 0x43c00000 0x43c0f£§§
psT_prou 0 O=f8B93000 O=fB893££f
ps7_afi_l Ox£R009000 OxfGO09EEE
ps7_afi_) Ox£B008000 OxfGO0GELE
ps7_gspi 0 Ox=000d000 Ox=000dEE4E
ps7_afi_3 Ox£800b000 OxfGOOLELE
ps7_afi_d Oxf8002000 OxfGO00aEEf
ps7_globaltimer 0 0xf8£00200 OxfBE00211
ps?_dma_s Oxf8003000 O=fB8003££F
psT_iop_bus_config 0 Oxe0200000 Dxe0200££E
psT_xade_0 Ox£8007100 D=z£8007120

Owerview
& = B |[E problems 5| 3 Tasks| B Cansole| E Praperties| B sDK Termi. | = B SDK Log &2 =0
1| 14:49:32 THFO @ Launching XSDE server: xsdh.bat C:/Xilfnx/s -
0 iterns 14:49:34 INFO @ ¥SDB server has started successfully.
Description - Resaurce Path 14:459:34 INFO @ Processing command line option -hwspec C:f¥

< 1l r
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Figure 11: SDK Project Workspace

Make sure your computer is connected to a ZC702 evaluation board using two USB
connectors. The first is connected to the programming cable and the second is connected to
the UART so you can see the output on the terminal.

5. On the ZC702 board, flip the power switch to ON so you can program the device.
Connect to Terminal 1 to view the output from the C program. To connect to the terminal:

a. Open up the SDK Terminal tab at the bottom of the SDK window (shown in Figure 11 as
SDK Termi...).

After you have the tab open, go to the upper right and click the + sign to add a terminal
connection.

www.Xilinx.com 16
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c. Change the settings to match those in Figure 12. Note that the COM3 might be a
different COM# on your machine.

XAPP1219 (v1.1) November 5, 2015

Basic Settings

Port: m

Baud Rate: | 115200

= Advance Settings

[rata Bits: [E

Stop Bits: [1

Parityn [Nnne

Flow Control: [Nnne

Tirneout (sech:

|| cancel

x1219_12_101615

Figure 12: UART Terminal 0 Settings
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To program the PL:

1. Use the program FPGA command found under Xilinx tools. The bitstream
pretest_wrapper.bit is chosen automatically for you by SDK. Select Program in that

screen.

2. When the "DONE" LED (DS3) has gone High, create a new debug configuration by selecting
Run > Debug Configurations and choose Xilinx C/C+ + Application (System Debugger),
as shown in Figure 13.

e ]

Create, manage, and run configurations

# | B 3~ Configure launch settings fram this dialog:

- Press the 'Mew' button to create a configuration of the selected type,

L4

[ Performance Analysis - Press the 'Duplicate’ button to copy the selected configuration,

E Target Cormmunication Fram
£ ¥ilinx C/C++ application (GD

GhE

£ ¥ilinx C/C++ application (Sys

TEF

£ ¥ilinx C/C++ application (Sys

TEF

- Press the 'Delete’ button to rernove the selected configuration,

LIRS S i

- Press the 'Filter' button to configure filkering options,

- Edit or wiews an existing configuration by selecting it,

Configure launch perspective settings from the 'Perspectives’ preference page,

4 | 1 *

Filker matched 5 of 15 items

®

x1219_13_101615

Figure 13: Debug Configuration Settings

3. After a new window has opened, change the debug type to Standalone Application
Debug.
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4. Change the name to perf_mon. The window should be as shown in Figure 14.

m Debug Configurations

Create, manage, and run configurations

Rurn or Debug a prograrm using Systerm Debugger,

T —+, : :
LT B x| H & Mame:  Mew_configuration

type filter text @ Target Setup."‘ B Applicationﬁl )= Arguments] ﬁ Environment] P Symbaol Files] T‘Qy Source] & Path Map‘| B Common‘

EA Performance Analysis
E Target Cornmunication Framewaor || | Debug Type: [Standalone Application Debug v] ¥
£ Xiline C/C++ application (GDE)
GDE 1 . -
1§|::r Hiline CfC++ application (Systern | Celuseal ’Local ]
4 1§|::r )('ilinx CfC++ application (Syster |
SEF Mew_configuration

Hardware platform: [ petftest wrapper_bw_platform_0 = ]

Bitstream file: perftest wrapper bit ’Search...] ’Browse...] ’Generate...]

Titisliestan i psTonitt el
FPGA Device: Auto Detect:
PS Device: Auto Detect

Sumtmary of operations to be performed

m

Reset entire systern

Fallowing ope.rations wiill be p.erformed before launching the debugger. -
Pragrarm FPGA, 1 Reset entire systern,
2. Pragram FPGA fabric (PL).
Run psT_init 3 Run psT_init, (Only first tirne after Systern reset or board power QM)
P Lot onti 4, Run psT_post_config, (Only first time after Systern reset or board power ON)
[T Enable Cross-Triggering d |
B T——— ' ey ] [ Rt
e
Filter rnatched 6 of 16 iterns PPl

@ [

Debug ] ’ Close ]

x1219_14_101615

Figure 14: Debug Configuration Standalone Application Settings
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5. Change to the Application tab and check the Download Application box. The project
name and application boxes should be filled in automatically, as shown in Figure 15.

f— . e ———
ebug Configurations
— = = = e

Create, manage, and run configurations

Rurn or Debug a prograrm using Systern Debugger,

ey I L1 3 Z

BEER | B Marme:  Mew_configuration

type filter text @ Target Setuﬂm Applicat_ion\.\ffl= Arguments] ] Environment] 54 Symbol Files] -7 Source] & Path Map\| =l Cormrmon |
farmance Snalysis i » !

¥ Ausailable Processars Dewnload application

get Communication Frarmework 5 0
rix CFC++ application (GDE) ps?_cortexag

ri CAC++ application (Systern Debugger o Project Marne:  perfrnon

i CAC ++ application (System Debugger)

Mewe_configuration o —_ -
Application: Debugfperfraon.eif Search.., ” Browvse... ]

Reset processar

[ Stop at program entry

Data Files to download before launch

File Address Add

Relative

] r—— 3 ’ Apply ] ’ Fewvert ]

Filter ratched 6 of 16 iterns

® [ Debug ] ’ Close ]

x1219_15_101615

Figure 15: Debug Configuration Adding Download of Software

6. Select the box that says Stop at program entry. This ensures the program has an automatic
breakpoint, and the program starts when you tell SDK.
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7. Next, click the Debug button to start the debug session. A Confirm Perspective Switch
dialog box appears. Select Yes in that box. Your SDK session is now as shown in Figure 16.

File | Edit| Source Refactor Mavigate Search  Project XilinxTools Run  Window Help
mifh | mEe2lEED B Qv Qo w e MR RS @S P A G|
Quick Access B | E§ C/C++ |35 Debug
45 Debug 2 | Soptiv T = O |6 Varisbles 5 | % Breakpoints | it Registers | (30D Console | [ XSDB Console| B Modules| = O
4 3:; Mew_canfiguration (Local) <5 B %Jl & 9% a\l S
=
< of APU . Mame Type Walue
a g® 8RM Cortex-29 WP Core #0 (Breakpoint main) ot int Loas840
= 0x0010055¢ main: .fsre/hellowarld.c, line 50 0 5 an:us ;i I):AXP Confia® T ad
DD0103390 _start() xil-crt0.S, line 128 " ; perman_canng \rmon_tonng theviceld=px0024, BaseAd...
= > (= perfrion HAxiPraon {Config={Deviceld=ax7705...
b o ARM Cartex-£8 MPCore #1 (Suspended) 00 fpga_clel | “;; 2"22;;:2;“’
&8 xcrzizo 00 prev_samples u 1l e
-~
< »
|4 systern hdf ! Disassembly “B helloworld,c 52 = 8 || 52 outline EXI Bl R e¥ Y5O
#define PERFMON_BASEADDR XPAR_AXI_PERF_MON_@ BASEADDR . U stdioh
U platform.h
[
= int main() o xpa.ramsters.h
W axipman.h
printf {"Ferformance test startedinir”); L B sleeph
int status; - # esc
init_platformi); 1 # s
cls; # pos
H
pos(@,8); # PERFMON_ID
# PERFMON_BASEADDR
¥exiPmon_Config* perfmeon_config = XAxiPmon LookupConf ig{PERFHON_ID); @  main():int
KexeiPmon perfmon;
status = XAxiPmon CfgInitialize(&perfmon, perfmon_config, PERFMON_EASEADDR) ;
if (status l= XST_SUCCESS)
nrintf("Frrnr Tritfaldzing avd nerfmonierin™h . S
< b
A Torget Conn.. 2 | = O || B Console | & Tasks | EJ SDK Terminal | [21 Problers | @ Exccutables | @ Memory 52| = O SDK Log 22
{ma ] yLIT &l g [=L2] - @8:52:14 INFO : Context for processor 57 _cortexs® @' is selec »
iﬂ? "E res & S He - f p ns7 8t 1 1
(= Hardware Server Manitars S @3:52:14 INFO @ 'con® command is executed.
b = Linuc TCF Agert = @8:52:14 INFO @ —---mmmmmmmooo ] HSDE Script [After Launch)-----
o (= QEMU TefGdbClient E:;ge‘ts -set -nocase -filter {name =~ "ARM*#2™ A% jtag cable name
---------------- End of Script----------------
|
q [ 2

8. Close the SD log tab.

x1219_16_101615

Figure 16: Debug Perspective

9. Select the Terminal 1 tab so you can see what the program prints.
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10. Select the start button, shown circled in red in Figure 17.

The code in hello_world now runs and shows the number of transactions for the ports
that have the ATG connected to them. Then the program does a quick calculation and shows
the MB/s. Your SDK session should now be as shown in Figure 17.

== = |

ug - perfmon/src/helloworld.c - Xilink SDK

4

o e EED # U ST i v I ~Hre e
|
Quick Access 5 | Bgc/c++ [FF Debug
%5 Debug &2 | i = = B ||e9=variables 12 | O Breakpaints | 818 Registers | [ ¥MD Consale | Bl ¥SDB Cansole| B4 Madules = 8
a & Mew_configuration {Local) e = e =
2
4 i@ Anu Marne Type Value @
58 AR Cortex-20 MPCare #0 (Running)
» ® ARM Cortex-A3 MPCore #1 (Suspended) belpetoys ks : Jor e
e 72020 > w perfrmon_config JAxiPrmon_Config * {Deviceld=0x@084, BaseAd..
] (= perfrmon ¥diPrman {Config={Deviceld=@x7795.. =
4 . 3
< [
|3 system hdf = Disassembly [4] hellowarld.c 52 = B ||gzoutline 2| B RV e Y= 0
#define PERFMON BASEADDR XPAR_AXT PERF _MON_@ BASEADDR - 2 stdioh
o platform.h
~dint main( ) B xpararneters.h
= o caxipmanh
printf(“Performance test startedinir"); = o sleeph
int status; # esc
init_platform(); # s
cls; # posd
H
pos(@,al; # PERFMONID
# PERFMON_BASEADDR
Vit Dmer Crnf3 ok ponfman canfie - ¥0wdDeon §onboncoand Sl DEDEWAN TRY + = ® rmaing ;int

El Console w'f; Tasks | Bl SDK Terminal &2 Lf,_ Problerns Q Executables a Mernory

M

2|0 = FE EE

Connected to: Serial { COM4, 115200, 0, 8)

HP[0] read count = 2692715368 (256,000 MBytes/sec); HP[0] write count = 269271656 (256,000 MBytes/sec)
HP[1] read count = 260271552 (256,000 MBytes/sec); HP[1] write count = 260271656 (256,000 MBytes/sec)
HP[2] read count = 260271658 (256,000 MBytes/sec); HP[2] write count = 260271656 (256,000 MBytes/sec)
HP[3] read count = 260271600 (256,000 MBytes/sec); HP[3] write count = 260271656 (256,000 MBytes/sec)

ACP read count = 269271592 (256,000 MBytes/sec); ACP wwrite count = 260271658 (256000 MEBytes/sec)

GP read count = 134635702 (128,000 hBytes/sec); GP write count = 134635828 (128,000 MBytes/sec)

|
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Figure 17: Debug Perspective with Results in Terminal 1

The results in the terminal should show that the HP ports and ACP all have about 256 MB/s,
while the GP port has 128 MB/s. This shows how to get data from the APM using C code.
However, in this version of SDK there are new features to give you the performance data for
HPO-3 and the ACP automatically.
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There is a modified version of perf_mon that only reads the GP port, which you can use to read
the GP port. The procedure is as follows:

1. Close this debug perspective by selecting Window > Close Perspective because you are
going to start a new Performance Analysis Perspective in SDK.

2. To run a Performance Perspective, select Run > Debug configurations as you did with
perf_mon.

3. This time select a Performance Analysis perspective, as shown in Figure 18.

.@ Debug Config L — e W —— — |—|

Create, ge, and run config ions

Start Performance Analysis using Systern Debugger

b ‘ = :."=:'-' e Configure launch settings from this dialog:
type filter text - Press the 'Mews’ button to create a configuration of the selected type,
FA Performance Analysis =| - Press the 'Duplicate’ button to copy the selected configuration,

[E Target Cormrmunication Frameunark

gD:E Hilirge C/C++ application {5DB)

32 Xiline C/C++ application (Syster Det || 25 - Press the 'Filter' button to configure filtering options,
a & iling C/C++ application (System Det

TEF

B - Press the 'Delete’ button to rermove the selected configuration,

- Edit orwiew an existing configuration by selecting it

'?I::F Mew_configuration

Configure launch perspective settings fram the Perspectives’ preference page.

4 m 3

Filter matched 6 of 16 iterms

x1219_18_101615

Figure 18: Debug Configuration Standalone Application Settings

4. Rename the configuration to be Performance. This time you do not need an application to
read the APM since that will be done automatically by SDK.
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5. Click on the Debug button and answer Yes to the question about switching perspectives.
The result is shown in Figure 19.

rmance Analysis - perftest_wrapper_hw_platform_0_Traces/Traces/Run_Oct-05_08-56/APM_Trace_Cct-05_08-56/APM_Trace_Oct-05_08-56_ - Xilinx SDK

=alc|

P

File Edit MNavigate Search Project XilinxTools Run  MWindow Help

=
e

| meDlEED

0 Q-

NI R

L

-

-

o
Quick Access

- | =

U
==} | MR cies [ Performance Analysis

[ Project Explarer &1

= O | B4 psPerformance... | PS Performance.. |5 APM Performan... | 2] APM Performan.., 52 | B2l MicroBlaze Perfo.., | 2] MicroBlaze Perfo.., | = Statistics | ] Properties

= 0

B%lY ~
- 15 perfon “ 1| D0:00:00.000 000 000-00:01:39.637 024 419 SLOT_0 SLOT_1 SLOT_ 2 SLOT 3 SLOT_ 4
«& pe'ﬁe“""”afp”’h""’p'atfmmj Wiirite Transactions per ms 2000.0 2000.0 2000.0 2000.0 2000.0
: %1’ ;':22:;9;“' Minimum Wite Latency 320 320 320 320 320
:‘ pelftest:wrapper.b\t Maximurn Write Latency 320 320 320 320 320
[& psT_init_gpl.c HLuwerage Write Latency 320 320 320 320 320
& psTinitgplh |E||| write Throughput (MB/sec) 256.0 256.0 256.0 256.0 256.0
[€ ps7_init.c
[€] psT_inith Read Transactions per ms 2000,0 2000,0 2000,0 2000,0 2000,0
@ psT_inithtml Minimum Read Latency 370 330 48.0 40.0 330
] ps7_initic! Maxirnum Read Latency 810 730 830 740 9.0
|4 systern.hdf HAuwerage Read Latency 38 342 49.6 423 352
» 1= perftest_wrapper_hw_platform_0_1 + ||| Read Throughput (MB/sec) 256.0 256.0 256.0 256.0 256.0
I < g T - 3
o = S Bx @x| = O 1L ] 3
i = = =
. 5B APy ” Al Histogram 52 | 3 Filters | 4 Colors N =]
4 P ARM Cortex-A3 MPCare #(- 3 l
= OuffEFF20 | | setection stare. 17:00:00.000 000 800 |
= (20 3 Selection End  17:00:00.000 000 000 |
= ] Window Span 000,100 000 000 a ‘ |
> o ARM Cortex-20 MPCore #1 _ 000,000 000 000 00040100 000000
L z ; o }
EP '-ﬁT E £ E : u L al |‘IIHM“I IIIII\iIIIIIHI‘IIII"H“ II\l\Illlll\HH\lllII‘II\Illlliu\Illll lH‘I“\MIIh \IIIIII“IIIIH |“|||H IIHLIHIIhIIH"III “”“llll\“ll 1} |I|\h|l|i ilthIIIIIHIIIIHIIIIH‘I\IHI\“ ‘ll“‘

B i~ ommoomomom

. Run_Oct-05_08-56/4PM Trace Oct-05_08-56

0001:32527 024 420

TCF Debug Yirtual Terminal - 8RM Cortex-29

Ik systermuhdf == Disassembly | hellowarld.c T il in.c £= Run_Dct-05_08-56/PS_Trace_Oct-05.., = Run_Oct-05_08-56/84PM Trace_Oct-.. 2| = 0O
Tirnestamp Eventtype Contents o
-{)'- <srch» <irchs <srchs
00:00:00.000 000 000 APM SLOT_0 Write Bytes=4363496, SLOT_0 Write Transactions=38777, SLOT_0 Write Latency=1240864, SLOT_ Read Bytes=4963496, SLOT_0 Read
00:00:00.022 561340 AP SLOT_0 Write Bytes=5775672, SLOT_D Write Transactions=45123, SLOT_0 Write Latency=1443936, SLOT_0 Read Bytes=5775606, SLOT_0 Read
| 00:00:00.033 376 910 APM SLOT_0Write Bytes=2760018, SLOT_0 Write Transactions=21631, SLOT_0 Write Latency=692192, SLOT_0 Read Bytes=2768760, SLOT_0 Read T
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Figure 19: Performance Perspective

The results are the same as shown by reading the APM. There is a little more information
because SDK not only reads the APM but the PMU in the PS to give statistics about the APU or
APM. The PL and PS performance tables are graphs of the tables in the summary. The summary
is a snapshot in time but the graphs show the data over time. The MicroBlaze™ processor tabs
are not part of this application note and you can close them.

Now you have some performance data, but what does it all mean? The first step is to
understand what each of the values represents. The second and harder step is to analyze this
data and determine if the performance that is desired has been achieved.
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Start by selecting the APU Performance Summary tab. This tab summarizes the PMU counters
and APM metrics in one place. The first table shows the values from the PMU counters that give
metrics on each of the Cortex-A9 processors. They deal with the level 1 (L1) cache for each
processor and the level 2 (L2) cache, which is a unified cache shared by the two Cortex-A9
cores. The PS performance metrics include the following:

CPU utilization (%): Percentage of non-idling CPU clock cycles.
CPU instructions per cycle (IPC): Estimates the number of executed instructions per cycle.

L1 data cache access and miss rate (%): Number of L1 data cache accesses and the miss
rate.

CPU (write/read) stall cycles per instruction: Estimates the number of stall cycles per
instruction due to memory writes (write) and data cache refills (read).

The APM metrics are defined as follows:

Read/Write Transactions.

The number of read or write transactions issued by the ATG, typically a large number
because there are many transactions issued by the ATG.

Read/Write Latency - Average.

The latency of the transaction. This is measured from the acceptance of the command to the
last word of the burst.

Because the latency is measured as stated above, writes are measured as they are accepted,
making the latency low. Thus, if there is no back pressure in the system, this number is
slightly higher than the burst size. This was done to show when back pressure starts for the
write transactions. You can tell when the writes get stalled in the slave this way. When the
write latency goes beyond the burst length, these transactions get stalled in the slave, which
is the PS in this design.

Read/Write Latency - Std. Dev.
This is the standard deviation of the latency measurements.
Read/Write Throughput (MB/s).

This is the calculated throughput on the interface based on the number of transactions, size
of the transactions, and speed of the interface.

Look at the PL performance over time. The ATGs are running when the board comes up. There
is a constant or a logic 1 connected to the core start, so it runs after the Zyng-7000 AP SoC is
out of reset. The ATGs are also set up to deliver a constant amount of traffic, so the transactions
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are a line across the graph, as in Figure 20. The orange box with the + sign is a zoom in and out
feature for the graph. This box is circled in Figure 20.
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Figure 20: PL Performance Panel in Performance Analysis Perspective

The top portion of this tab shows the zoom of the area in the orange +. You can click in any of
the graphs to place the zoom box. Using the right mouse button, click and drag the zoom box
to the area you want to see in more detail. You can also make the zoom area larger or smaller
by pressing the CTRL key and using the scroll wheel on your mouse.

The PS Performance tab is similar to the PL, but it graphs the PMU counters and not the data
from the APM. With the knowledge of what each of the values represents, you can decide if this
meets your requirements. This will vary from application to application. The first item is to make
sure that the ATGs are set up with the desired traffic. If the bandwidth and latency are met for
the application with the software running, you are done. But, what if your performance items
are not met?

There is no simple answer to this question. There is usually not just one parameter that can be
adjusted to make performance. There are several items to look at. As mentioned previously,
how much traffic goes between the PS and PL? If you are using around 80-90% of the
theoretical maximum of the PS DDR, there could be issues. Another item to examine is if all the
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traffic is on one or two of the HP ports. If so, can this traffic be divided among more ports? Is
the model for the system for the peak traffic, which only occurs 10-50% of the time, yet the
model is trying to move the peak traffic 100% of the time?

This is a complex issue of how to tune the Zyng-7000 AP SoC for performance. The one item
that is not covered is that the settings for one application might not work for another
application because of the different flows and performance needs of the design. For additional
information about this topic, refer to SDK User Guide: System Performance Analysis (UG1145)
[Ref 1] and UltraFast Embedded Design Methodology Guide (UG1046) [Ref 4].

Note: SDK 2014.3 has the limitation that if the APM counters are read, all Profile Counters will be reset.
So, if two entities read the APM, the results will not be correct. If you can, use SDK or the perf_mon C code
to read and view the bandwidth. The recommended method is SDK. The perf_mon code is shown to read
the GP port as needed.
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Modifying and Adding to the Model

There are two ways to take this model and make it more like your application. The first is to add
software, and the second is to change the hardware model to mimic the data flows seen in your
application. In the previous section, you added some software to the model. To add software,
you can replace the hello_world code in SDK and add your own. The code in hello_world
can be incorporated into your code to read the APM on the GP ports, if that is important. For
more information about SDK, refer to the Zyng-7000 All Programmable SoC Software Developers
Guide (UG821) [Ref 5], or the "Embedded System Design Using the Zynqg Processing System”
chapter of the Zyng-7000 All Programmable SoC: Concepts, Tools, and Techniques (CTT): A
Hands-On Guide to Effective Embedded System Design (UG873) [Ref 6]. See also the Embedded
Design hub in Document Navigator for useful documents and videos.

1. Select the C/C++ in the import, and select the directory with the C code. Figure 21 and
Figure 22 show the windows to import C or C++ code.

m Impaort Y 28
Select _ \4
Creates a new Makefile project in a directory containing existing code g 5 ]

Select an import source:

type filter text

. = General
4 = C/C+s
[E] C/C++ Executable
E5 CfC++ Project Settings
[ Existing Code as akefile Project
s = Install
¢ [ Rernote Systerns
: = Run/Debug
o = Team

= -
\‘?j < Back Finish Cancel

x1219_21_120314

Figure 21: Import Existing C code into SDK
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»
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Figure 22: Import Existing Code
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2. Make a new Performance Perspective (Figure 23).
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x1219 23 120314
Figure 23: New Configuration

See References for more documentation on SDK and software debug.

The second way is to change the hardware model. This can be done in four ways:

« Add more ATGs

» Replace the ATG with your own IP

« Change the traffic flow of the existing ATGs
Add your own IPI design with APM added

The hardware design is part of this application note, so you can make these modifications or
additions.

Adding an ATG is not covered, and the only port left to connect an ATG to the PS is the other GP
port. This can be done by copying how the ATG in the design is connected to GPO and making
another TrafficGen connection to GP1. Then, connect the signals to where they need to go,
similar to the way the TrafficGen is connected to GPO.
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Replacing an ATG with your own IP takes more effort and understanding of Vivado IP Integrator.
There are references later in this application note to help you do that. The major item to ensure
is that the core has an AXI3 or AXI4 memory mapped interface. If it is AXI4, then there needs to
be an interconnect like the one used in the TrafficGen block to connect to the PS.

Changing the flow of ATG configurations to closer mimic application data flows is covered here.
To change the ATG configuration:

1. Open the design you created at the beginning of this application note in the Vivado IDE (see
An Instrumented Design for Performance Analysis).

2. Double-click any of the TrafficGen models to get into the hierarchy.

The TrafficGen blocks are numbered 0-5. The first four (TrafficGen0-3) are connected to the
HPO0-3 ports, TrafficGen4 is connected to the ACP, and TrafficGen5 is connected to
S_AXI_GPO.
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3. After getting into the hierarchy, double-click the axi_traffic_gen_0 in the diagram. This
opens up an ATG configuration pane as shown in Figure 24.

ﬂ:Re—customizeIP =

- - — - —

AXI Traffic Generator (2.0) '

ﬁ’] Dacumentation |7 IP Location
Show disabled ports Component Mame | perftest_axi_traffic_gen_0_0
Profile Selection

Custom @) High Level Traffic

High Level Traffic |
Traffic Profile

Yideo PCle Ethernet (7 USE @) Data

Axl Cptions

AL Master Width | 64 -
#] Base Address | 0x20000000

A% High Address | 0x3FFFFFFF

% Traffic Gen
s _axi_aclk

5_axi_aresem  M_AXIdR
core_ext_start  irg_out

@ Repetitive One-Shot

core_ext_stop DATA Mode
Pattern Options Transackion Type
Traffic Pattern Fixed - Transaction Type | Read Write -
Transfer Length {Ming | 1 Read Share (%) |50 [0..100]
Transfer Length (Max) | 256 ‘Write Share (%) |50 [0..100]
Transfer Length (avg) | 16 -
Inker Transaction Gap Transaction Addressing
ITG Type | Fixed = Addressing Fixed
ITG (Clocks) | 14 [0..1023] Transaction Seed |1 [1..100]

Ok I | Cancel

x1219_24_120314

Figure 24: Changing the ATG Configuration

The first item to change is the profile. The custom mode allows you to program the ATG using
the Cortex-A9 in the Zyng-7000 platform, or other CPU (such as MicroBlaze processor) in the PL.
To do this, the documentation on the ATG in the AXI Traffic Generator Product Guide (PG125)
[Ref 2] will be needed. The driver software can be located at
C:\Xilinx\SDK\2014.3\data\embeddedsw\XilinxProcessorIPLib\drivers\
trafgen_v3_2\doc\html\apilindex.html. Use this mode if you want to implement
dynamic control of the traffic, which is beyond the scope of this application note.

The next item to configure is the Traffic Profile. There are four predefined profiles for your
convenience. They are Video, PCle, Ethernet, and USB. (For more information about the profiles,
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refer to the AXI Traffic Generator Product Guide (PG125) [Ref 2].) With each of these modes you
can choose different items about the interface and the traffic it produces. If none of these
predefined modes meet the traffic you would like to model, then there is the Data mode. This
is the mode used in the example. You can change the following items:

« AXI options: data width, base address, and the high address of the transactions generated.
These are set for the DDR of the Zyng-7000 AP SoC. One change might be to make these to
the on-chip memory (OCM).

«  DATA mode:

. Pattern (fixed or random size), minimum and maximum transfer size for random size,
and transfer length for fixed size.

o Transaction types. Does the ATG do reads, writes, or reads/writes, and percentage of
each.

- The settings for this example have fixed 16-word burst, and 50% read and 50% write.

- Inter-transaction gap, fixed or random. The setting for the gap is 50 cycles. These are
clock cycles for the ATG. This example has a 100 MHz clock.

- Transaction addressing. Fixed only. This is a limitation where the address could be
incrementing or random.

Taking this design and changing the ATGs, a model for application can be made for the
Zynq-7000 AP SoC.

Note: If the system is stressed, the results in the Performance Visualization will be incorrect. An example
of stressing the system is having the reference design shown in the first section to have less than 30
cycles of interval for each ATG. The traffic that this produces is 844 MB/s on each AXI interface for a total
of 4,220 MB/s. This is almost 100% DDR utilization at 533 MHz and is not really achievable by most (if not
all) DDR controllers. Additional information about stressing the Zyng-7000 AP SoC is provided in SDK
User Guide: System Performance Analysis (UG1145) [Ref 1].

Another strategy to be considered is replacing an ATG with existing IP (which need to be
imported into the Vivado tools already). To add IP, delete an ATG and add your own IP. This
entails a working knowledge of Vivado architecture and IP integrator. If you are not familiar with
Vivado architecture and IP, see Vivado Design Suite Tutorial: Designing with IP (UG939) [Ref 7]
and Vivado Design Suite User Guide: Designing with IP (UG896) [Ref 8]. The Vivado 2014.2 -
Design Hub in Xilinx Document Navigator [Ref 9] also lists other documents and videos that can
be useful.

Conclusion

This application note describes a holistic way to look at performance for All Programmable
SoCs. By looking at performance in this manner, a user can determine whether or not a device
can meet their performance needs. A user could just look at CPU speed, but without an effective
memory controller the CPU would look a lot slower.

This application note includes a reference design that can be used to model an application in
Zynqg-7000 AP SoCs, showing what the real performance can be. This model uses a design in
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actual hardware that you can combine with your software. This allows you to model your
application and evaluate the performance very early in the design cycle.

There is a way to augment this model by changing the ATG or replacing it with your own IP, to
better model the application. This allows a deeper examination of what will and will not work on
Zynqg-7000 devices.

These features of SDK, along with the IP for performance allow you to get a high degree of
confidence that Zyng-7000 AP SoCs can meet the performance needs of your application.

Reference Design

You can download the Reference Design Files for this application note from the Xilinx website.

Table 2 shows the reference design matrix.

Table 2: Reference Design Matrix

Parameter Description
General
Author Forrest Pickett
Part XC72020
Source code provided? Yes
Source code format (if provided) C
Design uses IP from existing reference designs AXI Traffic Generator

AXI Performance Monitor

Simulation
Functional simulation performed N/A
Timing simulation performed? N/A
Test bench provided for functional and timing N/A
simulation?
Test bench format N/A
Simulator software and version N/A
SPICE/IBIS simulations N/A
Implementation software tool(s) and version Xilinx SDK, 2014.3
Static timing analysis performed? N/A
Hardware Verification
Hardware verified? N/A
Platform used for verification Vivado Design Suite 2014.3
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