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Presenter
Presentation Notes
The Vitis analyzer is a utility that allows you to view and analyze the reports generated when building and running your application. It is intended to let you review reports generated by both the Vitis compiler when the application is built, and also from the Xilinx Runtime (XRT) library when the application is run. The Vitis analyzer can be used to view reports generated from the v++ command line flow, and from within the Vitis IDE. 

There are four main areas to be considered when performing algorithm optimization in the Vitis environment:
System resource usage and performance
Kernel optimization may include improving the throughput and latency of your kernels
Host optimization may consider the scheduling of your hardware kernels and
Data transfer optimization tries to improve the performance of memory transfers in your system. 


@—
Vitis Profiling — System Optimization reports

Goal Report Information Operations
Profile Top Operations Data Transfers
System (Host and | Summary
Kernel) Report Kernel & Compute Units OpenCL APls
Optimization Application Host Events
Timeline Device Trace Data
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Presenter
Presentation Notes
Vitis generates various system and kernel resource performance reports during compilation. These reports help you establish a baseline of performance on your application, identify bottlenecks, and help to identify target functions that can be accelerated in hardware kernels.

Several reports are available. Different reports may be more useful for optimizing particular parts of the system. The Profile summary and Application timeline are useful when trying to analyze and optimize at the system level across host and kernel code. 

The Xilinx Runtime (XRT) library can collect profiling data on the host application and hardware kernels during application execution. This will be captured in the Profile Summary Report. 
The Profile Summary report provides annotated details regarding the overall application performance. All data generated during the execution of the application is grouped into categories. The Profile Summary report lets you examine kernel execution and data transfer statistics. 

The Application Timeline collects and displays host and kernel events on a common timeline to help you understand and visualize the overall health and performance of your systems. The graphical representation lets you see issues regarding kernel synchronization and efficient concurrent execution.

We’ll see more on these reports later. 


@—
Vitis Profiling — Kernel Optimization reports
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Presenter
Presentation Notes
The Guidance report, system estimate, HLS reports and Waveform view are useful when analyzing hardware kernels. 

The Design Guidance Report provides actionable guidance to software developers for issues detected in their designs. The guidance will draw attention to potential areas of optimization in the system. It is up to the designer to determine if the performance is satisfactory, or if changes or optimizations can be applied to the design. 

System Estimate Report: The System Estimate report provides estimates of FPGA resource usage and the estimated frequency at which the hardware-accelerated kernels can operate. The report is automatically generated for hardware emulation and system hardware builds. The report contains high-level details of the user kernels, including resource usage and estimated frequency. This report can be used to guide design optimization.

The HLS report provides details about the high-level synthesis (HLS) process of a user kernel and is generated in hardware emulation and system builds. This process translates the C/C++ and OpenCL kernel into the hardware description language used for implementing the kernel logic on the FPGA. The report provides estimated FPGA resource usage, operating frequency, latency, and interface signals of the custom-generated hardware logic. These details provide many insights to guide kernel optimization.

Vitis can generate a Waveform view when running hardware emulation. It displays in-depth details at the system level, compute unit (CU) level, and at the function level. The details include data transfers between the kernel and global memory and data flow through inter-kernel pipes. These details provide many insights into performance bottlenecks from the system level down to individual function calls to help optimize your application. 
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2 Version: v+ v2019.2 (B4-bit)

3 Build: SN Build 2700185 on Thu Oct 24 18:45:48 MDT 2019

4 Copyright: Copyright 1985-2019 ¥ilinx, Inc. A1l Rights Reserved.
5 Created: Wed Mov 6 14:38:39 2019

binary_container_1l
¥111nx:u200: xdma: 201830. 2
300. 000000MHz

: Design Name:
10 : Target Dewvice:
11 ; Target Clock:

12 Total number of kernels: 1

OpenCL Library

Compute Units

22 OpenCL Binary: binary_container_1l
. Kernels mapped to: clc_region

25 Timing Information (MHz)
Compute Unit Kernel Name Module Name Target Frequency Estimated Freguency

411.013198

300, 300293

K_VADD_1 K_VADD K_VADD

Latency Information
Compute Unit Kernel Mame Module Name Start Interval Best (cycles) Avg (cycles

K_WADD_1 K_VADD K_VADD 2085 2054 2054

4rea Information
Compute Unit Kernel Name Module Name FF LUT  DSP BRAM URAM

1396 1320 0 2 [¢]
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» Takes into account the target
hardware device and each
compute unit

» Estimates performance from
known information

» Exact performance metric can
only be measured by running the
application on the FPGA
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Presenter
Presentation Notes
The System Estimate report generated by the Vitis compiler, provides a summary of every binary container in the application, as well as every compute unit, or hardware kernel in the design.
It will also provide timing and latency estimates, and an area estimate or a resource usage summary. This is useful to determine if your design is likely to fit in the target device, and how much more functionality you might be able to include. 

As the name suggests, this is an estimate. Information is estimated from each individual compute unit. Best case and worst case values may be reported where they can be determined. The final timing and resource information will not be known until you build the FPGA binary, and the exact performance will only be determined after running the application on the FPGA hardware. 



@—
System Estimate Report > Device and Kernel Summary

Version: v++ v2019.2 (64-bit)

Build: SW Build 2700185 on Thu Oct 24 18:45:48 MDT 2019
Copyright: Copyright 1986-2019 Xilinx, Inc. All Rights Reserved.
Created: Wed Nov 6 14:38:39 2019

Design Name: binary container_1 : d
Target Device: xilinx:u200:xdma:201830.2 Design and Target
Target Clock: 300.000000MHz Device Summary

Total number of kernels: 1

Kernel Summary
Kernel Name Type Target OpenCL Library Compute Units Kernel Summary

----------- 1 kernel in the XCLBIN
K_VADD C Tpga0:0CL_REGION O binary container 1 1
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Presenter
Presentation Notes
The System Estimate report is structured as follows: 
Target device information 
Summary of every kernel in the application and
Information on every binary container in the solution

In the Design and Target Device Summary the target device shell, clock and number of kernels will be reported. 

The Kernel Summary will list all of the kernels defined for the application project. In addition to the kernel name, the summary also provides the execution target and type of the input source. 

After this, detailed information on each compute unit binary container is reported.


System Estimate Report > Timing, Latency, and Area

OpenCL Binary: binary container_1
Kernels mapped to: clc_region Binary Info

Timing Information (MHz)
Compute Unit Kernel Name Module Name Target Frequency Estimated Frequency

Timing Info

Latency Information
Compute Unit Kernel Name Module Name Start Interval Best (cycles) Avg (cycles)

K_VADD_1 K_VADD K_VADD 2065 2064 2064 Latency Info
Avg (cycles) Worst (cycles) Best (absolute) Avg (absolute) Worst (absolute)

2064 2064 6.879 us 6.879 us 6.879 us

Area Information
Compute Unit Kernel Name Module Name FF LUT DSP BRAM URAM

Area Info

K_VADD_1 K_VADD K_VADD 1396 1380 0 2 0

» Latency info:
- Only calculates inside compute unit

- In-system latencies and overheads
are not reported

» Area Info
- Estimate per compute unit
- May vary with final implementation
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Presenter
Presentation Notes
For each binary container, timing will be reported for each compute unit. 

As a general rule, if the estimated frequency for the FPGA binary is higher than the target frequency, the compute unit will likely run at the target frequency in the device. The more margin above the target, the more likely it is that the final design will meeting timing. However, if there is a large margin, you may want to consider running your kernels at a faster clock speed if possible. Remember this report is only providing an estimate. The final implementation will depend on how the design is placed and routed in the device. 

If the estimated frequency is below the target frequency, the kernel code for the compute unit may need to be optimized further to meet timing. The bigger this difference is, the less likely the design is to meet timing. If the difference is small, it may be possible for the back end tools to optimize the design implementation to meet your target speed. 

It is important to understand the difference between the target and estimated frequencies. Compute Units are not placed in isolation into the FPGA fabric. They are placed as part of the FPGA design that can include other components. One kernel may fit and meet timing in one design, but as more logic is added to the design it may interfere with, and cause the final placement and routing of the original kernel to be modified. This may affect the actual frequency the kernels can run at. 

Latency information is also provided for each Compute Unit. When analyzing this data, it is important to recognize that all values are measured from the Compete Unit boundary through the custom logic. In-system latencies associated with data transfers to global memory are not reported as part of these values. 

The start interval defines the amount of time in clock cycles that has to pass between invocations of a Compute Unit for a given kernel. The best, average, and worst case latency numbers refer to how much time it takes the CU to generate the results, all measured in clock cycles and absolute time based on the frequency the comp0ute unit will run at. 

Although the FPGA can be thought of as a blank computational canvas, there are a limited number of fundamental building blocks available in each FPGA. Vitis uses these blocks to generate the custom logic for each Compute unit in the design. The quantity of resources needed to implement the custom logic for a single CU determines how many CUs can be simultaneously loaded into the FPGA fabric. 
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Profile Summary Report
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~ Top Memory Writes: Host to Global Memory SOIUtlon report dlreCtOry or
Buffer Command Start . Buffer Wri T T
Address ContextiD - glee D Time (ms)  DUrAHON (M) g70 (kp)  Rat working directory
0x400000000 0 0 18996.400 N/A 4.096
0x400001000 0 0 19254.300 N/A 4.096

v~ Top Memory Reads: Host to Global Memory

Buffer Context ID Command Start S e Buffer Rea
Address Queue |ID Time (ms) Size (KB) Rat

0x400002000 0 0 42268.900 N/A 4.096
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Presenter
Presentation Notes
The Vitis Runtime library can collect profiling data on the host application and kernels. After the application finishes execution, the Profile Summary report is generated.

The Profile Summary report includes a number of useful statistics for your application. This provides a good overview of the system profile and can help highlight potential bottlenecks in your application.


@—
Profile Summary Report

Run Summary - Profile Summary
xclbin (Hardware Emulation) xclbin (Hardware Emulation)

Top Operations | Kernels & Compute Units | Data Transfers | OpenCL APIs

v Top Data Transfer: Kernels to Global Memory

Device Compute Number Of Average Bytes Transfer Total Data Total Total Total Transfer
Unit Transfers per Transfer Efficiency (%) Transfer (MB) Write (MB) Read (MB) Rate (MB/s)

xilinx_u200_xdma_201830 2-0 K_VADD 1 2112 5.818 0.142 0.012 0.004 0.008 277.674

v Top Kernel Execution

Kernel Instance Command . Start . Global Local

Address LEma CETESE B Queue ID DEVIEE Time (ms) SIEEET (M Work Size Work Size

0x13420b0 K_VADD 0 0 xilinx_u200_xdma_201830_2-0 0.017 0.026 1:1:1 1.1:1

v Top Memory Writes: Host to Global Memory
Buffer Command Start Buffer Writing

e —— ContextID | hieue ID | Time (ms) | Duration (ms) ' oo (kB) | Rate (MB/s)
0x400000000 0 0 18996.400 NA  4.096 N/A
0x400001000 0 0 19254.300 N/A  4.096 N/A

v Top Memory Reads: Host to Global Memory

Buffer Command Start Buffer Reading

f3s e ContextID  heueID  Time (ms) PuUration (Ms) oo "By  Rate (MB/s)

0x400002000 0 0 42268.900 N/A 4.096 N/A
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Presenter
Presentation Notes
The first page or tab of the profile Summary shows the top operations for each section of the rest of the report.  
There is a section for Data Transfers from host and kernels to global memory. 
Host to global transfers are over PCIe. 
Kernels to Global are from the device to the attached external memory, DDR memory or HBM for Alveo accelerators. 

The data transfer report will include –

The number of Transfers: if you are debugging, this may also include printf transfer
The transfer Rate, The Average Bandwidth Utilization,)
The average Size of a transfer, the total time , and the average time for transfers

The average transfer size and average bandwidth utilization can be useful to highlight if you are moving data inefficiently in your design. 

The Kernels & Comput units section displays the profile data summary for all kernel functions that were executed. It will report the start time and duration of each kernel. 

------

The number of Transfers: if you are debugging, this may also include printf transfer
The transfer Rate (MB/s): (Total bytes sent) / (total time in µs)
The Average Bandwidth Utilization (%): Transfer rate / (max. transfer rate)
The average Size of a transfer (KB): Total KB sent / number of transfers
Total Time (ms): 
And the average time for trasnfers (ms): Total time(ms) / number of transfers 

For more information on each field in the table, refer to UG1393 Vitis Application Acceleration Development.


15—
Profile Summary Report > OpenCL APIs

Run Summary . Profile Summary
xclbin {(Hardware Emulation) xclbin {Hardware Emulation)
Top Operations | Kernels & Compute Units | Data Transfers | OpenCL APls

OpencCL API Calls

Mumber Total Minimum Lyerage Maximum

e of calls  Time (ms) Time (ms) Time (ms) Time (ms)

clCreateProgramwithBinary 1 85750.400 85750.400 85750.400 85750.400
clFinish 1 26024.300 26024200 26024300 26024.300
clReleaseProgram 1 4085.,500 4085.,500 4085,500 4085,500
clCreateBuffer 3 2,438 0.4561 0812 1.307
clCreatekerne| 1 2,198 2,198 2198 2188
clEnqueueTask 1 0.988 0.988 0,928 0.9849
clReleaseMemObject 3 0.423 0.013 0.141 0.397
clEngqueueMigrateMemObjects 3 0.337 0.043 0.112 0.153
clSetkernelirg ] 0.080 0.016 0.020 0,022
clGetPlatformiDs 2 0.050 0.012 0.025 0.038
clGetDevicelDs 2 0.034 0.012 0.017 0.022
clBuildProgram 1 0.030 0.030 0.030 0.030
clGetDevicelnfo 2 0.027 0.01z 0.014 0.014
clReleasekerne| 1 0.028 0.028 0.028 0.028
clGetPlatforminfo 2 0.024 0.012 0.012 0.012
clReleaseDevice 1 0.022 0.022 0.022 0.022
clReleaseCommandQueusa 1 0.020 0.020 0.020 0.020
clCreateContext 1 0.015 0.015 0.015 0.015

10 © Copyright 2020 Xilinx (. XI I—l NX.


Presenter
Presentation Notes
You can also find the profile data for all OpenCL API function calls executed in the host application.
You will see a list of API calls, the number of times each function was called, the maximum, minimum, and average and total time for each call.

API Name: Name of the API function (for example, clCreateProgramWithBinary).
Number of Calls: Number of calls to this API.
Total Time (ms): Sum of runtimes of all calls.
Minimum Time (ms): Minimum runtime of all calls.
Average Time (ms): Total time / number of calls.
Maximum Time (ms): Maximum runtime of all calls.


@—
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Presenter
Presentation Notes
The HLS report provides details about the high-level synthesis process of a user kernel and is generated in hardware emulation and system builds. The HLS process translates C/C++ and OpenCL kernels into the hardware description language used for implementing the kernel logic on the FPGA.
The report provides estimated FPGA resource usage, operating frequency, latency, and interface signals of the custom-generated hardware logic. These details provide many insights to guide kernel optimization.

Information provided in the HLS report is reported in the higher level system summaries. 



@—
Waveform View and Live Waveform Viewer

a Te e | o » Generate a Waveform view
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RUN Q Q I o« 14l + d | h
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System Diagram Name value [20- 000088 US . ‘ 25. 000000 us . ‘ 30.000000 us ‘ ) 55.000000 us ‘ ) 42.000008 us ) L - W f . h
Platfo Disgram ~ s Prosess summany] a Live vwavelorm viewer wnen
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running hardware emulation
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Application Timeline
~ Compute Unit: K VADD 1

pavetorm | . o . Y I
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~ Data Transfers
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Presenter
Presentation Notes
Vitis can generate a Waveform view when running hardware emulation. It displays activity details at the system level, compute unit level, and function level. The details include data transfers between the kernel and global memory and data flow through inter-kernel pipes. These details can be used to analyze performance bottlenecks from the system level down to individual function calls, and help you to optimize your application.

The Live Waveform viewer is similar to the Waveform view but it provides even lower-level details with some degree of interactivity. The Live Waveform viewer can also be opened using the Vivado logic simulator.

Waveform view and Live Waveform viewer data is not collected by default because it requires the runtime to generate simulation waveforms during hardware emulation, which consumes more time and disk space. If you want to capture this data, you must enable it before the emulation run. 


|55
Application Timeline

Run Guidance = Profile Summary <« Application Timeline "
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Presenter
Presentation Notes
The Application Timeline collects host and kernel execution events on a common timeline to help you understand and visualize the overall performance of your system. 
The graphical representation lets you see issues regarding kernel synchronization and efficient concurrent execution. 
The graph shows
OpenCL API calls from the host code. 
Device trace data, including compute units and AXI transaction starts and stops. 
Host events and kernel start/stops. 

On the host side, you will see the OpenCL API calls, data transfers, and kernel enqueues.
On the kernel side, you will see the accelerator name and read and write details.

While this is useful for debugging and profiling the application, the timeline and device trace data are not collected by default. The trace data is collected with dedicated resources in the kernel, and does not affect kernel functionality. The data is offloaded only at the end of the run, but this will add some overhead to your application run. 
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@—
Profile Summary Report > Kernels & Compute Units

Dataflow Total Minimum  Average Maximum  Clock Ccu
Acceleration Time (ms) Time (ms) Time (ms) Time (ms) Freq (MHz) Utilization (%)
1.000000x 0.023 0.023 0.023 0.023 300 90.740
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Presenter
Presentation Notes
The Profile Summary report, Kernels & Compute Units tab consists of the Kernel Execution and Computer Unit Utilization tables.

Kernel Execution (Includes Estimated Device Times): This displays the profile data summary for all kernel functions scheduled and executed.

Compute Unit Utilization (Includes Estimated Device Times): This displays the summary profile data for all compute units on the FPGA.


@—
Profile Summary Report > Data Transfers (1)

Run Summary = Profile Summary
xclbin (Hardware Emulation) xclbin (Hardware Emulation)

Top Operations | Kernels & Compute Units | Data Transfers | OpenCL APIs

Data Transfer: Host to Global Memory

Context:Number Transfer Number Of Transfer Average Bandwidth Average Total

Average
of Devices Type Buffer Transfers Rate (MB/s) Utilization (%) Buffer Size (KB) Time (ms) Time (ms)
contextO:1 READ 1 N/A N/A 4.096 N/A N/A
context0:1 WRITE 2 N/A N/A 4.096 N/A N/A
v Data Transfer: Kernels to Global Memory
Device Compute Unit/ Kernel Memory Transfer Number Of Transfer
Port Name Arguments Resources Type Transfers Rate (MB/s)
xilinx_u200_xdma_201830_2-0 K VADD 1/m_axi_gmem A|B|R DDRI[1] READ 2048 366.478
xilinx_u200 xdma_201830_2-0 K VADD 1/m_axi_gmem A|B|R DDRI[1] WRITE 64 187.032
Average Bandwidth Average Average
Utilization (%) Size (KB) Latency (ns)
» Host and global memory PCle transfers 3181 | 0004 30700
- Transfer rate, number of transfers 1.624| 0.064] 1159.480

- Average size of transfer, average bandwidth utilization
- Average time, total time
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Presenter
Presentation Notes
The Profile Summary report, provides information on  Data Transfers detailing data from the host and kernels to global memory

The host to global memory:  section displays the profile data for all read and write transfers between the host and device memory via the PCI Express interface link.
The report will include –
The number of Transfers: if you are debugging, this may also include printf transfer
The transfer Rate (MB/s): (Total bytes sent) / (total time in µs)
The Average Bandwidth Utilization (%): Transfer rate / (max. transfer rate)
The average Size of a transfer (KB): Total KB sent / number of transfers
Total Time (ms): 
And the average time for trasnfers (ms): Total time(ms) / number of transfers

The kernels to global memory details hardware kernel read and writes to global memory via memory controllers and provide similar information. 

The average transfer size and average bandwidth utilization can be useful to highlight if you are moving data inefficiently in your design. 





@—

Profile Summary Report > Data Transfers (2)

Run Summary - Profile Summary
xclbin (Hardware Emulation) xclbin (Hardware Emulation)

Top Operations | Kernels & Compute Units | Data Transfers | OpenCL APIs

v Data Transfer: Host to Global Memory

Context:Number Transfer Number Of Transfer Average Bandwidth Average Total Average

of Devices Type Buffer Transfers Rate (MB/s) Utilization (%) Buffer Size (KB) Time (ms) Time (ms)

context0:1 READ 1 N/A N/A 4.096 N/A N/A

context0:1 WRITE 2 N/A N/A 4.096 N/A N/A

v Data Transfer: Kernels to Global Memory

Device Compute Unit/ Kernel Memory Transfer Number Of Transfer Avle.ragle Bandwidth Ayerage Average
Port Name Arguments Resources Type Transfers Rate (MB/s) Utilization (%) Size (KB) Latency (ns)

xilinx_u200_xdma_ 201830 2-0 K VADD 1/m_axi_ gmem A|B|R DDR[1] READ 2048 366.478 3.181 0.004 39.700

xilinx_u200_xdma_201830_2-0 K_VADD_1/m_axi_gmem A|B|R DDR[1] WRITE 64 187.032 1.624 0.064 1159.480

» Kernels and global memory transfers
- Transfer rate, number of transfers

- Average size of transfer, average bandwidth utilization
- Average time, total time
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Presenter
Presentation Notes
Data Transfer: Kernels and Global Memory: This displays the profile data for all read and write transfers between the FPGA and device memory.

Kernels and global memory - all read/write transfers between the FPGA and device memory
Number of Transfers: Number of AXI transactions monitored on the device (may contain printf transfers)
Transfer Rate (MB/s): Total bytes sent / compute unit total time
Average Bandwidth Utilization (%): Transfer rate / (0.6 * max. transfer rate) 
    where max. transfer rate = (512 / 8 bytes) * (300 MHz) = 19200 MB/s
Average Size (KB): Total KB sent / number of transactions
Average Latency (ms): Total latency of all transactions / number of transactions
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