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1 AN 839: Design Block Reuse Tutorial

ntel.

This tutorial demonstrates how to reuse design blocks in Intel® Quartus® Prime Pro
Edition projects. The Intel Quartus Prime Pro Edition software supports block-based
design flows, also known as modular or hierarchical design flows. These flows enable
preservation of design blocks (or logic that comprises a hierarchical design instance)

within a project, as well as reuse of design blocks in other projects.

You can reuse design blocks with the same periphery interface, share a synthesized
design block with another designer, or replicate placed and routed IP in another
project. Design, implement, and verify core or periphery blocks once, and then reuse
those blocks multiple times across different projects that use the same device. In
design block reuse flows, you assign a hierarchical instance of logic as a design
partition. You can then preserve, export, and reuse the partition according to the

following reuse flows:

e Core partition reuse—reuse of synthesized, placed, or final snapshot of core
logic design partition (LUTs, flip-flops, M20K memory, and DSP blocks) in another

project.

* Root partition reuse—reuse of synthesized, placed, or final snapshot of the root
partition. The root partition includes periphery resources (including I/0, HSSIO,
PCIe, PLLs), as well as any associated core resources, while leaving a core

partition open for subsequent development.

Figure 1. Root and Core Partitions

Root Partition
(periphery 1/0, HSSIO, PLL,
PCle*, PLL, Configuration,
Routing, Clocking Core logic)

Core Partition
(LUT, FF RAM, DSP,
Routing)

In a typical design block reuse scenario, a Developer develops and preserves a core or
root partition, and then a Consumer reuses this partition in another project. A
Developer can also reuse blocks within their own project. The block Developer and

Consumer each have roles in the reuse flows.

Figure 2. Block-Based Flows (in blue) and Roles (in yellow)
Core Partition Reuse Root Partition Reuse
Developer | Consumer Developer Hp Consumer

Intel Corporation. All rights reserved. Intel, the Intel logo, Altera, Arria, Cyclone, Enpirion, MAX, Nios, Quartus
and Stratix words and logos are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other
countries. Intel warrants performance of its FPGA and semiconductor products to current specifications in
accordance with Intel's standard warranty, but reserves the right to make changes to any products and services
at any time without notice. Intel assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Intel. Intel
customers are advised to obtain the latest version of device specifications before relying on any published
information and before placing orders for products or services.

*QOther names and brands may be claimed as the property of others.

Iso
9001:2008
Registered


http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html

™ ®
l n tel ) 1 AN 839: Design Block Reuse Tutorial

AN-839 | 2018.01.15

1.1 Tutorial Overview

Figure 3.

Figure 4.

This tutorial describes the core and root partition reuse flows for both the partition
Developer and the partition Consumer roles. At a high level, the core and root
partition reuse flows are similar. Both flows preserve and reuse a design partition as

a . qdb file. The design block Developer defines, compiles, and preserves the block in
the Developer project, and the Consumer reuses the block, along with their own logic,
in one or more Consumer projects.

QDB File Exchange Between Block Developer and Consumer

W RTL
Developer Qb8 Consumer —>

Reusing Core Partitions

Core partition reuse allows a Developer to create, preserve, and export a partition for
reuse. The Developer exports the core partition as a . qdb, and then a Consumer can
reuse that core partition in another project. The core partition can include only core
resources, such as LUTSs, flip-flops, M20K memory, and DSP blocks. To use this flow
you assign the . gdb to an instance in the Consumer project.

Core Partition Reuse Flow

Core Partition Export Core Partition Integrate

Developer Project Consumer Project

4. Add Files to Consumer project:
P - Black Box File
* « .qdb Core Partition File
+ .sdcFile (optional)

v

5. Full Compilation of Entire Design

1. Define a Core Partition

2. Compile and Export Core Partition

v

Partition
.qdb

3. Create a Black Box File

Reusing Root Partitions

Root partition reuse enables you to export a synthesized, placed, or final snapshot of
the device periphery and associated core logic. To export and reuse periphery
elements, you export the root partition. Reuse of the root partition allows a board
developer to create and optimize a platform design with device periphery logic once,
and then share that root partition with other board users who create custom core
logic. The periphery resources include all the hardened IP in the device periphery
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Figure 5.

(such as general purpose I/0, PLLs, high-speed transceivers, PCle, and external
memory interfaces), as well as associated core logic. The Developer leaves an area for
development by the Consumer. The Developer defines this area with a partition. The
Developer defines at least the module's port connections as a black box file.

Root Partition Reuse Flow

Root Partition Export Root Partition Integrate
Developer Project Consumer Project
1. Define a Periphery Reuse 4. Add to Project Directory:
Core Partition - Core partition RTL
* - .sdcfile (optional)
+ Root partition QDB
2. Define a Logic Lock Region *
* 5. Compile Consumer Design
3. Compile and Export root_partition

When you export a synthesized, placed, or final partition as a . qdb, the . qdb
preserves the results of that compilation stage. When you subsequently reuse that
partition in another project, the Compiler reuses the previous compilation results from
the . qdb for that partition, thereby leveraging the previous design efforts of the
Developer.

The tutorial includes the following modules:

e Core Partition Reuse—Developer Tutorial on page 7

e Core Partition Reuse—Consumer Tutorial on page 12

e Root Partition Reuse—Developer Tutorial on page 15

e Root Partition Reuse—Consumer Tutorial on page 20

e Device Programming on page 23

1.2 Tutorial Software and Hardware

Note:

This tutorial assumes a basic understanding of Verilog HDL design and the Intel
Quartus Prime Pro Edition basic design flow. The steps in this tutorial correspond with
use of the following Intel software and hardware.

e Linux installation of Intel Quartus Prime Pro Edition software version 17.1, with
Intel Arria 10 device support.

e The Intel Arria 10GX FPGA Development Kit.

You can also adapt this tutorial for Windows and other software or hardware
configurations.

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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e Block-Based Design Flows
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e Intel Quartus Prime Pro Edition Foundation Online Training
For training on Intel Quartus Prime Pro Edition basics

1.3 Tutorial Files

This tutorial includes a design example organized into directories that correspond with
the flow (Cor e or Root partition reuse) and role (Devel oper or Consuner ).

Figure 6. Tutorial Directory Structure

Table 1.

[j Core_Partition_Reuse

Completed
Consumer
Developer

Consumer

Script

Developer

Script

Ej Root_Partition_Reuse

Completed
Consumer
Developer

Consumer

Script

Developer

Script

The Conpl et ed directories contain the final versions of all the files required to
complete that tutorial module. You can use the files in the Conpl et ed directories to
bypass tutorial steps, or skip to the final step of the tutorial module. The Scri pt
directories contain scripts to automatically run the flows that each module describes.

Follow these steps to use the design example files with this tutorial:
1. Locate and download the design reuse tutorial design files at:

https://www.altera.com/content/dam/altera-www/global/en_US/others/
literature/tt/q171_design_block_reuse_tutorial.zip

2. Unzip the q171_desi gn_bl ock _reuse_tutorial . zi p file.

The . zi p includes the following subdirectories that extract to the
gl71_desi gn_bl ock_reuse_tutorial directory.

Tutorial Design Example Files

Directory Name Description

Core_Partition_Reuse/ Devel oper/

Contains the source files for completing the core partition reuse
Developer tutorial steps.

Core_Partition_Reuse/ Consumner/

Contains the source files for completing the core partition reuse
Consumer tutorial steps.

Core_Partition_Reuse/ Conpl et ed/

Contains final versions of all the files to complete the core partition
reuse tutorial module.

continued...
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Directory Name

Description

Root _Partition_Reuse/ Devel oper/

Contains the files for completing the root partition reuse Developer
tutorial steps.

Root _Partition_Reuse/ Consuner/

Contains the files for completing the root partition reuse Consumer
tutorial steps.

Root _Partition_Reuse/ Conpl et ed/

Contains final versions of all the files to complete the core partition
reuse tutorial step.

e */Devel oper/ Scripts
e */Consuner/Scripts

The Consuner and Devel oper directories contain Scri pts

subdirectories that include the following helpful scripts:

e Scripts/run. sh—automatically completes all steps for that
flow.

e Scripts/restore. sh—restores the tutorial files for that flow
to default state.

You must run these scripts from the project directory in the form of

Scri pt s/ run. sh. The Intel Quartus Prime Pro Edition executable

must by in your system path.

1.4 Core Partition Reuse—Developer Tutorial

Follow the steps in this tutorial module to develop a core partition for reuse in a

Consumer project.

Process Description

As an IP Developer, you define, place, route, and eventually export a block of code
within a partition. You then pass the exported . qdb to a Consumer.

Exporting a . qdb file also requires that you provide a black box file to the Consumer.
The black box file defines the ports and port interface types for synthesis in the
Consumer project. The Compiler ignores any further RTL that you include in the black

box file.

You add the black box file to the Consumer project as a source file. You assign the
exported . qdb file to a partition in the Consumer design. The . qdb file contains all of
the information from the Developer's compilation snapshot. The Consumer can then
reuse these compilation results in the Consumer reuses the partition. The synthesis
snapshot includes only synthesis results, and contains no placement and routing
information. Similarly, the place snapshot does not include routing information. Only
the final snapshot includes synthesis, placement, and routing results.

Completed Tutorial Files

The Core_Partition_Reuse/ Conpl et ed/ Devel oper/ tutorial directory contains
the completed files for this tutorial module.

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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Tutorial Steps

This tutorial module includes the following steps:

e Step 1: Define a Core Partition on page 8

e Step 2: Compile and Export the Core Partition on page 9
e Step 3: Create the Black Box File on page 10

e Step 4: Copy Files to Consumer Project on page 11

e Step 5: Hardware Verification (Optional) on page 11

Command-Line Alternative Step

You can skip Step 1: Define a Core Partition on page 8 and Step 2: Compile and
Export the Core Partition on page 9 in this tutorial module by adding the following
line to the Intel Quartus Prime Settings file (. qsf ), and then running the
Core_Partition_Reuse/ Devel oper/Script/run. sh script.

set _i nstance_assi gnnment -nanme PARTI TI ON blinking_l ed \
-to u_blinking_led -entity top

1.4.1 Step 1: Define a Core Partition

Follow these steps to open the t op. gpf tutorial project in the Intel Quartus Prime Pro
Edition software, run design synthesis, and define a design partition for core logic.

1. 1In the Intel Quartus Prime Pro Edition software, click File 0 Open Project and
open the/ Core_Partition_Reuse/ Devel oper/top. qpf project file.

2. To synthesize the design, click Analysis & Synthesis on the Compilation
Dashboard. The Compilation dashboard displays a check mark when synthesis is
complete.

@ Compilation Dashboard X ‘

» Project Overview

Compilation Flow
P Compile Design
< P IP Generation
" P Analysis & Synthesis =3
< P Fitter
W Fitter (Implement)
P Plan
*4 Early Place
P Place
P Route
I Fitter (Finalize)
< % TimeQuest Timing Analysis (Signoff)

00000

o+ P Power Analysis
2 P Assembler (Generate programming files)

< P EDA Netlist Writer

e [ [+]

3. In the Project Navigator, right-click the u_blinking_led instance in the Hierarchy
tab, and then click Design Partition 0 Set as Design Partition. A design
partition icon appears next to each instance you assign.

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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Project Navigator Q@&
Instance Entity Combinational ALUTs  Dedicated Logic Registers  E
4% Arria 10: T0AX115...
= 5P top B 1 4(4) )
#¢ u_blinking_L... |blinking_led
" Settings... Ctrl+Shift+E
B setas Top-Level Entity  Ctrl+Shift+V
Locate Node >
Logic Lock Region >
E Set as Design Partition Design Partition >
Type
e 71 Copy ctri+C
Expand All
Collapse All

z Design Partitions Window Alt+D |EF' Properties

Hierarchy ‘ = Files [ o' Désignunlts } * TFCompanents ;

4. To view and edit all design partitions in the project, click Assignments [0 Design
Partitions Window. You can also define new partitions in this window.

Design Partitions Window [ERES)

Assignments View | Compilation View ‘

Partition Name  Hierarchy Path Type Preservation Level Empty Partition Database File Color
77 <<ﬂ797\.'.f>> : | | | | I
- blinking_led |u_blinking_led Default Not Set No

1.4.2 Step 2: Compile and Export the Core Partition

Follow this step to run full compilation and export a final snapshot of your core
partition. After compilation, you can export the core partition at the synthesized,
placed, or final stage. This tutorial reuses the final snapshot. You can then reuse the
core partition in the same project or in another project.

1. To run full compilation of the design and create the final snapshot, click Compile
Design on the Compilation Dashboard. Check marks indicate when each stage of
compilation is complete.

@ Compilation Dashboard X ‘

} Project Overview

Compilation Flow

Iv ] E

P Compile Design
= P IP Generation
r P Analysis & Synthesis @
£ P Fitter @
P Fitter (Implement) ’
P Plan e
* i Early Place =] k|
P Place e
P Route =3
P Fitter (Finalize) 1 -1=

2. To export the core partition, click Project 0 Export Design Partition. Select
bl i nki ng_| ed for the Partition name, and the final compilation Snapshot for
export.

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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- Export Design Partition b

Allows you to export a design partition of a specified
snapshot as a Partition Database File (.qdb). You can reuse the
file in a design partition of another project.

Partition name:

blinking_led a

Partition Database File

File name: artition_Reuse/Developer/blinking_led.qdb |_\

Snapshot:

fmal :!

[ oK “ Cancel H Help ‘

3. Confirm bl i nki ng_I ed. qdb as the Partition Database File name, and then
click OK. The final bl i nki ng_I| ed. qdb that you export preserves the complete
placement and routing information from the original project when you reuse the
block in a Consumer project.

1.4.3 Step 3: Create the Black Box File

Integrating a core partition . qdb into another project requires that you add a
supporting black box file to the Consumer project. The black box file defines the ports
and port interface types for the block that you reuse in the Consumer project. Follow
these steps to create a black box port definitions file for the bl i nki ng_I| ed partition.

1. To create a new text file, click File 0 New, select SystemVerilog HDL File under
Design Files, and then click OK. Create a file that contains only the port
definitions for the partition you export. These are the same port definitions that
the bl i nki ng_|I ed. v file specifies:

nmodul e blinking_led (
out put [3:0] val ue,
i nput cl ock

)

endnodul e

2. Save the black box file as bl i nki ng_I ed_bb. sv. When saving this file, disable
the option to Add file to current project.
File name: blinking_led_bb.sv ‘ Save |
Save as type: | SystemVerilog HDL Files (*.sv *.v *.vlg *.verilog) - Cancel

Add file to current project

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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1.4.4 Step 4: Copy Files to Consumer Project

After exporting the core partition and creating the black box file, you copy the files to
the Consumer project directory for subsequent use in the Core Partition Reuse—
Consumer Tutorial on page 12.

Manually copy the bl i nki ng_I| ed. qdb and bl i nki ng_| ed_bb. sv files to the
Core_Partition_Reuse/ Consuner/ directory.

Note: There is no requirement to pass an . sdc file for the partition to the Consumer project,
because the . sdc does not influence the logic, placement, or routing of a finalized
partition in the Consumer project. However, the Developer can optionally provide
an . sdc file for the partition to the Consumer project for timing analysis of the
partition after complete integration with the Consumer design.

In the Core Partition Reuse—Consumer Tutorial on page 12, you integrate the
bl i nki ng_I ed. gdb and bl i nki ng_I| ed_bb. sv files into the Consumer project.

1.4.5 Step 5: Hardware Verification (Optional)

You can now optionally verify the results of the Core Partition Reuse—Developer
tutorial module in hardware by completing Device Programming on page 23.

After completing this tutorial module, LEDs D6-D3 map to the bl i nki ng_I ed core,
and LEDs D10-D7 map to the top-level design. After you configure the FPGA with the
SRAM Object File (. sof ), the bl i nki ng_I ed core flashes red LEDs in a binary
counting order. The top-level design does not illuminate any LEDs.

Figure 7. Illumination of LEDs After Core Partition Reuse—Developer Tutorial Module
D10-D7 D6-D3
off Counting
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1.5 Core Partition Reuse—Consumer Tutorial

Follow the steps in this tutorial module to reuse a core partition in a Consumer
project.

Process Description

As a core partition Consumer, you receive the final core partition that the Developer
provides. The Consumer adds the black box file and assigns the . qdb in the Consumer
project. Because the exported . qdb includes compiled netlist information, the
Consumer project must target the same FPGA device part humber, and use the same
Intel Quartus Prime version as the Developer project.

The Consumer must specify all signals and port directions, as well as any Verilog HDL
parameters or VHDL generics. The Developer can optionally include an . sdc for the
partition to verify the partition timing results after full integration in the Consumer
project.

Completed Tutorial Files

The Core_Partition_Reuse/ Conpl et ed/ Consumer/ tutorial directory contains
the completed files for this tutorial module.

Tutorial Module Steps

This tutorial module includes the following steps:

e Step 1: Add Files and Run Synthesis on page 12

e Step 2: Create a Partition for blinking_led on page 13
e Step 3: Compile the Design on page 13

e Step 4: Hardware Verification (Optional) on page 14

Command-Line Alternative Tutorial Step

You can skip Step 1: Add Files and Run Synthesis on page 12 through Step 3:
Compile the Design on page 13 in this tutorial module by adding the following lines
to the . qsf, and then running the Core_Partiti on_Reuse/ Consuner/ Scri pt/
run. sh script.

#Create the partition

set _i nstance_assi gnment -nane PARTI TI ON bl inking_| ed \
-to u_blinking_led -entity top

#Assign the .qdb file to the partition

set _i nstance_assi gnment -nanme QDB_FI LE _PARTI TI ON bl i nki ng_| ed. qdb \
-to u_blinking_led -entity top

#Add the BB file to the file |ist

set _gl obal _assi gnment -name SYSTEMVERI LOG FI LE bl i nki ng_| ed_bb. sv

1.5.1 Step 1: Add Files and Run Synthesis

To add the core partition to the Consumer project, add the black box as a source file in
the project, and assign the core partition . qdb to an instance in the Design Partitions
Window, as the following steps describe:

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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1. In the Intel Quartus Prime Pro Edition software, click File O Open Project and
open the/ Core_Partition_Reuse/ Consuner/top. qpf project file.

To add files to the project, click Project 0 Add/Remove Files in Project.

On the Files pane, click the browse (...) button near File name to locate and
select the / Core_Partition_Reuse/ Consuner/blinking_| ed_bb. sv black
box file. Click Open, and then click OK. The file is now a source file in the project.

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the
project.

File name: |zl

e X || Addau |
File Name Type Library Design Entry/Synthesis Tool  HDL Version
blinking_led_bb.sv SystemVerilog HDL File <None>
- top.sv SystemVerilog HDL File <None>

blinking_led.sdc  Synopsys Design Constraints File <None>

4. To synthesize the design, click Analysis & Synthesis on the Compilation
Dashboard. The Compilation dashboard displays a check mark when synthesis is
complete.

1.5.2 Step 2: Create a Partition for blinking_led

Follow these steps to create a partition for bl i nki ng_I ed.

1. In the Project Navigator, right-click the u_blinking_led instance in the Hierarchy
tab, and then click Design Partition [0 Set as Design Partition. A design
partition icon appears next to each instance you assign.

2. To assign the bl i nki ng_I ed. gdb to the partition, click Assignments 0 Design
Partitions Window.

3. Double-click in the Partition Database File cell, and then click browse (...) to
select the bl i nki ng_| ed. gdb from the Developer project.

Figure 8. qdb Assignment in Design Partitions Window

Design Partitions Window B ®

Assignments View | Compilation View |

Partition Name = Hierarchy Path Type Preservation Level Empty Partition Database File Color
e <<NeW>>

blinking_led |u_blinking_led Default NotSet No mer/blinking_led.qdb f:

1.5.3 Step 3: Compile the Design
After creating a partition for bl i nki ng_| ed, you are ready to run a full compilation of
the design.
1. To run a full compilation, click Compile Design on the Compilation Dashboard.
2. View the results of compilation in the Compilation Report.

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
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After you complete these steps, the project uses the bl i nki ng_| ed. qdb file as a
source, in place of the RTL. The placement and routing from the previous partition
export is preserved. The logic in the top-level design is synthesized, placed, and
routed, while preserving the placed and routed blinking_led.qdb partition.

1.5.4 Step 4: Hardware Verification (Optional)

Figure 9.

You can now optionally verify the results of the Core Partition Reuse—Consumer
Tutorial module in hardware by completing Device Programming on page 23.

After completing this tutorial module, LEDs D6-D3 map to the bl i nki ng_| ed core,
and LEDs D10-D7 map to the top-level design. After configuring the FPGA, the

bl i nki ng_| ed core flashes red LEDs in a binary counting order. The top-level design
shows a shifting bit in green.

Illumination of LEDs After Core Partition Reuse—Consumer Tutorial Module

D10-D7 D6-D3

Shifting Bit Counting
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1.6 Root Partition Reuse—Developer Tutorial

Figure 10.

Figure 11.

Figure 12.

Follow the steps in this tutorial module to develop a root partition for reuse.
Process Description

As a root partition Developer, you create, compile, and eventually export a top-level
root partition that includes the device periphery. The Developer also defines a
periphery reuse core partition for subsequent development of core logic in the
Consumer project. The Developer fully compiles this design and then provides the root
partition . gdb and an . sdc file for the top-level design.

Root Partition Reuse Flow

Root Partition (Periphery) Consumer - Project Integration
top Revision full_design
\%\ Revision
Synthesis Synthesis PGE TR
Fitter QDB P Fitter —» SOF > ?
Timing Timing
Export Assembler

Periphery Reuse Core Partition "Hole" for Consumer's Core Logic

Root Partition
(periphery 1/0, HSSIO, PLL,
PCle*, PLL, Configuration,
Routing, Clocking Core logic)

Core Partition
(LUT, FF RAM, DSP,
Routing)

The following figure shows the Developer's root partition with a placeholder for the
bl i nki ng_I ed module. For this tutorial, bl i nki ng_| ed simply ties the outputs to
4’b1111 to turn off the LEDs.

RTL View of Developer's Root Partition

u_blinking_led

M
SRERR

[blmkmgile] " P

top_LED[3.0]
D

reduce_nor 0 —>CLK
|
-gENA

hOlccin

Q

SINIBRRID O

| ThociN  add_0 count[25.0] |
uS—

A[25.0) 0UT[25.0)
26'1 B(25.0)

clock |
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Completed Tutorial Files

The Root _Partition_Reuse/ Conpl et ed/ Devel oper/ tutorial directory contains
the completed files for this tutorial module.

Tutorial Module Steps

This tutorial module includes the following steps:

e Step 1: Create a Periphery Reuse Core Partition on page 16
e Step 2: Define a Logic Lock Region on page 17

e Step 3: Compile and Export the Root Partition on page 18
e Step 4: Copy Files to Consumer Project on page 11

e Step 5: Hardware Verification (Optional) on page 19

Command-Line Alternative Tutorial Step

You can skip Step 1: Create a Periphery Reuse Core Partition on page 16 through
Step 3: Compile and Export the Root Partition on page 18 in this tutorial module by
adding the following lines to the . qsf, and then running the

Root _Partiti on_Reuse/ Devel oper/ Scri pt/run. sh script.

set _i nstance_assi gnment -nane PARTI TION bl inking_|ed \
-to u_blinking_led -entity top

set _i nstance_assi gnment -nane PERI PHERY_REUSE_CORE ON -to \
u_blinking_led -entity top

set _i nstance_assi gnnment -nane PLACE_REG ON \
"X63 Y102 X185 Y162" -to u_blinking_| ed

set _i nstance_assi gnment -nane RESERVE PLACE REG ON ON -to \
u_blinking_| ed

set _i nstance_assi gnment -nane CORE_ONLY_PLACE_REG ON ON \
-to u_blinking_led

set _i nstance_assi gnment -nane REG ON_NAME u_blinking_led -to \
u_blinking_| ed

set _i nstance_assi gnment -nane ROUTE_REG ON \
"X63 Y102 X185 Y162" -to u_blinking_| ed

1.6.1 Step 1: Create a Periphery Reuse Core Partition
To export and reuse the root partition, first create a periphery reuse core partition for
subsequent core logic development in the Consumer project.

1. 1In the Intel Quartus Prime Pro Edition software, click File O Open Project and
open the / Root _Partition_Reuse/ Devel oper/top. qpf project file.

2. To synthesize the design, click Analysis & Synthesis on the Compilation
Dashboard.

3. In the Project Navigator, right-click the u_blinking_led instance in the Hierarchy
tab, and then click Design Partition O Set as Design Partition.

4. To change the partition type, click Assignments [0 Design Partitions Window.
For the partition Type, select Periphery Reuse Core.
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Figure 13. Periphery Reuse Core Partition Type

Design Partitions Window [=hE3)

Assignments View ‘ Compilation View ‘

Partition Name = Hierarchy Path Type Preservation Level Empty Partition Database File = Color
e <<new>>
blinking_led u_blinking_led | pefault No [ |
Reconfigurable
Periphery Reuse Core

1.6.2 Step 2: Define a Logic Lock Region

You must define a core-only, reserved, fixed routing region to reserve core resources
in the Consumer project for the periphery reuse core partition. The Consumer uses
this area for core logic development.

Ensure that the exclusive placement region size is large enough to contain all core
logic in the partition. For projects with multiple core partitions, constrain each partition
in a non-overlapping placement or routing region. Follow these steps to define a core-
only, reserved, fixed routing region to reserve core resources in the Developer project
for non-periphery development:

1.

o v kW

Right-click the u_blinking_led instance in the Project Navigator and click
Logic Lock Region [0 Create New Logic Lock Region.

To modify the region properties, click Assignments [ Logic Lock Regions
Window.

In the Origin column, specify X63_Y102.
Change the Width to 123, and the Height to 61.
Enable the Reserved and Core-Only options.

Click the Routing Region cell. The Logic Lock Routing Region Settings dialog
box appears.

Specify Fixed with expansion with Expansion Length of 0 for the Routing
Type. The actual size and location are arbitrary for this tutorial. However, you can
view and adjust the Logic Lock Region shape in the Chip Planner.

Region Name Members Width  Height Origin Reserved Core-Only Size/State Routing Region

@

_ogic Lock Regian,.. @ &

gi= kogic kock Regions
@ u_blinking_led u_blinking_led 123 61 X63_Y102 On on Fixed/Locked Fixed with expansion
2

(o] 3

In the Logic Lock Regions window, right-click the u_blinking_led Logic Lock
region name, and then click Locate Node [ Locate in Chip Planner.
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u_blinking led =

L1

'J;HI-'I- HE ML M w .

The Logic Lock region is shaded in purple. Preserving the periphery requires exporting
everything outside the Logic Lock region. This is the reverse of the core partition reuse
flow.

1.6.3 Step 3: Compile and Export the Root Partition

After compilation, you can export the root partition at the synthesized, placed, or final
stage. This tutorial reuses the final snapshot.

Follow these steps to compile the design and export the root partition:
1. To run full compilation, click Compile Design on the Compilation Dashboard.

2. To export the root partition to a . qdb file, click Project 0 Export Design
Partition. Select the root_partition and the final snapshot.

Export Design Partition

Allows you to export a design partition of a specified
snapshot as a Partition Database File (.qdb). You canreuse the
file in a design partition of another project.

Partition name:

AP

l root_partition

Partition Database File

File name: [tition_Reuse/Developer/root_partition.qdb |_\

Snapshot:
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1.6.4 Step 4: Copy Files to Consumer Project

Manually copy the root _partition. gdb andt op. sdc files to the
Root Partition_Reuse/ Consuner/ directory.

Note: The top-level design requires . sdc constraints. The Consumer can also include a
separate . sdc file to constrain the logic that they provide. The Logic Lock boundary is
visible in the Chip Planner in the Consumer project for reference only. The Consumer
cannot modify this region.

In the Root Partition Reuse—Consumer Tutorial on page 20, you integrate the
root _partition.qdb andtop. sdc files into the Consumer project.

1.6.5 Step 5: Hardware Verification (Optional)

You can now verify the results of the Root Partition Reuse—Developer Tutorial module
in hardware by completing the steps in Device Programming on page 23.

After completing this tutorial module, LEDs D6-D3 map to the bl i nki ng_I ed core,
and LEDs D10-D7 map to the top-level (root) design. When you create and load

the . sof , the bl i nki ng_I| ed core does not illuminate any LEDs. The top-level design
shows a shifting bit in green.

The behavior of the periphery LED driver carries into the Consumer project via the
final . qdb file.

Figure 14. Illumination of LEDs after the Root Partition Reuse—Developer Tutorial

1

D10-D7 D6-D3

Shifting Bit off
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1.7 Root Partition Reuse—Consumer Tutorial
Follow the steps in this tutorial module to reuse a root partition in a Consumer project.

Process Description

As a root partition Consumer, you receive the final top-level, placed, and routed root
partition from the Developer. The Developer includes an empty region in the partition
for subsequent development in the Consumer project. The Consumer completes the

final design by adding the root partition and integrating with Consumer logic.

The following figure shows the RTL view of the Consumer's bl i nki ng_| ed partition.
The Developer compiles and exports the final snapshot as a . qdb file. The Consumer
adds their own logic to the space the Developer reserves.

Figure 15. Consumer's RTL View of bl i nki ng_| ed Partition

u_blinking_led
= 2124value(3.0]_
T 1'h0cn  add_O count[31..0]
A[sz.@om[az 0] 5
33'h1fffffffd B[32.0
K =l
clock [--- 0 T
—SCLR
(blinking_led)

Finally, the Consumer integrates their logic with the files from the Developer to create
the final image.

Figure 16. RTL View of the Integrated Developer and Consumer Partitions

u_blinking_led

> Leol7.0)

Since the root partition . qdb includes final placement and routing information for the
partition, the placement and routing is identical in the Consumer project, with the
exception of clock signals that may be global signals.

Completed Files

The Root _Partition_Reuse/ Conpl et ed/ Consumer/ tutorial directory contains
the completed files for this tutorial module.
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Tutorial Module Steps

This tutorial module includes the following steps:

e Step 1: Add the SDC and Root Partition on page 21
e Step 2: Compile the Design on page 21

e Step 3: Hardware Verification (Optional) on page 22

Command-Line Alternative Tutorial Step

You can skip Step 1: Add the SDC and Root Partition on page 21 through Step 2:
Compile the Design on page 21 in this tutorial module by adding the following lines
to the . gsf, and then running the Root _Partiti on_Reuse/ Consuner/ Scri pt/
run. sh script.

set gl obal _assi gnment -name SDC _FI LE t op. sdc

set _i nstance_assi gnment -nanme QDB_FI LE_PARTI TI ON \
root _partition.qdb -to | -entity top

1.7.1 Step 1: Add the SDC and Root Partition

Follow these steps to add the .sdc file and the root partition to the Consumer project.

1. 1In the Intel Quartus Prime Pro Edition software, click File O Open Project and
open the / Root _Partiti on_Reuse/ Consuner/top. qpf project file.

2. To add the . sdc file to the project, click Project O Add/Remove Files in
Project.

3. On the Files pane, click the browse (...) button near File name to locate and
select the t op. sdc file. Click Open, and then click OK.

4. To add the root partition . qdb to the Consumer project, click Assignments [
Settings, and then click the General page.

5. Enable This project uses a Partition Database (.qdb) file for the root
partition, and then select root_partition.qdb as the Root Partition Database
file.

6. Reset the Top-level entity setting to Top. Click Apply, then click OK.
leerecil . .....Bn |

You can change the top-level entity for the design; however, itis recommended that you create a new revision for each entityin
order to maintain settings information.

Top-level entity: top
¥ | This project uses a Partition Database (.qdb) file for the root partition
Root Partition Database file: root_partition.qdb
Revision type: -

Recently selected top-level entities: top x

Description:

1.7.2 Step 2: Compile the Design

After adding the .sdc and root partition to the Consumer project, you are ready to run
a full compilation of the design.

AN 839: Design Block Reuse Tutorial for Intel® Arria® 10 FPGA Development Board
21



AN-839 | 2018.01.15

] ®
< l n tEI ) 1 AN 839: Design Block Reuse Tutorial

1. To run full compilation, click Compile Design on the Compilation Dashboard.
2. View the results of compilation in the Compilation Report.

1.7.3 Step 3: Hardware Verification (Optional)

You can now verify the results of the Root Partition Reuse—Consumer Tutorial module
in hardware by completing the steps in Device Programming on page 23.

After completing this tutorial module, LEDs D6-D3 map to the bl i nki ng_I ed core,
and LEDs D10-D7 map to the top-level design. The bl i nki ng_| ed core flashes red

LEDs in a binary counting order. The top-level design shows a single bit shifting in
green.

Figure 17. Illumination of LEDs after the Root Partition Reuse—Consumer Tutorial

D10-D7 D6-D3

Shifting Bit Counting
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1.8 Device Programming

Note:

After completing any of the tutorial modules, you can optionally configure the FPGA on
the Intel Arria 10 GX Development Kit to verify the results in hardware. You can adapt
the following steps if you are using a different device or development kit. Configuring
the FPGA involves opening the Intel Quartus Prime Pro Edition Programmer,
connecting to the Development Kit board, and loading the configuration SRAM Object
File (. sof ) into the SRAM of the FPGA.

A . sof file configures the SRAM of an Intel FPGA. A Programmer Object File (. pof )
programs a flash memory device with an FPGA configuration image for subsequent
loading to an FPGA.
Follow these steps to configure the FPGA on the Intel Arria 10 GX Development Kit:
1. To open the Intel Quartus Prime Programmer, click Tools 0 Programmer.
2. Connect the board cables:

e JTAG USB cable to board

e Power cable attached to board and power source.
3. Turn on power to the board.

In the Intel Quartus Prime Programmer, click Hardware Setup.

File Edit View Processing Tools Window Help :}e

} s Hardware Setup.. | No Hardware Mode ‘JTAG ‘:‘ Progress: [:]

Enable real-time ISP to allow background programming when available

5. In the Hardware list, select USB-BlasterII, and then click Close. The device
chain appears.

Note: If the device chain does not appear, verify the board connections.
Click Auto-Detect. The device chain populates.

In the Found Devices list, select the device that matches your design and click
OK. For this tutorial, select the 10AX115S2 device that matches the
10AX115S2F4511SG FPGA on the Intel Arria 10 GX Development Kit.

S < |

Found devices with shared JTAG ID for device 1. Please select your device.

\ ~

./ 10AX11551

@ 10Ax11552

) T0AX11552E2
) 10AX11552ES

O 10AX11553

 10AX11553E3

O 10AX115S3E2

v

8. Right-click the 10AX115S2 row in the file list, and then click Change File.
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& Hardware Sewp... |UsB-8lasterll [USB-1] Mode: JTAG <
[[] Enable real-time ISP 10 allow background programming when available
e File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP
canfigure, Check, Bit FLAME
% Stop <none> 10AX11552 00000000 <none>
# Auto Detec | | <R SM22102 06000606 “<none> O O O
Delete
/™ Add File...
Change File
ASaveFlle || assssssss ssssssses
- ™ 3 3 E :
Add Device | ——1 S —pt :
o up e 4 T r
10AX11552 SM22102
“ Down ™o

9. Browse to select the t op. sof file from the appropriatet ut ori al / <core or
root >/ <devel oper or consuner>/ directory.

10. Enable the Program/Configure option for the 10AX115S2 row.

o Hardware Setup.. |USB-Blasterll [USB-1]

[[] Enable real-time ISP 10 allow background programming when available

Mode: JTAG
Verify Blank- Examine Security Erase ISP IPS F
Check Bit CLAMF

W] ] O

" Start File Device Checksum Usercode ng.ram/
Configure
“Stop Z/github/VO.4/IP... 10AX11552F... 306E3D9A 306E3D9A H | | [ ] ]
% Auto Detec | [<none> 5M2210Z 00000000 <none>
X Delete
FITTTTIITT
™ Add File... B .
oI R 3 E
R 3 —t E
' Change File ¢ 3
P R R L s 2
3 Save File 10AX11552F 45 5M2210Z
100

* Add Device || ¢

11. Click Start. The progress bar reaches 100% when device configuration is
complete. The device is now fully configured and in operation.

—_— - ¥ o [ roon il

e ISP IPS Flle
CLAMF

Note: If device configuration fails, make sure the device you select for
configuration matches the device you specify during . sof file generation.
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1.9 Document Revision History

This document has the following revision history:

Table 2. Document Revision History

Document Version

Software Version

Changes

2018.01.15

17.1.0

Initial release of the document.
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