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@fﬁ] Digital system vs. Digital device

m  Digital circuit...
equipment that performs functions using an appropriate structure of electronic components

m Digital system ...
a set of digital circuits, contains at least one programmable processor, performs a significant
part of its functions by means of software executed by this processor



@Tﬁ Embedded system

An embedded system is a microprocessor system built into any technical device, performing specific
control, measurement, signal processing functions, etc.,

m Basic elements of an embedded system:
O Microcontroller / microprocessor
O Application-specific hardware (ASIC/FPGA)
O Application software
O Real-time operating system (RTOS)
m  New design considerations:
O system level design,

O co-creation of hardware and software (H/S Codesign)



] Evolution of ASIC to SoC/SoPC

Technological possibilities allow you to fit in one integrated circuit:

O processor (several processors, e.g. signal processor, microcontroller, many cores with different
parameters)

memory (ROM & SRAM, in specific processes Flash memory, "e"-DRAM)
standard communication blocks (e.g. 12C or USB controller)
application-specific logic subcircuits (ASSP)

mixed and analog circuits (e.g. ADC and DAC converters)

mechanical microsystems (e.g. MEMS sensors)

O o0Oooad

Programmable devices also now contain logical resources enabling the implementation of systems
in a single package (including embedded processors) -> SoPC, PSoC, APSoC



@fﬁ] Modeling Digital Systems

m  Simulation and modeling at the system level
O performance analysis
m  Behavior specification at the algorithmic level
O  preliminary functional verification of algorithms
O division into hardware and software
O high-level synthesis
Simulation behavioral models of standard elements
Functional simulations at the system/package level
o full
O bus
m  Synthesizable models at the RTL (register transfer level)
O full functional specification of the project
m  Model of the system environment (testbench)
Simulation models of library cells from integrated circuit manufacturers (VITAL standard) —
O time verification of ASIC/FPGA systems



Typical design flow with HDL
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% Design stages

m  Specification / design entry
m  Synthesis
O implementation of functions based on component (library) elements
O optimization (e.g. logical minimization)
O generation (physical implementation of the structure)
m  Analysis
O simulation — validation, regression tests
O formal verification (equivalence of two representations)
O verification of design rules
n Implementation
O from SSI/MSI/LSI/VLSI catalog items (memory / ASSP)
O programmable systems (FPGA / CPLD)
O specialized systems (ASIC)
O embedded systems (traditional and integrated - SoC)



Intel PLD Design Flow

Design entry RTL simulation
Design specification — Schematic/RTL/Platform Designer Functional simulation

Verify logic model & data flow

Synthesis (Mapping)

Result: Post-synthesis netlist

4

Place & route (Fitting)
Result: Post-fit netlist

4

Board verification & test
Program & test device on board
Use on-chip tools for debugging

Gate-level simulation
Simulation with timing delays
Verify design will work in target
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ﬁ]’fﬁ Intel Quartus Prime

m  Fully-integrated development tool
O Multiple design entry methods
O Logic synthesis
O Place & route
O Device programming

m  Simulation

O Supports standard HDL simulation tools
O Includes ModelSim(Questa)-Intel FPGA Starter Edition tool

O Optional upgrade to ModelSim(Questa)-Intel FPGA Edition tool Intel Quartus Prime

Design Software

Lite Edition (LE)
Standard Edition (SE)

Pro Edition (PE)

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



m Quartus Prime Software

= Lite Edition (LE)

O Supported families:
Cyclone V, IV
MAX 10, V, i

O No license file required

m  Standard Edition (SE)
O Supported families:

Stratix V, IV
Arria 10, V, Il Intel Quartus Prime
Cyclone V, IV Design Software
MAX 10, V, I

O License file required

= Pro Edition (PE) Lite Edition (LE)

O Supported families:
Stratix 10 Standard Edition (SE)
Arria 10

O License file required Pro Edition (PE)

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



Quartus Prime GUI

& Quartus Prime Lite Edition

y/Quartus/lab3multi/mull

Eile Edit View Project Assignments Processing Iools Window Help
OFBEBO002c @Y= hnuss®w x> el
Project Navigator| 1 Hierarchy » Q@ ®|| G multif meter_fsmvhd X | & fmultizdisplay.vhd X ‘ & Compilation Report - multi_f X
Entityinsta ™~ = = == = 267 | —
m 00 M RO D% NEE

i MAX 10 10MS0DAF484CEGES

Project

- Em 20 signal q : std_Tlogic_vector (23 downto 0);
NaVI atorM““'Zd”pbYHﬁ 21 signal fq : std_logic_vector (15 downto 03;
g e dec7seg\gen:T:led7seg 22 signal fdp : std_logic_vector(3 downto 0);
= 23 signal frange : std_logic_vector(3 downto 0);
fip dec7segr\gen:2:led7seg 24 signal sseg_out : std_logic_vector (41 downto 0);
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ce: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



Message List
Devices and Adapters
EDA Interfaces
PDE Tutorials
Start Screen
. What's New
Tips and Tricks
Readme File
. Release Notes
Contacting Intel
® Feedback
On the Web

About Quartus Prime

Quartus Prime Help System

Quartus Prime Standard Edition Help version 18.1
Content

-
{1 Welcome ta the Softwars
@ Weicome to the Quartus® Prime Standard Edition Software
L Managing Projects
About Simulating Designs
L Running Timing Analysis
(4] Timing Analysis Settings
[ Set Clock Groups Dialog Box (set_clock_groups)
[ Set Clock Latency Dialog Box (set_clock_latency)
[ Set Clock Uncertainty Dialog Box (set_clock_uncertainty)
[ Set False Path Dialog Box (set_false_path)
[ set Input Delay Dialog Box (set_input_delay)
[ set Qutput Delay Dialog Box (set_output_delay)
[ set Maximum Delay Dialog Box (set_max_delay)
[ set Minimum Delay Dialog Box (set_min_delay)
[ set Multicycle Path Dialog Box (set_multicycle_path)
@ Integrating Other EDA Tools.
) Simulation Settings
[ About Integrating Other EDA Tools
Preparing for EDA Simulation
Running EDA Simulators
([ Simulation Tools
([ Active-HDL
Performing a Simulation of a Verilog HDL Design with the Active-HDL Software
Performing a Simulation of a VHDL Design with the Active-HDL Software
@ ModelSim
@ ModelSim-Altera
@ Incisive Enterprise Simulator
@ QuestaSim
@ Riviera-PRO v

(Search | @B &

rE =T
Set Clock Groups Dialog Box (set_clock_groups)

You access this dialog box by clicking Set Clock Groups on the Constraints menu in the
TimeQuest Timing Analyzer.

Allows you to specify which clocks in the design are unrelated

The TimeQuest analyzer analyzes all clocks in a design as related, by default. The Set
Clock Groups dialog box (and the set_clock_groups SDC command) allows you to
specify unrelated clocks by creating smaller groups of related clocks.

Asynchronous clocks (-asynchronous) are completely unrelated: they have different
ideal clock sources. Exclusive clocks (-exclusive) are not active at the same time,
such as multiplexed clocks. The TimeQuest analyzer treats both types of clocks as if they
were the same

Specifying settings in this dialog box is equivalent to setting the set_false_path
command for paths from each clock domain in every group to each clock domain in
every other group. Specifying a single -group option results in the TimeQuest analyzer
cutting this group of clocks from all other clocks in the design, including clocks that you
might define in the future.

The following sections provide more information about specifying options for this
constraint:

Group 1 (-group):

Allows you to specify the clocks to which the constraint applies. You can use the Name
Finder (...) andthe get_clocks option to build a collection Definition of clocks.
Clocks specified in this group are cut from the clocks specified in the Group 2 box.

Group 2 (-group):

Allows you to specify the clocks to which the constraint applies. You can use the Name
Finder (...) andthe get_clocks option to build a collection Definition of clocks.

Clocks specified in this group are cut from the clocks specified in the Group 1 box. [f you
leave this setting blank,_then the clocks in the Group 1 box are cut from every other v

ce: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



' Quartus Prime Command-Line and Td API Help — [m]

File Qptions Help
C onsoie e —

o ] Command-Line Executables = “n | ——help[=<option|topics] | -v] -
—F] quartus_asm -g | --gui [<project_nams>]
—El quartus_cdb -t <script file> [<script args>]
El quartus_cpf -3
H H G —El quartus_drc --tcl_eval <tcl commands>
[ Enter and execute Tcl commands directly in the GUI B e -t cofgument 116>
B quertus_£i —-archive
. . . (Bl quartus_jbec --clean
_> ty - —E quartus_jli ——flow
View menu —> Utility Windows -> Tcl Console 8 mere
LB quartus pgm --lower_priority
- " " - " " - " —E gquartus pow --platform
& Quartus Prime Lite Edition - Dx/semestry/Quartus/lab3multi/multi_f - multi_f | —-platform_install
—F] quartus_si --prepaze
Eile Edit Processing Tools Window Help :@J ity a IZEEZE“
E] quartus_stp ——gslave
|Prujecl Mavigator Alt+0 —B quartus_syn ~| --relcon ~|
D |§§;| Show Line Numbers ) Node Einder | Help Detail
S -~ _ Quartus Prime Shell =
Proiect Navi | Show Indentation Guide ¥4 Tcl Console Alt+2 Version 23.1std.0 Build 991 11/28/2023 SC Lite Edition
mj VIg - Copyright (C) 2023 Intel Corporation. ARll rights reserved.
= Show White Space |E|| Messages Alt+3
EEEE— [ [ (N |
A MAX 10:| 3 Word Wrap 1 Status Alt+4
. = quartus_sh [-h | --help[=<option|topic>] | -v]
T h — ——gui [« ject >
- BB fmuli2display & 4 Change Manager Alt+S L S
— quartus_sh -t <script file> [<script args>]
2bc dec7segi\gen:1:led7seg |@|Ta5k5 Alt+6 quartus_sh -s
m — - quartus_sh --tcl_eval <tcl command> =
dec7seg\gen:2:led7seg "
UHD - -
|i‘| IP Catalog Altr7 Status (Quartus Prime Version 23.1std.0 Build 991 11/28/2023 5C Lite Edition

Tcl Console @
Quartus Prime Tcl Console
tcl-
= Type the name of & program, folder, document, or Internet
] resource, and Windows will open it for you.
4 3

Qpen@;jh D) -

Concel || rowse..

m  Execute from command-line using Tcl shell
O gquartus sh -s

g
C:\<install dir>\quartus\bin64\quartus_sh --ghelp

Ice: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html
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Quartus Prime Design Software

m  Quartus project

Collection of related design files & libraries

Must have a designated top-level entity

Target a single device

Store settings in settings file (.qsf)

Compiled netlist information stored in gdb folder in project directory

m  Create new projects with New Project Wizard

E Mew Project Wizard ﬁ Open Project

Q © | v |RIS] @
Compare Editions Buy Software Documentation Support ‘What's New

m Can be created using Tcl scripts
Tcl: roject new <project name>

OUrce: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html
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Tcl:

Tcl:

Add Files in Project

m  Add design files

VHDL

Verilog

SystemVerilog

EDIF

VQM

Intel® Quartus® Prime software IP
Platform Designer

L

New Project Wizard

Add Files

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.

Note: you can always add design files to the project later.

Eile name: | I
%

Add All

File Name Type Library  Design Entry/Synthesis Tool HDL Version T

sw2display.vhd WVHDL File Default

encoder.vhd WVHDL File Default Up

dermux.vhd VHDL File Default

; Down
dec7seg.vhd VHDL File Default =
Properties

Specify the path names of any non-default libraries. | User Libraries.

set global assignment -name VHDL FILE <filename.vhd>

m  Add library paths

User libraries

Intel® FPGA Intellectual Property (IP) library

Pre-compiled VHDL packages

set global assignment —-name USER LIBRARIES <library path name>

ce: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html




Device & Family Selection

m  Choose device family & family category

Device

Board

Select the family and device you want to target for compilation.
You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage

Device family Show in ‘Available devices' list
Eamily: |MAx 10 (DA/DD/DF/DC/SA/SC/SL) - | Package: |FBGA - |
Device: |MAX 10 DA - | Pin count: |4a4 - |
Target device Co=zpeed goude | g M |
O Auto device selected by the Fitter RSt | |

(® Specific device selected in ‘Available devices' list Show advanced devices

:: Other: n/a
Device and Pin Options |

Available devices:

Core Voltage Total 1If0s GPIOs Memory Bits Embedded r|1ulliplie!r9—hilele!m¢A

10MOBDAF484CEGES 1.2V 8064 250 250 387072 48 =
4] I 0

Migration Devices...| O migration devices selected

¥ Buy Software | | OK | | Cancel | | Help |

Tcl: set global assignment —name FAMILY “device family name”
Tcl: set global assignment —name DEVICE <part number>

ce: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



@ Opening a Project

= From File menu

Recent Files i rial video:

Recent Projects 1 D/semestry/Quartus/lab3multi/multi_f.qpf

Exit Alt+Fa 2 Dx/semestry/Quartus/ proj_opty/ proj_opty.qpf

TORTYETTSTTTTTCEr
j— - M 3 D:/semestry/Quartus/sync_design/div_std.qpf

! ' 4 Dyfsemestry/Quartus/seq_circuits/async_counter_2b.qpf
® |Quartus Prime Tcl Console
[ 5 D:fsemestry/Quartus/lab3/lab3.qpf

n From Recent Project

Recent Projects

multi_f.qpf (D:/semestry/Quartus/lab3multi/multi_f.qpf)

pro]_opty.qpf (D:/semestry/Quartus/proj_opty/proj_opty.qpf)

div_std.qpf (D:/semestry/Quartus/sync_design/div_std.gpf)
async_counter_2b.qpf (D:/semestry/Quartus/seq_circuitsfasync_counter_2b.qpf)

m Double-click .qgpf file

v [ Quartus
i comb_1
8 comb 2

VHD File
WHD File

- B encoder_tb.vhd VHD File
DE10Lite_CD

-
. b

& lab1.qpf 1:2 QPF File

" f 41 File

m Tcl script

Tcl: project open <project name>

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



% Quartus Prime Project Files

PrOJeCt Flle ('qpf) 26 QUARTUS_\’ERSIDN = "23.1"
O Intel Quartus Prime software version | © == = "2:27:21 mazen 03, 20247

O  Time stamp 25 # Revisions

PROJECT REVISION = "sw2display"

O  Active revision(s)

m  Defaults File (.qdf)
O  Stores project setting & assignment defaults for new project revisions
O <revision_name>_assignment_defaults.qdf

m  Settings File (.gsf)
O Stores all settings & assignments except timing
O Uses Tcl syntax
O Can be edited manually by user
m  Synopsys Design Constraints (.sdc)
O Contains timing constraints
= qdbfolder
O Contains compiled design information
= output_files folder (customize location/name in project settings)
O Generated compilation report files
O Programming files generated by the Assembler

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



m Constraint Files & Assignment Priority

m  Settings File (.gsf)
O Highest priority
O Assignments always used from here first
m  Revision-specific .qdf file located in project directory
O <revision_name>_assignment_defaults.qdf
O Created automatically in the project directory when a revision is opened
in another version of Quartus Prime software
] .qdf located in project directory
O assignment_defaults.qdf
O Created automatically in project directory when project archived & restored
m .qdflocated in Intel Quartus Prime Design Software bin64 directory

O Lowest priority
O Assignments only used if not found in higher priority files

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



@fﬁ] Project Archive & Restore

m  Archive Creates 2 files
O Compressed Quartus Prime Design Software Archive File (.gar)
= Includes design files, .qpf file, & .qsf file(s)
= Option to include databases
= Creates local .qdf file for archive
O  Archive activity log (.qarlog)

Tcl: project archive <project name>

m  Restore decompresses .qar into specified directory
m  Paths/directory structures to referenced files/libraries outside project directory must also be restored
O Recreated in restore location based on nearest common parent directory
O Example of referenced file paths in restored project destination:
m <destination folder>/drive/C/<entire path to all files in project directory>
= <destination folder>/drive/H/<path to file(s) referenced on original H drive>

Tcl: project restore <archive file>

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.htmi



Design entry methods

m  Quartus Prime design entry
O Text editor
= VHDL
s Verilog or SystemVerilog
O Schematic editor
m  Block Diagram File
O System editor
s Platform Designer
O State machine editor
= HDL from state machine file
O Memory editor I
= HEX T 1 [ [ T 1 [ [
eon, e E 3 om . =
m  3rd-party EDA tools

Block Symbol Text  State IP Catalog Platform DSP Builder OpenCL*

O EDIF200 fle fle  file Machine output Designer 'onmiel (eXt  Text standard
. . file output output output
O Verilog software Mapping (.vgm) | | | | | | | |
Imported from 3 Generated in
Generated within Intel® Quartus® party EDA tools OpenCL*standard
Prime Design Software flow

Ice: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html




@ Schematic Editor

Full-featured schematic design capability
Schematic Editor uses

|

|

Create simple test designs to understand the functionality of an Intel FPGA IP:
PLL, LVDS I/O, memory, etc...

Create top-level schematic for easy viewing & connection
Convert between schematic .bdf, block symbol .bsf, and HDL files

@ pipeliningvhd X | T comb1 baf X

Ehe¥AD =071 NSO Ao LL B &

N

pin namei i S 111
AND2Z

- HOT. H \

pin_name2 Lo g [0 " J

HRSEZ e

4iD3

[
{1117 RS

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html

New Quartus Prime Project
~ Design Files
AHDL File

Block Diagram/Schematic File
EDIF File
Qsys System File

State Machine File
SystemVerilog HDL File
Tel Seript File
Verilog HDL File
VHDL File

* Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

¥ Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF

= NtharCilas

oK Cancel Help




] i D
& State Machine Editor o omp

~ Design Files
AHDLFile
Block Diagram/Schematic File

m  Create state machines in GUI EOIF il

Qsys System File

0 Manually by adding individual states, e

transitions, and output actions el scrpt e

Verilog HDL File
VHDL File

O  Automatically with State Machine Wizard | . ..ooyrie
(TOOIS menu & toolbar) Hexadecimal {Intel-Format) File

Memory Initialization File

= Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File

| Generate state machine HDL code Signal-Tap Logic Analyeer File

O VHDL, Verilog, SystemVerilog e :
O Automatically added to project ==

O Required for use

reg_fstate <= state3;

7 always @(posedge clock)
BB begin from .smf
33 @ if (clock) begin
40 i: g fstate <= reg_fstate; O S
41 en
42 end
e to HDL
44 always @(fstate or reset or inputl or input2)
45 @ begin
46 B if (reset) begin
a7 reg_fstate <= statel;
48 end
49 g else begin
50 @ case (fstate)
51 © statel: begin
52 iF ((inputl & ~(inputr2)))
53 reg_fstate <= state?;
54 else
55 reg_fstate <= statel;
56 en
57 B state2: begin
58 { iF (Cinputl | input2))
B

60 else

61 reg_fstate <= statel;
62 en

62 state3: begin

64 if ((inputl & input2))
65 reg_fstate <= state3;
66 else

(74 reg_fstate <= statel;

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html
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f Intel MAX10 Design Flow

Board Design
rF-— = =-_—-—-—-—-—-
Power Pins Planning | |
|
Specifications Early Planning ! Design Entry : Design Implementation I
Configuration Pins
. S ) Planning | . I
Design Specifications Early Board Design | Synthesis I
- |P Selection Planning I and Compilation I
! ! 1/0 and Clock Planning } I
Early Pin Planni : Timing Optimizati
Device Selection arly Pin Planning I iming Optimization I
and |/0 Assignment and Analysis
| I/0 Features and I | |
Pin Connections I |
Hierarchical Team-based | Functional Timing
Design Planning | Simulation I
Clock Planning | | |
| 1
! I Formal Verification I
I/0 SSN Considerations | | |
| Power Analysis |
| and Optimization |
| |
e — |

source: https://www.intel.com/content/www/us/en/docs/programmable/683196/current/fpga-design-guidelines-34288.html



Design compilation

Synthesis

Constrains &
settings

Programming &
configuration files

Digital Logic Design with FPGA

1/O ports Wires/Nets
Post-fit ian
L simulation files

EDA Netlist Writer

] Translates HDL source files into an atom netlist
] Generates an advanced hierarchical database

https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



[Z‘ﬂ@ Design compilation - Fitter

m  Advanced place & route engine for finding a valid “solution”

. . Post-synth
in a “reasonable” amount of time netlist
m  Consists of 4 stages
O Plan _______ ;;__—___7
= Periphery (I/0O) placement and routing, clock resource Plan i
selection |
O Early Place ¢—;’ Rast-glap CB
s Early assignment of core logic to device resources Early Place i

= More pessimistic results within 20% of final routed

|

|

|

|

|

|

|

|

|

|

|

|

l \

| |
O Place ! Place }

| |

|

|

|

|

|

|

|

|

|

|

|

|

results

= Core resource placement (logic elements, registers, ¢—7—> Post-place CP

DSP, RAM) Route |

O Route |
. . v Post-route CP

= Core routing connections made I

. I

O Finalize Finalyze |

|

s Post-routing optimizatons L[ ______

m  Stages can be all run or individually
O End of running each stage referred to as a checkpoint (CP)

m  Prior stages must be complete before running later stages

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



m Compilation Results

Quartus Prime Design Software graphical tools available for

O Understanding design processing

0O Verifying correct design results
O Debugging incorrect results
Compilation Report
Viewers
O RTL Viewer
O Technology Map Viewer
O State Machine Viewer
Chip Planner

Table of Contents
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B8 summary
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Total logic elements

EE Parallel Compilation Total registers

B source Files Read Total pins
EE Resource Usage Summary Total virtual pins
EE Resource Utilization by Entity Total memory bits
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B Post-Synthesis Netlist Statistics for Top Partition Total PLLs
B Elapsed Time Per Partition UFM blocks
o Messages ADC blocks
Fitter
EE summary
=] Settings

=] Parallel Compilation
EE Netlist Optimizations
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- Pin-OutFile
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EE pevice Options
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(i ] Suppressed Messages
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m Compilation Results

Compilation Report: contains all compilation processing information

O Resource usage

O  Device pin-out

O  Settings and constraints applied

O Messages
Recommendation. Go through report for a design
to get sense of information being provided

Information also available as text files

in output_files folder in project directory:
<revision_name>.8yn.rpt, <revision_name->.fit.rpf,
<revision_name>.fit.plan.rpt, etc.

3

»

Access from Processing menu, toolbar,
or Compilation Dashboard

Each compiler process generates separate folder )

3

3

Table of Contents
EE Flow Settings
E= Flow Mon-Default Global Settings
EE Flow Elapsed Time
EE Flow 0s sSummary
E Flow Log

Analysis & Synthesis
B8 summary
Settings
EE Parallel Compilation
B source Files Read
EE Resource Usage Summary
EE Resource Utilization by Entity
Optimization Results
B Post-Synthesis Netlist Statistics for Top Partition
FE Elapsed Time Per Partition
© Messages
Fitter
EE summary
=] Settings
=] Parallel Compilation
EE Netlist Optimizations
Incremental Compilation Section
- Pin-OutFile
Resource Section
1/0 Rules Section
EE pevice Options
EE Operating Settings and Conditions
Li ] Messages
(i ] Suppressed Messages

D rlow Messages

@ Flow Suppressed Messages

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html
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Flow Status
Quartus Prime Version
Revision Name
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Device
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@ Example: Compilation Results - Resources

m  Synthesis resource usage: estimates of FPGA resources required to implement design
m  Fitter resource usage: detailed information on all resources used by design for each stage

Table of Contents

B Parallel Compilation
B8 Flow Sumrary
EH Flow Settings
BB Flow Non-Default Global Settings
ER Flow Elapsed Time
EH Flowos Summary
[E| Flow Log
Synthes

E Summary
Settings

ER Parallel Compilation
E= source Files Read
ER 1P Cores Summary
ER partition summary
Source Assignments
Parameter Settings by Entity Instance
Partition “root_partition”
EE Resource Utilization by Entity
Optimization Results
Parameter Settings by Entity Instance
EE Post-synthesis Netlist Statistics for Partition *roat_partition”
BB Resource Usage Summary fo Partition "root_partition”
Umrmary Tor Parmon Troot_partition”

O Messages

Synthesis Resource Usage Summary for Partition "root_partition’

& <=Filter>>
Resource Usage ~
1 Estimate of Logic utilization [ALMs needed) 121
2
3 ¥ Combinational ALUT usage for logic 219
- 7 input functions 0
2 - 6 input functions o Table of Contents
3 -- 5 input functions 0 v Fitter
4 -- 4 input functions 120 B8 summary
BB settings
5 -- <=3 input functions 99
E= Parallel Compilation

2 E= Partition Summary
5 Dedicated logic registers 96
5 [ Plan Stage
7 /0 pins 78 B Device Options

BB operating settings and Conditions
8 Total MLAB memory bits 0 in

& Pin-Out File
9 Total block memery bits 2048 EE Input Pins
10 EE outputPins
11 ¥ Total DSP Blocks 0 EE 1/0 Bank Usage

B All Package Pi
1 — Total Fixed Point DSP Blocks o ecge

B 1/o Assignment warnings
2 - Total Floating Point DSP Blocks 0 BB Control Signals
12 B Global & Other Fast Signals Summary
13 Maximum fan-out node clk1 EE Global & Other Fast Signals Details
14 Maximurm fan-out 128 © Plan Messages

~ |7 PlaceStage

15 Total fan-out 1602

BB rRAM Summary

BB Resource Usage Summary
Resource Utilization by Entity

Route Stage

EE Delay Chain Summary

EE Routing Usage Summary

© Route Messages

Estimated Delay Added for Hold Timing

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html
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[df] Due to virtual |/0s

Difficulty packing design
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— Logic LABs

-~ Memory LABs (up to half of total LaBs)

¥ Combinational ALUT usage for logic
-- 7 input functions
- &input functions
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— 4input functions
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@ Netlist Viewers

[ RTL Viewer
O Schematic of design after Analysis & Elaboration
0O Visually check initial HDL before synthesis optimizations
O Locate synthesized nodes for assigning constraints
O Debug verification issues

m  Technology Map Viewers (Post-Mapping or Post-Fitting)
O  Graphically represents results of mapping (post-synthesis) & fitting
O Analyze critical timing paths graphically
O Locate nodes & node names after optimizations (cross-probing)

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



Netlist Viewers

m  RTL Viewer - represents design using logic blocks & nets

O 1/O pins o
Metlist Navigator @@ |Q reg_duplication:1 X |Q reg_duplication:2 X |+|

Registers r

= Bz pipe7

Muxes = I Primitives
v Logics
Gates (AND, OR, etc_) ~ B Operators
Operators ® nia R .

B{7.0l|
= ol

(adders, multipliers, etc.) T E aegen - e

v & Result[0]~reg[7.0] reg_sel

& rege_sel Selection [

& reg a[7.0] Fera 0
A7l [Cy—t

& reg_b[7 0] i

O oo

Resultio}-reg[7.0)
B esult]f [7.0]

3
3

L § reg_c[7..0]
v & reg_d[7.0]
3
3

[y Result[7.0]

reg_cl7.0l

& reg_res0[7.0]

& reg_res1[7.0]

& reg_sel
~ B porig

~ B nput

b B al7.0]
» B gi7.0]
» B C[7.0]
» B ply.0]
B celection
i

» B Output | |5

2 https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html




Digital Logic Design with FPGA

O

O
O
O

A Netlist Viewers

I/0O pins & cells
Logic cells (Lcells)
Memory blocks
MAC (DSP blocks)

m  Technology Map Viewers - represents design using atoms

Netlist Navigator ]

|! reg_duplication:1 A |! reg_duplication:2 X |! reg_duplication:3 X |+‘

~ EZ pipe7
- & Primitives
+ 3B Atoms
+ 3 Registers
- B poris
- B nput
B A0 7]
B gl 7]
= c[0.7]
= o 7]
B Selection
Bl

3
3
3
3

B ALTERA_CONFIG_SEL~
B ALTERA_CONF_DONE~
B ~ALTERA_TCK=~
B ~ALTERA_TDI~
B ~ALTERA_TMS~
B AL TERA_NCONFIG~
B AL TERA_nSTATUS~
- B output
=~ B pesultfo 7]
B pesult[0]
B pesult[1]
B pesult[2]
B pesult[3]
B pesult[4]
B pesult[s]
B pesult[E]

B pesult[7] |

-

[l 3

.

reg_res1[o]

reasusuaas

Result-0

ﬂnﬁnw

Result[o.7]

Resultjdlregn
resultlol-output
. ! X
. Result[Z-output
Result[1}~reg0

. Result[1}-output

Result[El-reg0
. Result[El-output

Result[shreg0
. Result[Sk-output

result]zl-rego
result]Z}~output

Result[7}rego

~A1_TEI'JA__TDD«--obuf

Result[7}~output

| { ~ALTERA_TDO~

R

Result]4l-output

~QUARTUS_CREATED_ADCT~

4]

4

2 https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



[gj‘ﬂr’ State Machine Viewer

| Tools menu — Netlist Viewers

State Flow
Diagram

State Machine:| [frulti2display|multi_f_meter:f_meter_inst|multi_f_meter_fsm:multi_fsm|c_state ~

Use drop-down to select from
multiple state machines

@ B w &b

S:E;WR'TE‘“[“:i;:h\ Highlighting state in state transition table

&® Source 5tate Destination State Condition

1 BASE_OFF | CHECK_O
2 BASE_ON BASE_OFF [time_base pulse)
3 BASE ON BASE_ON (itime_base_pulse)
4 CHECK_O
5 CHECK_O

" 6 CLEAR BASE_ON

E 7 DEC_A CHECK_D

£

VleW tranSItIOI"IS 8 \Tl';nsit\cns;/ \\Enccding}/

and encoding

highlights corresponding state in state flow diagram

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html




