Quartus Il Introduction for VHDL Users

This tutorial presents an introduction to the Qudftlissoftware. It gives a general overview of a typical CAD
flow for designing circuits that are implemented by using PRf&vices, and shows how this flow is realized in
the Quartus Il software. The design process is illustrajegiving step-by-step instructions for using the Quartus
Il software to implement a simple circuit in an Altér&PGA device.

The Quartus Il system includes full support for all of the plap methods of entering a description of the
desired circuit into a CAD system. This tutorial makes usehef VHDL design entry method, in which the
user specifies the desired circuit in the VHDL hardware deson language. Another version of this tutorial is
available that uses Verilog hardware description language

The screen captures in the tutorial were obtained using treat@s 1l version 6.0; if other versions of the
software are used, some of the images may be slightly differe
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Computer Aided Design (CAD) software makes it easy to imgeta desired logic circuit by using a pro-
grammable logic device, such as a field-programmable gedg FPGA) chip. A typical FPGA CAD flow is
illustrated in Figure 1.
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Figure 1. Typical CAD flow.

It involves the following basic steps:

¢ Design Entry — the desired circuit is specified either by using a hardwasedption language, such as
Verilog or VHDL, or by means of a schematic diagram

» Synthesis- the CAD Synthesis tool synthesizes the circuit into a sitiat gives the logic elements (LES)
needed to realize the circuit and the connections betweehEl

» Functional Simulation — the synthesized circuit is tested to verify its functioo@rectness; the simulation
does not take into account any timing issues
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1 GETTING STARTED

« Fitting — the CAD Fitter tool determines the placement of the LEs éefim the netlist into the LEs in
an actual FPGA chip; it also chooses routing wires in the thimake the required connections between
specific LEs

» Timing Analysis — propagation delays along the various paths in the fittediitiare analyzed to provide
an indication of the expected performance of the circuit

» Timing Simulation — the fitted circuit is tested to verify both its functionakrtness and timing

» Programming and Configuration — the designed circuit is implemented in a physical FPGA dlyipro-
gramming the configuration switches that configure the LEsemtiablish the required wiring connections

This tutorial introduces the basic features of the Quartseftware. It shows how the software can be used to
design and implement a circuit specified using the VHDL hamdndescription language. It makes use of the
graphical user interface to invoke the Quartus Il commaBdsng this tutorial, the reader will learn about:

 Creating a project

» Synthesizing a circuit from VHDL code using the Quartusitelgrated Synthesis tool

Fitting a synthesized circuit into an Altera FPGA

« Examining the report on the results of fitting and timing lssis

Examining the synthesized circuit in the form of a schemditigram generated by the RTL Viewer tool

» Making simple timing assignments in the Quartus Il sofevar

1 Getting Started

Each logic circuit, or subcircuit, being designed with Quail software is called aroject The software works
on one project at a time and keeps all information for thajgatdn a single directory (folder) in the file system.
To begin a new logic circuit design, the first step is to creadié&rectory to hold its files. As part of the installation
of the Quartus Il software, a few sample projects are plactxra directory called qdesigns To hold the design
files for this tutorial, we will use a directoryquartus tutorial. The running example for this tutorial is a simple
adder/subtractor circuit, which is defined in the VHDL haade/description language.

Start the Quartus Il software. You should see a display ambd the one in Figure 2. This display consists
of several windows that provide access to all the feature3uafrtus Il software, which the user selects with the
computer mouse. Most of the commands provided by Quartusdtiare can be accessed by using a set of menus
that are located below the title bar. For example, in Figuolicking the left mouse button on the menu named
File opens the menu shown in Figure 3. Clicking the left mouseobutin the entrnjExit exits from Quartus Il
software. In general, whenever the mouse is used to seleathing, thdeft button is used. Hence we will not
normally specify which button to press. In the few cases whismecessary to use thigght mouse button, it will
be specified explicitly. For some commands it is necessaagdtess two or more menus in sequence. We use the
conventionMenul > Menu2 > Item to indicate that to select the desired command the user dffiost click
the left mouse button oNlenul, then within this menu click oMenu2, and then withilMenuz2 click on Item.

For exampleFile > Exit uses the mouse to exit from the system. Many commands carvéieeth by clicking

on an icon displayed in one of the toolbars. To see the lisvailable toolbars, seledools > Customize >
Toolbars. Once a toolbar is opened, it can be moved using the mouséc@mgican be dragged from one toolbar
to another. To see the command associated with an iconigrodie mouse over the icon and a tooltip will appear
that displays the command name.

It is possible to modify the appearance of the display in Fédlin many ways. Section 7 shows how to move,
resize, close, and open windows within the main Quartussild.
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1 GETTING STARTED
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Figure 2. The main Quartus Il display.
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1.1 Quartus Il Online Help 2 STARTING A NEW PROJECT

1.1 Quartus Il Online Help

Quartus Il software provides comprehensive online docuatiem that answers many of the questions that may
arise when using the software. The documentation is actéss®m the menu in thélelp window. To get some
idea of the extent of documentation provided, it is wortHevlior the reader to browse through thelp menu.

For instance, selectingelp > How to Use Help gives an indication of what type of help is provided.

The user can quickly search through the Help topics by setgktelp > Search, which opens a dialog box
into which key words can be entered. Another method, corgersitive help, is provided for quickly finding
documentation for specific topics. While using most appiicet, pressing th&1 function key on the keyboard
opens a Help display that shows the commands availabledahlication.

2 Starting a New Project
To start working on a new design we first have to define a degign project Quartus Il software makes the

designer’s task easy by providing support in the form efizard SelectFile > New Project Wizard to reach a
window that indicates the capability of this wizard. Prbiext to get the window shown in Figure 4.

New Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5] @

‘what iz the working directory for this project?

|D:\quartus_tutorial
Wwhat iz the name of this project?

|addersubtractor
‘what iz the name of the top-level design entity for this project? Thiz name iz case senzitive
and must exactly match the entity name in the design file.

|addersubtractor

Usze Existing Project Settings ...

< Back | Mest > | Finizh | Cancel

Figure 4. Creation of a new project.

Set the working directory to bguartus tutorial; of course, you can use a directory name of your choice. The
project must have a name, which is usually the same as thkewepdesign entity that will be included in the
project. Choos@ddersubtractoias the name for both the project and the top-level entityhaws in Figure 4.
PressNext. Since we have not yet created the directgmartus tutorial, Quartus Il software displays the pop-up
box in Figure 5 asking if it should create the desired dimgct&lick Yes, which leads to the window in Figure
6. This window makes it easy to specify which existing filésa(y) should be included in the project. Assuming
that we do not have any existing files, clislext, which leads to the window in Figure 7. Here, we can speciy th
type of device in which the designed circuit will be implerteth Choose Stratfkas the target device family. We
can let Quartus Il software select a specific device in thaljaor we can choose the device explicitly. We will
take the latter approach. From the list of available deyicksose the device called EP1S10F484C5. Rvess,
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2 STARTING A NEW PROJECT

which opens the window in Figure 8. Here, one can specify hing-party tools that should be used. A commonly
used term for CAD software for electronic circuitsE®A tools where the acronym stands for electronic design
automation. This term is used in Quartus Il messages thatt tethird-party tools, which are the tools developed
and marketed by companies other than Altera; other tutoslabw how such tools may be used. Since we will
rely solely on Quartus Il tools, we will not choose any otlmols. PresdNext. Now, a summary of the chosen
settings appears in the screen shown in Figure 9. Fiassh, which returns to the main Quartus Il window, but
with addersubtractospecified as the new project, in the display title bar, acateid in Figure 10.

1 E Directory "D fquartus_tutarial” does not exist, Do you wank to create it?
L

es Mo |

Figure 5. Quartus Il software can create a hew directorytferroject.

New Project Wizard: Add Files [page 2 of 5] &

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. Mote: you can alwaps add design files to the project
later.

File name: J

File name Type Add Al

LR

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

< Back | Mest > | Finizh | Cancel |

Figure 6. The wizard can include user-specified design files.
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2 STARTING A NEW PROJECT

New Project Wizard: Family & Device Settings [page 3 of 5] rg|

Select the family and device you want to target for compilation.

Show in ‘Awvailable device' list

FEamily: Stratix j

Package: Any -
Target device . .
. . k: | hd
" Auto device selected by the Fitter 1 Soun ¥
* Specific device selected in 'Available devices' list Speed grade: | Fastest -

Core voltage:  1.5¢

¥ Show Advanced Devices
Available devices:

MName LEs | Memar.. | DSP PLL DLL

EF1510B672C6 10570 9204458 B [ 2
EP15100F: 0

| >

EP1510FE72CE 10570 920443 B [ 2
EP1510F720CS 10570 920443 B [ 2
EP1510F730CEES 10570 920443 B [ 2
EF1520B672C6 18460 1669243 10 [ 2 g
CD1EINEADATR RETT=0 1RRO7AD 10 [ ] bt
15 | =
I
I

< Back | Mest > | Finizh | Cancel |

Figure 7. Choose the device family and a specific device.

New Project Wizard: EDA Tool Settings [page 4 of 5] r5_<

Specify the other EDA tools - in addition to the Quartus || software - used with the project.

| El
r

[~ EDA simulation toal: | J
-

™ EDA timing analysis tool: | J
-

< Back | Mest > | Finizh | Cancel |

Figure 8. Other EDA tools can be specified.
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2 STARTING A NEW PROJECT

New Project Wizard: Summary [page 5of 5]

‘wihen vou click Finish, the project will be created with the following settings:

Project directory:
[ /quartus_tutorial!
Froject name:
Top-level design entity:
Mumber of files added:
Mumber of user libraries added:
Device assignments:
Family name:
Device:
ED& tools:
Dresign entry/spnthesis:
Simulatior:

Timing analysiz:

addersubtractor
addersubtractor
a
a

Stratix
EP1510F484C5

<Mone:
<Mone:
<Mone:

< Back |

et > Cancel |

Figure 9. Summary of the project settings.
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Figure 10. The Quartus Il display for the created project.
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3 DESIGN ENTRY USING VHDL CODE

3 Design Entry Using VHDL Code

As a design example, we will use the adder/subtractor ¢istwwiwn in Figure 11. The circuit can add, subtract, and
accumulaten-bit numbers using the 2's complement number representafioe two primary inputs are numbers
A=ap_1an_2--apandB = b,_1b,_o--- by, and the primary output i = z,,_12,_o - z9. Another input
is theAddSulxontrol signal which causes = A + B to be performed wheAddSub= 0 andZ = A — B when
AddSub= 1. A second control inputSel is used to select the accumulator mode of operatiorSelf 0, the
operationZ = A + B is performed, but iSel= 1, thenB is added to or subtracted from the current valug of
If the addition or subtraction operations result in arithimeverflow, an output signaDverflow is asserted.

To make it easier to deal with asynchronous input signalsyiléoad them into flip-flops on a positive edge
of the clock. Thus, inputsl and B will be loaded into registeréreg and Breg while Seland AddSubwill be
loaded into flip-flopsSelRand AddSubRrespectively. The adder/subtractor circuit places tisalténto register
Zreg

A= a,_, a, Sel B=b,_,; by AddSub
n-bit register FIF n-bit register FIF

Areg =| areg, , areg, Breg =| breg,_; breg,
. AddSubR
LI I ) \ o o 0 \ d

n-bit 2-to-1 MUX e
SelR
L
G= | gn_]_ ¢ o0 \ gO H= hn—l o o0 hO
v
carryout n-bit adder carryin fa—--
M= [m,_; my
] hn_l e o 0 ‘
l ] n-bit register Zreg
over_flow Zreg =| zreg,_, zreg,

F/F e o o

' |
Overflow Z= Z,_4 z,

Figure 11. The adder/subtractor circuit.

The required circuit is described by the VHDL code in FiguPe Eor our example, we will use a 16-bit circuit
as specified by, = 16.

ALTERA® CORPORATION 9
APRIL 2006 QUARTUS® Il INTRODUCTION FORVHDL U SERS



3 DESIGN ENTRY USING VHDL CODE

LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

-- Top-level entity
ENTITY addersubtractor IS
GENERIC ( n : INTEGER := 16 ) ;

PORT ( A, B : IN STD_LOGIC_VECTOR(n-1 DOWNTO 0) ;
Clock, Reset, Sel, AddSub : IN STD_LOGIC ;
Z . BUFFER STD_LOGIC_VECTOR(n-1 DOWNTO 0) ;
Overflow : OUT STD_LOGIC ) ;

END addersubtractor ;

ARCHITECTURE Behavior OF addersubtractor IS
SIGNAL G, H, M, Areg, Breg, Zreg, AddSubR_n : STD_LOGIC_VECT OR(n-1 DOWNTO 0) ;
SIGNAL SelR, AddSubR, carryout, over flow : STD_LOGIC ;
COMPONENT mux2tol
GENERIC ( k : INTEGER := 8 ) ;
PORT ( V, W : IN STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
Sel : IN STD_LOGIC ;
F . OUT STD_LOGIC VECTOR(k-1 DOWNTO 0) ) ;
END COMPONENT ;
COMPONENT adderk
GENERIC ( k : INTEGER := 8 ) ;

PORT ( carryin : IN STD_LOGIC ;
X, Y : IN STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
S : OUT STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;

carryout : OUT STD_LOGIC ) ;
END COMPONENT ;
BEGIN
PROCESS ( Reset, Clock )
BEGIN
IF Reset = '1I'THEN
Areg <= (OTHERS => '0"; Breg <= (OTHERS = '0Y;
Zreg <= (OTHERS = '0); SelR <= '0; AddSubR <= '0; Overflow <= '04
ELSIF ClockEVENT AND Clock = '1'THEN
Areg <= A; Breg <= B; Zreg <= M;
SelR <= Sel; AddSubR <= AddSub; Overflow <= over_flow;
END IF ;
END PROCESS ;

nbit_adder: adderk
GENERIC MAP ( k = n)
PORT MAP ( AddSubR, G, H, M, carryout ) ;
multiplexer:  mux2tol
GENERIC MAP ( k = n)
PORT MAP ( Areg, Z, SelR, G ) ;
AddSubR_n <= (OTHERS => AddSubR) ;
H <= Breg XOR AddSubR_n ; Z <= Zreg ;
over_flow <= carryout XOR G(n-1) XOR H(n-1) XOR M(n-1) ;
END Behavior;

... continued in Parb

Figure 12. VHDL code for the circuit in Figure 11 (Pait
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3 DESIGN ENTRY USING VHDL CODE

-- k-bit 2-to-1 multiplexer
LIBRARY ieee ;
USE ieee.std_logic_1164.all ;

ENTITY mux2tol IS
GENERIC ( k : INTEGER := 8 ) ;
PORT ( V, W : IN STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
Sel : IN STD_LOGIC ;
F : OUT STD_LOGIC_VECTOR(k-1 DOWNTO 0) ) ;
END mux2tol ;

ARCHITECTURE Behavior OF mux2tol IS
BEGIN
PROCESS ( V, W, Sel )
BEGIN
IF Sel = '0'THEN
F <=V,
ELSE
F <= W ;
END IF ;
END PROCESS ;
END Behavior ;

-- k-bit adder

LIBRARY ieee ;

USE ieee.std_logic_1164.all ;
USE ieee.std_logic_signed.all ;

ENTITY adderk IS
GENERIC ( k : INTEGER := 8 ) :
PORT ( carryin : IN STD_LOGIC ;

X, Y : IN STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
S :  OUT STD_LOGIC_VECTOR(k-1 DOWNTO 0) ;
carryout: OUT STD_LOGIC ) ;

END adderk ;

ARCHITECTURE Behavior OF adderk 1S

SIGNAL Sum : STD_LOGIC_VECTOR(k DOWNTO 0) ;
BEGIN

Sum <= ('0'& X) + (0'& Y) + carryin ;

S <= Sum(k-1 DOWNTO 0) ;

carryout <= Sum(k) ;
END Behavior ;

Figure 12. VHDL code for the circuit in Figure 11 (Pait

Note that the top VHDL entity is callealddersubtractoto match the name given in Figure 4, which was specified
when the project was created. This code can be typed intolayfilsing any text editor that stores ASCII files, or
by using Quartus Il text editing facilities. While the file claa given any name, it is a common designers’ practice
to use the same name as the name of the top-level VHDL entitg. file name must include the extensidmd,
which indicates a VHDL file. So, we will use the naraddersubtractor.vhd For convenience, we provide the
required file in the directorgdesigns Copy this file into the project directouartus_tutorial
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3.1 Using the Quartus Il Text Editor

This section shows how to use the Quartus Il Text Editor. Yauskip this section if you prefer to use some other
text editor to create theddersubtractor.vhdile, or if you have chosen to copy the file from theesignglirectory.

SelectFile > New to get the window in Figure 13, choo88HDL File, and clickOK. This opens the Text
Editor window. The first step is to specify a name for the filettill be created. Seleélile > Save As to open
the pop-up box depicted in Figure 14. In the box labebede as type chooseVHDL File. In the box labeled
File name type addersubtractar Put a checkmark in the bokdd file to current project. Click Save, which
puts the file into the directorguartus_tutorialand leads to the Text Editor window shown in Figure 15. Maxani
the Text Editor window and enter the VHDL code in Figure 1diitt Save the file by typindrile > Save, or by
typing the shortcuCtrl-s.

Neww

X

Device Design Files l Other Files]

AHDL File

Block Diagram/S chematic File
EDIF File

SOPC Builder Spstem

Veriloi HOL File

Cancel

Figure 13. Choose to prepare a VHDL file.

Save in; | I quartus_tutorial j EF '
Z)db
File name: |addersubtractor.vhd
Save as type: |VHDL File [*.vhd;" whdl] j Cancel
Iv Add file to current project

Figure 14. Name the file.
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3.2 Adding Design Files to a Project 3 DESIGN ENTRY USING VHDOODE

GE addersubtractor. vhd l

Figure 15. Text Editor window.

Most of the commands available in the Text Editor are seffl@xatory. Text is entered at tiresertion point
which is indicated by a thin vertical line. The insertion piotan be moved either by using the keyboard arrow
keys or by using the mouse. Two features of the Text Editoreapecially convenient for typing VHDL code.
First, the editor can display different types of VHDL stataits in different colors, which is the default choice.
Second, the editor can automatically indent the text on alimevso that it matches the previous line. Such options
can be controlled by the settingsTnols > Options > Text Editor.

3.1.1 Using VHDL Templates

The syntax of VHDL code is sometimes difficult for a desigreereamember. To help with this issue, the Text
Editor provides a collection ofHDL templatesThe templates provide examples of various types of VHDtesta
ments, such as agntity declaration, grocessstatement, and assignment statements. It is worthwhilediode
through the templates by selectikgit > Insert Template > VHDL to become familiar with this resource.

3.2 Adding Design Files to a Project

As we indicated when discussing Figure 6, you can tell Qudttsoftware which design files it should use as part
of the current project. To see the list of files already ineldith theaddersubtractoproject, selecAssignments
> Settings, which leads to the window in Figure 16. As indicated on tlfedile of the figure, click on the item
Files. An alternative way of making this selection is to cho&seject > Add/Remove Files in Project.

If you used the Quartus Il Text Editor to create the file andtkkd the box labeleddd file to current project,
as described in Section 3.1, then #ddersubtractor.vhdile is already a part of the project and will be listed in
the window in Figure 16. Otherwise, the file must be addedéqtioject. If not already done, place a copy of the
file addersubtractor.vhihto the directoryquartus_tutoria) by getting it from the directorgdesign®or by using a
file that you created using some other text editor. To addfilkito the project, click on th&ile name: ... button
in Figure 16 to get the pop-up window in Figure 17. Selectdtdersubtractor.vhdile and clickOpen. The
selected file is now indicated in the Files window of Figure @fick OK to include theaddersubtractor.vhdile
in the project. We should mention that in many cases the @si#irsoftware is able to automatically find the right
files to use for each entity referenced in VHDL code, eveneffite has not been explicitly added to the project.
However, for complex projects that involve many files it isad design practice to specifically add the needed
files to the project, as described above.
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4 COMPILING THE VHDL CODE

Settings - addersubtractor [z|
Category:

Gera
Files
User Libraries [Current Project] Select the design files you want to include in the project. Click Add &ll to add all desian files in the
Device project directory to the project.

+- Timing Analyziz Settings

+- EDA Tool Settings "

Fil £

+|- Compilation Process Settings e name

+- Analysiz & Synthesis Settings File name Tupe Add Al

+- Fitter Settings D Aquartus_tutorial/addersubtractar vhd WHIL File

Azzembler

Dresign Assistant

SignalT ap Il Logic Analyzer

Logic Analyzer Interface
SignalProbe Settings

Simulator Settings

PrwvrrPlay Prwer Analyzer Settings

¥

Il

¥

(] 8 | Cancel

Figure 16. Settings window.

Select File 53

Look in: |L’f} quartus_tutarial j £k B

b

File name: |addersubtractor.vhd
Files of type: |Design Files [".tdf;".vhd;".vhdl;".v;".vlg;".vh;“ﬂ Cancel

Figure 17. Select the file.

4 Compiling the VHDL Code

The VHDL code is processed by several Quartus Il tools thalyae the code and generate an implementation of
it for the target chip. These tools are controlled by the i@pfibn program called thEompiler.

Run the Compiler by selectinBrocessing > Start Compilation, or by clicking the toolbar icor®. As
the compilation moves through various stages, its progsasported in the window on the left side. Successful
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4 COMPILING THE VHDL CODE

(or unsuccessful) compilation is indicated in a pop-up bagknowledge it by clickingOK, which leads to the
Quartus Il display in Figure 18, in which we have expandedghtity hierarchy in the top left corner to show all
entities in theaddersubtractodesign. In the message window, at the bottom of Figure 18&uwsamessages are
displayed. In case of errors, there will be appropriate engss given.

4" Quartus Il - Q:/quartus/binfaddersubtractor. - addersubtractor - [Compilation Report - Flow Summary]

@File Edit Wiew Project Assignments Processing Tools  Window Help

0O = & | i K2 |addersubtract0r Ll Mo ERR U | k&8 A
Project Navigator 2z & Compilation Report - Flow Sum. .. l
iy Strati: EBB Legal Notice
=5 ihe addersubltractor 53 [51] BT Flow Summary
- bt mus2tol: multipleser R (]} ¢&ZHE Flow Settings
She adderkonbit_adder 212 i @5 Flows Mon-Default Global Settings
+ — - . - S5B Flow Elapsed Time Flow Status Successful - Mon Apr 10°17:34:47 2006
& B Flow Log Guartus 1l Yersion .0 Build 173 0440342006 5. Full ¥ersion
+ érr:-—_i A.nalysis & Synthesis Revizion Name addersubtractor
+ &1 Fitter Top-level Ertity Mame addersubtractor
+ &7 Assembler . ;
&S Timing Analyzer el A
_<. > Device EP1510F484C5
iy Hierarchy | Filez | & Design Units] Timing Madels Final
Met timing requirsments Yes
atatus — =1l Total logic slemerts 53105700 <1%)
Module | Progress 7 [ Time & oo 53/ 3% (16 %)
Full Compilatian | IR |00:01:24 Total virtual pins 1]
?_ft‘ta'ys's & Sypthesiz| Total memory bits 0/920.448(0%)
| AI () = D5F block S-bit elements  0/48 (0% ]
i T_.ss_fem Aer | Total PLLs 0/B[0%]
imirg Analyzer Tatal DLLs 0/2(0%]
< >
ij [E] 'é,' Info: Clock "Clock™ has Internal fmax of 237.25 MHz between source register "Zreg[7]" and destination register "Overflow~re+

&= 'é,) Info: tsu for register "Breg[6]™ (data pin = "B[&6]", clock pin = "Clock™) is 2.880 ns
&1 'él) Info: tco from clock "Clock™ to destination pin "Z[12]" through register "Zreg[l2]™ is 7.303 ns

@ ‘&) Info: th for register "Areg[5]™ (data pin = "&[5]", clock pin = "Clock™) iz -1.944 ns v
£ >

w

o n - = -

ﬁ Sstem }\qucgsgmgl{{‘ Extra Info ;’\ Infa )\ “warning ;?\ Critical YW/ arning ;’\ Error )\ Suppressed l.-'r

in :

o ]Message. 0of 221 3 e | i _J

For Help, press F1 | ® | Idle TUM

Figure 18. Display after a successful compilation.

When the compilation is finished, a compilation report is jicetl. A window showing this report, displayed
in Figure 19, is opened automatically. The window can beegsimaximized, or closed in the normal way, and it

can be opened at any time either by selecingcessing > Compilation Report or by clicking on the icor .

The report includes a number of sections listed on the Id# sif its window. Figure 19 displays the Compiler
Flow Summary section, which indicates that only a miniseuteunt of chip resources are needed to implement
this tiny circuit on the selected FPGA chip.

The Compilation Report provides a lot of information thatynieee of interest to the designer. It indicates the
speed of the implemented circuit. A good measure of the sigebd maximum frequency at which the circuit can
be clocked, referred to dmax This measure depends on the longest delay along any patkdretwo registers
clocked by the same clock. Quartus Il software performs agiranalysis to determine the expected performance
of the circuit. It evaluates several parameters, whichiated in the Timing Analyzer section of the Compilation
Report. Click on the small + symbol next to Timing Analyzeretgpand this section of the report, as shown in
Figure 19. Clicking on Timing Analyzer itel@ummary displays the table in Figure 20. The last entry in the table
shows that the maximum frequency for our circuit implemdnda the specified chip is 217.63 MHz. You may
get a different value dfimax dependent on the specific version of Quartus Il softwarkaliesl on your computer.

To see the paths in the circuit that limit tf@ax click on the Timing Analyzer itenClock Setup: 'Clock’ in
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4 COMPILING THE VHDL CODE

Figure 20 to obtain the display in Figure 21. This table shthws the critical path begins at bit 8 of regisieg

and ends at the flip-floPverflow

@ Compilation Report - Flow Summary

l

Eh B Legal Notice
&3 Flow Summary Flaw Status Successful - Maon Apr 10 16:20:43 2008
@5 Flows Settings Quartug |l Yersion B.0 Build 173 04/03/2006 5J Full Version

SHER Flow Non-Default Global Settings
SHEA Flow Elapsed Time

@ Compilation Report - Timing

Revision Mame
Top-level Entity Mame

addersubtractor
addersubtractor

EhE FlowLog ) A
+- &0 Anabysis & Synthesis Farily Stratix
-4 Fitter Device EP1510F484C5
+ @D Assembler Timing Models Final
= @a Timing Analyzer Met timing requirements es
SEH summary Total logic elements 53/10570(<1%)
&ER Settings Total pins 53/336(16%)
ESHER Clack Settings Summary Tl il s a
§§ tCS'ECk Setup: ‘Clock Total memory bits 0/920,448(0%)
DSP block 9-bit elements 0448 (0%
@% tco
S th Total PLLs 0/6(0%)
) Messages Total DLLs 0/2(0%)

Figure 19. Compilation report.

Analyz... l

@a Compilation Report
EhE Legal Notice
S Flow Summary
SHEA Flow Settings
SHEA Flow Elapsed Time
EhE FlowLog
+- &0 Anabysis & Synthesis
+- & Fitker
+- & Assembler
= @a Timing Analyzer
@% Sumnrmaryy
SHEA Settings
ESHER Clack Settings Summary
SEH Clock Setup: 'Clock!
@% tsu
@% tco
SElth
SHER INI Usage

Timing Analyzer Summary

Type Slack. T

Fequired |Actual

T From |To

Worst-case tsu MAA I Mone

283 nz Sel SelR

)
)
)

Wworst-caze tco MHone

Wworst-case th MHone
Clock Setup: ‘Clock'

Total number of failed paths

MHone

[a]=]w]r]=

7.39n: Zreg[13]|2[13]
1.862 ns Ald]|Aegld]
21763 MHz [ period = 4.595 nz )| Zreg[8] | Dverflow™Tegl

5}; Messages <

Figure 20. Summary of timing analysis.

The table in Figure 20 also shows the measurements of othergtiparameters. Whilenaxis a function of
the longest propagation delay between two registers initbeit; it does not indicate the delays with which output
signals appear at the pins of the chip. The time elapsed froattve edge of the clock signal at the clock source
until a corresponding output signal is produced (from afityp) at an output pin is denoted as tfte parameter
at that pin. In the worst case, theo in our circuit is 7.319 ns. Click ofco in the Timing Analyzer section to
view the table given in Figure 22. The first entry in the talllevgs that it takes 7.319 ns for a signal to propagate
from bit O in registerZregto the output pirzy. The other two parameters given in Figure 20 are setup tisoe,
and hold timeth.
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4 COMPILING THE VHDL CODE

Clock Setup: 'Clock’

Slack |y Fom |To Clock | Dick
1 s 217 63 MHz [ period = 4595 nz | | Zregl8] | Owverflow~regl Clock | Clock
2_ s | 218,67 MHz [ period = 4573 nz | | AddSubR | Overflow~regl Clock | Clock
3_ Mda 219,88 MHz [ period = 4548 nz | | Zreg[10] | Overflow~regl Clock | Clock
4_ Mda 22341 MHz [ period = 4.476ns ] | 5elR Overflow™regl| Clock | Clock
5_ Mda 22868 MHz [period =4.373ns ] | Zregld] | Owverflow~regl Clock | Clock
B_ Mda 244 62 MHz [ period = 4.088 nz | | Zreg[?] | Owerflow~regl Clock | Clock
?_ s | 28569 MHz [ period = 3911 nz ] | Zreg[B] | Owerflow~regl Clock | Clock
8_ M 258,80 MHz [ period = 3.864 nz | | Zreg[B] | Zreg[15] Clock | Clock
9_ M 258,80 MHz [ period = 3864 nz | | Zregl8] | Zreg[14] Clock | Clock
l M 258,80 MHz [ period = 3.864 nz | | Zreg[8] | Zreg[13] Clock | Clock
L Mda | 260,28 MHz [ period = 3.842 nz | | AddSubR | Zreg[15] Clock | Clock
i MAa | 260,28 MHz [ period = 3.842 nz | | AddSubR | Zreg[14] Clock | Clock
i MAa 26028 MHz [ period = 3.842 nz | | AddSubR | Zreg[13] Clock | Clock
i Mda 261,99 MHz [ period = 3817 nz | | Zreg[10] |Zreg[15] Clock | Clock
i Mda 261,99 MHz [ period = 3817 ns | | Zreg[10] |Zreg[14] Clock | Clock
i Mda 261,99 MHz [ period = 3817 ns | | Zreg[10] |Zreg[13] Clock | Clock

Figure 21. Critical paths.

Slack E;qulred .?c«:cgtual From To E[Isgnk
1 F M Mone 7. 319 nz| Zreqgl13] Z[13] Clock,
2_ Ma |Mone 7262 nz| Zreg[3] 213 Clock,
3_ Ma |Mone 7.241 nz| Zreqg[15] Z[18] Clock,
4_ Ma |Mone 7.240 nz| Zreg[d] 218 Clock,
5_ Ma |Mone 7. 213 nz| Zreg[14] Z[14] Clock,
B_ Ma |Mone 7.158 nz| Zreg[0] 20 Clock,
?_ Ma |Mone 7.183 nz| Zreg[f] Z[6] Clock,
8_ Ma |Mone 7.153 nz| Zreg[2] Z12] Clock,
9_ Ma |Mone 7.152 nz| Zreg[d] 219 Clock,
ﬂ Ma |Mone 7.180 nz| Zreg[10] 2010 Clock,
l Ma |Mone 7137 nz| Zreg(d] Z14] Clock,
E Ma |Mone T127 nz|Zreg[1] Z[1] Clock,
E Ma |Mone T122 nz| Zreg[12] Z[12] Clock,
i Ma |Mone B.971 nz|Zreg[h] Z18] Clock,
E Ma |Mone B.96E nz| Zreg[11] Z[11] Clock,
1_ Ma |Mone E.945 nz| Overflow™regl| Overflow | Clock
17 M/A [Mone B.936 nz| Zreg[7] 27 Clock,

Figure 22. Theécodelays.

An indication of where the circuit is implemented on the dkipvailable by selectingssignments > Timing

Closure Floorplan, or by clicking the icon® . Figure 23 depicts the result, highlighting in color theitog
elements used to implement the circuit. To make the imageapgs shown you may have to selgow >
Field View, so that the tool does not show the details of the chip regsurdou also may need to seldtew >
Assignments > Show Fitter Placements or click the corresponding icon in the toolbar (which is liké be
already selected by default). The floorplan view can be gathby maximizing the window and selectikgew

> Fit in Window (shortcutCtrl-w), and it can be expanded to fill the screen by clicking the Satken icorE .
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4 COMPILING THE VHDL CODE

% Timing Closur. .. l
Device: EP1510F484C5

(L ‘l IIIIIII‘IIIIE
b0000°0 Do0omoo0 0 ﬂLUIE

Figure 23. View of the floorplan.
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Figure 24. A portion of the expanded view.
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4.1 Errors 4 COMPILING THE VHDL CODE

A Zoom Tool, activated by the icc®h , can be used to enlarge parts of the image even more. Figuieoivs
a zoomed-in view of the floorplan that highlights the impleneel circuit. To see the details given in the figure
you have to select the Timing Closure Floorplan comméieiv > Interior Cells. By positioning the cursor on
any logic element the designer can see what part of the tiscimplemented in this resource. The floorplan tool
has several icons that can be used to view aspects such asafahfanout of nodes, connecting paths between
nodes, and so on. For more information on using this toof teféhe online help, by selectirndelp > Contents
> Achieving Timing Closure > Timing Closure Floorplan Introduction.

4.1 Errors

Quartus Il software displays messages produced duringitatiop in the Messages window. If the VHDL design
file is correct, one of the messages will state that the catipil was successful and that there are no errors.

If the Compiler does not report zero errors, then there isadtlone mistake in the VHDL code. In this case
a message corresponding to each error found will be displaythe Messages window. Double-clicking on an
error message will highlight the offending statement in\t#DL code in the Text Editor window. Similarly, the
Compiler may display some warning messages. Their detaildoe explored in the same way as in the case of
error messages. The user can obtain more information alspédific error or warning message by selecting the
message and pressing thg function key.

To see the effect of an error, open the &iddersubtractor.vhdLine 57 has the statement

H <= Breg XOR AddSubR_n;

Replace H with J in this statement, illustrating a typogiegherror that is easily made because H and J are
adjacent on the keyboard. Compile the erroneous design @igartus Il software will display a pop-up box
indicating that the compilation was not successful. Ackieolge it by clickingOK. The compilation report
summary, given in Figure 25, now confirms the failed resulickOon Analysis & Synthesis > Messages in

this window to have all messages displayed as shown in FRfir®ouble-click on the first error message, which
states that variable J is not declared. Quartus Il softwespands by opening treddersubtractor.vhdile and
highlighting the erroneous statement as shown in Figur€&drtect the error and recompile the design.

@ Compilation Report - Flow 5.

S Flow Summary Flow Status Flow Failed - Mon Apr 10 16:31:48 2006
&HEE Flow Settings Quartusz 1l Version E.0 Build 173 04/03/2006 5. Ful Wersion
@5 Flows Mon-Default Global Settings
SHEA Flow Elapsed Time

EhE FlowLog

Revision Mame addersubtractor
Top-level Entity Mame addersubtractor

X . Farnily Stratix
+ Analysis & Synthesis
a0 4 4 Device EP1510F484C5
Timing Models Final

Met timing requirements  MAA

Figure 25. Compilation report for the failed design.
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5 USING THE RTL VIEWER

@ C ilation Report - Analysis & Synth.__ l
EhE Legal Notice 5 Infor
&EHFR Flow Summary 4} Info: Running Quartuz || Analysis & Synthesis
&HER Flow Settings L} Info: Command: quartus_map -read_settings_fles=an —wiite_settings_files=aff addersubtractar -¢ addersubtractar
@E Flaws Elapsed Time 'é; Info: Found B design units, including 3 entities, in source file addersubtractor. vhd
@ Flow Log 0 Error [ JL error at addersubtractor. vhd(57); object ' d but not declared
- &3 Analysis & Synthesis €3 Enor [10523); |gnored constuct Behavior at addersubtractor vhd[20) due to previous ermors
@E Summary 0 Ermor: Quartuz || Analysiz & Synthesiz was unsuccessful. 2 erors, 0 wamings

+- & Settings
ESHEA Source Files Read
SHER INI Usage

@#J llEszaney Message: 13 0f 17 t e |Locati0n 1: line 57, column 0, D:.-"quartus_tutorial.-"addtj Locate

Figure 26. Error messages.

GE addersubtractor. vhd

GENERIC MAFP ( k => n | -

PORT MAP | Areg, Z, SelR, G ] :
Add3ubE n < (OTHERS => AddSubR)
J <= Breg R ono;
over_flow <= garryout HOR G(n-1) HOR H{n-1) XOR M(n-1) :

I' Z <= Zreg ;
4 END Behavior;

—— k-bit Z-to-1 multiplexer
LIBERARY ieee ;
USE ieee.std logic_1164.all ;

Figure 27. Identifying the location of the error.

5 Using the RTL Viewer

Quartus Il software includes a tool that can display a schierdéagram of the designed circuit. The display is
at the Register Transfer Level of detail, and the tool isechtheRTL Viewer Click Tools > Netlist Viewers >
RTL Viewer, to reach the window shown in Figure 28.

The displayed image depicts the structure of the eatidersubtractocircuit. The inputs to the circuit, shown
on the left side, are registered. The two subcircuits, déflmethe mux2tolandadderkentities, are drawn as
shaded boxes. The remainder of the circuit are the XOR gatbto complement thB vector when subtraction
is performed, and the circuitry needed to generatexherflowsignal.

Use the Zoom Tool to enlarge the image and view the uppeptetton of the circuit, as illustrated in Figure
29. Note that individual flip-flops are used for thddSulandSelsignals. Sixteen-bit vector$ andB are denoted
by heavy lines connected to the registénggandBreg which are indicated as heavily outlined flip-flop symbols.
TheZregregister is drawn in the same manner.
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5 USING THE RTL VIEWER

#3 RTL Viewer ]

Hierarchy List addersubtractor | Page 1 of 1

—|- addersubtractor
+- Instances
+1- Primitives
+-Fins
+- Mets =

Figure 28. Theaddersubtractocircuit displayed by the RTL Viewer.

FAddsubR
FRE

AddSub = o Q
Clack = | _Fi~15
N D—
CLR i
Reset[ =
muxito ] multiplexer
Freg[15.0] =
EIRER ] — > a vits.n FUS.O| pe
et 1115
N
CLR
I H~14
Zreg[15..0] P
> ° He13
N _U ;
CLR
I H-12
SelR L
TRE
Sel = o Q et
N _U ;
CLR
H-10
Breg[15..0] e
[ e ]
TREN | — [ o
D 55
N _U
CLR
I H-2
1 i\

Figure 29. An enlarged view of the circuit.

Details of subcircuits can be seen by clicking on the box thptesents a subcircuit. Double-click on the
mux2tolbox to obtain the image in Figure 30. It shows the multiplexesed to choose either theegor Z vector
as one of the inputs to the adder, under control ofSktRsignal. Observe that the multiplexer data inputs are
labeled as specified in the VHDL code for thrix2tolentity in partb of Figure 12, namely a& andW rather

ALTERA® CORPORATION 21
APRIL 2006 QUARTUS® Il INTRODUCTION FORVHDL U SERS
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thanAregandZ.

Sel

WIS, 0]
T

Figure 30. The multiplexer subcircuit.

The RTL viewer is a useful tool. It can be used effectivelydoilitate the development of VHDL code for
a circuit that is being designed. It provides a pictorialdiegck to the designer, which gives an indication of the
structure of the circuit that the code will produce. Viewithg pictures makes it easy to spot missing elements,
wrong connections, and other typical errors that one ma&keg | the design process.

6 Specifying Timing Constraints

Quartus Il software allows the user to specify timing cceistis for the designed circuit. Clickssignments >
Timing Analysis Settings to reach the window in Figure 31. Here, it is possible to intkdhe required values of
various design parameters and the desired performance ofrttuit. Consider thémaxindicator. So far, we have
not specified the desired valuefafax The compilation in Section 4 produced timeaxof 217.63 MHz. Suppose
that we need a circuit that can operate at a clock frequen2g¢®@MHz. Specify this value as the default required
fmaxas shown in Figure 31, and cli€BK. Note that other parameters, such as ¢.,, andt;, can be specified in
this window.
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6 SPECIFYING TIMING CONSTRAINTS

Settings - addersubtractor g|

Category:

General

Files

User Libraries [Current Project] Specify settings for the Clazsic Timing &nalyzer. Use the Assignment Editar for individual timing
azzignments. Mote: These settings affect the Classic Timing Analyzer only. To specify Timeluest

Device > h ! Al
Timing &nalyzer settings, use the TimeQuest Timing Analyzer [T ools menu).

Timing Analyziz Settings
EDA Tool Settings

¥
¥
+|- Compilation Process Settings Delay requirements - -
+- Analysiz & Synthesis Settings ) [~ Report minimum timing checks
(574 ns i
+/- Fitter Settings
Azzembler beo s -
Dresign Assistant
SignalT ap Il Logic Analyzer tpd: e -
Logic Analyzer Interface :‘
SignalProbe Settings th: ns

¥

Simulator Settings
PowerFlay Power Analyzer Settings

¥

Clock Settings

W ‘

Diefault required fmax; |240.0 MHz =

Individual Clocks. ..
More Settings...

Drescription:

Specifies the minimum acceptable clock frequency, that is, the maximum clock frequency that
can be achieved without violating intermnal setup and hold time requirements.

(] 8 | Cancel

Figure 31. Setting the timing constraints.

The Quartus Il Compiler includes a Fitter executable that@$ the designed circuit into the available logic
elements on the chip and generates the necessary wiringgctioms to realize the circuit. This is a complex
process that can take a long time, particularly if the ctreularge and an ambitious value fhaxis specified.
The time can be reduced if a lower valuefimiaxis acceptable. The user can indicate the level of the FSteffort.
Click Assignments > Settings and then select the categdfitter Settings which opens the window in Figure
32. Three different levels of effort can be given. Choosefht Fit option, which instructs the Fitter to stop as
soon as it finds an adequate implementation. The Fast Faroduces the compilation time, but it may produce
a lowerfmax The third option, called Standard Fit, forces the Fitteptoduce the best implementation it can
find; at this effort level the Fitter will exceed the userisitng requirements as much as it can, which often results
in longer compilation time. CliclOK, and recompile the circuit.

The new timing results are shown in Figure 33. The rmaxis 272.78 MHz, which meets the specified
requirement. The critical paths in this implementationgiven in Figure 34. Comparing these results with those
in Figure 21, we see that now the most critical path beging 8t df registerZ and ends at the flip-flo@verflow
The first column in the figure shows tekackfor each path, which is the amount of delay that could stikhdded
to a given path without violating the specified timing coastt.
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Settings - addersubtractor le

Category:

F-[- - [

¥

General

Files

User Libraries [Current Project]
Device

Timing Analyziz Settings

EDA Tool Settings
Compilation Process Settings
Analyzis & Synthesiz Settings

Azzembler

Dresign Assistant

SignalT ap Il Logic Analyzer

Logic Analyzer Interface
SignalProbe Settings

Simulator Settings

+- PowerFlay Power Analyzer Settings

Specify options for fitting.

Timing-driven compilation

[~ Optimize fast-cormer timing

[v Optimize hold timing: |I.-"D Pathz and Minimum TPD Paths j

PowerFlay power optimization: |

Fitter effart

" Standard Fit [highest effart]

™ Fast Fit [up to 50% fazster compilation / may reduce fmax)

% Auto Fit [reduce Fitter effort after meeting timing requirements]

Desired worst case slack [margin): |0 nz -

[~ Limit to one fitting attempt

Seed: |1
More Settings...

Drescription:

(] 8 | Cancel

Figure 32. Fitter settings.

Clock Setup: ‘Clock'
Clock Hold: ‘Clock!
Total number of failed paths

|| o] &= |ea|ra] =

Type Slack. ?i;qeulred ?;:L;al From |Ta
“Worst-case tsu MAa Mone 3.280 nz B[12] |Breg[12]
Worst-case tco Mdd Mone 770Nz Zreg[2] Z[2]
‘Worst-case th Mdd Mone 2076 ns AlE] | Aregl8]

0.500 nz| 240.04 MHz [ period = 4,166 nz )| 272.78 MHz [ period = 3.666 nz )| SelR | Overflow™regl
1.049 nz| 240.04 MHz [ period = 4166 ns || MAA Breq[3] Zreqg[3]

Figure 33. New timing results.

Clock Setup: 'Clock’

Slack

Actual fmax F T From |To
[period] fom ° Clock | Clock

0,500 nz | 27278 MHz [ period = 3666 nz || SelR

Ovwerflow~regl| Clock | Clock

085
0.833
0.340
0.853
0.874
0.830
0930

=|z]w|o|w]|o o] = |w]ra]=
==

ra

ALTERA® CORPORATION

APRIL 2006

0579 nz | 278.78 MHz [ period = 3.587 ng || AddSubR | Overflow™regl| Clock | Clock
0.727 nz | 290,78 MHz [ period = 3.439 ng || Zreg[9] | Overflow™regl| Clock | Clock
0.792 nz | 296.38 MHz [ period = 3.374 ng || Zreg[12] | Overflow™regl| Clock | Clock
0.792 nz | 296.38 MHz [ period = 3.374 ng )| Zreg[B] | Overflow™regl| Clock | Clock

nz | 298,42 MHz [ period = 3.351 ng || Zreg[B] | Overflow™regl| Clock | Clock
nz | 30003 MHz [ period = 3333 ne )| Zreg(2] | Overflow™regl| Clock | Clock
nz | 30066 MHz [ period = 3.326 ne || Zreg[8] | Overflow™regl| Clock | Clock
nz | 301.84 MHz [ period = 3313 ne || Zreg(4] | Overflow™regl| Clock | Clock
nz | 30377 MHz [ period = 3.292 ng || Zreg[3] | Overflow™regl| Clock | Clock
nz | 30525 MHz [ period = 3.276 ng || Zreg[11] | Overflow™regl| Clock | Clock
nz | 309.02 MHz [ period = 3.236 ng || Zreg[0] | Overflow™regl| Clock | Clock

Figure 34. New critical paths.
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7 Quartus Il Windows

The Quartus Il display contains several utility windows,iethcan be positioned in various places on the screen,
changed in size, or closed. In Figure 18, which is reprodiurc€dgure 35, there are four windows.

& Quartus |l - D:/quartus_tutorialfaddersubtractor, - addersubtractor. - [Compilation Report - Flow Summary]

@ File Edit Yiew Project Assignments Processing Tools Window Help
Dkl & ; K? |addersubtractor Rallie Qe o R ks & W
Project Mavigator o 1 @ C Report - Flow ... |
Em‘v 5 [ Logic Cels | @;ﬂ Compilation Repart
Shrati: EP1510F484C5 | S Legal Natice
(- 507 addersublractor 183([51) SR Flow Summary
@5 Flow Settings Flows Status Successful - Mon Apr 10 16:20:21 2006
@5 Flow Mon-Default Global Settings Guartuz || Yersion E.0 Build 173 04/03/2006 5J Ful Version
@5 Flows Elapsed Time Fievizion Mame addersubtractor
@ Flaw Log Top-level Entity Mame addersubtractor
s - = : + @i_'l Analysis & Synthesis Fanily Stratis
Hlerarchy | FI|ESJ oF Design Unlts{ + ga ;itter . o EP{510F484C5
+ [ ssembler o :
Status < x |a S Timing Analyzer Tlmln.g Models : il
Module | Frogiess 7 [Time@ ‘| Met timing requirements Yes
Full Compilation 100 000136 Total logic elements BIA10570(<1 %]
Analysis & Synt... | | | 00025 Tatalpins I3 4ask 6
& Fitter | |o0:0038 Tatal virtual ping 1]
Assembler [o0:00:14 Total memory bits 0/920448(0%)
Timing Analyzer | | oo 4 DSP block S9-bit elements  0/48([0% )
) . Total PLLs 0/6[0%)
Total DLLs 0/2(0%)
ﬁ -'é) Info: 411 timing requirements were met. See REeport window for more details. i
[ ‘&) Info: Quartus II Timing &nalyzer was successful. 0 errors, 1l warning
f'_i;') Info: Quartus II Full Compilation was successful. 0 errors, 1 warning .v
ale >
% Sstem }\qucgsging;{‘ Extra Info l}",‘I_nfo )\ “warning ;?\ Critical W/ arning ;’\ Error }\ Suppressed l.-'r
é]Message: 0of 259 I | J
For Help, press F1 [l | |dle UM

Figure 35. The main Quartus Il display.

The Project Navigator window is shown near the top left offigare. Under the heading Entity, it depicts a
tree-like structure of the designed circuit using the naofdake entities in the VHDL code of Figure 12. To see
the usefulness of this window, open the previously compilegjectquartus tutorial\addersubtractorto get to
the window that corresponds to Figure 35. Now, double-atinokkhe nameadderkin the hierarchy. Quartus I
software will open the fileddersubtractor.vh@nd highlight the VHDL entity that specifies the adder suhgir
Next, right-click on the same name and chobeeate > Locate in Timing Closure Floorplan from the pop-up
menu that appears. This causes Quartus Il software to gigmdloorplan, as in Figure 24, and highlight the part
that implements the adder subcircuit.

The Status window is located below the Project Navigatodeimin Figure 35. As you have already observed,
this window displays the compilation progress as a progbeing compiled.

At the bottom of Figure 35 there is the Messages window, wHisplays user messages produced during the
compilation process.

The large area on the right side of the Quartus Il display élder various purposes. As we have seen, it is
used by the Text Editor. It is also used to display variouslte®f compilation and simulation.

A utility window can be moved by dragging its title bar, remizby dragging the window border, or closed by
clicking on theX in the top-right corner. A particular utility window can bpened by using th¥iew > Utility
Windows command.
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