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Introduction to VHDL Exercises

Introduction to VHDL Lab Overview

Objective : Build a sequential 8 X 8 multiplier

The objective of the following exercises is to build an 8 X 8 multiplier. The input to the multiplier consists
of two 8-bit multiplicands (a[7..0], b[7..0]) and the output from the multiplier is a 16-bit result
(result[15..0]). Additional outputs are a done bit (DONE_FLAG) and seven signals to drive a seven
segment display, (A, B, C, D, E, F, G).

There are several methods of implementing a multiplier; the method chosen for the VHDL labs is the
sequential multiplier method. This 8 X 8 multiplier requires four clock cycles to perform the full
multiplication. During each cycle, a pair of 4-bit portion of the multiplicands are multiplied ina 4 X 4
multiplier. The multiplication result of these 4 bit slices is then accumulated. At the end of the four cycles,
the fully composed 16-bit result can be read at the output.

The following equations illustrate the mathematical principles supporting this implementation:
result[15..0] = a[7..0] * b[7..0]

[7.4] %27 4)+a[3.0]¥270)
[7.4] %27 4)+b[3.0]*270)
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Figure 1 in the following page illustrates the top-level block diagram of the 8 X 8 multiplier.

The labs are structured as a bottom-up design approach. In each of the first five exercises, you will use
targeted features of the VHDL language to build the individual components of the 8 X 8 multiplier. Then,
in exercise 6 you will put everything together in a top-level design. You will then compile and simulate to
verify the completeness of your design.

Good luck and have fun going through the exercises!
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Figure 1 - 8 X 8 multiplier top level design block diagram
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Exercises Introduction to VHDL

Exercise 1

Objective: The 16-bit adder can be constructed using the + operator.

Figure 1-1.
Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type adder.

4. Type adder as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create adder source file.
7. Click Next. The summary page appears. The summary page gives information about your project.

8. Click Finish. You have just finished the project creation. You should see the top-level entity (adder) in
the Compilation Hierarchies tab of the Project Navigator window.
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9. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file. Click on OK

Mew I
Design Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF Fil=

\-’erilai HOL File

k. Cancel

Figure 1-2.
10. VHDL text editor will appear.
11. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_unsigned.all;
12. Write your source code.

Remember to use the same input and output port names as shown in Figure 1-1.

13. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera trn\vhdI\lab1\adder.vhd.

I L 7
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Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file adder.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on
Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.
Compiler Settings
General I Chips & Devices Mode I Synthesis & Fittingl R-’erifiu:atiu:unl

Select the compilation mode.

Changesz apply to Compiler setlings 'adder’

— Compilation level

& Metlist extraction and synthesis only, including estimated timing

= Full compilation, including programming file generation and actual timing data

— Compilation speed/dizk uzage tradeaff
" pormal compilationless disk space.

" Smart compilationdmore disk space. The Compiler will save extra data to make
future re-compilations run fazter and ko support future incremental
re-compilation.

¥ Freserve fewer node names to save disk space
[Thiz option iz available for both Mormal and Smart cornpilation]

] I Cancel [

Figure 1-3.

2. Click OK to close the Compiler Settings Dialog Box.

3. From the Processing menu, select Start Compilation or click on = e . When you see the message

“Netlist extraction and synthesis process was successful”, click OK.
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Step 5 (Do a functional simulation)

1.

i+

From the Processing menu, select Simulate Mode or click on from toolbar.

To browse to the adder.tbl file Click on | | <path>\altera_trn\vhdl\lab1\adder.tbl .
Note: Remember to change Files of type field to All files (*.*) and Select adder.tbl.

Simulator Settings

General Time'ectors | Mode I Dptinnsl

Specify the hime period you want bo simulate. *ou can optionally provide wvector stirmul
fior zimulation in a Wector Wavefarm File [wowf] or text-bazed Wector File [vec]. [vou
zan alzo enter vector stimuli fram the T el Console 'WWindow. ]

Changes apply to Simulator zettings 'adder’

— Simulation penod

Start time: |0 Ins j
End time
£ Fun simulation until all vectar stimuli are used
" End simulation at; I Ins j
—Wectors

Source of yectar stimli

| -

¥ automatically add pins to simulation output waveforms

[T Check outputs [automatically display a comparizon of expected vs.
actual outputs in the zimulation report]

O, I Cancel Apply

Figure 1-4.

Exercises

The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

From the Processing menu, select Simulator Settings. Once the Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (Adder.tbl which is given to you.).
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4. Click on Apply.

5. Inthe Simulator Settings Dialog Box, click on the Mode tab. Change the simulation mode to be
Functional. Click OK to close the Simulator Settings Dialog Box.
Simulator 5ettings

General] Time ectors Mode l Options ]
Select the simulation mode.

Changes apply to Simulator zettings ‘adder’

Simulation mode: [T

Description:

The Sirmulatar zimulates the behaviar of flattened nethsts extracted from the
design files; timing data iz not uzed. You can use Tol commandz and soripts to
cohtrol simulation and to provide vector stinull. Yo can also provide vechar
ghimuli in a Yector Wavetormn File [ wwk] or a text-based Wector File [vec),
although the Simulatar uges anly the zequence of logic level changes, and not
their timing, from the vectar stimuli. Thiz epe of simulation alzo allows pou to

check simulation coverage [the ratio of nodes simulated ta the tatal number of
nodes in the design).

0k, | Cancel | Apply |

Figure 1-5.

|

6. From the Processing menu select Run Simulation or click on . When you see the message,

“Simulation was successful”, click OK.

7. Check to see if you get the same results shown in Figure 1-6.
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Exercises

Simulation W aw

Step 6 (Check operator overloading)

1. From the Processing Menu, select Compile Mode or click on

b azter Time Bar: 4958 g <| Pl Painter: | 328 ne Interval: 1.7 ne Stark: 0psz End: B0.0 he
ps 10.0 he 20.0 he 0.0 e 40.0 he B0.0 n4
N Yalue at ] ] ] ]
= 495 nz 4.95 ng
iy la g 0 Y
- (=] s F : 4
o lsun U13 13 15 3
Figure 1-6.

@

In adder.vhd, comment (--) out the LIBRARY and USE clauses in the beginning of the file.
-- LIBRARY ieege;

-- USE ieee.std_logic 1164.all;

-- USE ieee.std_logic unsigned.all;

Save and check adder.vhd. %

4. You should get the following error messages shown in Figure 1-7.

11
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= 6 | dentifier error: identifier std_logic_svector must be declared
7| a WHOL syntax eror: uze of statement in declarative part iz ilegal
a WHOL syntas eror: expected declarative item
"R} Information on Entity adder was not stored
Dezign adder: Analvsis and elaboration were unsuccessiul. 3 erorz, 0 warnings.
|| [, Processing A System f
J‘EEIMessage:anﬁ j|ﬁﬂ| j||ﬁ||ﬁ!}

Far Help, prezs F1

Figure 1-7.

This is due to operator overloading. The VHDL compiler does not understand the arithmetic operation for
std logic_vector data types. The std logic_unsigned package contains the function that describes this
arithmetic operation. Therefore, the library that contains this package and the package itself needs to be

referenced in the design file.

Step 7 (Close the project)

1. From the File menu select Close project option.
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Exercise 2

Objective: Build a four input 2:1 multiplexer using IF-THEN statement.

The input to the multiplexer consists of two 4-bit data buses ( a[3..0] and b[3..0] ). The output ( y[3..0]) is
a[3..0] if the select control ( sel ) is low ( 0 ). The output is b[3..0] if sel is high ( 1).

The four input 2:1 multiplexer will be used in the top level design for selecting the 4-bit slices a[7..4],
a[3..0], b[7..4], and b[3..0] as inputs to the 4 X 4 multiplier.

Figure 2-1.

The inputs a and b, and the output y are declared as STD_LOGIC_VECTOR(3 DOWNTO 0).
The input sel is declared as a STD_LOGIC.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab
Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type mux4.

4. Type mux4 as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

! ANERA
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10.
11.

12.

13.

At this point, there is no file to add because we will create mux4 source file.
Click Next. The summary page appears. The summary page gives information about your project

Click Finish. You have just finished the project creation. You should see the top-level entity (mux4) in
the Compilation Hierarchies tab of the Project Navigator window.

From the File menu select new or click on O . New file dialog box will appear and select VHDL

file. Click OK.

Mew I
Diesign Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block DiagramsSchematic File
EDIF File

‘-.-’erilu:ui HOL File

aF. Cancel

Figure 2-2.
VHDL text editor will appear.
Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
Write your source code.

Remember to use the same input and output port names as shown in Figure 2-1.

Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera trn\vhdI\lab2\mux4.vhd.
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Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file mux4.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on

Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.

Compiler Settings Ed
Generall Chipz & Devices  Maode | Sunthesis & Fittingl ‘u’erificatinnl

Select the compilation mode.

Changes apply to Compiler settings 'muxd’

— Compilation level

= Metlist extraction and synthesis only, including estimated timing

™ Full compilation, including programming file generation and actual timing data

— Compilation zpeed/dizk uzage tradeoff
= Nomal compilation/less disk space.

= Smart compilation/more disk space. The Compiler will save extra data to make
future re-compilations run fazter and ko support future incremental
re-carmpilatian.

¥ Prezerve fewer node names to save dizsk space
[Thiz option iz available for bath Mormal and Smart compilation]

0k, I Cancel Spply

Figure 2-3.

2. Click OK to close the Compiler Settings Dialog Box.

3. From the Processing menu, select Start Compilation or click on = e . When you see the message

“Netlist extraction and synthesis process was successful”, click OK.
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Step 5 (Do a functional simulation)

1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

i+

2. From the Processing menu, select Simulate Mode or click on ¥ from toolbar.

3. From the Processing menu, select Simulator Settings. Once the Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (mux4.tbl which is given to you.).

To browse to the mux4.tbl file Click on | | <path>\altera_trn\vhdl\lab1\mux4.tbl .
Note: Remember to change Files of type field to All files (*.*) and Select mux4.tbl.

| Simulator Settings Ed
General TimeMfectors | Mode I Elptinnsl

Specify the time period you want to simulate. *ow can optionally provide vector stimul
for zimulation in a Wector W avefarm File [ wwf] or text-bazed Wector File [ vec]. [vou
zan alzo enter vector stimuli from the Tel Congole “indow. |

Changes apply to Simulator zettings ‘muxd’

— Simulation penod
Start tirne: [0 IHS =]

End time

&' Fun simulation until all vectar stimuli are used

' End simulation at: I Ins j

—Wectors
Source of yector stimuli

| o

v Automatically add pins to simulation output waveforms

[T Check outputs [automatically display a comparizon of expected v,
actual outputs in the zimulation report]

()4 I Cancel Apply

Figure 2-4.
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4. In the Simulator Settings Dialog Box. Click on Mode tab. Change the simulation mode to be

Functional. Click OK to close the Simulator Settings Dialog Box.

Simulator Settings
General] TimeAfectors Mode l Dptiu:uns]
Select the simulation mode.

Changes apply to Simulator settings 'muxd’

Simulation mode;

Description:

The Sirnulatar zimulates the bekavior of flattened netlists extracted from the
deszign files; timing data iz not uzed. You can use Tol commandz and zcripts to
contral simulation and to provide wector stimul. You can alzo provide vectaor
ztimuli in a Yector W aveform File [ wwf] or a bext-based Vectar File [ vec).
although the Simulatar uges anly the sequence of logic level changes, and not
their timing, from the wectar stimuli. Thiz tepe of simulation alzo allows pou to

check simulation coverage [the ratio of nodes simulated to the tatal number of
nodes in the desgign).

0k | Cancel | |

Figure 2-5.

|

5. From the Processing menu Select Run Simulation or Click on . When you see the message,

“Simulation was successful”, click ok.
6. Check to see if you get the same results shown in Figure 2.6.
The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.
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Simulation % &
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Figure 2-6.
Step 6 (Close the simulation waveform)

1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.
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Exercise 3

Objective: Build a 7-segment display using CASE statement.

The 7-segment display shall display 0, 1, 2, 3, and E.

INPUTS OUTPUTS
IN2 IN1 INO A b C d e F g DISPLAY
0 0 0 1 1 1 1 1 1 0 0
o o 1 0o 1 1 0 0 0 0 I
0 1 0 1 1 0 1 1 0 1 2
0 1 1 1 1 1 1 0 0 1 3
1 X X 1 0 0 1 1 1 1 E
SEVEM
mill
Al
il
'E—IHPUT[E..B] p—
s i
; i
o—
.

Figure 3-1.

The input input is declared as STD_LOGIC_VECTOR(2 DOWNTO 0).
The outputs a, b, ¢, d, e, f, g are declared as STD_LOGIC.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.
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Exercises

3. Type a name for the project in the project name box. For this lab, type seven.

4. Type seven as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create seven source file.

7. Click Next. The summary page appears. The summary page gives information about your project

8. Click Finish. You have just finished the project creation. You should see the top-level entity (seven) in

the Compilation Hierarchies tab of the Project Navigator window.

9. From the File menu select new or click on O New file dialog box will appear and select VHDL file.

Click OK.

MNew

Design Files | Other Filesl Project Filesl Other Du:u:umentsl

5|

AHDL File
Block Diagram/Schematic File
EDIF Filz

\-’erilu:ui HOL File

Ok

Cancel

Figure 3-2.

10. VHDL text editor will appear.

11. Before the beginning of your code (before the ENTITY), type the following:

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

12. Write your source code.

Remember to use the same input and output port names as shown in Figure 3-1.

13. Go to File menu and Choose Save As.

ALTERAY
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Save new VHDL text file to <path>\altera trn\vhdl\lab3\seven.vhd.

Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file seven.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and Click on

Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.

Compiler Settings >

General] Chips & Devicés Mode l Sunthesis & Fitting] "v’erifin:atiu:un]

Select the compilation mode.

Changez apply to Compiler zettings 'zeven'

Compilation lexel

{* Metlist extraction and spnthesis only, including estimated bming

" Full compilation, including programming file generation and actual tming data

Compilation speed/dizk uzage tradeoff s
*  Mommal compilationdless disk space.

(" Smart compilation/more disk space. The Compiler will zave extra data ko
make future re-compilations run faster and to support future incremental
re-carmpilation.

[V Prezerve fewer node names o zave disk space
[Thiz option iz available for both Mormal and Smart compilation]

] 4 | Cancel Apply

Figure 3-3.

2. Click OK to close the Compiler Settings Dialog Box.

B ANERA
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3.

“Netlist extraction and synthesis process was successful”, click OK.

Step 5 (Do a functional simulation)

1.

4.

i+

From the Processing menu, select Simulate Mode or click on from toolbar.

To browse to the seven.tbl file Click on | | <path>\altera_trn\vhdI\lab3\seven.tbl .

Note: Remember to change Files of type field to All files (*.*) and Select seven.tbl.

Simulator Settings

General Time\Yectars | tode I Dptiu:unsl

Specify the time period you want bo simulate. 'ou can optionally provide vector stirmul
for zimulation in a Yector W avefarm File [ wwf] or text-bazed Yector File [vec]. [vou
zah alzo enter vector stimuli fram the T el Conzole Window. ]

Changes apply ta Simulatar zettings 'seven'

— Simulation period

Start time: |0 Ins j
End time
& Fun simulation until all vector stimuli are used
" End simulation at; I Ins j
—Wectors

Source of vector stimuli

| -

¥ &utomatically add pins to simulation output waveforms

[T Check outputs [automatizally display a comparizon of expected vs.

actual outputz in the zimulation report]

| (] I Cancel Apply

Figure 3-4.

Click OK to close the Simulator Settings Dialog Box.

ALTERAY 8

Exercises

From the Processing menu, select Start Compilation or click on = e . When you see the message

The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

From the Processing menu, select Simulator Settings. Once Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (seven.tbl which is given to you.).

In the Simulator Settings Dialog Box. click on Mode tab. Change the simulation mode to be Functional.

Copyright © 2000 Altera Corporation
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Simulator Settings
General] Timeectors  Mode lEIptin:nns]
Select the simulation rmode.

Changes apply to Simulator zettings ‘seven'

Sirmulation mode: [T

D ezcription:

The Sirmulator zsimulates the behavior of flattened netlists extracted from the
de=ign filez; timing data iz not uzed. “rou can uze Tol commands and zcripts o
cohtrol zimulation and to provide wvectar stimull. 'ou can also provide wvector
gtirnli in & Yector W aveform File [wwf] or a text-bazed Vectar File [ vec),
althaugh the Simulator uses only the sequence aof logic level changes, and nat
their tirning, from the wector gtimuli. This tope of zimulation alzo allows you o

check simulation coverage [the ratio of nodes simulated to the total number of
hodes in the design).

k. | Cancel | Apply |

Figure 3-5.

|

5. From the Processing menu Select Run Simulation or Click on . When you see the message,

“Simulation was successful”, click ok.

6. Check to see if you get the same results shown in Figure 3-6.

Copyright © 2000 Altera Corporation ®



Introduction to VHDL

SirnLlakion W as

Exercises

M aster Time Bar: 0 psz A| v Ponter. | 154.6 nz Interval:l 154 Enz  Stark: Er

4EI.!:I nz EEI.!:I nE 12EIiEI hz 1EiEIiEI nz 2I:II:Ii

Name Walue at
0pz =
1
Ty linput un I T 2 3
o E E1
L [u} E1
e o E1
Lo Id E1
e = E1
Lo If B1
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< |
Figure 3-6.

Step 6 (Close the simulation waveform)

1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.

27
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Exercise 4

Objective : Build an 8-bit to 16-bit shifter using a FOR LOOP statement

In this exercise, you will build an 8-bit to 16-bit shifter. This shifter will be capable of perform three types
of shifter operations: no shift, left shift by 4 bit positions, and left shift by 8 bit positions.

The input to the shifter consists of a single 8-bit data bus (in[7..0] ). The shift operation is controlled by
the control signal cnt[1..0].

When cnt = “007, the no shift operation will be selected. The output ( result[15..0] ) shall be: result[15..8]
=0 and result [7..0] = in[7..0].

When cnt = “017, the left shift by 4 operation will be selected. The output ( result[15..0] ) shall be:
result[15..12] = 0, result [11..4] = in[7..0], and result[3..0] = 0.

When cnt = “107, the left shift by 8 operation will be selected. The output ( result[15..0] ) shall be:
result[15..8] = in[7..0], and result[7..0] = 0.

When cnt =117, the no shift operation will be selected. The output ( result[15..0] ) shall be: result[15..8] =
0 and result [7..0] = in[7..0].

This 8-bit to 16-bit shifter will be used to perform the * 2 ~ 0 (no shift), * 2 * 4 (left shift by 4 bit positions),
and * 2 " 8 (left shift by 8 bit positions) operations of the following equation:

: SHIFTER
—HFUTL7--©]1 RESULTLL1S. . @]{=

—CHTLL. . @1

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Copyright © 2000 Altera Corporation ®
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Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in step1.

3. Type a name for the project in the project name box. For this lab, type shifter.

4. Type shifter as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create shifter source file.
7. Click Next. The summary page appears. The summary page gives information about your project

8. Click Finish. You have just finished the project creation. You should see the top-level entity (shifter)
in the Compilation Hierarchies tab of the Project Navigator window.

9. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file. Click OK.

Mew I
Design Files | Other Filesl Praject Filesl Other Dn:n::umentsl
AHDL File
Block DiagramsSchematic File
EDIF File

"-.-"erill:ui HDL File

aF. Cancel

Figure 4-2.

I — 31
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10. VHDL text editor will appear.

11. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_unsigned.all;

12. Write your source code.

Remember to use the same input and output port names as shown in Figure 4-1.

13 Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera trn\vhdl\lab4\shifter.vhd.

Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file shifter.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

Copyright © 2000 Altera Corporation ®
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Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on
Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.
Compiler Settings
General] Chips & Devices  Mode l Synthesiz & Fitting] "v"erifi-:atiu:un]

Select the compilation mode.

Changes apply to Compiler zettings "shifter’

Compilation lewvel

{* Metlist extraction and sunthesis anly, including estimated tming

" Full compilation, including programming file generation and actual timing data

Compilation speedidizk uzage tradeaff
&+ Mormal compilation/less disk space.

" Smart compilation/more disk space. The Compiler will save extra data to
make future re-compilations run fazter and to zupport future incremental
re-compilation.

[v Preserve fewer node names to save disk space
[T hiz option is available for both Marmal and Smart compilation]

k. | Cancel Apply

Figure 4-3.

2. Click OK to close the Compiler Settings Dialog Box.
3. From the Processing menu, select Start Compilation or click on | = . When you see the message

“Netlist extraction and synthesis process was successful”, click ok.

Step 5 (Do a functional simulation)

1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

s

2. From the Processing menu, select Simulate Mode or click on ¥ from toolbar.
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3. From the Processing menu, select Simulator Settings. Once Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (shifter.tbl which is given to you.).

To browse to the shifter.tbl file Click on | | <path>\altera_trn\vhdl\lab4\shifter.tbl .
Note: Remember to change Files of type field to All files(*.*) and Select shifter.tbl.

S imulator 5 ettings Ed

General TimeM/ectors | Mode I Dptiunsl

Specify the time period you want b zgimulate. v'ou can optiohally provide wectar stirmul
for simulation in a “ector ‘W aveform File [l or test-bazed Yectaor File [vec]. [vou
cah alzo enter vectar stinuli fram the T el Conzale Window. ]

Changes apply to Simulator settings ‘shifter’

— Simulation periad

Start time: IE I g j

End time

& Bun simulation until all vector stimuli are uzed

i~ End simulation at: I Ins j
—Yectors

Source of vector stimuli;

| |

¥ Automatically add pins to simulation output waveforms

[T Check outputs [automatically dizplay & comparizon of expected e,
actual outputs in the simulation report]

] 4 I Cancel Spply

Figure 4-4.

4. In the Simulator Settings Dialog Box. Click on Mode tab. Change the simulation mode to be
Functional. Click OK to close the Simulator Settings Dialog Box.

! ANERA
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Simulator Settings
General ] Timefvectors  Mode l Optiohs ]
Select the simulation rmode.

Changez apply to Simulator zettings "shifter’

Sirnulation mode: [N TaE]

Drezcription:

The Sirnulator zsimulates the behavior of flattened netlists extracted from the
dezign flez; biming data i not uzed. *rou can uze Tol command: and zcnpts to
cohtrol zimulation and to provide vector stimull. ow can aleo provide vectar
ghirmuli in & Yector ‘W aveform File [ wwf] or a test-based Vectar File [ vec).
although the Simulatar uges anly the sequence of logic level changes, and not
their timing, from the vector timuli. Thiz twpe of zimulation alzo allows youw to

check simulation coverage [the ratio of nodes simulated to the total number of
nodesz in the design).

| k. | Cancel |

Figure 4-5.

-
5. From the Processing menu Select Run Simulation or Click on

“Simulation was successful”, click ok.

6. Check to see if you get the same results shown in Figure 4-6.

Exercises

. When you see the message,
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Simulation

M azter Time Bar: 0 pz 1| ¥| Painter: 432 nz Interval: | 432 nz Start: End:
Valus ot ps 100ns 200ns 300ns 400ns 500ns BO.0ns 70.0ns 80.0ns S0.0ns
Name alue a
0 psz P

I
i =3 uao )
oA lirput B 11110... 11110008
o [rezuilt B 00000... 100000007 1710000 10000 11700000000 i

[N 2

Figure 4-6.
Step 6 (Close the simulation waveform)

1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.
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Exercise 5
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Exercise 5

Objective: Two-part exercise:
Part A -- Build a 16-bit register with synchronous operation
Part B —Build a 2 bit counter with asynchronous operation

Part A

Functionality of the 16-bit register:
If clr="1" AND clken="0’, then in_reg will be loaded into register at the rising edge of clock.
Otherwise, if clr="0’, then the register is cleared at the rising edge of clock.
Note: This is a synchronous clear and clock enable register. Therefore, the IF-THEN
that checks for clear and clock enable should be inside the IF-THEN statement that

that checks for the clock condition.

_ REG

—cLK

E—cu_n OUT_REGELLS. . O] e
—] CLKEH

— IH_REGL1S. . @]

Figure 5-1.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

Copyright © 2000 Altera Corporation ®
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2. Type the directory name or select the directory with Browse | | The directory name has been

provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type reg.

4. Type reg as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create reg source file.

7. Click Next. The summary page appears. The summary page gives information about your project

8. Click Finish. You have just finished the project creation. You should see the top-level entity (reg) in

the Compilation Hierarchies tab of the Project Navigator window.

9. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file.

MNew

Design Files | Other Filesl Project Filesl Other Du:u:umentsl

]|

AHDL File
Block Diagram/Schematic File
EDIF Filz

\-’erilu:ui HOL File

Ok

Cancel

Figure 5-2.

10. VHDL text editor will appear.

11. Before the beginning of your code (before the ENTITY), type the following:

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

ALTERAY

39

Copyright © 2000 Altera Corporation



Exercises Introduction to VHDL

12. Write your source code.

Remember to use the same input and output port names as shown in Figure 5-1.

13. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera trn\vhdl\lab5a\reg.vhd.

Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file reg.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

K ANERA
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Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on

Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.

Compiler Settings
General ] Chipz & Devices Mode l Sunthesiz & Fitting] ‘Jerificatinn]

Select the compilation mode.

Changes apply to Compiler zettings reg’

Compilation lewvel

{+ Metiizt extraction and syrthesis only, including estimated timing

" Full compilation, including pragramming file generation and actual timing data

Compilation speed/dizk uzage tradeaff
' Marmal compilationdess disk space.

(" Smart compilation/moare disk space. The Compiler will zave extra data to
make future re-compilations run faster and to support future incremental
re-compilation.

W Prezerve fewer node names o zave disk zpace
[Thiz option is available for both Maormal and Smart compilation]

] | Cancel Apply

Figure 5-3.

2. Click OK to close the Compiler Settings Dialog Box.
8. From the Processing menu, select Start Compilation or click on | = . When you see the message

“Netlist extraction and synthesis process was successful”, click OK.

Step 5 (Do a functional simulation)

1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

s

2. From the Processing menu, select Simulate Mode or click on ¥ from toolbar.
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3. From the Processing menu, select Simulator Settings. Once Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (reg.tbl which is given to you.).

To browse to the reg.tbl file Click on | | <path>\altera_trn\vhdI\labSa\reg.tbl .
Note: Remember to change Files of type field to All files (*.*) and Select reg.tbl.

S imulator Settings
General Time/ectars | Mode I Dptiu:unsl

Specify the time period you want b zsimulate. v'ou can optionally provide wectar stirmul
for mimulation in a Wector ‘W aveform File [wwf] or text-bazed Wectar File [vec]. [vou
zah algo enter vector stimuli from the T el Conzole Window. ]

Changez apply to Simulator zettings ‘reg’

— Simulation period

Start tirne: IE I ris j

End time

& Bun simulation until all vector stimuli are uzed

i~ End simulation at; I Ins j
—%ectors

Source of vector stimuli;

| |

¥ Automatically add pins to simulation output waveforms

[™ Check outputs [automatically display & comparizon of expected s,
actual outputs in the zimulation report]

] 4 I Cancel Spply

Figure 5-4.

4. In the Simulator Settings Dialog Box. Click on Mode tab. Change the simulation mode to be
Functional. Click OK to close the Simulator Settings Dialog Box.

N ANERA
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Simulator Settings >
General] Timedvectors  Mode letinns]

Select the simulation mode.

Changes apply to Simulator zettings ‘reg’

Simulation mode:  [{aF gl =]

Dezcription:

The Simulator gsimulates the behavior of flattened netlists extracted from the
dezign files; timing data iz not uzed. You can use Tel commandz and scripts ta
contral zimulation and to provide vectar stimul. Y'ou can also provide vector
ghimul in a Wector W aveform File [ wwf] or a text-bazed Yector File [vec].
although the Simulator uses only the zequence of logic level changes, and not
their timing, from the vector stimuli. This bppe of zsimulation alzo allows you to
check zimulation coverage [the ratio of nodes simulated ta the takal number of
nodes in the deszsigh].

k. | Cancel | Apply |

Figure 5-5

-
5. From the Processing menu Select Run Simulation or Click on | =™ |, When you see the message,

“Simulation was successful”, click ok.

6. Check to see if you get the same results shown in Figure 5-6.

/AVO[S RYAN h
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Sirnulation ' aveform
Mazter Time Bar: 295 nz 4| ¢|Pointer:| 4668 s Interval:| 43.F3ne  Stark: End:
40.0 nz a0.0 ng 1200 nz 160.0 nz 200.0 nei
Name Walue at I I i i
295 ns 351 s
- [k, BO
- Il B0
- [clken B1
o fin_reqg H1111 1101 10010 0101 ;
o lout_req | H 0000 0 070 ‘;
Figure 5-6.

Step 6 (Close the simulation waveform)

1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.

" ANERA
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Part B

The 2-bit counter can be constructed using the +1 operation. It is used to help the state machine track the
cycles of the sequential multiplication.

Functionality of the 2-bit counter:

If clr="1’, then the count increments by 1 at the rising edge of clock.

Otherwise, if clr="0’, then the counter is cleared.

Note: This is an asynchronous clear.

COUNTER

—|CLK SUMLL.. o]

—cLR

Figure 5-7.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type counter.

4. Type counter as the name of the top-level design entity of the project in the top-level design entry box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create counter source file.
7. Click Next. The summary page appears. The summary page gives information about your project

8. Click Finish. You have just finished the project creation. You should see the top-level entity (counter)
in the Compilation Hierarchies tab of the Project Navigator window.
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9. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file.
Mew I
Design Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF Fil=

\-’erilai HOL File

k. Cancel

Figure 5-8.
10. VHDL text editor will appear.
11. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_unsigned.all;
12. Write your source code.

Remember to use the same input and output port names as shown in Figure 5-7.

13. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_ trn\vhdl\labSb\counter.vhd.

* ANERA
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Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file counter.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

/AVO[S RYAN K
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Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on

Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.

Compiler Settings
General] Chips & Devices Mode l Synthesiz & Fitting] Verificatinn]

Select the compilation mode.

Changez apply to Compiler settings 'counter’

Compilation lesvel

{+ Metlist extraction and synthezsis only, including estimated bming

" Full compilation, including programming file generation and achual bming data

Compilation speed/dizk usage tradeaff
o+ Mormal compilationdless disk space.

(" Smart compilation/more disk space. The Compiler will save extra data ko
mak.e future re-compilations run Faster and to support future incremental
re-compilation.

[+ Preserve fewer node names o save disk space
[Thiz option iz available for both Mormal and Smart corpilation]

| k. | Cancel Apply

Figure 5-9.

2. Click OK to close the Compiler Settings Dialog Box.
3. From the Processing menu, select Start Compilation or click on = . When you see the message

“Netlist extraction and synthesis process was successful”, click OK.

" ANERA
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Step 5 (Do a functional simulation)

1.

4.

ALTERAY ?

i+

From the Processing menu, select Simulate Mode or click on from toolbar.

Note: Remember to change Files of type field to All files (*.*) and Select counter.tbl.

Simulator 5ettings Ed

General Time'ectors | Mode I Dptiunsl

Specify the time period you want b gimulate. v'ou can optiohally provide vectar stirmul
fior zimulation in a Yector “Wavefarm File [wwf] or test-bazed Yector File [vec]. [vou
can alzo enter vector stimull fram the T el Conzole Window. ]

Changes apply to Simulator zettings 'counter’

— Simulation period

Start time: IE I g j

End tinne

& Fun simulation until all vectar stimuli are used

' End simulation at; I Ins j
—Wectors

Source of yectar stinli

| |

V¥ Automatically add pins to simulation output waveforms

[T Check outputs [automatically display & comparizon of expected ws.
actual outputs in the simulation report]

0k, I Cancel Spply

Figure 5-10

In the Simulator Settings Dialog Box. Click on Mode tab. Change the simulation mode to be
Functional. Click OK to close the Simulator Settings Dialog Box.

Exercises

The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

From the Processing menu, select Simulator Settings. Once Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (counter.tbl which is given to you.).

To browse to the counter.tbl file Click on | | <path>\altera_trn\vhdl\lab5Sb\counter.tbl .
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Simulator Settings
General] Timedvectors  Mode l Optiohs ]

Select the simulation mode.

Changez apply to Simulator zettings 'counter’

Simulation mode: [N =]

Dezcription;

Introduction to VHDL

The Sirnulatar zimulates the bekavior of flattened netlists extracted from the
dezign filez; timing data iz not uzed. *'ou can uze Tol commands and zcrnipts o
control zimulation and to provide vectar stinull, vou can also provide vechar
ztimuli in & Yector YW aveform File [ wwf] or a text-bazed Vectar File [ vec).
althaugh the Simulatar uzes anly the sequence of logic level changes, and not
their timing, from the wvector ztimuli. Thiz tepe of zimulation alzo allows you ko

check zsimulation coverage [the ratio of nodes simulated to the total number of
nodes in the design).

ok | Cancel |

Figure 5-11.

-
5. From the Processing menu select Run Simulation or click on

“Simulation was successful”, click ok.

6. Check to see if you get the same results shown in Figure 5-12.

50
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Sirulation W aveform
b azter Time Bar: 43nz ¢| *lPDinter:| 111.01 i Interval | T0E.71 ne  Stark: End:
A0.0 e 20.0 ne 120.0 ng 160.0 ne
Name Walue at I I i i
4.3 ns dns
|
(1 [k, BO
(1 [l B0
o [surmn HO i ] ]
4| | +]
Figure 5-12.

Step 6 (Close the simulation waveform)
1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.
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Exercise 6

Objective: Three-part exercise:
Part A — Examine the controlling state machine
Part B — Build a 4x4 multiplier using LPM_MULT

Part C — Putting it all together by declaring and instantiating the
lower-level components

Part A

You have now completed building all of the components necessary to build the 8x8 multiplier, except for
the controlling state machine and the 4x4 multiplier (Part B). Due to time, the controlling state machine has
been written for you and is located in <path>\altera_trn\vhdl\lab6a\control.v.

This state machine will manage all the operation that occurs within the 8 X 8 multiplier.

The state machine will perform the ( (a[3..0] * b[3..0] ) * 2 ~ 0 ) multiplication in the first cycle (LSB state)
after the input signal start becomes a ‘1°. This intermediate result is saved in an accumulator.

In the second clock cycle (MID state), the ( ( a[3..0] * b[7..4] ) * 2 * 4 ) multiplication is performed. The
multiplication result is added with the content of the accumulator and clocked back into the accumulator.

In the third clock cycle (MID state), the ( (a[7..4] * b[3..0] ) * 2 ~ 4 ) multiplication is performed. The
multiplication result is added with the content of the accumulator and clocked back into the accumulator.

In the fourth clock cycle (MSB state), the ( (a[7..4] * b[7..4] ) * 2 ~ 8 ) multiplication is performed. The
multiplication result is added with the content of the accumulator and clocked back into the accumulator.
This result is the final result:

result[15..0] = a [7..0] * b[7..0]

NOTE: There are two inputs to the state machine start and count[1..0]. The start signal is a single cycle
high-true signal. When start becomes a ‘1°, it indicates that multiplication can begin at next clock cycle.
The start signal can only be asserted for one clock cycle. The start signal shall stay a ‘0’ until next 8 x 8
multiplication is to be performed. The count[1..0] signal is the output of a free running 2-bit counter. The
count[1..0] signal is synchronously initialized by the start signal. Count[1..0] is used by the state machine
to track the cycles of the multiplication.

Please also note that this is NOT the optimal design. The state machine design as you see it is intended for
exercising your VHDL skills and not the ability to perform optimum solution.

" ANERA
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CONTROL

IH_SEL[LL. . @]
—leLK SHIFTLL. . o]
—IRsT STATE_OUTLZ. . O] e
— START DOMEf—

—COUNTLL..o] CLKEMN—

REGCLR—

Figure 6-1.

START=0
COUNT=X
in_sel[1..0]=X
shif[1..0]=x

done=0
clken=1
regclr=1

IDLE

START=0 state_out[2..0]=000

COUNT=3 START=1

--------------- COUNT=X

in_self(t.0=3 NN T

shif[1..0]=2 START=1 in_sel[1..0]=X
done=1 COUNT=x shif[1..0]=x
clkken=0 done=0
regclr=1 in_sel[1..0]=x clken=1

regclr=0

shif[1..0]=x
others done=0
"""""""" clken=1
in_sel[1..0]= regclr=0
shif[1..0]=x
done=0
clken=1
regclr=1 others
ERR T
state_out[2..0]=100 in_sel[1..0]=x
Shlf[1 ..0]=X LSB
MSB done=0 state_out[2..0]=001
state_out[2..0]=011 others clken=1
_______________ regclr=1
in_sel[1..0]=
shif[1..0]=x others
done=0 e
clken=1 in_sel[1..0]=x
regclr=1 shif[1..0]=x
done=0 START=0
clken=1 COUNT=0
START=0 regel,=t
COUNT=2

in_sel[1..0]=0

R shif[1..0]=0
|n_§el[1 ..0]=2 done=0
shif[1..0]=1 clken=0
done=0 regclr=1
clken=0 MID ’
regelr=1 state_out[2..0]=010
START=0
COUNT=1
in_sel[1..0]=1
shif[1..0]=1
done=0
clken=0
regclr=1

X means a “don’t care” in this state diagram.
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Part B

The last component you will build is a 4x4 multiplier.

You will use the LPM_MULT supplied by Altera to build a multiplier with a 4-bit multiplicands and an
8-bit result output.

: MULTA4X4
=—RHLZ..@] FPRODUCTL7.. @]

—E. @]

Figure 6-2.

Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in stepl.

3. Type a name for the project in the project name box. For this lab, type mult4x4.
4. Type mult4x4 as the name of the top-level design entity of the project in the top-level design entry

box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create mult4x4 source file.
7. Click Next. The summary page appears. The summary page gives information about your project

8. Click Finish. You have just finished the project creation. You should see the top-level entity (mult4x4)
in the Compilation Hierarchies tab of the Project Navigator window.
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9. From the file menu select new or click on O . New file dialog box will appear and select VHDL

file. Click OK.

Mew I
Design Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF Fil=

\-’erilai HOL File

k. Cancel

Figure 6-3.
10. VHDL text editor will appear.
11. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_unsigned.all;
12. Write your source code.

Remember to use the same input and output port names as shown in Figure 6-2.

13. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera_trn\vhdl\lab6b\mult4x4.vhd.

/AVO[S RYAN "
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Step 3 (Save and check design)

Click on Start Analysis & Elaboration %

This will save and check for syntax and semantic errors for the file mult4x4.vhd. When you see the message

“Analysis and elaboration was successful”, click OK.

Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on

Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.

Compiler Settings
General] Chipz & Devices Mode l Synthesis & Fitting] ‘Jerifin:atin:nn]

Select the compilation mode.

Changes apply to Compiler zettings ‘mulkd=d*

Compilation level

f+ Metlist extraction and spnthesis only, including estimated tming

" Full compilation, including pragramming file generation and actual timing data

Compilation speedd/dizk uzage tradeaff
*  Maormal compilationdess disk space.

" Smart cormpilation/mare disk space. The Camnpiler will zave extra data ko
make future re-compilations run fazter and to zuppork future incremental
re-compilation.

[ Preserve fewer node names to save disk space
[Thiz option iz available for both Mormal and Smart compilation]

] | Cancel Apply

Figure 6-4.
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2.

3.

Click OK to close the Compiler Settings Dialog Box.

“Netlist extraction and synthesis process was successful”, click OK.

Step S (Do a functional simulation)

1.

ALTERAY 7

I+

From the Processing menu, select Simulate Mode or click on ¥ from toolbar.

Note: Remember to change Files of type field to All files (*.*) and Select mult4x4.tbl.

Simulator Settings

General  TimeYectors | Mode I I:Ipticunsl

Specify the time period pou want to gimulate. Y'ou can optiohally provide wectar stimul
for simulation in a Wector ' awveform File [ wwf] or test-bazed Yector File [vec]. [v'ou
cah alzo enter vectar stirmuli fram the Tl Conzale Windaw. ]

Changez apply o Simulator zettings ‘mulkd=4'

— Simulation period

Start tirme: IE InS j

End time

" Bur simulation uetil all wectar stimuli are uzed

= End simulation at; I Ins j

—Yectors
Source of vector ztimuli;

| |

¥ Automatically add pins to simulation output waveforms

[~ Check outputs [automatically dizplay a comparizon of expected ws.

actual outputs in the zimulation report]

(] 4 I Cancel Spply

Figure 6-5.

Exercises

From the Processing menu, select Start Compilation or click on = . When you see the message

The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

From the Processing menu, select Simulator Settings. Once Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (mult4x4.tbl which is given to you.).

To browse to the mult4x4.tbl file Click on | | <path>\altera_trn\vhdl\lab6b\mult4x4.tbl .
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4. In the Simulator Settings Dialog Box. Click on Mode tab. Change the simulation mode to be

Functional. Click OK to close the Simulator Settings Dialog Box.

Simulator Settings

General] TimeAfectors  Mode letiDns]

Select the zimulation mode.

Changez apply to Simulator zettings 'multd=d"

Sirnulation mode:  [{AWEn =]

D escription:

The Sirnulator zsimulates the behavior of flattened netlists extracted from the J
design files; timing data is not uzed. *fou can wuze Tol commands and zcripts to
control zimulation and ko provide vectar stimull. ow can aleo provide vectar

stimuli in a Yector \Waveform File [ wwf] or a test-based Yectar File [ vec).

although the Simulator uses only the seguence of logic level changes, and not

their timing, from the wector stimuli. Thiz twpe of zimulation alzo allows you ko

check simulation coverage [the ratio of nodes simulated to the total number of
nodes in the design).

| k. | Cancel | Apply |

Figure 6-6.

-
5. From the Processing menu Select Run Simulation or Click on . When you see the message,

“Simulation was successful”, click OK.
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6. Check to see if you get the same results shown in Figure 6-7.

Sirnulation ' aveform
b azter Time Bar: 4 3ns Al vl Pointer: | 21.97 nz  Interval: | 1767 nz  Start; End:

200 g 400 ns E0.0 s 800 rg

Walue at I I I
Hame 4.3 nz 4.3nz
4 .
(17 ina o ] 2 4 i f ] E m
o inb Iz 2 }
Lo n un ; ! ] 17 T4 i3 16 e
Figure 6-7.

Step 6 (Close the simulation waveform)
1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.

® Copyright © 2000 Altera Corporation
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Part C

You have now completed building all of the components necessary to build the 8x8 multiplier.

Making use of the knowledge you have gained up to this point, you should instantiate each component in a

top-level design and connect all signals as shown in Figure 6-4. You have successfully completed the

Introduction to VHDL class once your top-level design is compiled and simulated correctly.

Congratulations!

You have completed the implementation of the following 8x8 multiplier.

result[15..0] = a [7..0] * b[7..0]
1*b[7.4])*2"8)

A1 *b[3.0])*274)
1*b[7..4])*2"4)
1*b[3..0])*2"0)
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[ J Ly ST
Jr];—-s[l.a] 'r|;3..|z|;|-;—a|U 1. -
galll — SEL :

R

"""""""""""" CONTROL |
- 3el1.0]

......................................... LK : IN_SEL[1..0] Shlﬂ“ U]
B b | e | SHIETEL O
Jﬁ]—:-n|;3..e:|;| : —————Rs&T STATE_OUT[2. . 0] fm=— e oMz 0]
B7.4 o houf3.) START - DONE_FLAG
0 (B[3..Q] Y[3.. 0] Wsmm DOHE e
Se—:SEL : —u:—-couu'r[l..a] CLKEN—

: : : . regel

s 5 REGELR—

©
e : T REG 1
o0 UL T4 T T P 5
—u—ﬁ-n[l.a] PnonucT[?..al—ZP ) regel S RESLLT[E.0]
hofa. 0] N 5 WGLR OUT_REGLLS. . )=
: — : —CLKEM
B SM‘IN_REG[IS..B]
B
"""""""""" ADDER

. s odfis.g
. == A[15..0] SUML15..@]
bt oa1S.0]  RESULT[S.0

SHIFTER

prasuct7. )
L

INPUTL[7?..@] RESULT[LS..a] E[15..0@]

FCHTL1. . @] 7

e ufZ 0 {INPUT[Z..0] D)

Figure 6-8.
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Step 1 (Ask the instructor for the <pathname>)

1. <pathname> is

2. Use this <pathname> pathname for this Lab

Step 2 (Create new project and open VHDL text editor file)

Create a project by using the New Project Wizard. To create a project using the New Project Wizard, please
follow the following steps:

1. Select New Project Wizard from the File menu. The first time you open the New Project Wizard, it
shows the introduction page; you can click Next to proceed to the first page of the wizard.

2. Type the directory name or select the directory with Browse | | The directory name has been
provided by the instructor in step1.

3. Type a name for the project in the project name box. For this lab, type mult8x8.
4. Type mult8x8 as the name of the top-level design entity of the project in the top-level design entry

box.

5. Click Next. The second page of the New Project Wizard appears.

6. At this point, there is no file to add because we will create mult8x8 source file
7. Click Next. The summary page appears. The summary page gives information about your project

8. Click Finish. You have just finished the project creation. You should see the top-level entity (mult8x8)
in the Compilation Hierarchies tab of the Project Navigator window.

) ANERA
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9. From the File menu select new or click on O . New file dialog box will appear and select VHDL

file. Click OK.

Mew I
Design Files | Other Filesl Project Filesl Other Du:u:umentsl
AHDL File
Block Diagram/Schematic File
EDIF Fil=

\-’erilai HOL File

k. Cancel

Figure 6-9.
10. VHDL text editor will appear.
11. Before the beginning of your code (before the ENTITY), type the following:
LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_unsigned.all;
12. Write your source code.

Remember to use the same input and output port names as shown in Figure 6-8.

13. Go to File menu and Choose Save As.

Save new VHDL text file to <path>\altera trn\vhdl\lab6c\mult8x8.vhd.

14. The lower-level components have been created in different directories than the current directory.
In order for Quartus II to find these lower-level components, it must have a search path.
Therefore, you must do the following:

» Go to Project menu and Choose General Settings. From General Settings choose User
Libraries tab. Browse the file locations :
a) Choose the directory structure <path>\altera_trn\vhdl\labl. Click on open.

ALTERAY "
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b)

c)
d)

2
h)

Introduction to VHDL

Choose the directory structure <path>\altera_trn\vhdI\lab2. Click on open.
Choose the directory structure <path>\altera_trn\vhdl\lab3. Click on open.
Choose the directory structure <path>\altera_trn\vhdl\lab4. Click on open.
Choose the directory structure <path>\altera_trn\vhdl\lab5a. Click on open.
Choose the directory structure <path>\altera_trn\vhdl\lab5b. Click on open.
Choose the directory structure <path>\altera_trn\vhdl\labé6b. Click on open.
Choose the directory structure <path>\altera_trn\vhdl\lab6c. Click on open.
Click OK.

15. You will need to modify adder.vhd to uncomment the library commands that were commented out from

Exercise 1. Go to Exercise 1, page 11 and reverse step 2 and then do step 3.

Step 3 (Save and check design)

Save and check mult8x8.vhd. "

Save and check checks for syntax and semantic errors. The compiler should stop on the Compiler

Netlist Extractor if there are no error messages. When you see the message “Analysis and elaboration was

successful”, click OK.
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Step 4 (Do a functional compilation)

1. From the Processing menu select Compiler Settings. In the dialog box select Mode tab and click on

Netlist extraction and synthesis only, including estimated timing. Leave other settings as defaults.

Compiler Settings
General] Chips & Devices Mode l Synthesis & Fitting] "-.J'erifi-:atil:un]

Select the compilation mode.

Changes apply ta Compiler zettings ‘multd=g"

Compilation lexel

o+ Metlist extraction and sunthesis only, including estimated tming

" Full compilation, including programming file generation and actual timing data

Compilation speed/dizk usage tradeoff
& Momal compilationdless dizk space.

" Smart compilation/more disk space. The Comnpiler will save extra data to
make future re-compilations run Faster and to support future incremental
re-compilation.

[V Preserve fewer node names to save disk space
[T hiz aption iz available for bath Marmal and Smart compilation]

k. | Cancel

Figure 6-10.

2. Click OK to close the Compiler Settings Dialog Box.
3. From the Processing menu, select Start Compilation or click on | = . When you see the message

“Netlist extraction and synthesis process was successful”, click OK.

/AVO[S RYAN 7
® Copyright © 2000 Altera Corporation



Exercises Introduction to VHDL

Step 5 (Do a functional simulation)

1. The stimulus file has been created for you to verify the functionality of your design. If you are

interested in learning how to create your own stimulus file, please go to the Appendix of this manual.

i+

2. From the Processing menu, select Simulate Mode or click on ¥ from toolbar.

3. From the Processing menu, select Simulator Settings. Once Simulator Settings Dialog Box appears,

click on Time/Vectors tab to browse to the vector stimuli file (mult8x8.tbl which is given to you.).

To browse to the mult8x8.tbl file Click on | | <path>\altera_trn\vhdl\lab6c\mult8x8.tbl .
Note: Remember to change Files of type field to All files (*.*) and Select mult8x8.tbl.

Simulator Settings [ x|
General TimeMfectors | Mode I Dptinnsl

Specify the time period you want to simulate. 'ou can optionally provide vector stimul
for zimulation in a Wector W avefarm File [ ww] or text-bazed Wector File [ vec]. [v'ou
zan alzo enter vector stimuli from the Tel Congole “indow. |

Changes apply to Simulator zettings ‘multgxs"

— Simulation penod
Start tirne: [0 IHS =]

End time

&' Fun simulation until all vectar stimuli are used

' End simulation at: I Ins j

—Wectors
Source af vectar stimuli

| .

¥ Automatically add pins to simulation output waveforms

[T Check outputs [automatically display a comparizon of expected ws.
actual outputs in the simulation report]

()4 I Cancel Apply

Figure 6-11.
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4.

Functional. Click OK to close the Simulator Settings Dialog Box.

Simulator Settings
General ] Timefvectors  Mode l Optiohs ]
Select the simulation rmode.

Changez apply to Simulator zettings 'mult8x3"

Sirnulation mode: [N TaE]

Drezcription:

dezign flez; biming data i not uzed. *rou can uze Tol command: and zcnpts to
control zimulation and to provide wector stimull. ou can also provide vectar
gtimuli in a Yector Wavefarm File [ o] or a text-based YWector File [vec).
although the Simulatar uges anly the sequence of logic level changes, and not
their timing, from the vector timuli. Thiz twpe of zimulation alzo allows youw to

check simulation coverage [the ratio of nodes simulated to the total number of
nodesz in the design).

The Sirmulatar gsimulates the behavior of flattened netliztz extracted from the J

In the Simulator Settings Dialog Box. Click on Mode tab. Change the simulation mode to be

| k. | Cancel | Apply

Figure 6-12.
-

5. From the Processing menu select Run Simulation or click on

“Simulation was successful”, click OK.

ALTERAY Y

Exercises

. When you see the message,
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6. Check to see if you get the same results shown in Figure 6-13.

Sirnulation form

b4 azter Time Bar: 0 psz i ¥l Pointer: |  181.6nz  Interval | 181.6nz  Stark End:
y 80.0 ns 160.0 hs 240.0 ks 3200 hs 400.0 s 4800 ns BED.O ns{
Name alue at d i i d i i !
0pz 53
> Ik VI I 1 O I U S O I O S 1y B
= [reset B1 |
- Istart B1 | |
o la U1 i
o b U1 iH
o) Iresult o ] ¥l
o abcdefg (B 1111110 11111 11000 110110 1100 1111110
o |dane_f... B0 [ |
o lcaurt HO i 2 d i : 3 i
(o) [state_... HO 0 z 3 0
£ [COMT ... B ide idle I=h i sk idlle
. |

Figure 6-13.
Step 6 (Close the simulation waveform)

1. Close the simulation waveform window.

2. Switch back to the compile mode

Step 7 (Close the project)

1. From the File menu select Close project option to close the project.
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APPENDIX

/AVO[S RYAN "
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How to create a stimulus file:

1. Create a new waveform stimulus for simulation. Click on [3
2. Under Other Files tab: Choose Vector Waveform File
New |

Device Design Filesl Software Files  Other Files | Froject Filesl

Chain Dezcrphion File
Hewradecimal [Intel-Format) File
temary Intialization File
SignalT ap File

Tcl Script File

Teuxt File

Wector W aveform File

0k, Cancel

Click OK.
Enter nodes into the waveform file. Insert menu -> Enter Node or Bus

Set the inputs to the appropriate values.

AN

Save the file.

” ANERA
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