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ABSTRACT

Finite State Machine design is a common task fotCA8esigner engineers. Many designers
would prefer to design FSM’s in a gui-based envinent, but for various reasons no commercial
tool for this task has really achieved wide-spraadeptance. The authors have written such a
graphical FSM design tool, and offer it to the @egring community for free under the GNU
public license. The gui is written in Java for taduility, while the back-end code generation is
written in Perl to allow for easy modification. h& paper will describe the basic operation of the
tool and the format of the Verilog it produces,rtlgo on to describe some of the more advanced
features and how they affect the Verilog output.

s> FIZZIM

The FSM Design Tool

Free!
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1 Introduction - What is fizzim?

Finite State Machines come up frequently in digiegign. Sometimes designers code them
directly in Verilog, but many designers prefer &sigin their FSMs as a state diagram (“bubbles
and arrows”) and then manually translate this @aginto Verilog.

For these designers, it would certainly be handyesign the FSM directly in a graphical tool and
allow the software to generate the Verilog codéeré have been several attempts by various
EDA companies, large and small, to provide suabod but nothing has really gotten much
traction.

This may be because the tool is in a strange nitthis.really too small to support business on an
EDA scale, but it is too large for a “G-job”. Alsthe graphical part of the G-job is outside the
usual experience of hardware designers.

So, it seems a good candidate for an open souopecprprovidedomeoneés willing to tackle
that nasty graphical part.

Someone has! Paul Zimmer and his young interdganer Design Services, Mike Zimmer and
Brian Zimmer, are proud to present fizzim — an epeuarce, graphical FSM design environment.

Throughout this tutorial, it is assumed that thedier is familiar with FSM’s and common FSM-

related terms (such as Moore and Mealy). If tlaelee is unfamiliar with some of this material,
just read through some of the papers in the “rategg” section.
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2 Starting fizzim

The fizzim gui is written in java. It is distribed as a “.jar” (java archive) file. We run it ugin
Sun Java Runtime Environment. Odds are that yeady have this loaded for your browser, but
if not you can download it from java.sun.com.

2.1 Windows

On most Windows machine, Java Runtime Environmeéhaineady be registered as the correct
app for “.jar” files, so just double-clicking onetliile should start it. If that doesn’t work, yoan
start a terminal window and use the command-lir@gch as in Linux below.

2.2 Linux

On linux, try right-clicking the file and selectgen using”. If java runtime is listed, you're in
business. You can also run from the command negu

java —jar fizzim.jar
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3 GUI basics

The gui is pretty intuitive. Right-click in opepace gives you a menu to create new states and
transitions. Right-click on an object gives yomanu to edit the object. Double (left) click on an
object will bring up the properties menu for thajet.

Edit>undo or ctl-Z will undo, Edit>redo or ctl-Y iMedo. Undo/redo is unlimited.
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4 Attributes

It is our belief that few hardware engineers welnwto touch the gui, but many will want to
modify the Verilog output. In recognition of thsyery attempt has been made to try to keep the
gui as independent of the Verilog generation asipkes

To accomplish this, virtually everything is implembed as “attributes”. This should allow new
backend (Verilog-generation) features to be addéubwt touching the gui. Also, while the gui
is written in Java, the backend is in the linguxfra of EDA — perl.

There are only 3 types of objects to the gui —stiaée machine itself, states, and transitions.hEac
of these can have attributes assigned to it. 8umé fnd transition object attributes have to be
defined first in the global “states” and “transitsj attribute menus before they will be available i
individual states and transitions. The gui knowsw a few special attributes, but only those that
require that the display be modified. Exampletuthe transition equations (drop the “equation

=" on the visible text) and output types (use “ef tombinational and “<=" for registered).

Inputs and outputs are just attributes. The naetekis the name of the input or output signal.

Each attribute has 5 fields:
Attribute Name — this is the name of the input otpat, or the name of the special
attribute.
Default Value — Default value of the attribute. IIMye used if no value is assigned in a
state/transition.
Visibility — Turns on/off visibility on the display“Only non-default” means to only show
the attribute if its value doesn’t match “Defauthive”.
Type — Information about the attribute. Inputsrently have no defined type, outputs
can be “reg”, “regdp”, or “comb”. Others are ditrie-specific.

Comment — An optional comment that will show uptlo@ diagram, in the Verilog, both,
or neither (see the section on comments).

Color — Text color.
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5 Encodings

There are two primary types of state encodings t@eBSM design. Highly encoded FSM’s use
a dense binary code and few flops but can somet¥aes very complex combinational logic.
One-hot FSM encodings, on the other hand, useraespade and many flops, but usually have
much simpler combinational logic. There are maaygrs on the advantages and disadvantages
of each (reference [2] is one example).

The backend perl script (fizzim.pl) supports bothhese encodings.

5.1 Highly Encoded with Registered Outputs as StatebittHEROS)

Heros is an encoding that uses a dense binary casléhe name implies, registered outputs will
be encoded into the states to minimize flop codritere are mechanisms (discussed below) to
allow particular outputs to be excluded from thetestvector. The actual Verilog format is based
on recommendations from Cliff Cummings’ paper (refee [3]).

5.20ne Hot

One-hot encoding is also supported. The Veriloghd is based on Steve Golson’s paper
(reference [2]). Some features, such as gray ctrdeditions, are not available with one-hot
encoding.
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6 Cliff's Classic

Let’s jump right in with an example. In [3], Cl@ummings introduced the following basic state
machine:

Here’s how we would create this in fizzim (Exampiff_classic.fzm).
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6.1 Creating the states
Right-clicking in open space gives the followingnae

File Edit Global Attributes Help

Cuick New State
New State
New State Transition

New Loopback Transition
New Free Text

We select “New State” and get this:

Edit State Properties E|

Edit the properties of the selected state:
Attribiute Mame Wallue Wigibility Type Comment Colar
name statel RS tef_type
Width:  [130 |
Height: [130 |
OK Cancel
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Change the state name to “IDLE” and hit “OK”.

Repeat this to add the other three states. liek-and drag to move the states around.

STATE MACHINE

name def_name

clock clk posedge
TRANSITIONS

eguation 1 def_type
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6.2 Creating the transitions

To create the state transitions, we can eithet-aligk in open space and select “New State
Transition” and get the full menu:

Edit State Transition Properties

Edit the properties of the selected state transition:
Aftribute Mame Yallue Wigibility Type Camment Caolar
name transi [0 def_type
eruation 1 YRS def_type
Start State: [DLY |+ [ | stub?
End State: DONE |« oK cancel
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Or we can right-click on the start state and seladt State Transition to”:

DLY

Add Loopback Transition

Add State Transition to... *| IDLE
Edit State Properties READ
Move to Page... ¥ DONE

We repeat this to add all the transitions. Dooigét to add the loopback transition. We’'ll see
why this matters in a moment.

Notice that when we add the transition from DLY lbé@ READ, we get something like this:
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STATE MACHINE

name def_name

clock clk posedge
TRANSITIONS

eguation 4 def_type

That doesn’t look so great, so we need to moveobtiee transitions. To do this, left-click to
select it. Endpoints and anchorpoints appeatr:
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Drag the endpoints to a new location, then dragttanorpoints to reshape the curve. The
anchorpoints on the ends of the arc control whHeseatc intersects the state bubble. The other
two control the shape of the curve.

If you move a state bubble, the attached arcawailte with it. As long as the move isn't too
drastic, the anchorpoint modifications you madé lvélretained. If you move the state a lot, the
anchorpoints may get reset. This works better ihsounds. Mostly your anchorpoints are
retained when it makes sense.

All text, including the transition equation (the’“dbove), output values in states, state names,
and free text, can be moved by just selectingdtraoving it.

Don't forget to add the loopback transition. We#le why this matters in a moment.

6.3 Filling in the details

6.3.1 Global Attributes

Recall that everything is stored as attributegheeiattributes on the FSM itself or attributes on
individual states and transitions. So, adding tepautputs, transition equations, etc is a matter
of editing attributes.

Let’s start with the global FSM attributes. ltiscessary to start here, because the individual
state and transition attributes won't appear unély are entered as global attributes.
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Select “Global Attributes > State Machine” from tiog9 menu:

Fizzim - cliff_classic_juststatesandtransitions.fzm

File Edit | Global Attributes | Help
STATE| StateMachine =
name|  [nputs ]
clock osedge
TRang| Outputs
equst grates ef_type 1

Transitions
Create New Page Page1 X
Fizzim
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And you get this:

Edit Global Properties

l/ State Machine |/ Inputs |/ Outputs |/ States |/Transitinns

%]

Here you can change the global attributes of all objects. Once an attribute is added, its default

value can be overridden by right clicking on an object and selecting to "Edit Properties.'

Atribute Mame | Defaultalue Yisibility Tvpe Comment Color
narne def_name [
clock clk [ posedge

Delete User Reset

OK Cancel

Edit the fields to fill in the module name “cliffthe clock name “clk”, and make it a posedge clk.

Click the “Reset” button, and two more attributpp@ar. One is “reset_signal’. Change this to
“rst_n", negedge. Set “reset_state” to IDLE via pull-down menu and set its type to
“anyvalue” (“allzeros” and “allones” will force theeset state to be all zeros or all ones, but this
isn't compatible with onehot encoding, so we warse it on this example).
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Edit Global Properties

l/ State Machine |/ Inputs |/ Outputs |/ States |/Transitinns

Here you can change the global attributes of all ohjects. Once an attribute is added, its default

value can be overridden by right clicking on an object and selecting to "Edit Properties.’

Attribiute Mame | Defaultalue Wisibility Type Comment Colar
narre cliff [
clock clk [0 posedge
reset_signal rst_n [0 negedge
reset_state IDLE [+l ammalue
Delete User Reset
OK Cancel

X]

Hit OK. Notice that IDLE now has a double ringindicate it is the reset state.

Now select “Global Attributes > Inputs” from theptonenu.

Fizzim
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Use the “Input” button to add the inputs:

Edit Global Properties [z|
Here you can change the global attributes of all ohjects. Once an attribute is added, its default
value can be overridden by right clicking on an object and selecting to "Edit Properties.'
|/ State Machine |T Inputs r Outputs |/ States |/Transitiuns

Aftribute Mame | Default Yalue Yisibility Tvpe Comment Colar
clk [
rst_n [
(s [u] [
WS [
Delete User Input Multibit Inpurt
OK Cancel

Note that “type” doesn’t matter for inputs. We fbalick OK, then reselect “Global Attributes
> Qutputs” from the top menu, or we can just switzlhe “Outputs” tab without exiting the
menu.

Click “Output” twice to add the two outputs, “rdhd “ds”. Their type field should be “reg”.
Set “Default Value” to 0, and visibility “Yes”.
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This will become clearer later, but type “reg” medhat they are registered outputs (Moore) and
that they should be encoded as state bits.

Now flip over to the “States” tab. “rd” and “dsbw appear as state attributes. This means you
will be able to assign particular values to therpanticular states.
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Flip over to the “Transitions” tab. “rd” and “dglo NOT appear here, because it makes no sense
to define registered outputs on a transition. Jdaadard attribute “equation” DOES appear here,
with the default value of “1”. Leave it alone. Brou can change the “Visibility” field to “Only
non-default” to make the “1” equations not showoupthe diagram.
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6.3.2 Individual State Attributes

Now we can enter the output values into the stalhéstice that the outputs now appear on the
states with a “<=" after them. This indicates stgied outputs (“=" means combinational).
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Now we need to enter the non-default values fand ds. Right-click on the READ state and
select “Edit State Properties” to bring up the me@u just double-click the READ state bubble.
Change the value of rd to “1”.
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Do this for the other states to add appropriatpuinalues (rd = 1 in DLY, ds = 1 in DONE).
6.3.3 Individual Transition Attributes

Double-click on the IDLE to READ transition to bgirup the transition menu. Change the
equation to “go”.

Hit “OK”. Now click on the “go” text and move it:

Repeat this for the state transition from DLY b&@iREAD that has an equation of “ws”.

Our final state diagram looks like this.
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You might have noticed that | did not put an expfigo” on the IDLE loopback transition, nor
an explicit “lws” on the DLY to DONE transition. h&t is because fizzim understands that a
transition with an equation of “1” is the defaddtyest priority, transition. This will be explae
in the section on transition priorities. Yoanadd the explicit equations, but you don’t have to.
6.4 Output using heros

Now we can run the backend and generate code:

fizzim.pl < cliff.fzm > cliff.v

The default encoding is heros. Take a look abtitput.

It is structured as two “always” blocks per [2]he€Tfirst one is combinational and does the next
state determination, and the second is sequentigLat infers the flops. See [2] for an

explanation of why this is the preferred impleméota

Let's look at the output code in detail.
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First, the module statement:

module cliff (
output wire ds ,
output wire rd ,
input  wire clk
input  wire go ,
input  wire rst_n
input  wire ws );

Nothing special there, except that it uses theldg2001 format.

Now look at the state encoding:

/Il state bits

parameter

IDLE = 3'b000 , //extra=0 rd=0 ds=0
DLY = 3'b010 , //extra=0rd=1 ds=0
DONE= 3'b001 , //extra=0rd=0 ds=1

READ = 30110 ; //extra=1rd=1ds=0

reg [2:0] state
reg [ 2:0] nextstate

Recall that the heros format uses registered osiggistate bits. Fizzim.pl has assigned state bit
0 to “ds”, and state bit 1 to ‘rd”. There are ofdyr states, but DLY and READ both have
state[1:0] equal to 01, because they have identadaés of “ds” and “rd”. fizzim.pl recognizes
this, and adds an “extra” bit to distinguish thetes. Thus, we end up with 3 state bits to cover
4 states, but since the registered outputs arededda the states, we still have fewer flops
overall. It is possible to force fizzim.pl to pthe output bits out of the state vector by chaggi
their type to “regdp”. See the section on datapaiiputs below.

Also note that the IDLE state ended up as all zetnghe absence of a requirement that would
prevent this, fizzim.pl heros encoding will favbietreset state as all zeros.
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Next comes the combinational always block:

/I comb always block
always @* begin
/I Warning: Neither implied_loopback nor default_st ate_is_x attribute is
set on state machine - this could result in latches being inferred
case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = IDLE;
end
end
DLY: begin
if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
DONE begin
begin
nextstate = IDLE;
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

Pretty straightforward, and just what you wouldhably write if you were coding this by hand.
There’s a big case statement on “state”, and {ha&$(go and ws) determine “nextstate”. But
notice the warning message.

/I Warning: Neither implied_loopback nor default_st ate_is_x attribute is set
on state machine - this could result in latches bei ng inferred

We have come to a philosophical fork in the road.

Some people, including Cliff Cummings, like to make default value of the nextstate vector
equal to “X” before executing the “case” statemenhis ensures that bad things will happen in
simulation if the case statement is wrong, bulsib aneans that all loopback conditions need to be
entered explicitly.

Other people prefer to make nextstate equal teentistate before executing the case statement.
This means that the default action is loopbackysexplicit loopbacks are required.
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Fizzim.pl is philosophically neutral on this (an@shother such issues), so you can choose which
way you want it. This is done by setting an attidbon the FSM — either “default_state is_x" or
“implied_loopback”.

Since this is Cliff's state machine, we’ll do itif€$ way. Select “Global Attributes > State

Machine” and click the “User” button. Enter théridute name “default_state is_x” and give it a
value of “1”:

Save the file and re-run fizzim.pl. The warningssage goes away and the combinational block
starts like this:

/I comb always block
always @* begin

nextstate = 3'bxxx ; [l defaultto x because default_state is x is set
case (state )
IDLE: begin

By the way, if we had used “implied_loopback” (adesattribute “implied_loopback” and set it to
1), the output would have looked like this:

/I comb always block
always @* begin
nextstate =state ; //defaultto hold value because implied_loopback i S
set
case (state )
IDLE: begin
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Continuing with our tour of the heros output, wetrigave the code that assigns the outputs to
state bits:

/I Assign reg'd outputs to state bits
assign ds =state [O0];
assign rd =state [1];

Then the sequential always block. Recall that @tdlse “reset_signal” attribute to “rst_n" and
it's type as “negedge”. The “reset_state” wadGetDLE™:

/I sequential always block
always @(@osedge clk or negedge rst_n ) begin
if (I'rstn)

state <= |DLE;
else
state <= nextstate
end

If we had instead chosen the type as “negative”wweld have gotten an active-lasynchronous
reset:

/I sequential always block
always @(osedge clk ) begin
if (I'rstn)

state <= |DLE;
else
state <= nextstate
end

The final bit of code is for simulation purposesl avill be explained in “Ascii state name” below.

6.5 Output using onehot

6.5.1 Output using onehot when “implied_loopback” is set.

The default onehot encoding is based on Steve @slpaper [2]. This technique doesn't really
allow for the “default_state is_x" behavior, so theéput looks rather different when this
attribute is set (see below). The following dissos assumes implied_loopback is set (setting
neither flag is not recommended as it can resuftf@grred latches)

fizzim.pl —enc onehot < cliff.fzm > cliff.v

Skipping over the module statement, here’s what‘state encoding” looks like:

/Il state bits
parameter
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IDLE
DLY
DONE
READ =

0,
2,
1
3

reg [ 3:0] state
reg [ 3:0] nextstate

Recall that onehot encoding uses one bit for etath.s So, 4 states means 4 bits. The parameter
refers to the bit position in the vector. So, whas FSM is in state DONE, for example, only bit
1 will be set (the state vector will be 0010).

The combinational always block looks equally bizarr

/I comb always block
always @* begin

nextstate = 4'b0000 ;
case (1'bl ) /I synopsys parallel_case full_case
state [IDLE]: begin
if (go) begin
nextstate [READ = 1'b1 ;
end
else begin
nextstate [IDLE] = 1'b1 ; /I Added because implied_loopback is true
end
end
state [DLY] : begin
if (ws) begin
nextstate [READ = 1'b1 ;
end
else begin
nextstate [ DONE = 1'b1 ;
end
end
state [ DONE begin
begin
nextstate [IDLE] = 1'b1 ;
end
end
state [ READ: begin
begin
nextstate [DLY] = 1Db1 ;
end
end
endcase
end

The “case (1)... state[IDLE]" gets translated to mé&ahen the IDLE bit of the state vector (0)
isal”. The nextstate is calculated by firstisgtit to all zeros, then turning on the bit that
represents the next state.

Note that, because of the way it is coded (setl es0s, then set the bit), the issue of defagltin
the value doesn't not arise for onehot. If sonmgtlgjoes wrong, you get an illegal all-zeros state
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which you never get out of. Since implied_loopbadas set on this example, fizzim.pl added the
“hold state” path (where the comment about impliedpback is in the code above).

Note the use of “//synopsys parallel_case full ‘ta3dis tells DesignCompiler that it doesn’t
have to build logic to cover the illegal statedl(ftase), and it doesn’t have to build priorityont
the case (parallel_case). This results in draaidtioetter synthesis results, but may require
special handling in formal verification.

The use of “//synopsys parallel_case full_casethiscase statement (onehot combinational
block) and in the regdp block described below istadled by the state machine attribute
“‘onehot_pragma”. If this attribute is NOT set, Yfoget the code shown. Ifit IS set, fizzim.pl
will use the value string of this attribute in maaf “synopsys parallel_case full_case”. This can
be used to add a pragma, delete one, or overiiglbe¢havior entirely (by setting the attribute to
a null string). If you set it to a null string, @ct significantly worse synthesis results!

The use of onehot_pragma causes fizzim.pl to &raing O12 (this can be suppressed as
discussed later).

The sequential always block looks like this:

/I sequential always block
always @(osedge clk or negedge rst_ n ) begin
if (I'rstn)

state <= 4'b0001 << IDLE;
else

state <= nextstate

end

It seems simpler to just set state to zero, thestage[IDLE] to one, but this format was used to
stay as close as possible to Steve Golson’s co@. irHis “1 << IDLE” got changed to have the
full vector size to work around a bug in one of Wexilog simulators.

Note that there is nowthird always block. It is a sequential always blocl]d areates the
registered outputs. This is necessary becauske dn@dros encoding, there is no way to use the
state bits for registered outputs. The block loatkthe value of “nextstate” and sets ds and rd
accordingly:

/I datapath sequential always block
always @(osedge clk or negedge rst_ n ) begin
if (! rst.n ) begin

ds <= 0;
rd <= 0;

end

else begin
ds <= 0; [/ default
rd <= 0; [/ default

case (1'bl ) // synopsys parallel_case full_case

nextstate [ DLY] : begin

rd <= 1;

Fizzim 32 Fizzim



end

nextstate [ DONE begin
ds <= 1;
end
nextstate [ READ: begin
rd <= 1;
end
endcase
end
end

Note that this structure changed with fizzim.plsien 2.0. Older versions will look different from
code show above.

This structure is also used for registered dataffeelgdp”) outputs (coming soon).
6.5.2 Onehot output when “default_state is x” is set

Golson’s code structure used above sets the nextstator to all zeros, then sets the single bit
according to the nextstate logic. This technicaenot be used when the default_state_is_x
behavior is required.

The handling of this case has changed with fiz4ineysion 3.0. It now uses a format similar to
that used for SystemVerilog (see the section ote8ygerilog output). The state bits block
looks like this:

/Il state bits

parameter
IDLE_BIT = 0,
DLY_BIT = 1,
DONE_BIT = 2,
READ_BIT = 3;
parameter

IDLE = 4'bl1 <<IDLE_BIT ,
DLY 4'bl <<DLY_BIT,
DONE= 4'b1 <<DONE_BIT,
READ = 4'hl <<READ BIT,
XXX = 4'bx ;

reg [ 3:0] state
reg [ 3:0] nextstate

What's new here is the creation of parameter vdiuethe various states, and for the all-ex state.
These new parameter values are still based ontthedition parameters, but give a handy
shorthand that makes the nextstate code a ligner:

/I comb always block
always @* begin

nextstate = XXX [/l default to x because default_state is_x is set
case (1'bl ) //synopsys parallel_case full_case
state [ IDLE_BIT ]: begin
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if (
nextstate
end
else
nextstate
end
end

state [ DLY_BIT]:

go) begin

begin

if (ws) begin

nextstate
end
else
nextstate
end
end

begin

state [ DONE_BIT]:

begin
nextstate
end
end

state [ READ_BIT]:

begin
nextstate
end
end
endcase
end

READ

IDLE;

begin

READ

DONE

begin

IDLE;

begin

DLY;

The sequential always block and the datapath séigbakvays block are unchanged from the

implied_loopback case described above.
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6.6 Ascii state name

Notice that both heros and onehot had some extralation code at the end. The code for
onehot looks like this:

/I This code allows you to see state names in simul ation
“ifndef SYNTHESIS
reg [31:0] statename ;
always @* begin
case (1)
state [ IDLE]:
statename = "IDLE" ;
state [ DLY]:
statename = "DLY";
state [ DONE
statename = "DONE",
state [ READ:
statename = "READ";
default
statename
endcase
end
“endif

XXXX"

This code allows the designer to see the asce stame in simulation (set the data type to ascii in
your waveform viewer), but does not affect synthedihe “ifndef SYNTHESIS/ endif’ replaces
the old “//synopsys translate on/off’ syntax forking this simulation-specific (thanks to Cliff
Cummings for pointing this out).

Equivalent code is generated for heros.

/I This code allows you to see state names in simul ation
“ifndef SYNTHESIS
reg [31:0] statename ;
always @* begin
case (state )

IDLE :
statename = "IDLE" ;
DLY:
statename = "DLY";
DONE
statename = "DONE";
READ
statename = "READ";
default :
statename = "XXXX";
endcase
end
“endif

Here’s an example of what this looks like:
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This can be turned off by specifying the “-nosimebdption on fizzim.pl.

This is automatically suppressed when SystemVeidaglected, since the use of enumerated
types in SystemVerilog output makes special codeoessary. You can force it back on by
using the “-simcode” option to fizzim.pl.

6.7 (Un)Displaying the attributes table

Notice that most of the examples so far have hadttributes table to the left of the state

machine. This is a handy feature, but you donveha use it. To turn it off, do “File >
Preferences” and uncheck the “Table Visible” box.

Alternatively, you can move the table to anotherit®own) page. See the section on multiple
pages.
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7 Mealy outputs
Combinational outputs (Mealy outputs) are also sutgal. They are distinguished from
sequential outputs by setting the type field tomioo.

A Mealy output is defined as an output which isetegent on both the state and the inputs.
There are two ways to describe a Mealy outputne Way, which derives directly from the
definition, is to specify the combinational equatibat describes the outpioir each state The
other way is to specify the combinational equatlmat describes the outpah each transition
Fizzim supports either style.

Let’'s add a Mealy output to Cliff's state machirsing the on-states method.

7.1 Mealy outputs assigned in states

Supposed we wanted to create an output that woglgld if “go” was asserted during state
“DLY”? This is just a comb output whose equatierigo” during the DLY state, and O at all
other times.

Back to CIiff Classic. Start by creating the nemiput “go_missed”. Go to the Global Attributes
> Qutputs tab and add “go_missed” . Set the tygedmb” and the default value to 0.

(Example: cliff_mealy_onstates.fzm)
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Now edit the DLY state to change the equation @'g

The result looks like this:
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Notice the go_missed output shows up on each stdiigle with an “=" instead of a “<=",
because it is of type “comb”.

Re-run the backend, and the new output is addégpasreg”:

module _cliff
Output  wire ds ,
eufput reg go_missed
output wire rd ,
input  wire clk

input  wire go ,

input  wire rst_n
input  wire ws

(

);

That seems a bit counter-intuitive for a comb otjtput recall that “reg” in Verilog doesn’t
necessarily imply a physical register. It's typg because it will be assigned in the combinational
always block, which now looks like this:

/I comb always block
always @* begin

bomissed = 0%
case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = IDLE;

€D

go_missed =go ;
if (ws) begin
nextstate = READ
end
else begin
nextstate
end
end
DONE begin
begin
nextstate
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

/I default to x because default_state is_x is set
efault

DONE

IDLE;
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Note that this structure changed with fizzim.plsien 2.0. Older versions will look different from
code show above.

Notice the new lines have been added to each stedise entry that assign values to go_missed.

Note the default value line (circled). To make thele easier to read, and to prevent latches,
fizzim.pl will output the default value, then supps any non-default values for the output in the
case (state) block. If no default value is givezim.pl will use “0”. This is to provide better
synthesis results out-of-the-box.

One side-effect of this may be zero-length tramsgiin some simulators. An alternative (used by
fizzim.pl pre-version 2.0) is to set the defaulthe variable itself. This could be done in the
example by setting the default for “go_missed” go “missed”. This would reproduce the
version 1.x behavior.

Note that output equations for comb outputs (ia taise, just “go”) are NOT parsed by fizzim.

They are just strings to fizzim.

7.2 Mealy outputs assigned on transitions
Although this behavior could also be described lyipg the equation “go” on the transition

from READ to DLY, and creating a loopback transitend putting the same equation on it, it is
probably most naturally described using the “omestamethod above.

But there is a case where assigning the Mealy dutpdransitions might make more sense than
assigning it on states — when the Mealy output gguanatches the transition equation.

Suppose we wanted to send out an early copy dfdh@utput on the transition from IDLE to
READ?

This is the same as saying that the new pre_rdubig@qual to “go” in state IDLE. So, one way
to implement this is by setting the pre_rd outmutgo” in the IDLE state, similar to the example
above.

But since the equation is the same as for theitiamérom IDLE to READ, another way is to
make the pre_rd output equal to 1 ontra@sitionfrom IDLE to READ.

Let’s take a closer look at this approach. Fin&’]l go back to cliff_classic and add the (comb)
pre_rd output:

(Example: cliff_mealy_ontransition.fzm)
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Fizzim will automatically transfer your new combtput to the states attributes list (as in the
previous example), as it does for registered ostpiftyou want to specify a comb output
changing on a transition, you have to add it toTthensitions attribute list yourself:

Go to the Global Attributes > Transitions tab, aise the “Output” button to add “pre_rd”. Set
the default value to 0, and Visibility to “Only nalefault”.
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Now double-click the IDLE to READ transition. low has “pre_rd” as an attribute (of type
output). Change the value to 1.

Since we set the visibility to only non-defaulte thalue will only show up on this transition, and
we get the following state diagram:
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The Verilog output looks like this:

/I comb always block
always @* begin
nextstate = 3'bx ; [/ default to x because default_state is x is set
pre_rd = 0; [/l default

(go) begin
nextstate READ

nextstate = IDLE;
end
end
DLY : begin
if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
DONE begin
begin
nextstate = IDLE;
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

So, the output pre_rd does indeed change whemahsition path is taken.

7.3 Mixing the styles

Also, note that yoean mix the two styles. If the output has been cr@atea transition attribute,
fizzim.pl will assume that you are going to use ‘thefined on transitions” approach, and the
comb output value defined on the state will be sepgedf it matches the default valudf it
doesn’tmatch the default value, it will be output, yog#t a warning, and any non-default on-
transition values for that combinational outputnfrthat state will be suppressed.

In this fsm, the output “rd” has been declaredaslz, and has been added to the transition
attributes table. So, fizzim.pl assumes that #fention will use the on-transitions style. The
default value of “rd” is O for both states and sitions. “rd” has been given a value of 1 on the
transition from IDLE to READ, and a value of 1 tates READ and DLY:
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(Example: cliff_preread.fzm)

The resulting output looks like this:

/I comb always block
always @* begin

nextstate = 3'bx ; [/ default to x because default_state is x is set

rd = 0; [/l default
case (state )
IDLE: begin
if (go) begin
nextstate = READ
rd = 1;
end
else begin
nextstate = |IDLE;
end
end
DLY : begin

/[ Warning C7: Combinational output rd is assigned

has a non-default value "1" in state DLY

rd = 1;
if (ws) begin

nextstate = READ
end
else begin

nextstate = DONE
end

end

Fizzim 45

on transitions, but

Fizzim



DONE begin
begin
nextstate = |IDLE;
end
end
READ begin
/[ Warning C7: Combinational output rd is assigned on transitions, but
has a non-default value "1" in state READ
rd = 1;
begin
nextstate = DLY;
end
end
endcase
end

In state IDLE, the defined state value is the samthe default value, so transition values are
used.

In states DLY and READ, however, rd has been asdignnon-default value of 1, so the line “rd
= 1" is output, and no assignment values are usdt@transitions (because all the transitions
use the default value of 0). Warning C7 is issieeflag this issue.

Note that this structure effectively gives priotioynon-default on-transition values, followed by
non-default on-state values, followed by defawhsitions values.

This is far from simple, so be very careful whening the two styles.
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8 Datapath outputs

Recall that fizzim has two types of registered otdp- reg and regdp. The “dp” in regdp stands
for “datapath”. When the type is regdp, fizzimlwibt attempt to encode the bits in the state
vector.

As a simple example, we’ll go back to Cliff Clasaied change the type of output rd to regdp:

(Example: cliff_rdregdp.fzm)

Re-run fizzim.pl, and the output looks like this:

T state bits
parameter
IDLE = 3'b000 , //extra=00 ds=0
DLY = 3'b010 , //extra=10 ds=0
DONE= 3'b001 , //extra=01 ds=1

READ = 3'b100 ; //extra=00 ds=0

reg [2:0] state
reg [ 2:0] nextstate

/I comb always block
always @* begin

nextstate = 3'bx ; [/ default to x because default_state is x is set
case (state )
IDLE: begin
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if (go) begin
nextstate =
end
else begin
nextstate = IDLE;
end
end
DLY : begin
if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
DONE begin
begin
nextstate = IDLE;
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

READ

/I Assign reg'd outputs to state bits
assign ds =state [O0];

/I sequential always block
always @(posedge clk or negedge rst_n ) begin
it (! rst_n )

state <= IDLE;

else

state <= nextstate ;
end

/I datapath sequential always block
always @(posedge clk or negedge rst_n ) begin
if (! rst_n ) begin

rd <= 0;
end
else begin
/[ Warning D11: Datapath output rd has no default v
rd <= 0; /I default to zero for better synth results (no def
fzm file)
case (nextstate )
DLY : begin
rd <= 1,
end
READ begin
rd <= 1,
end
endcase
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end
end

Notice that the signal rd is no longer includedhia state vector, and that a third always block has
been added. This third always block does a “casdiextstate, and assigns rd on the clock edge
— creating a registered rd output.

This is similar to the registered output format dmehot encoding discussed earlier. Note that
this particular fsm did not have a default valugigreed for rd. As mentioned earlier, fizzim.pl

will default it to O for better synth results (apebduce a D11 warning).

Well, that’s fine if all you want to do is pull Bibut of the state vector. But the real value of
regdp is true datapath outputs. But suppose weedancounter to be controlled by the state
machine? You can't very well emb#tht in the state bits! Some tools require you to pusha
control signal (usually a Mealy output) and implemehe counter externally. Fizzim will let you
bury the counter right in with the state machine.

So, let’'s add a counter. First, we add a regdpudicalled count[8:0].

(Example: cliff_counter.fzm)

The “Multibit Output” button creates an exampletwtbe correct syntax (bit field after the name).

Add an input of “load[8:0]” so we can load the ctam
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Now go around to the states and assign the colikeehis:
IDLE: 8'b0

READ: load[8:0]

DLY: count[8:0] - 1

DONE: count[8:0] + 1

The result looks like this:
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Save it away and re-run fizzim.pl, and here’s wmat get:
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/Il state bits

parameter

IDLE = 3'b000 , // extra=0rd=0 ds=0
DLY = 3'b010 , // extra=0rd=1 ds=0
DONE= 3'b001 , // extra=0rd=0 ds=1

READ = 3'b110 ; // extra=1rd=1 ds=0

reg [2:0] state ;
reg [2:0] nextstate ;

/I comb always block
always @* begin
nextstate = 3'bx ; [/ default to x because default_state_is_x is set
case (state )
IDLE: begin
if (go) begin
nextstate =
end
else begin
nextstate = IDLE;
end
end
DLY : begin
if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
DONE begin
begin
nextstate = IDLE;
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

READ

/I Assign reg'd outputs to state bits
assign ds =state [O0];
assign rd =state [1];

/I sequential always block
always @(posedge clk or negedge rst_n ) begin
it (! rst_n )

state <= IDLE;

else

state <= nextstate ;
end
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/I datapath sequential always block
always @(osedge clk or negedge rst_n ) begin
if (! rst.n ) begin

count [8:0] <= 80 ;
end
else begin

count [ 8:0] <= 8b00000000 ; // default
case (nextstate )

IDLE: begin

count [8:0] <= 80 ;
end
DLY : begin

count [8:0] <=count [8:0] - 1;
end
DONE begin

count [8:0] <=count [8:0] + 1;
end
READ begin

count [8:0] <=load [ 8:0];
end

endcase
end
end

Note that, as with comb outputs, the values fodpegutputs ar@ot parsedy fizzim. They're
just strings. Outputs of type reg must be parsetihat they can be included in the state
assignments. Currently, only constants are alasvgalues in reg outputs (no macros,
parameters, etc) because fizzim.pl must parse them.

Note also that fizzim.pl doesséring compare to see if a default value matched thgmesdi
value. That’'s why the IDLE case gets “count[8:8]&b0” — because the default value of
“8’b00000000” doesn’'t match.
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9 Transition priority

9.1 Basic Example

Suppose we add an input to CIiff Classic callegt®téhat will cause the FSM to pop over to
DONE, wait for test to go away, then pop back th.H?

(Example: cliff_priority.fzm)

Since we expect test to be false during normalaijmer, we can just change the DONE->IDLE
equation to “Itest”.

If we run fizzim.pl, the following warnings appears

IDLE: begin
/I Warning P3: State IDLE has multiple exit transit ions, and
transition trans0 has no defined priority
/I Warning P3: State IDLE has multiple exit transit ions, and

transition trans6 has no defined priority
This is telling us that we haven't defined what BE&M should do when both test and go are true.

Assume that we give priority to test. We couldrd®the equation for the IDLE->READ
transition to be “ltest && go”. But this gets rgaledious when the transition equations get
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complicated. If we were coding the FSM by handweeild just encode the priority into the
if/felse stucture in Verilog by putting the “if (t§sfirst.

if (test ) begin

nextstate = DONE
end
else if (go) begin
nextstate = READ
end
else begin
nextstate = |IDLE;
end

You can do this in fizzim by assigning a “prioritgttribute to the transitions. This will tell
fizzim.pl what order to use in the if/else blockMerilog.

First we create a “priority” attribute for transitis in Global Attributes > Transitions. There’s
even a handy button to do it for you!

.

Note that | set the default priority to 1000 — antwer larger than | expect to ever use. That
means that any transition whose prioritpa defined explicitly will have low priority. Morero
this in a moment.

Now we can set priority 1 on the test transition ofudle, and priority 2 on the go transition
(double-click each transition and edit the valu@drity).
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Now when we run fizzim.pl, and the IDLE transitiblock looks like this:

IDLE: begin

if (test ) begin

nextstate = DONE
end
else if (go) begin

nextstate = READ
end
else begin

nextstate = |IDLE;
end

end

You might be wondering why fizzim.pl didn’t complaabout the loopback path on IDIdefore
we added the transition priorities. For that nathdy doesn’t it complain about the exits from
DLY? One is “ws” and the other is “1” (becausestisithe default value for the transition
attribute “equation” that was set in the Globalristites — fizzim sets it this way by default), and
they both have the default priority of 1000.

The answer is that the equation value of “1” geecc&l handling by fizzim.pl.
9.2 The special case of equation equal to “1”
OK, let’s go back to the original Cliff Classic ts#amachine. We’ll turn equation visiblity to YES

so that all the transition equations are visidieytwere set to “Only non-default” to suppress all
the “1” equations):
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Why don't | need a “lgo” equation on the IDLE loauk (and “lws” on the DLY to DONE
transition)?

The answer is that fizzim.pl has some special mggarding transition priority and equations
equal to “1”. First, if two exit transitions hatlee same (or no) priority set, the one with the
always-true equation (“1”) is assumed to have lopr@rity, and no warning is issued. Similarly,
if there are only two exit conditions and the alg+aue one is the lower priority (either due the
rule above or because it has explicitly been set)yarning is issued.

So, fizzim.pl sees the transition equations frorhHECas “go” and “1”, and assumes that “1” is the
default (lower-priority) transition.

But there’s a little more to this than just savmgne typing. It allows fizzim.pl to output Verilog
code that matches what most designers would hattemhad they coded this by hand. You
wouldn’t write:

case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else if (! go) begin
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nextstate = |IDLE;
end

You'd write this:
case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin

nextstate = |IDLE;
end

You'd look at the state diagram, recognize thatldlopback was the default, and make it the
“else” condition.

But fizzim has no easy way of inferring what is thefault condition. So, you have to tell it.
That’'s what priority is for — to tell fizzim.pl whahe order of the “if’ statement ought to be.

That’'s what priority is for — to tell fizzim.pl whahe order of the “if’ statement ought to be.
If you don't like this feature, you don’t have teauit. Let’'s add the “missing” equations:

(Exampile: cliff_classic_explicit_equations.fzm)

The Verilog output now looks like this:
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/I comb always block
always @* begin
nextstate = 3'bxxx ; [l defaultto x because default_state is x is set
case (state )
IDLE: begin
/I Warning P3: State IDLE has multiple exit transit ions, and
transition trans0 has no defined priority
/I Warning P3: State IDLE has multiple exit transit ions, and
transition trans5 has no defined priority
if (go) begin
nextstate = READ
end
else if (! go) begin
nextstate = IDLE;
end
end
DLY: begin
/I Warning P3: State DLY has multiple exit transiti ons, and transition
trans2 has no defined priority
/I Warning P3: State DLY has multiple exit transiti ons, and transition
trans3 has no defined priority
if (ws) begin
nextstate = READ
end
else if (! ws) begin
nextstate = DONE
end
end
DONE begin
begin
nextstate = IDLE;
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

Except for the warnings, this is what you would extp
The warnings are telling you that you have two dadnansition equations and haven't defined
their priorities. You and I know that they are mutually exclusive, but fizpirdoesn't parse the

equations, so it doesn’t know. So, it warns you.

But you can easily turn the warnings off. To toffithis specific warning, use the —nowarn
switch:

fizzim.pl —nowarn P3 < cliff.fzm > cliff.v
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You can also turn off whole groups of warnings (fR&ans priority warnings) by just using the
letter:

fizzim.pl —nowarn P < cliff.fzm > cliff.v

So, if you prefer to always use explicit equaticar®] never use priorities, just use “-nowarn P”
when you invoke fizzim.pl.
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10 Adding gray codes
Back to CIiff Classic. Here’s what heros came ugh\for the state encoding:

000

001 110

010

IDLE is 000, and READ is 110. Suppose we wanteditansition from IDLE to READ to be
gray coded?

Easy — just add a “graycode” attribute the tramsiti
So, we double-click the transition, and...

(Example: cliff_graycode.fzm)
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Wait, there’s no “graycode” attributte, and no but to add one. How do we add a “graycode”
attribute?

Recall that attributes andividual states and transitions are only available onceubdyeen
added in the global tabs.

So, select “Global Attributes > Transitions”. @lithe “Graycode” button. Select whatever
visibility you want (we suggest “Only non-defauléihd click OK.
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Now double-click the transition and change the @atithe graycode field to “1”.
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Save the file and re-run fizzim.pl, and the stateoeling changes to this:

/I state bits

parameter

IDLE = 3'b000 , //extra=0 rd=0 ds=0
DLY = 3'b110 , //extra=1rd=1ds=0
DONE= 3'b001 , //extra=0rd=0 ds=1

READ = 3'0010 ; // extra=0 rd=1 ds=0

Note that the IDLE to READ transition is now graglea (000 to 010). Also, a comment has
been added on the transition itself:

IDLE: begin
if (go) begin
nextstate = READ // graycoded
end
else begin
nextstate = IDLE;
end

It is not always possible to make a transition gragled. As an experiment, we’ll try changing
the value of “rd” in DONE to “1”, then turning omay code on the DONE to IDLE transition.
The DONE to IDLE transition is a double-bit chamge¢he registered outputs, so no gray code is
possible. Save it and run fizzim.pl, and we gét th

Error: No valid state assignment found in range of 2 to 6 - exiting

Note that it igpossibleto get this error even when gray coding is notgyrimpossible.

Fizzim.pl has certain rules for limiting the numlodrstate bits to try. The error shows the range
it tried. If you have a case where you think thexaly SHOULD be an encoding that meets all
your requirements and fizzim.pl just isn’t findifigtry using the “-maxbits” switch on fizzim.pl to
widen the search space:

fizzim.pl —maxbits 7 < cliff.fzm > cliff.v

In this case, it just isn't possible, so (afteoagd wait) you still get the error:

Error: No valid state assignment found in range of 2 to 7 — exiting

Notice that yowcouldget around this by making one or more of your otgpype “regdp” (see
below). This would allow the gray code, but whettiegs isreally a solution is open to debate.
Sure, the state machine is gray coded, but theutaigan now be out-of-sync with the state
machine. Whether this meets the original needjfay coding is up to the designer.

Gray coding is, of course, not possible with onedratoding.
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11 Stubs

Suppose we wanted to add an “abort” input to Cliffssic that would cause the FSM to go back
to idle, no matter what state it happened to belits?easy enough to add the transitions, but the
resulting FSM has so many arcs that it becomesadiffigult to read.

To avoid this problem, transitions can be desighate“stubs”. Stubs are just like regular
transitions, except the arc only goes to a stulbsymith the name of the destination state.
Here’s how we would create the stub back to idl@bort for Cliff Classic. After adding “abort”
as an input, we create new transition arcs bat¢Rt& for each state by right-clicking in open
space and selecting “New State Transition”. Thisgs up a box where we can select the states
and set the equation. To make it a stub, checkShé?” box.

We'll also have to add priorities to the transitattributes and assign the DLY->READ transition
on “ws” a lower priority than the “abort” transitio

(Example: cliff_abort_stub.fzm)
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The resulting Verilog has all the expected transgi

always @* begin

nextstate = 3'bxxx ; [l defaultto x because default_state is x is set

case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = |IDLE;
end
end
DLY: begin
if (abort ) begin
nextstate = |IDLE;
end
else if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
DONE begin
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if (abort ) begin
nextstate = IDLE;
end
else begin
nextstate = IDLE;
end
end
READ begin
if (abort ) begin
nextstate = IDLE;
end
else begin
nextstate = DLY;
end
end
endcase
end
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12 Bringing out internal signals

12.1Renaming internal signals

The default values of the state vector, nextstatdor, and ascii statename are “state”,
“nextstate”, and “statename”, respectively. Youn change this on the command line using the
switches “-statevar”, “-nextstatevar”, and “-stapmevar”.

12.2Bringing out internal signals

Sometimes the designer wants to bring the intestiad vectors (state and/or nextstate) out as
ports on the module. Thism®t done by adding them to the output list (fizzinwdl error out if
you do this). Instead, there are special FSM dlatbebutes that you can set:

“stateout” — value field is the name of the sigimalise. Do not use [m:n] — size will be
determined automatically by fizzim.pl.

“nextstateout” — value field is the name of thenalgo use. Again, do not use [m:n] —
size will be determined automatically by fizzim.pl.
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If the signal name matches the internal signal néstate” and “nextstate” by default — see
“renaming internal signals” below), fizzim.pl wdlutput these directly.

module cliff_classic (
output wire ds ,
output wire rd ,
output reg [ 2:0] state
output reg [ 2:0] nextstate
input  wire clk
input  wire go ,
input  wire rst_n
input  wire ws );

(Example: cliff_stateout.fzm)

If not, it will create a new wire with the correstdth for the output and assign this wire to the

internal signal. Suppose we change the namesystate” and “mynextstate”.

(Example: cliff_mystateout.fzm)

module cliff_classic (
output wire ds ,
output wire rd ,
output wire [ 2:0] mystate

output wire [ 2: 0] mynextstate

input  wire clk
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input  wire go ,
input  wire rst_n
input  wire ws );

/Il state bits
parameter
IDLE = 3'b000 , // extra=0rd=0 ds=0
DLY = 3'b010 , // extra=0rd=1 ds=0
DONE= 3'b001 , // extra=0 rd=0 ds=1
READ = 3'b110 ; // extra=1rd=1 ds=0

reg [2:0] state
j nystate = state
reg [ 2:0] nextstate

assign mynextstate = nextstate

In other words, whatever you name it, fizzim.pliw® the right thing.

Note that SystemVerilog does not support outputtitegstate variables as module ports. This is
because the state variables are enumerated tyge®aavailable outside the module (technically,
the declaration could be moved outside the moduiethen there is no way of knowing if this
conflicts with something else in the design).

So, in SystemVerilog, the internal state/nextstagablesmustbe different from the port names.
This can be accomplished in one of two ways. Fysti can simple give the output a different
name, like the “mystate/mynextstate” example abdwethis case, the SystemVerilog output
would look like this:

module cliff_classic (
output logic ds ,
output logic rd ,
output logic [ 2: 0] mystate
output logic [ 2: 0] mynextstate
input logic clk
input logic go,
input logic rst_n
input logic ws

/I state bits
enum logic [ 2:0]

IDLE = 3'b000 , // extra=0rd=0 ds=0
DLY = 3'b010 , // extra=0rd=1 ds=0
DONE= 3'b001 , // extra=0 rd=0 ds=1

READ = 3'b110 , //extra=1rd=1 ds=0
XXX ="x
} state , nextstate

assign mystate = state
assign mynextstate = nextstate
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The other approach is to use the —statevar/-négtstiaoptions to rename the internal names.
The example file cliff_stateout.fzm normally proéscan error when run with —lang
SystemVerilog:

module cliff_classic (
output logic ds ,
output logic rd ,

Error : Cannot use state  or nextstate variables as module ports in
SystemVerilog - you must rename them . See documentation for details . -
exiting

But when run with “-statevar statel —nextstatewextstatel”, it produces this:

module cliff_classic (
output logicds
output logic rd ,
output logic [ 2: 0] state
output logic [ 2: 0] nextstate
input logic clk ,
input logicgo
input logic rst_n ,
input logic ws

/Il state bits
enum logic [ 2: 0]

IDLE 3'b000 , /I extra=0 rd=0 ds=0
DLY 3'h010 , /Il extra=0 rd=1 ds=0
DONE= 3'b001 , // extra=0 rd=0 ds=1
READ = 3'b110 , // extra=1rd=1 ds=0
XXX ="'%

} statel , nextstatel ;

assign state  =statel ;
assign nextstate = nextstatel ;

Either way, the result is the same - different rafoe the ports and the internal signals.
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13 Inserting random bits of code at strategic places

Fizzim.pl has the following attributes that allowwsto insert random bits of code at strategic
locations:

insert_at_top_of _file — string from value field Mak inserted at the top of the file, before
the “module” statement.

insert_in_module_declaration — string from valeddfiwill be inserted into the module
declaration.

insert_at_top_of _module — string from value fieldl e inserted after the module
statement, but before anything else.

insert_at_bottom_of _module - string from valuedfielill be inserted just before the
endmodule statement.

insert_at_bottom_of file - string from value fieldl be inserted after the endmodule
statement.

Using these “hooks”, it should be possible to ihadout anything you want into the Verilog
code.

Since it is common to insert a large chunk of catthe top of the file (copyright statement),
there is a special attribute that will read frofileaan put whatever it finds at the top of the
output file:

include_at_top_of_file — pointer to file whose cemtis should be inserted at the top of the
file.

Currently, the other insert_at attributes haveimila file provision, although it would be easy to
add. There just doesn’t seem to be any great foeaid
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14 Inserting comments

All of the attribute forms have a comment fieldon® of these comments are intended for the
visible table in the gui, some are for the Veritmyle, some show up in both, and some are utterly
useless. Here’s a basic guide:

Comment Field Attribute On In Verilog?
Diagram?
Globals > State name Yes Yes — on “module” line
Machine
clock Yes No
reset_signal Yes No
reset_state| Yes No
<user atts>| Yes No
Globals > Inputs <all> Yes Yes — on input declamnatof module statement
Globals > Outputs <all> Yes Yes — on output detianaof module statement
Globals > States name No No
<outputs> | (outputs| No
tab)
Globals > Transitions name No No
equation Yes No
<user atts>| Yes No
State Properties name No Yes — on STATE: line mizblock case statement
<outputs> | No No
Transition Properties name No Yes — on transitidhstatement in comb block
<user atts>| No No
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15 Using multiple pages

Fizzim will also let you split the FSM across npilé pages.

We'll start with a simple example. Back to CliffaSsic. Let’'s move the READ state to its own
page.

(Example: cliff_classic_multipage.fzm)

Click the “Create New Page” tab at the bottom l&fe now have 2 page tabs:
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Pop back to Page 1, select the READ state by iofickn it, then right-click to select Move to
Page > Page 2:
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Page 1 now looks like this:
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The arcs leading to/from state READ now terminatgpage connectors. Input arcs come in
from the left, output arcs go out on the right.

Page 2 looks like this:
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The usual editing rules apply. You can selecipqige connectors, state, etc and move them
around to clean up the diagram.

One handy use of multiple pages is to move théatas table to its own page. You can select
the attributes table just like a state and move it.

Fizzim 78 Fizzim



16 “include and “define

Many designers prefer to assign constants by usinges set by “define:
"define OPCODE_READ 4'b0110

Often these "define statements will be put intingls shared file, which is then read into Verilog
using the “include directive.

This is easy enough to do in fizziprovided that the values are not being assigneal ¢atput of
type “reg”. This restriction will be explained in a momeiitor now, let’s look at how you can
do it for type comb or regdp.

(Example: cliff_ticdefine.fzm)
Since values of comb and regdb are not parsedhynfipl, there’s no problem using a “define

value. Here, I've added a multibit output callephtode[1:0]” and given it values of 'NOP,
"READ, 'DELAY, and 'INCR.

Now | create my “defines.v” file:

“define NOP 2'b00
“define READ 2'b01
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“define DELAY 2'b10
“define INCR 2'b11

To get it read in, we use the state machine at&itinsert_at_top_of _file” (see “inserting random
bits of code a strategic places above), and set it

“include "defines.v' \n\n

The result looks like this:

“include "defines.v"

module cliff_ticdefines (
output  wire ds ,
output reg [ 1:0] opcode |,
output wire rd ,
input  wire clk
input  wire go ,
input  wire rst.n
input  wire ws

);

/Il state bits

parameter

IDLE = 3'b000 , // extra=0rd=0 ds=0
DLY = 3'b010 , // extra=0rd=1 ds=0
DONE= 3'b001 , // extra=0 rd=0 ds=1
READ = 3'b110 ; // extra=1rd=1 ds=0

reg [2:0] state ;
reg [ 2:0] nextstate ;

/I comb always block
always @* begin

nextstate = 3'bx ; [/ default to x because default_state is x is set
opcode [1:0] =" NOP [/ default
case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = IDLE;
end
end
DLY : begin
opcode [1: 0] =" DELAY,
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So, why not allow type reg? Well, the problenmhigttfizzim.pl musknowthe values for type reg
outputs so that it can encode the state machinsepyo(well, not for onehot, but the idea is to
have a single source able to produce both herosaetibt).

Fine, so parse the Verilog, right? Well, it's mpiite that simple. First, you'd have to FIND the
include file(s). Does that mean parsing the “fle”and reproducing Verilog's directory
searchpath algorithm? Hmmm. And what if the eBtatements are in among other compiler
directives? Now you have to parse most or alhefcompiler directives as well.

Worse, the code generation happens in a diffeteptthan the simulation or synthesis. What
happens if someone edits the defines file afteFigl code is generated? Ouch. To get around
this, you'd probably want to add some sort of simy@ode that verifies that the required values
didn't change. But that only works for simulatiavhat about synthesis? Ideally, you'd like to
do this with compiler directives, but | don’t seaahto do that.

So, it might be feasible, but allowing “define \edufor reg outputs raises a lot of thorny issugs, a

well as being a fair amount of work. So, for nawgemains on the “maybe, but probably not”
list.
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17 Forcing the state vector

Despite the heros encoding’s ability to do all twaizzy stuff, some control-freaks (or speed-
freaks!) will still insist on forcing particular values onto the stats.

Fizzim.pl doesn’t support this directly (in partcheise we think it's generally a bad idea), but it's
easy enough to fake it. How you fake it dependw/bather you want to just force the

assignments (making the registered outputs datdgitadh or you want to force the assignments,
thenusethe values as your registered outputs.

17.1With registered outputs as datapath bits

To force the state assignment without trying to theevalues as registered outputs, here’s what
you do:

First, create your registered outputs as type regdp

Now, add an output called, for example, “STATE”wihe width of your state vector. Edit each
state to assign this to your target value.

Here’'s what CIliff Classic looks like with this dane

(Example: cliff_forcestate_regdp.fzm)
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If you've encoded the state bits correctly, herdsfiwd your encoding to be just exactly what it
needs, and you get output like this:

/Il state bits
parameter
IDLE = 2'h00 , // STATE[1:0]=00
DLY = 2'b10 , // STATE[1:0]=10
DONE= 2'b1l , // STATE[1:0]=11
READ = 2'h01 ; // STATE[1:0]=01

. .// Assign reg'd outputs to state bits
assign STATH 1: 0] =state [ 1:0];

17.2With registered outputs assigned to state bits

If you want to assign your registered outputs te toom your forced state vector, do this:
(Example: cliff_forcestate_regout.fzm)

Change their type to “comb” and set their defaaltgs to assign each to a state bit (ex:
name=ds, Default value=STATE][0]). Add the STATENe as described above.
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The result would look something like this:
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To make it look even prettier, you could turn tledadilt visibility on rd and ds to “NO”, then go
to one state (IDLE) and turn it on:

Or you could turn visibility off complete, and attte mapping as free text. You get the idea.
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However you choose to do it, the comb block wilook like this:

/I comb always block
always @* begin
nextstate = 3'bx ; [/ default to x because default_state is x is set
ds = STATH 0]; /I default
rd = STATH 1]; /I default
case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = IDLE;
end
end
DLY : begin
if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
DONE begin
begin
nextstate = IDLE;
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

Now your outputs are forced to the state bit values

Fizzim 86

Fizzim



18 Controlling and suppressing warning messages

Fizzim.pl has a couple of command-line switches #tlaw you to control what warning
messages are generated, and where they go.

Currently, warning messages are placed in theviolig groups:

“R” messages — Reset-related warnings.

“I” messages — Implied loopback warnings.

“P” messages — Priority-related warnings.

“C” messages — Combinational output-related wamsing

PonE

Each individual message also has a number. Natetilh numbers within the group are not
necessarily continguous, since each number i$ itsigjue across all groups.

So, for example, warning message “R1” is “No regedcified” and warning message “R5” is “No
reset value for datapath output <output> set iatreate <state> - Assigning a reset value of
<value> based on default”.

You can use the —nowarn switch to suppress thesgnga. Using the full group+number will
suppress just that message:

-nowarn R1

Usingjust the groupwill suppress all messages in the group, so:
-nowarn R

suppresses all reset messages.

You can also control where the messages are segtthe —warnout switch. This switch has 3
possible values:

stdout — place the messages in the Verilog as cotsme
stderr — just send the messages to unix stderr.
both — send the messages to both places.

The default value for warnout is “both”.
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19 Printing and exporting the state diagram

One of the nice things about using a gui-based E88gn tool is the ability to use the state
diagram in your documentation. In addition to pnig the state diagram, you can export it in
three ways:

1. As a .png file
2. As a .jpg file
3. Directly to the clipboard

Having the attributes table on the diagram allows o put ALL the information into your
documentation quickly and easily.

All the state diagrams in this paper were inseusidg the export to clipboard feature.

Note that currently fizzim only prints/exports go&ge at a time.
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20 Specifying the fizzim.pl options

There is a special state machine attribute calved ¢md” that is used to specify the backend
command to run. Some day, this will be used tothenbackend from within the gui. That’s still
on the todo list (because it has some platform nidgecies), but the be_cmd attribute is fully
supported in fizzim.pl. The attribute is parseabtain theoptions and those options are treated
exactly as if they had been specified on the condnlina — ahead of the actual command line
options. Since they come first, they can be oddam by the options specified on the command
line, giving priority to these.
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21 Group select and move

The fizzim gui also supports multiple item seleat anove. In this case, the “items” are states
and the attribute table — transitions are only nddwe moving the attached state(s).

Any modifications made to attached transitionsgaeerally retained if both of the attached states
are moved (in fact, whenever possible, they am@ned when a single attached state is moved).

A common example is having to move the while fsiwalise the attribute table grew too big.
Suppose | added a be_cmd and ended up with this:

| can move the whole fsm by selecting all the staither by selecting each state individually
(click, ctl-click, ctl-click, etc), or by drawing box around the whole fsm:
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And then just drag it to the new location.
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Notice that my arcs didn't change.
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22 —terse (-sunburst) option

Cliff Cummings of Sunburst Design is one of theusiily’s top Verilog experts. He participates
in standards activities, teaches Verilog and Sygmilog classes, and presents frequently on all
things Verilog.

Cliff is a firm believer in “less is more”. He gdegs a coding style that eliminates any and all
unnecessary syntax (like begin/end blocks, etizkini.pl has an option (-terse or —sunburst) that
will produce this sort of output.

Here’s an example:
(Example: cliff_terse_example.fzm)

Standard output looks like this:

module cliff_classic (
output wire ds ,
output reg pre_rd
output reg rd ,
input  wire clk
input  wire go ,
input  wire rst_n
input  wire ws

/I state bits

parameter

IDLE = 3'h000 , //extra=00 ds=0
DLY = 3'h010 , //extra=10 ds=0
DONE= 3'h001 , //extra=01ds=1

READ = 3'b100 ; //extra=00 ds=0

reg [2:0] state
reg [ 2:0] nextstate

/I comb always block
always @* begin

nextstate = 3'bx ; [/ default to x because default_state is x is set
pre_rd = 0; [/l default
case (state )
IDLE: begin
if (go) begin
nextstate = READ
pre_rd = 1;
end
else begin
nextstate = IDLE;
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end
end
DLY : begin
if (ws) begin
nextstate = READ
end
else begin
nextstate
end
end
DONE begin
begin
nextstate
end
end
READ begin
begin
nextstate = DLY;
end
end
endcase
end

DONE

IDLE;

/I Assign reg'd outputs to state bits
assign ds =state [O0];

/I sequential always block
always @(posedge clk or negedge rst_n ) begin
it (! rst_n )

state <= IDLE;

else

state <= nextstate ;
end

/I datapath sequential always block
always @(posedge clk or negedge rst_n ) begin
if (! rst_n ) begin

rd <= 0;
end
else begin
rd <= 0; /I default
case (nextstate )
DLY : begin
rd <= 1,
end
READ begin
rd <= 1,
end
endcase
end
end
/I This code allows you to see state names in simul ation

“ifndef SYNTHESIS
reg [31:0] statename ;
always @* begin
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case (state )
IDLE:
statename
DLY :
statename
DONE
statename
READ
statename
default
statename
endcase
end
“endif

endmodule

The sunburst version looks like this:

module cliff_classic
output ds ,

= "IDLE" ;
= "DLY";

= "DONE",
= "READ";

= "XXXX";

output reg pre_rd

output reg rd ,
input clk
input go ,

input rst.n
input  ws

);

/I state bits

parameter

IDLE = 3'b000 |,
DLY = 3'b010 ,
DONE= 3'b001 ,
READ = 3'b100 ;

reg [2:0] state

/I extra=00 ds=0
/I extra=10 ds=0
/I extra=01 ds=1
/I extra=00 ds=0

reg [2:0] nextstate ;

/I comb always block

always @* begin
nextstate =
pre_rd = 0;
case (state )

IDLE: begin

if (

3'bx ; [/ default to x because default_state is x is set

/I default

go) begin

nextstate
pre_rd

end

else

end

DLY : if (
else

Fizzim

nextstate

ws) nextstate

nextstate

READ

IDLE;

READ
DONE

95

Fizzim



DONE nextstate = |IDLE;
READ nextstate = DLY;
endcase

end

/I Assign reg'd outputs to state bits
assign ds =state [O0];

/I sequential always block

always @(osedge clk or negedge rst. n )
it (! rst_n )

state <= IDLE;
else

state <= nextstate ;

end

/I datapath sequential always block
always @(osedge clk or negedge rst. n )
if ("rsttn ) rd <= 0;
else begin
rd <= 0; /I default
case (nextstate )
DLY : rd <= 1;
READ rd <= 1;
endcase
end
end

/I This code allows you to see state names in simul
“ifndef SYNTHESIS
reg [31:0] statename ;
always @* begin
case (state )

IDLE: statename = "IDLE" ;
DLY : statename = "DLY";
DONE statename = "DONE";
READ statename = "READ";
default : statename = "XXXX";
endcase
end
“endif
endmodule
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23 SystemVerilog output
Beginning in revision 3.0, fizzim.pl can produceamut in SystemVerilog format.

SystemVerilog is invoked by specifying “-languagsstémVerilog” on the command line (or in
the be_cmd attribute string — see the section onrbd).

The code is structured to follow coding guidelifresn Cliff Cummings (as taught in his
SystemVerilog class). The primary changes arbarfdllowing areas:

1. Use of logic data type instead of wire and reg

2. Use of enumerated types instead of parametersdta sames. In most waveform
viewers, the eliminates the need for special codeetable to see the state names.
Because of this, the “-simcode” option default®tiovhen the language is SystemVerilog
(the default is on normally).

3. Use of always_comb, always_ff instead of alwayg_at

4. Use unigue case instead of “//synopsys full_casellph case” in onehot encoding (unless
the attribute “onehot_pragma” is set).

The heros output for cliff_classic looks like tmsSystemVerilog:

module cliff_classic (
output logic ds ,
output logic rd ,
input logic clk
input logic go,
input  logic rst_n
input logic ws

/I state bits
enum logic [2:0] {

IDLE = 3'b000 , // extra=0rd=0 ds=0
DLY = 3'b010 , // extra=0rd=1 ds=0
DONE= 3'b001 , // extra=0 rd=0 ds=1

READ = 3'b110 , //extra=1rd=1 ds=0
XXX ="'
} state , nextstate

/I comb always block
always_comb begin
nextstate = XXX [/l default to x because default_state is_x is set
case (state )
IDLE: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = IDLE;
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end
end
DLY : begin
if (ws) begin
nextstate =
end
else begin
nextstate
end
end
DONE begin
begin
nextstate
end
end
READ begin
begin
nextstate =
end
end
endcase
end

/I Assign reg'd outputs to state bits

assign ds =state [O0];
assign rd =state [1];

/I sequential always block

always _ff ~ @(posedge clk

it (! rst_n )

state <= IDLE;
else
state <= nextstate
end
endmodule

The heros output for cliff_classic looks like thisSystemVerilog:

module cliff_classic (
output logic ds ,
output logic rd ,
input logic clk
input logic go ,
input logic rst.n
input logic ws

/Il state bits

enum {
IDLE_BIT ,
DLY_BIT,
DONE_BIT,
READ_BIT
} index ;
Fizzim
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enum logic [ 3:0]
IDLE = 4'bl <<IDLE_BIT ,
DLY = 4'bl <<DLY_BIT,
DONE= 4'bl <<DONE_BIT,
READ = 4'bl <<READ_BIT,
XXX =X

} state , nextstate

/I comb always block
always_comb begin
nextstate = XXX [/l default to x because default_state _is_x is set
unigue case (1'bl)
state [ IDLE_BIT ]: begin
if (go) begin
nextstate = READ
end
else begin
nextstate = IDLE;
end
end
state [ DLY_BIT]: begin
if (ws) begin
nextstate = READ
end
else begin
nextstate = DONE
end
end
state [ DONE_BIT]: begin
begin
nextstate = IDLE;
end
end
state [ READ_BIT]: begin
begin
nextstate = DLY;
end
end
endcase
end

/I sequential always block
always ff ~ @(@osedge clk or negedge rst n ) begin
it (! rst_n )

state <= IDLE;

else

state <= nextstate ;
end

/I datapath sequential always block
always ff ~ @(@osedge clk or negedge rst n ) begin
if (! rst_n ) begin

ds <= 0;
rd <= 0;
end
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else begin

ds <= 0; [/l default
rd <= 0; // default
unigue case (1'bl)
nextstate [ DLY_BIT]:
rd <= 1;
end
nextstate [ DONE_BIT]:
ds <= 1;
end
nextstate [ READ_BIT]:
rd <= 1:
end
endcase
end
end
endmodule
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24 Future directions / wishlist

Multi-page print

Better support for pages sizes other than 8-1/P1by

(Limited?) parsing of “include files for “definead/or parameters to allow their use as
values for reg outputs.
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