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Finite State Machine (FSM)

* Characterized by
- A set of states
- A set of inputs and outputs
- A state transition function
- An output function

 Hardware Implementation:
- Current State held in a register
— Any additional status information held in status register

- Next-State and State Control Logic Determines next state and
control signals based on registers

- Datapath implements operations on data under control of sate
control logic



Finite State Machine with Datapath

* Avery common framework being described and
Implemented is a Finite State Machine with a Datapath:
a data path controlled by signals from a FSM

Datapath

Data In —— RX D } TX FH— Results

. Statu§ | *Control
* Conditions *Instructions

* (May be data)

FSM




Control and Datapath Partitioning

* Datapath operations can be encoded in the state machine

description or can be build separately.

* |f pre-built modules are used, as is common, the datapath is
necessarily a separate description.

» Often the datapath represents the algorithm calculations,
separating the datapath code makes the code more readable

* Coding datapath separately can allow more explicit influence over
and insight into the resources used for computation while
separating details of control code

e Can sometimes think of datapath as implementing instructions for
the controller to invoke/call

» Separating the datapath code can allow better reuse under a
different scheduling of operations (implementing a different
algorithm)

* In general, designing the datapath first and then the control is a
good strategy



Temporal Processes of statemachine

» Just after clock edge, state variables are updated.
For controller this means that a state-transistion is

complete and state registers holds the new FSM contraller
current state. For the data path, this means that
the register variables are updated as a result of L > Cortrol
assigning (algebraic, boolean, logical, etc...) I
expressions to them. " )
* Controler FSM Combines the control state and the - |
data-path state to evaluate the new next state for Fonditons netnyetons
the, at the same time it will also select what Datapath
instructions should be executed by the datapath| y A N -
nputs _ : . \ utputs
* The datapath FSM will evaluate the next-state for }fDataplath .i >
the state variables in the datapath, using the | | tese ‘ |

updated datapath state as well as the instructions
received from the control FSM

« Just before the next clock edge, both the control
FSM and the datapath FSM have evaluated and
prepared the next-state value for the control state
as well as the datapath state



Controller FSM vs Datapath

Datapath Controller FSM

* Regular Structure * Irregular Structure

* Often easy to describe with  * Very well suited for FSM-style
expressions or structurally description, difficult to
build with blocks describe with (boolean)

* Registers represent expression-based
algorithmic states * Registers represent the
(intermediate or partial familiar sense of the state of

results) the system



Divide and Conquer

Datapath operations can be encoded within the same
orocedural code as the state machine description or can
oe built separately.

FIrst consider partitioning.

- Identify elements in the datapath from experience
with traditional digital systems (e.g. communications
modules, arithmetic modules, multiplexor's and
demultiplexors, registers and multi-word buffers,
FIFOs, IP Cores etc...).

- Identify the control signals required and the
status/condition information required to make
decisions on the control.



Algorithmic Statermachines

* However, encoding datapath

operations WITHIN in the @ case (CS)
statemachine description with the S0:begin
controller instead of coding them in a dx <= x1-x0;

separate block is sometimes better. busy<= 1;
end

dx <= yl-vyO0;

* It is common to see “algorithmic
statemachines” described with
control and computation embedded
In the same procedural block. They
can implement processing flows.

i 1:
These are modules which take @ S3:dySqg <= dy*dy;
4.

S

S2:dxSqg <= dx*dx;

multiple cycles to perform complex

algorithms and require internal S4:begin

registers/memory. dsq <= dxSq+dySq;
* Control FSMs are distinguished in this busy<= 0;

course as having an emphasis on end

timing and external status and endcase

control signals



Data-Flow Graph

* Data-Flow Graphs represents
dependencies among
operations in the process of
an arithmetic algorithm ‘ ‘
(more compact than a full
state diagram).
« A algorithmic state machine @ @
performs one or more
operations in a state (i.e. dxSq @ dySq

clock cycle) while satisfying
the required order dsq
dependencies from the graph



Exercise: Draw the Datapath and |dentify Status
and Control Signals to be connected to an FSM

case (CS)
SO:begin
dx <= x1-x0;
busy<= 1;
end

Sl:dx <= yl-v0;

:dxSg <= dx*dx;

@))]
N

S3:dySqg <= dy*dy;
S4:begin
dsg <= dxSgtdySqg;
busy<= 0;
end

endcase



Extended State Registers

« At times we'll want to include an extra register to store
Information that we don’t want to code as part of our primary
state register.

Examples:

— partial results in the process of a multi-cycle computation
— saved results to provide at the output ports at a later time

— status flags for events that should be remembered and used in later
processing and state decisions

- event counters
— timing counters, to control timing without creating additional states

« These extended state registers are not necessarily represented by
the number of drawn states state transition diagram or the
primary coded state register, but formally they ARE part of the
state of the system



Control FSM

* We'll now discuss control FSMs with emphasis
on timing, reading of status signals, and
generating control signals before returning to a
discussion on algorithmic sate machines.



Waiting — Conditional and Unconditional

* |t iIs common to require one or both of

- conditional waiting
— unconditional waiting

e These can be used to implement

- Fixed waiting — unconditionally wait a
predetermined number of cycles

- Minimum wait (Fixed+Conditional)

« wait for some time and then wait for a condition based on
external input to be satisfied. This is useful when
Interfacing with external “slow” entities that need time
after being signaled to send back a response.



Implementation of Waits

Some Options:
« Add “top” level walt states to state
machine in each place needed
e Use a counter
a)Use external counter (implement as
an external state machine) with
and interface to it
b) embed something like a counter in
the coding of the state machine
thus creating substates using the
counter as an extended state register.
 Create a single programmable wait state
to jJump to and return to from multiple
states using a “jump” register

(extended state register)



Unconditional Delay Using Extra States

iIf (g0==1 and selAB==0)
—
g0A<=1

g0A<=0 S startA2



Unconditional Delay Using Extended State

Register Variable : Counter

| iIf (counter>0)

counter<=2 \‘ counter-1

If (counter==0)

g0A<=0
Extended State Registers

‘counter‘




Minimal Pause: Delay + Conditional Exit Using An

Extra State (unconditional delay +conditional exit)
iIf (counter>0)
counter<=
counter-1
goA<=1

iIf (g0==1 and selAB==0)
—

counter<=1
g0A<=1

If (counter==0)

If another

. 0A<=1
condition goAs<

g0A<=0

S startAl

Extended State Registers
‘counter‘




Delay + Conditional Exit Using An Extra
State (unconditional delay +conditional exit)

iIf (counter>0)

\A counter -1
counter<=2
goA<=1 goA<=1

If (counter<=1)

If another goA<=1
condition

g0A<=0

S startAl

Extended State Registers
‘counter‘




Minimal Pause: Delay + Conditional Exit Using

Extended State Register Variable Counter

iIf (counter>0)
If (g0==1 and selAB==0) counter<=

counter<=2 \‘ counter-1

iIf (counter==0
&& other condition)

g0A<=0

Extended State Registers

‘counter‘




Programmable Wait State
* Explicit Top-Level States vs Programmable State

Extended State Registers
‘counter‘

| jump |




Thought Question

* Better to grow state register or use a separate
counter variable?
* There Is no universal answer



“For Loop” State Machine

* Extended state registers can help implement
loop behaviors

Extended State Registers
L i |
L i |




Combinatorial vs Sequential Pitfalls

* Using previous slide state machine as example for single always
block code:

SA:

<0, .
>0 SD:
| <=1+1; next i =i+l
It (i<10) CS<=5A f (<10) CS<=SA;
else CS<=SE; else CS<—SE:
| <= next I

Wrongly using the output of a register instead of the input can
be a pitfall when using registered outputs and extended state
registers



Possible Realizations of i, reglsters and support
hardware from in- Cla

3'b001
3
1 3 3
| 3'b000}-{0 2| [3booo
— 5|2 to
) _c&mparator
sel {2'b0,inc} en
|

« After examination of the state diagram,
three required behaviors are desired:

3

—  Hold, Increment, Load 0

A primary FSM will generate the

control signals ‘ 3'b000




class discussion timing diagram

clk J ‘ ‘ ‘ ‘ ‘ ‘

(imp[i\(lzf X SD )A< SE

combinatorial output to
register input) \

cs SC s X  SE

comb comb
propagation PTop.
delay delay

next_| 9 >< 10




Tweaking Question

* Could one just change 1<10 to 1<9?

Wrong Code State D
SA:

1<=0; ... SA:
SD: 1<=0; ...

| <= I+1; SD:

If (i<10) CS<=SA; | <= i+1;

else CS<=SE; If (1<9) CS<=SA;

else CS<=SE;

”

« Perhaps yes, but the reasoning is important.

« Lets say you are working on a class HW project — if you make the wrong version, run a simulation or
debug in FPGA hardware, notice that one extra loop is performed and “tweak” the code to “just
make it work” without understand the options, than that would not be a good reason. You want to
be cognizant of and understand the different choices, then you have the knowledge and
understanding to select the most appropriate implementation. Furthermore, at some point your
code will be very large and systems will be complex — expecting to make many tweaks is not a
reliable approach. You want to learn to get as much right the first time as possible.

« |'d argue that the tweaked version is less readable, but | could not say it is wrong.



Detecting Signal Change with
Single-Clock-Dornain Synchronous Logic

 When looking for a change on an signal, avoid a careless
temptation to “detect” edges using edge specifiers if it is not
warranted to create a new clock domain. Ex:

always @ (posedge e)
e counter <= e counter + 1;

« Consider saving a previous version of the signal in a register, and
using both present and previous input values to detect a transition:

always @ (posedge clk) begin
1f (~e prev & e) e counter <= e counter + 1;

e prev<=e;
end e e_prev D‘T—De_fr%h
which is the same as
in

always @ (posedge clk)beg
e prev<=e;
1f (~e prev & e) e counter <= e counter + 1;
end




» A slave device commonly starts processes based on a start signal from a master.
A slave process may be fast or slow compared to a master.
For instance, an instruction processor acting as a master controlling a slave
through general I/0 ports. Driven by software, it the processor may require man
clock cycles to respond (software bit banging and handshaking can be slow)

» Considering a slow master applying a command signal, yet requiring many
clock cycles to respond to a handshaking signal from a slave. The slave might
falsely initiate a second round of activity if the command is asserted too long.

Master loads

acknowledgment
From master: ! { master lowers
go | | command signal
L1
} Slave Starts Again
T Erroneously

Slave signals its start



Transition detection for staterachines

e To alter the behavior, a slave state machine can instead look for
a change in the signal in two consecutive clock cycles

Saving the previous input value:

always @ (posedge clk) go_prev<=go;
use this as a condition

(start==1 &é& start_prev==0)

Master Receives
Acknowledgment

From Master: ‘

go | |
Slave:
g0_prev I |

Slave I
Busy

master lowers
‘command signal

Slave sees T T fSlave does not erroneously
“ g , . start again
fresh” go Slave signals its start &



Limitations of FSM

*FSM typically lack any hierarchy. There is no way to
connect details of state-machines leading to state
explosion. Otherwise, a hierarchy of states is quite useful
for organizing an algorithm.



State Machine State Explosion

*Consider two state machines.

Maybe one captures user input FSM1  FSM2
like desired temperature, ithas [ - | [ <
states, inputs and outputs
appropriate to perform that task.
Perhaps the other controls a
heating element based on
measured and desired
temperature. Separated, they
may be fairly simple, but what

FSM1 X FSM2

happens when they are described *This motivates
as a single, flat state machine? partitioning into
*A multiplicative effect. Two multiple state
three-state FSMs became one machines in

nine-state FSM hardware desgin



Global Exceptions

*Now, see what happens if a single new condition, a
universal exception must be added.

*A dramatic result from only one new condition. Readability
and perhaps feasibility of mentally managing the FSM is
severely impacted.

FSM1 X FSM2




Meanwhile in software...

*A single if statement can be added, taking advantage of the
hierarchy of logic embedded in code.

1f (exception) {

do this
telse(
switch (current state) { switch (current state) {
case A: case A: B
case B: case B:
case C: case C
case D: case D

} }



Delay/Pause/Waiting

* Think about the delay examples given earlier using a counter.
The counter was implementing one form of hierarchical
states.

* Consider waiting for an acknowledgment signal for 2720 clock
cycles. This would require ~-1Millon states with the condition
to move to the next state or proceed to end state if
acknowledge was received.



Multi-Cycle Cormputations as FSMs

* Inthe following slides, we will consider examples of
algorithmic FSMs. These are used to describe and synthesize
multi-cycle computations. The number of state transitions
defined are typically less than with a complex controller FSM.

* A more regular forward orderly progression through the
states is typical, and the designer’s thought processes may be
focused on the computation being performed in each state
and the resulting partial results (in registers), as opposed to
the output during the state.

— Thus, it becomes more reasonable to use a single edge-
triggered always block in the design. The fewer number of
transition decisions (branches) makes the concern of code
bloat negligible.



FSM Optimizations

As we are designing Multi-Cycle computations, we may
consider two optimizations:

Rescheduling — moving internal operations to other states

Resource sharing — utilizing same component in multiple
states



Module Header

module FSM opt (
output reg [/:0] £,
input clk,
input wire [7:0] 1,
input wire [7:0] 7,
input wire [7:0] Kk,
input rst

) g

Head

reg [7:0] CS;
reg [/:0] 1 int,J int,k int;

localparam S O 8'b00000000;
localparam S 1 = 8'b00000001;
localparam S 2 = 8'b00000010;



Module Body

Body

always (@ (posedge clk)
if (rst) begin
CS<=S 0;
f<=0;
end else begin
case (CS)
S 0: begin
1 int<=i;
J _int<=j;
k int<=k;
CS<=S 1; end
S 1: begin
CS<=S 2; end
S 2: begin

m=1 1nt*j int;

f<=m*k 1int;
CS<=S 0; end
endcase
end
end
endmodul e

begin

(Multi-cycle computation: \
Note, the single-block style here was used
since the state transition sequence is
straightforward. Also, the data path is
combined with the controller.

We are not worried about “code bloat” from
having to code each output on every
transition.

Instead of concentrating on

timing coincidence of state and outputs

VS

coding coincidence of state and outputs,
we are focused on the

coincidence of states and computations. In
this single block style the computation
performed and resources required for each
each are clear, though the corresponding
output of each computation is seen and can
be used on the cycle following the
corresponding state indicated in the state

(egister. /




RTL suggested from Code




Alternative RTL with faster operation

4 v N

L= FSM \
Lk Controller

en
delk 4
’ >
en
delk 4
d

Controller
—1 €n
Dtk 1
i >
em :>ecrik q f
D clk —{ rst
- 14 d
J -

en
delk 4




Rescheduling

always @ (posedge clk) begin
if (rst) begin

CS<=S 0;
£f<=0;
end else begin : :
case (CS) Reschedullng this
S 0: begin multiply allows for
i_il’lt<=i; j_il’lt<=j ; k_il’lt<:k; faster ClOCk Speeds
CS<=S 1;
b GRe (we assume two
S 1: begin
m<=i int*j int; clock cycles were

CS<=S 2; end % required at the
S_2: begin system level). Some

//m=1 1int*j 1int; - .
Femm*k intj.— synthesizers may do

CS<=S 0; end similar types of
endcase rescheduling for
end you.

end
endmodule



on Module
Body

module FSM opt (

output reg [7:0] £, always @ (posedge clk) begin
output reg [7:0] g, if (rst) begin
input clk, CS<=5 0;
input wire [7:0] 1, £<=0;
input wire [7:0] 7, h<=0;
input wire [7:0] k, end else begin
input rst case (CS)
) ; S 0: begin
i int<=i;
reg [7:0] CS; J int<=j;
reg [7:0] i int,J int,k int; k int<=k;
CS<=S 1; end
localparam S 0 = 8'b00000000; S_1: begin
localparam S 1 = 8'b00000001; CS<=5_2; end
localparam S 2 = 8'b00000010; S_2: begin

f<=1 1Int*j int;
h<=j int*k int;
CS<=S 0; end
endcase
end
end
endmodule



Suggested RTL

FSM
Controller

en
delk 9

-

en
delk 4

en
delk 4




Alternative RTL with lower gate count

- N

Controller
:>§ﬁ< 1
- |4
1 > :;ﬁk o f
— rst
d
ek 1
—d — en
J —pex 9 &
— rst
- > d Fsi N\
—pek 1 Controller
k —|d

—1 €en
“bek
i > o
— en Delk 9 f
f>Clk ! rst
d d
q




Alt. Module Body

always @ (posedge clk) begin always (@ (posedge clk) begin

if (rst) begin if (rst) begin
f<=0; g<=0; £<=0; g<=0;
CS<=S O0; CS<=S_0;
end else begin end else begin
case (CS) case (CS)
S 0: begin S 0: begin
1 1nt<=1i; i int<=i;
J_1int<=3; J_int<=3;
k_int<=k; k int<=k;
CS<=S 1; end . CS<=S 1; end
Explicitly —.
: . S 1: begin
S_tljé::):g? end cod ||: gcithle_ f int<=i_int*j int;
s 5 beai; rescheculng CS<=S 2; end
L DFR o Issimple but S 2: begin
f<=i int*j int; : ) — : .
g<—i int*k int; this doesn't g<=k int*j int;
CS<=S_0; end ensure BRSNS
endcase resource C5<=5 0; end
end sharing endcase
end end
endmodule end

endmodule



Another Rescheduling Example
versionl

always (¢ (posedge clk)

case (CS)
S 0O:begin g<=r+s; CS<=S 1; end
S 1l:begin CS<=S 2; end

S 2:begin gout<=g+5; CS<=S 0; end

version2

always @ (posedge clk)

case (CS)
S 0O:begin g<=r+s; CS<=S 1; end
S l:begin g<=g+5; CS<=S 2; end

S 2:begin gout<=qg; CS<=S 0; end



Another Rescheduling Exarmple
Code Provided to the Synthesizer

input [7:0] 1,73,k;
output [7:0] £, h;

reg [7:0] £,g,h,q,r,s;
always (@ (posedge clk)

case (CS)
S_O :begin f<=j_+j ; g<=j *23; CS<=S_1 ; end FSM Synthesizers

S_2:begin f<=f*g; g<=r*s; CS5<=5_0; end try variations

Movement of
q=r’s

Externally Equivalent Variation 1.
S O:begin f<=i+3j;g9<=j*23; CS<=5_1; end |singa
S l:begin h<=f+k; g int<=r*s; CS<=S 2; end temporary
S 2:begin f<=f*g; g<=g int; CS<=S 0; end \variable

Externally Equivalent Variation 2:
S O:begin f<=i+j;g<=j*23; CS<=S 1; end
S l:begin h<=f+k;g<=f*g; CS<=S 2; end Movement of f*g
S 2:begin f<=g; g<=r*s; CS<=S 0; end




State Encoding

http://www.xilinx.com/support/documentation/sw_manuals/xilinx11/xst.pdf

The state encoding effects the size of the decoder,
speed, dependent logic optimization, etc.

Encodings supported by Xilinx:  Auto
One-Hot
Gray
Compact
Johnson
Sequential
User
Speedl
RAM-based



State Encoding

* Auto: In this mode, XST tries to select the best
suited encoding algorithm for each FSM.

* One-Hot: One-hot encoding Is the default
encoding scheme. Its principle Is to associate one
code bit and also one flip-flop to each state. At a
given clock cycle during operation, one and only
one bit of the state variable is asserted. Only two
bits toggle during a transition between two states.
One-hot encoding is very appropriate with most
FPGA targets where a large number of flip-flops
are available. It Is also a good alternative when
trying to optimize speed or to reduce power
dissipation.




State Encoding

* Gray. Gray encoding guarantees that only one bit
switches between two consecutive states. It Is
appropriate for controllers exhibiting long paths
without branching. In addition, this coding technique
minimizes hazards and glitches. Very good results can
be obtained when implementing the state register with
T flip-flops.

* Compact: Compact encoding consists of minimizing the
number of bits in the state variables and flip-flops. This
technique i1s based on hypercube immersion. Compact
encoding Is appropriate when trying to optimize area.

* Johnson: Like Gray, Johnson encoding shows benefits
with state machines containing long paths with no
branching.




State Encoding

* Sequential: Sequential encoding consists of identifying long paths
and applying successive radix two codes to the states on these
paths. Next state equations are minimized.

* Speedl: Speedl encoding is oriented for speed optimization. The
number of bits for a state register depends on the particular FSM,
but generally it Is greater than the number of FSM states.

 User: In this mode, XST uses original encoding, specified in the
HDL file. For example, if you use enumerated types for a state
register, then in addition you can use the ENUM_ENCODING
constraint to assign a specific binary value to each state. Please
refer to "Design Constraints" chapter for more details.

 RAM-Based Finite State Machine (FSM) Synthesis: Large Finite
State Machine (FSM) components can be made more compact
and faster by implementing them in the block RAM resources
provided in Virtex® devices and later technologies. FSM Style
(FSM_STYLE) directs XST to use block RAM resources for FSMs.



Unreachable States

* One of the benefits of extracting FSMs, is that
additional analysis and design checks are
available:

"XST can detect unreachable states in an FSM. It
lists them in the log file in the HDL Synthesis
step.”



Safe Finite State Machine (FSM) Implementation

« XST can add logic to your Finite State Machine (FSM)
Implementation that will let your state machine recover
from an invalid state. If during its execution, a state
machine enters an invalid state, the logic added by XST
will bring it back to a known state, called a recovery state.
This is known as Safe Implementation mode.

* By default, XST automatically selects a reset state as the

recovery state. ...

* This feature is useful in system susceptible to corruption
or as a way to handle undefined power-on initialization



Encoding Summary

*One-hot coding is good for speed and simplicity of state
decoding logic and state incrementing.

*More compact codes such as standard binary encoding
generally require a smaller state state register than one-hot
coding at the possible cost of size and speed. But this depends
on the density of comb. logic vs. registers the supporting HW
platform and in the design. FPGAs have many registers and so
the cost of additional combinatorial logic may large compared
to the savings from needing less registers.

*Codes where only one or two bits change at a time in the state
register may be beneficial. Less transitions may lead to less
power depending on overall design. Can minimize the chance
of metastability errors (such as systems with tight timing, or
radiation vulnerability). These codes may also minimize logic
glitches.



FSM Log File

* The XST log file reports the full information of
recognized Finite State Machine (FSM) components
during the Macro Recognition step. Moreover, If you
allow XST to choose the best encoding algorithm for
your FSMs, it reports the one it chose for each FSM.

As soon as encoding Is selected, XST reports the original
and final FSM encoding. If the target is an FPGA device,
XST reports this encoding at the HDL Synthesis step. If
the target is a CPLD device, then XST reports this
encoding at the Low Level Optimization step.



Synthesizing Unit <fsm 1>.
Related source file is "/state machines 1.vhd".
Found finite state machine <FSM 0> for signal <state>.

| States | 4 |
| Transitions | 5 |
| Inputs |1 |
| Outputs | 4 |
| Clock | clk (rising edge) |
| Reset | reset (positive) |
| Reset type | asynchronous |
| Reset State | sl |
| Power Up State | sl |
| Encoding | automatic |
| Implementation | LUT |

Found 1-bit register for signal <outp>.
summary:

inferred 1 Finite State Machine(s).
inferred 1 D-type flip-flop(s).

Unit <fsm 1> synthesized.



HDL Synthesis Report
Macro Statistics

# Registers : 1
1-bit register : 1

Advanced Registered AddSub inference

Analyzing FSM <FSM 0> for best encoding.

Optimizing FSM <state/FSM 0> on signal <state[l:2]> with gray
encoding.

sl | 00
s2 | 01
s3 | 11
s4 | 10

HDL Synthesis Report
Macro Statistics
# FSMs : 1



Constraints/Compiler Directives

*Most synthesizers support various instructions to modify
synthesis behavior

*http://www.xilinx.com/itp/xilinx8/books/data/docs/xst/xst0064_8.html#wp255324

*Many options can be applied globally or on a per module
Instance or even per block level.

*Some are entered Iin constraint files, as a command-line
option or inline via special commented tags:

casex select

4'pblxxx:
4 '"bxlxx:
4 'bxx1x:
4 '"bxxx1:

res
res
res
res

// synthesis full case

datal;
dataz;
data3l3;

data4; _ _ \ _
Compiler directive/constraint



Xilinx FSM Constraints

Xilinx Synthesis Contraints for state machines

*http://www.xilinx.com/itp/3_1i/data/fise/xst/chap02/xst02014.htm
*Related constraints are:

fsm_extract

determines if state machines are detected/extracted
*http://www.xilinx.com/itp/xilinx7/books/data/docs/cgd/cgd0093_54.html

*fsm_encoding

*can set state encoding globally or per-instance
*http://www.xilinx.com/itp/xilinx7/books/data/docs/cgd/cgd0092_53.html

fsm_fftype

‘use D or toggle flip flops for state register
*http://www.xilinx.com/itp/xilinx4/data/docs/cgd/f8.html

*enum_encoding

*sets encoding when fsm_extract is used to select user
*http://www.xilinx.com/itp/xilinx4/data/docs/cgd/e3.html



A comment on default case

* You should not automatically add default case to synthesize
a FSM since the logic has to cover many unnecessary states
* Check documentation for your synthesizer's behavior
* http://www.trilobyte.com/pdf/golson_snug94.pdf
* Special effort may be required to have the synthesizer
ignore the default case yet allow logging in simulation:

// synopsys translate_off
default: $display(“He'’s dead, Jim.") ;
// synopsys translate_on



Comments on states, the state register, and registers for
variables serving as extended state variables

* In-class example given

* Technically, every register in a digital system is a part of the
state. What variables you decide to think of as state in your
state diagram and what is coded in the CS register and used in
the case statement is up to you.

* When there are many similar states, sometimes combining
them in code and adding a register for a variable makes
sense. This can reduce the state decoding and state logic and
may make the code more maintainable and easier to read.



Additional Synthesis Options and Directives

http://www.xilinx.com/support/documentation/
sw_manuals/xilinx11/
pp_db_xst_hdl_synthesis_options.htm



Control FSM for FSMD Example

* Example FFT Data Flow HW solution depicting
extended state registers and state repetition (a
previous HW6 involving a communications and
FFT module)
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