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Abstract

This paper presents Statecharts as a graphical entry for automatic generation of synthesizable VHDL
descriptions. Using a concrete example, the process of creating the Statechart model is shown, along with the
VHDL description and the circuit that was automatically generated from the Statecharts.

This paper also demonstrates the superiority of Statecharts over Communicating State Machines in terms of
clarity, compactness of the description and compactness of the resulting circuit.

Introduction

Statecharts are a method to graphically describe and analyze a behavioral model. Based on the concept of
Finite State Machines (FSM) and augmented by hierarchy and concurrency, they are very useful for the
development and debugging of behavioral models as well as for communicating designs with others in the
development team.

The similarities between the Statechart semantics and VHDL allow Statecharts to be translated into a very
compact and efficient VHDL code. The generated code not only fully describes the model behavior, it also
preserves the hierarchy and concurrency described in a Statechart model. This results in a more efficient
circuit than if designed otherwise.

This paper consists of two parts. The first part describes the process of developing a Statechart model for the
receiver portion of a Universal Asynchronous Receiver Transmitter (UART), the code generated from this
model, and the schematics derived from the VHDL code. The second part describes a simple typical
Statechart and compares it to the equivalent behavior described as communicating State Machines. This
paper demonstrates that the use of Statecharts ts far more intuitive than traditional FSM and that the
resulting circuit is more compact.

A UART Receiver:

The example discussed will be the receiver portion of a UART. The receiver reads a serial line and converts
it to a parallel byte. The receiver starts when the line becomes '1'. It then reads eight consecutive bits. If
these bits have the correct parity, the CPU is notified that a valid byte has been read; otherwise, the receiver
enters an error mode.
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The above behavior can be described as the simple state machine which is shown in Fig. 1. This state
machine has four states: wait_for_start, read_bits, allow_read and parity_error.

Upon entering the initial state, wait_for_start mode, four actions take place:

parity_error:=0
read_enable:=0

Deassert the parity_error signal.
Deassert the valid byte indicator.

parity_bit:=parity_type Set the parity_bit to 'l" for odd or 'l' for even parity.
carry:=0 Set the carry bit to '0".

Upon detecting a start bit, which is defined as the event of the input line_in becoming '1'l, the shift register
is loaded with the binary value of '1000 0000 and the receiver enters the read_bits state.

While in the read_bits mode, the
receiver loops as long as the carry
is '0'2. On every loop (that
satisfies this condition) the
following actions are executed
(see notes at bottom Figure 1):

parity_bit:= parity_bit xor
line_in - evaluate the parity based
on the previous parity and the
current bit.

shift_reg(6..0):= shift_reg(7..1)-
shift the shift_reg by one bit;

shift_reg(7):= line_in - to load the
line_in into the shift register;

carry:= shift_reg(0) - the carry
will become '1' after eight shift
operations.

Once the shift is completed, if the
parity equals the next value on the
line (which is the transmitted
parity bit), the read_enabled signal
is made high for one clock;
otherwise, a parity_error signal is
raised.

' tr(line_in=1)/ shift_reg:=0b10000000
[Wait_for_Start >

[carry=1]
Read_Bits

[carry=0]/ eval_parity; push_in

Allow_Read [parity_bit=line_in]/ read_enable:=1

Parity_Error parity_bit/=line_in]/ parity_error:=1

The followi finition, i i i ve:

On entering Wait_for_Start the following actions are performed:
parity_error:=0; read_enable:=0; parity_bit:=parity_type; carry:=0

The action eval_parity is defined as:
parity_bit:=parity_bit xor line_in

The action push_in is defined as:

shift_reg(6..0):=shift_reg(7..1); shift_reg(7):=line_in; carry:=shift_reg(0)

Using i-Logix's ExpressV-HDL or VIEWlogic's Envision Statecharts can be translated to VHDL of different
flavors. For this model, VHDL code will be generated for the Synopsys synthesizer. This code in shown on

the next page.

1 The syntax 'tr(line_in=1)' denotes the event of 'line_in=1' becoming satisfied (edge sensitive).
2 The syntax '[carry=0]' denotes the condition ‘carry=0" being true (level sensitive).
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