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In this paper is presented the development of an abstract state machine Mealy automat
defined with table. For this purpose is used a technology for designing with Programmable
Logic- Complex Programmable Logic Devices (CoolRunner-11 XC2C128), based on limited
version of the development system Xilinx ISE WebPACK 7.1i. The project is based over the
family CoolRunner-11 XC2C128 from the new generation of the CPLD devices, developed by
Xilinx. For the definition of the automat is used graphical approach in the face of
StateCAD(r). The work of the developed final state automat is simulated with the help of
ModelSim XE 111 6.0a. The CPLD device is configured in laboratory environment “in-system
programmable”. The programming of the system is done according to the IEEE 1149.1
JTAG standards, by means of specialized programmable device CPLD CoolRunner-II
XC2C128 Design Board, which is connected with JTAG (Joint Test Action Group) cable for
communication with the parallel port (LPT) of the personal computer.
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1. INTRODUCTION

The digital schematic technology constantly goes through fast evolution and
improvements and there is constant need from uninterrupted, exhausting overtakes of
the novelties. Very often the digital circuit’s professional is stand against the need to
synthesize or make betterments in some scheme and device. This in practice requires
knowledge and be skilful at base theory for synthesis and analysis of digital circuits
and over this base to apply new, modern and contemporary technologies. Such is the
technology for designing with programmable logic - Complex Programmable Logic
Devices (CPLDs) and Field Programmable Gate Arrays (FPGAs). Its applying is
based on the use of integrated environment, which is offered by many known world
firms. One of these firms is Xilinx. With the help of its software environment
WebPack ISE, it is possible to go through all stages of designing and ends with
loading of created project into the chosen chip. Together with this there is
achievement of high level of automation of the process of designing.

Always in the education or in the practice there is need to make synthesis of
Sequential schemes (SS). In relation with this is the purpose of the current paper and
namely, to show one approach to make synthesis of Mealy final state machine by
means of build in resources and potentialities in WebPack ISE by Xilinx. Reason for
this is still low speak up for practical applying in our country of the contemporary
electronically reprogrammable devices (in the face of CPLD and FPGA) [1 - 3].

2. DESCRIPTION OF THE STATE MACHINE DESIGNING PROCESS

The Mealy state machine which structure scheme will be synthesized is set with
Table 1-1 (table of transitions and outputs).
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The Coding of the input signals (X), internal states (Q1 and Q2) and output

reactions (Z, and Z,") of the Mealy state machine is shown accordingly in Table 1-2,
Table 1-3 and Table 1-4.

Table 1-1 Table 1-2 Table 1-3 Table 1-4
Table of the transitions Coding of input Coding of internal states Coding of output
and outputs of the signals X of the QI and Q2 of the state reactions Z1* and Z2* of
Mealy state machine state machine machine the state machine
X Q | Q Zi | 7,
XA ag | a; | a2 | a3
s X1 0 ap 0 0 7, 0 0
X1 a1/21 32/23 a()/Zz a2/21 Xz 1 ai 1 1 Zz 0 1
a, 0 1 Z; 1 0
Xz az/Z4 a3/Zz a0/23 31/23 a3 1 0 Z4 1 1

Note: With the purpose output reactions Z; and Z, to have difference by the
physical outputs of the scheme, the last are marked with subscripts 1 and 2 and
superscript star (*).

Possible approaches for designing of the state machine are:

- applying of no automated, classical, canonical method for synthesis of the state
machine structure scheme, after what follows its practical realization and studying of
the scheme;

- designing with programmable logical devices by firm Xilinx, in the development
environment ISE WebPack with use of the synthesizer Xilinx Synthesis Technology
(XST) — Schematic (Principal electronic circuit); State Diagram (Diagram of the final
state machine), VHDL Module (Module which is wrote by means of VHDL with
compound VHDL code, describing the functioning of the state machine) and by using
of one standard Electronic Design Interchange Format (edif) file, generated by other
software application.

For the designing ot the state machine set by Table 1-1 is used graphical approach
in the face of StateCAD(r) in the development environment ISE WebPack 7.11.

The next procedure for work is

applied: Project Navigator is

Select the Device and Design Flow for the Project Stal‘ted fI'Ol’n the menu File g
Property Hame | Value | NEW PrOjeCt In the ﬁeld PijECt
o o ST - | Name the name of the project has
e e to bp given (MY_SC). ISE creates
| a directory with this name in the
Top-Level Module Type HOL . .
Syrihesis Too XST (VHDL eriog) place, pointed by the field Project
Simulator hadelsim .
Generated Simulation Language WHOL LOC&tIOﬂ .

In the field Top-Level
Module Type is pointed the
desired variation for represent of
the project (HDL-represent by
ook [ Moty | cweel | b || pneang of language for describing
of hardware (VHDL)).

Fig. 1. The parameters of the new project
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In the next window (fig. 1) the next parameters have to be entered: Device Family
(family integrated circuits for the project - CoolRunner2); Device (current device
from the family - XC2C128) [5];

New Project Information g] Package (package _VQ 100),
Project Mavigator will create a new Praject with the follawing speciications: Speed grade (Minimal delay
o from pin to pin -7); Top-Level

e e Module (Variation for represent
Devige e ok of the project); Synthesis Tool
g:::EE:E?QEECBDD'HU””EQCPLDS (XST);  Simulator (Program-
;;gzggﬁeﬁ\;ﬁgﬂ simulator ~ — ModelSim);
e e Generated Simulation Language

B enersed Smeioton Langusge: VHDL (VHDL) [6].
The next two windows are
jumped over with pressing of the
_ button Next>. In the display is
ook | P | _Cocd | b | visualized the window New

Fig. 2. Statistics for the new project Project Information (fig. 2).

There are listed chosen parameters for the new project (name, path, type of represent,
type of the device and other). The button Finish has to be pressed to open the main
window of the environment for creation

of new file to current project MY SC.

[U] Implementation Canstraints File There from the menu PFOjECt — New
_ Source opens new window New Source
2 Teteech waeian E';:?me' (¢pur. 3), where are listed the next
(9] Veriog Module _ abilities for creation of the file (type of
B g T Ftae Eijﬁ”sc the file and description): IP (CoreGen -
%Eﬁgtﬁ:::;e i | file containing IP core; Schematic -
B VHDL Test Bench principal electronic circuit; State Diagram
— Diagram of a state machine; Test Bench

st Waveform — Graphical set testing

sequences; User Document — Text

[(Hos | cocd | Hep | document; Verilog Module — Module

written on Verilog; Verilog Test Fixture —

Fig. 3. Choice of the file type Description of test module written on
Verilog; VHDL Library — Library with instructions for VHDL; VHDL Module —
Module written on VHDL; VHDL Package - VHDL module containing packets, and
VHDL Test Bench — Description of test module on VHDL.

There have to be entered the name of the file and the path toward it and with what
tool will be created. The check box Add to project have to be enabled.

After pressing of the button Next>, on the display is visualized the window New
Source Information. There is listed the type, the name of the file and the work
directori of the project. After pressing of the button Finish the main window for the
environment StateCAD will open (fig. 4). From the menu File —Save As the name
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of the chosen file is set (smm1) with the extention *.DIA. The name of the file have

SMM1.DIA - StateCAD(r)

to be in DOS format, eight

symbols for name and three
for extention (name.ext).

‘ With the help of primitives

from StateCAD the graph of

the state machine have to be

File Edit Wiew Cptions ‘Window Help
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Fig. 4. Main window of the environment StateCAD

drawn. From the button Draw
State Machine (fig. 4) the
State Machine Wizard starts,
which automates the choosing
of the state machine’s graph
structure (Multi-Column)
from Shape of state machine
and from Number of states,
the number of internal states

of the state machine (4). After pressing of the button Next>, the window Design
Wizard: Reset The State Mashine appears on the display. From there the form of

Design Wizard : Reset The State Machine

Conzider the specific device being uzed when selecting
the rezet mode. For example, FPGAE often include a very

efficient glabal azvnchronous rezet. Teeet

Select whether the reset iz synchronous ar aspnchranous.
Later, to change reset modes, edit the reset's condition.

Reset Mode

" Agpnchionous * Synchronous

< Back

Help | Cancel |

Fig. 5. Choice of the type of the signal for Reset

the signal have to be chosen for the
Reset (initialization at beginning) -
Synchronous (fig. 5). Again with
button Next>, on the display appears
the window Design Wizard: Setup
Transitions (fig. 6), for description of
the transitions in the state machine -
Loop back (loop back, keep the state
of the state machine unchanged), it is
marked as @ELSE over the graph;
Next (transition toward next state) and

Previous (transition toward previous state). Into the field next to Next (Previous)
check box the condition for cause according transition is set. In current case this is

3] input

Design Wizard : Setup Transitions

Each state can have a transition which returns to it Sample
(loop back). az well a3 tranzitions going from it to the
next state and previous state. The sample window

thows the effects of your selections.

To place the state machine, click Finish, Move the
curzor bo the desired location and click the left mouse
buttan.

Add Transition:  Set condition to

[ Loop back: |

v Mext: |><_in

v Previous: |l><_in

Default

Cancel |

Help | < Back

Fig. 6. Description of the state machine transitions

(X_in), which may have two values —

0 (!X in) and 1 (X in). After sequential
execution of the steps in the State Machine
Wizard the next state machine graph
structure will be created (fig. 7). The
building of the state machine graph is done
by editing the result from the State Machine
Wizard. Editing of the internal states is
possible after double clicking over each one
and making of the needed adjustments in
the window from the fig.8.
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It is needed to be made changes in the transitions in the state machine graph.
Adding of transitions in the graph can be made from the tool Add Transition.

Ediing of the wansions in tre

Fila Edit Wew Options Window Help state machine for the change of

it’s the states, whit the window
o8| 2T ) a °
Upgile SEile Diraw State | Random Generats E from ﬁg_ 9 Edlt Condltlon_ The

Machines Logic: HOL

2| @|Q #|e| @ ] last appears after double cli.ck@ng
over the arrow, pointing

transition from old to new
internal state.

In the field Condition the
condition has to be written
causing the  corresponding
transition (internal signals in this
case 1s one and is marked as
X in (0) or X in (1)).

In the field Outputs the
output reaction have to be set,
which is produced by transition
from old toward new internal

Fig. 7. Result after finishing of the State Machine Wizard state.

By means of the button
Output Wizard (fig. 9) the Logic Wizard can be started, which will automate
designing of the data flow logic

The band with tools for graphical editing of the state machine is located in left part
of the display after choosing of the menu Window/Draw Mode Toolbar.

On fig. 10 is shown the result after describing of the states and the transitions into
the state machine’s graph.

L
]

]
StateBench

[=E 3
Lie

Optimize Freview

Shik1.DTA

[¢]o|g|¥|m|: |a|® -]

Edit State E3 Edit Condition X]
State Mame: |.-’-'l.EI LConditior:
[_ir}
Outputs: Unassigned outputs are made inactive iL.e. g=0]
g1igz2 ) o
Outputz:  Unazsigned outputs are retained [i.e. g=q)
171 122
Cutput Wizard Create counters, muxes, etc. with the wizard,
; To edit equations created with the wizard, place
Juzhfy State Mame Justify Output the cursor in the equation and click Dutput
(" Left * Center 1 Right " Left ™ Center  Right Justify Condition Jugtity Output
(" Left ©* Center © Right || ¢ Left ©* Center T Right
Ok, | Cancel | Help
[ Mutually Exclusive | Border p
Fig. 8. Editing of the internal states Bty [0 =] [ oK |Cance|| Help | r

In fact on fig. 10 is presented the graph of
the setted by table Mealy state machine.

Fig. 9. Window for describing of the state machine
transitions, affected by corresponding input signals
and produced output reactions
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Editing of the variables, inputs and outputs and states of the created state
machine, can be made by the window called by menu Options/Variables. There are
listed all variables after creation of the state machine’s graph. All adjustments are

MM DIA done by the environment with default
values. There is possible for their extra
editing.

1% _in 3. CONCLUSION

B With the help of the produced results
can be created file for programming of the
chosen CPLD chip XC2C128 from the
family integrated circuits CoolRunner2. Its
physical programming is done with
specialized programmer, connected with
JTAG cable to PC. Before this it is need to

Ko - O

Tz be generated VHDL code of the designed
state machine, to be made overall statistics

transitions in the state machine graph for applied analyses and to be made
simulation of the project SMM1.DIA.

Fig. 10. Result after describing of the states and
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