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$QQRWDWLRQ�

$ QHZ ZD\V LQ ,QIRUPDWLRQ 7KHRU\ HGXFDWLRQ DUH SUDFWLVHG DW WKH 9â% 7HFKQLFDO 8QLYHUVLW\ RI
2VWUDYD� &]HFK 5HSXEOLF� 7KH FRXUVHV KDYH D FRQFHSWLRQ RI WKH ERWK WKHRUHWLFDO OHFWXUHV DQG
SUDFWLFDO H[HUFLVHV� 7KH VLPXODWLRQV RI GLJLWDO V\VWHPV EULQJ D QHZ ORRN LQWR WKHRU\ DQG
SUDFWLFDO DSSOLFDWLRQ RI WKH LQIRUPDWLRQ WKHRU\ DV D FODVVLFDO GLVFLSOLQH RI GLVFUHWH PDWKHPDWLFV�
7KH ERWK WH[WERRNV [6,7] DURXVHV RQ WKH EDVLV RI WKH XQLYHUVLW\ FRXUVHV ZKLFK VWDUWHG IRXU
\HDUV DJR IRU WKH VWXGHQWV RI &RPPXQLFDWLRQ DQG &RPSXWHU 6FLHQFH� 7KH FRXUVHV DUH RULHQWHG
WR IRXQGDWLRQV RI GLVFUHWH PDWKHPDWLFV DQG LWV DSSOLFDWLRQV� DV ZHOO DV WR FRPPXQLFDWLRQ DQG
WHVWLQJ RI HOHFWURQLF FLUFXLWV DQG V\VWHPV�
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7KH DLP RI FRXUVHV RQ ,QIRUPDWLRQ 7KHRU\ LV WR LQWURGXFH WKH PHWKRGV DQG SURFHGXUHV� KRZ WR
GHVFULEH DQG HYDOXDWH WKH SURSHUWLHV RI SURFHVVLQJ DQG WUDQVPLVVLRQ RI LQIRUPDWLRQ� 2Q WKH
RWKHU KDQG� WKH DXWKRU PDNHV DQ HIIRUW WR JLYH D SUDFWLFDO YLHZ WR GHVLJQ RI FLUFXLWV IRU
HQFRGLQJ DQG GHFRGLQJ� 7KH WH[W LV ZULWWHQ IRU GHVLJQHUV RI HOHFWURQLF FLUFXLWV� ZKR PXVW EXLOG
WKH FRGLQJ DQG GHFRGLQJ HTXLSPHQW DQG IRU WKH FRPPXQLFDWLRQ V\VWHP GHVLJQHUV ZKR PXVW
LQFRUSRUDWH FLUFXLWV LQWR D V\VWHP IRU PHVVDJH WUDQVPLVVLRQ� 7H[WV XVHV RQO\ EDVLF PDWKHPDWLFV
UHODWLRQV�

7KH FODVVLFDO PDWKHPDWLFDO SUHVHQWDWLRQV LQ WKHRUHP�SURRI DUH DYRLGHG� ,Q VSLWH RI WKDW� FRGLQJ
LV H[WUHPHO\ PDWKHPDWLFDO VXEMHFW DQG LW ZDV DQ LPSRVVLEOH WDVN WR SUHVHQW WKH PDWWHU ZLWKRXW
PDWKHPDWLFV DW DOO� 7KH SUDFWLFDO GHVLJQHUV DUH PRVWO\ LQWHUHVWHG LQ XVLQJ PDWKHPDWLFV EXW QRW
LQ FRQVWUXFWLYH ULJRURXV SURRIV� 7KH DSSOLFDWLRQV RI GLJLWDO WHFKQLTXH LQ FRPSXWHUV DV ZHOO DV LQ
PHPRU\ PHGLXP EHFRPH GHFLVLYH PDWWHU RI FRXUVH DQG D FRQGLWLRQ RI JURZWK RI FRPSXWDWLRQDO
SRZHU� 'LJLWDO GDWD WUDQVPLVVLRQ ZLWKLQ FRPSXWHU V\VWHPV DUH LQWROHUDQW RI HYHQ YHU\ ORZ HUURU
UDWHV XVXDOO\� EHFDXVH D VLQJOH HUURU FDQ GHVWUR\ D FRPSXWHU SURJUDPPH� (UURU�FRQWURO FRGLQJ
LV EHFRPLQJ LPSRUWDQW LQ WKHVH DSSOLFDWLRQV�

'(6,*1 0(7+2'2/2*<

6RPH SDUWV RI WKH FRXUVHV DUH GHGLFDWHG WR GHVFULSWLRQ RI FLUFXLW LPSOHPHQWDWLRQV RI HQFRGHUV
DQG GHFRGHUV� 7R EH WHFKQRORJ\ LQGHSHQGHQW� WKH GHVFULSWLRQV DUH GRQH LQ 9+6,& +DUGZDUH
'HVFULSWLRQ /DQJXDJH �9+'/�� ZKLFK EHFRPHV WKH XQLYHUVDO GHVFULSWLRQ PHDQ RI GLJLWDO
FLUFXLWV� 7KH KLHUDUFKLFDO VWUXFWXUH RI 9+'/ LV LGHDOO\ VXLWHG IRU GHVFULSWLRQ RI H[WHQVLYH
HOHFWURQLF FLUFXLWV DQG V\VWHPV� ZKLFK DUH QHHGHG ZLWK WKH UHTXLUHPHQW RI KLJK VSHHG RI
FRPPXQLFDWLRQ� :LWKRXW H[DJJHUDWLRQ LW LV FKDUDFWHULVWLF� WKDW FRGLQJ LV QHFHVVDU\ WR



IXQFWLRQLQJ RI VDWHOOLWH FRPPXQLFDWLRQ OLQNV� RSWLFDO PHPRULHV RI FRPSXWHUV� DQG IRU H[DPSOH
PRELOH FRPPXQLFDWLRQ� 2WKHU DVSHFWV RI DSSOLFDWLRQV� ZKLFK DUH QRW YLVLEOH� WKH VXSSRUW RI
WHVWLQJ RI FLUFXLWV DQG V\VWHPV�

Courses on VHDL are lectured at the Technical University of Ostrava from 1993. The giving
of lectures started from the co-operation with the Technique High-School of Gent in Belgium
in the frame of TEMPUS Project in 1993. The courses are prepared for students in the 2nd

period of pre-graduate studies. The fundamental lectures are divided into three specific areas:
i) the state of the art in circuit and system design, ii) the VHDL like a programming language,
and iii) the BSDL programming in design for test and self-test systems.

The content of this three specific areas can be illustrated in some sentences. The first
explanation is devoted to the reasons which give rise of the VHDL (Very High Speed
Integrated Circuits Hardware Description Language). The very complicated situation was in
circuit design, implementation of VLSI (Very Large Scale Integration) and its technology
innovations required radical changes in verification and testing of designed circuits and systems
in the middle of 80th. The complex process of design must deal with the test designing.

DESIGN SUPPORT MEANS

The content of the three specific areas: i) Circuit design, ii) VHDL Description, and iii) Design
for Test can be illustrated in some sentences. The first explanation is devoted to the reasons
which give rise of the VHDL. The very complicated situation was in circuit design,
implementation of VLSI (Very Large Scale Integration) and its technology innovations
required radical changes in verification and testing of designed circuits and systems in the
middle of 80th.

The complex process of design must deal with the test designing. 7KH KLJK OHYHO GHVLJQ
PHWKRGRORJ\ LV DSSOLHG WKDQNV WR 6\VWHP *$/,/(2� ZKLFK LV XVHG LQ H[HUFLVHV LQ :RUNVWDWLRQ
/DE� 1HZ GHVLJQV FDQ EH FDSWXUHG TXLFNO\� DQG H[LVWLQJ GHVLJQV FDQ EH TXLFNO\ UH�WDUJHWHG WR D
QHZ )3*$ DUFKLWHFWXUH� 7KH WLPH H[SORUHU JLYHV YHU\ GHWDLOHG YLHZ WR DOO WLPH UHVSRQVHV� DQG
DOORZ WR DQDO\VH WKH TXDOLW\ RI WKH GHVLJQ� $ ORW RI VWXGHQWV¶ GHVLJQV ZDV GRQH LQ WKH IRXU \HDUV
RI JLYLQJ WKH OHFWXUHV� 0RUH WKHQ WHQ RI WKH GHVLJQV ZDV LPSOHPHQWHG LQ WKH IUDPH RI GLSORPD
SURMHFWV E\ $17,�)86( )3*$ RI $FWHO ZLWK FR�RSHUDWLRQ RI WKH HQWHUSULVH 3+2%26 LQ
)UHQãWiW SRG 5DGKRãW�P�

The specific design language properties of VHDL allow the designer to use the routines results
in average two times improvement in the logic capacity of the programmable devices. The
CPLDs and FPGAs architectures assume the technology specific optimisation techniques,
including algorithms for state machine and glue logic, and module generation for data path and
arithmetic logic, to take maximum advantage of unique architectures for significant speed and
area reductions. The variety statements is given in the VHDL behavioural level for optimal
compilation, which is different for so called “fine grain“ or “coarse grain“ FPGAs. The truth
table constructs, which are optimal for description of CPLDs architectures can be arbitrary
combined with the behavioural description of other parts of architecture by the entity
declaration. The global as well as local variables can be used for hierarchical description [2].

An arbitrary modelling level can be used interchangeably. It is possible to present a system at
virtually any level of abstraction [6]. The VHDL provides a very broad of data abstraction
capabilities, such as user defined types, enumerative types, and composite types. The
simulation uses a behavioural model of the major functional elements of the architecture,



combining many parts of the circuit into logical elements that perform some overall function.
The RTL-level modelling is one step closer to hardware implementation. The advantage of this
step is the close continuity to gate array library. The disadvantage is the limitations in re-
targeting of model to new FPGA types.

The design methods must be versatile and technology independent for of CPLDs (Complex
Programmable Logic Devices), FPGAs (Field Programmable Gate Arrays), and CMOS ASIC
design. Students as well as professional designers can quickly efficiency, and economically
consolidate multiple designs into one larger design, retarget a design, and use VHDL to
accomplish their designs. The programme packages can optimise the designs for area and/or
speed. The VHDL accepts designs described as equations, truth table descriptions or
interconnection descriptions.

7+,5' &203$1,(6 52/(

$ ORW RI WKH WKLUG FRPSDQLHV SURGXFWV FDQ V\QWKHVLVH 9+'/ UHJLVWHU�WUDQVIHU�OHYHO �57/�
GHVFULSWLRQV LQWR )3*$V� 1HZ GHVLJQV FDQ EH FDSWXUHG TXLFNO\� DQG H[LVWLQJ GHVLJQV FDQ EH
TXLFNO\ UH�WDUJHWHG WR D QHZ )3*$ DUFKLWHFWXUH� +LJK OHYHO GHVLJQ DOORZV RQH WR XVH WKH VDPH
GHVLJQ PHWKRGRORJ\ UHJDUGOHVV RI WDUJHW WHFKQRORJ\� ,W JHQHUDWHV WKH VSHFLILF )3*$ QHWOLVW�
7KLV HQVXUHV SUHVHQW DQG IXWXUH FRPSDWLELOLW\ ZLWK GHVLJQ LPSOHPHQWDWLRQ V\VWHPV IURP )3*$
VXSSOLHUV� 7KH GHVLJQHU FDQ GHVFULEH D WRS OHYHO GHVLJQ E\ WRS OHYHO VFKHPDWLF� %HKDYLRXUDO
GHVFULSWLRQV KDYH WZR EDVLF IRUPV� DOJRULWKPLF DQG GDWD IORZ� 7KH GLIIHUHQFH EHWZHHQ WKHVH
WZR IRUPV FDQ EH LOOXVWUDWHG E\ PHDQV RI H[DPSOHV� 7KH ERWK H[DPSOHV KDYH WKH VDPH HQWLW\
>�@�

Figure 1: The VHDL Top-Down Design Methodology

Determining of FPGA performance requires knowledge of the functionality, branching of
signal wires, and specific routing [1]. Exact timing is done by implementation of the logical
function in the gate array. The top level design can be done by VHDL source file or a top level
schematic. When the VHDL file is used  as the top level design source, one can reference
hierarchical design blocks in addition to VHDL architectural description blocks. The
description blocks can be mapped incorporating the information from these external sources
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into the top level design netlist [2]. The VHDL top level design with hierarchical blocks
represents the design information from  the “external“ input sources.

IMPLEMENTATION TARGET

The design methods must be versatile and technology independent for of CPLDs (Complex
Programmable Logic Devices), FPGAs (Field Programmable Gate Arrays), and CMOS ASIC
design. Students and designers can quickly efficiency, and economically consolidate multiple
designs into one larger design, retarget a design, and use VHDL to accomplish their designs.
The programme packages can optimise the designs for area and/or speed. The VHDL accepts
designs described as  equations, truth table descriptions or interconnection descriptions.

The specific design language properties of VHDL allow the designer to use the routines results
in average two times improvement in the logic capacity of the programmable devices. The
CPLDs and FPGAs architectures assume the technology specific optimisation techniques,
including algorithms for state machine and glue logic, and module generation for data path and
arithmetic logic, to take maximum advantage of unique architectures for significant speed and
area reductions.

The variety statements is given in the VHDL behavioural level for optimal compilation, which
is different for so called “fine grain“ or “coarse grain“ FPGAs. The truth table constructs,
which are optimal for description of CPLDs architectures can be arbitrary combined with the
behavioural description of other parts of architecture by the entity declaration. The global as
well as local variables can be used for hierarchical description.

ERROR-CONTROL LIBRARY

7KH FRQVWUXFWLRQ RI 0HJJLW GHFRGHU LV EDVHG RQ WKH SURSHUW\ RI WKH F\FOLF FRGHV� :H FDQ
FRQFHQWUDWH RQ WKH ODVW SRVLWLRQ RI HDFK UHFHLYHG ZRUG Z� ZKLFK ZH FRUUHFW RU QRW� DFFRUGLQJ
WKLV V\QGURPH�

)LJXUH �� %ORFN GLDJUDP RI ��������FRGH GHFRGHU FLUFXLW
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7KHQ ZH PDNH D F\FOLF VKLIW RI FRGH ZRUG Z� DQG DJDLQ VWXG\ WKH ODVW SRVLWLRQ� HWF� $IWHU Q
F\FOLF VKLIWV� DOO SRVLWLRQV ZLOO KDYH EHHQ FRUUHFWHG� )RU WKH JHQHUDWLQJ SRO\QRPLDO

( )g x x x= + +4 1 ZH FDQ FRPSRVH V\QGURPH FRPSXWLQJ FLUFXLW IRU WKH V\VWHPDWLF F\FOLF
+DPPLQJ ��������FRGH�

7R FRUUHFW DQ HUURU ZH ZLOO XVH WKH V\QGURPH YDOXH ����� 7R EH WKH UHFHLYHG ZRUG FRUUHFWHG LW
PXVW EH GHOD\HG �� VWHSV� 7KLV GHOD\ LV UHDOLVHG E\ WKH VKLIW UHJLVWHU ZLWK �� IOLS�IORSV� )RU
JHQHUDWLQJ DQ FRUUHFWLQJ ELW LW LV XVHG WKH FLUFXLW FRPSOHWHG E\ WZR LQYHUWHUV DQG RQH IRXU LQSXW
JDWH ZLWK $1' IXQFWLRQ DQG FRQFDWHQDWHG JDWH ZLWK (;�25 IXQFWLRQ�

MODEL OF DECODER CIRCUIT

7KH PRGHOOLQJ LV GHILQHG E\ GHVFULSWLRQ RI EHKDYLRXUDO PRGHOV RI HOHPHQWDU\ SDUWV RI FLUFXLW�
7KHUH DUH GHILQHG HQWLWLHV RI IOLS�IORS� (;�25 JDWH� LQYHUWHU� DQG $1'�JDWH�

HQWLW\ KDPGHF��R� LV
SRUW �D� FO� UU� LQ ELW�

E � RXW ELW��
HQG KDPGHF��R��

DUFKLWHFWXUH KG��D RI KDPGHF��R� LV
FRPSRQHQW ([BRU
SRUW � ,Q�� ,Q� � LQ ELW�

2XW� � RXW ELW��
HQG FRPSRQHQW�
FRPSRQHQW 6KLIW5HJ��
SRUW �LQ� � LQ ELW�

FO�U� LQ ELW�
RXW�� RXW ELW��

HQG FRPSRQHQW�
FRPSRQHQW $QG�
SRUW � LQ�� LQ�� LQ�� LQ�� LQ ELW�

RXW� � RXW ELW��
HQG FRPSRQHQW�
FRPSRQHQW 'LYLGHU��
SRUW �D� FO� UU� LQ ELW�

P��P��P��P�� RXW ELW��
HQG FRPSRQHQW�
VLJQDO TT��TT��TT��TT��TT� � ELW�
VLJQDO HUU� ELW�

EHJLQ
Q�� 'LYLGHU�� SRUW PDS �D�FO�UU�TT��TT��TT��TT���
Q�� $QG� SRUW PDS �TT��TT��TT��TT��HUU��
Q�� 6KLIW5HJ�� SRUW PDS �D�FO�UU�TT��
Q�� ([BRU SRUW PDS �HUU�TT��E��

HQG KG��D�
���������������������������������

7KH H[DPSOH RI 0HJJLW GHFRGHU LV FRPSRVHG DV WKH LQWHUFRQQHFWLRQ PRGHO� 7KH SDUWLDO PRGHOV
RI LQWHUFRQQHFWLRQ DUH GHVFULEHG LQ WKH OLEUDU\�



CONCLUSION

7KH 0HJJLW GHFRGHU LV UHDOLVHG DV DQ VWUXFWXUDO PRGHO FRPSRVHG IURP EHKDYLRXUDO PRGHOV RI
FRPSRQHQWV� 6RPH FRPSRQHQWV ³'LYLGHU��´� ³$QG�´ DQG ³6KLIW5HJ��´ DUH PRGHOOHG
E\ VWUXFWXUDO PRGHOV WRR� 7KH PRGHO ZDV YHULILHG E\ IXQFWLRQDO VLPXODWLRQ XVLQJ WKH VRIWZDUH
VXLWH 9�6\VWHP� 'HFRGHU FRUUHFWV RQH HUURU ZKHQ WZR HUURUV RFFXUV GHFRGHU GHWHFW HUURU EXW LW
FDQQRW EH FRUUHFWHG�

Support for GACR project “Research and Development of Built-in Diagnostics Means of
Integrated Circuits“ (No. 102/98/1003) is gratefully acknowledged.
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