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Concurrent StatementConcurrent Statement

Natural Concept for  Descr ibing HardwareNatural Concept for  Descr ibing HardwareNatural Concept for  Descr ibing Hardware

�� Concurrent Signal AssignmentConcurrent Signal Assignment

�� Conditional Signal AssignmentConditional Signal Assignment

�� Selected Signal AssignmentSelected Signal Assignment

�� Block StatementBlock Statement

�� Concurrent Asser tion StatementConcurrent Asser tion Statement

�� Process StatementProcess Statement
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Concurrent Signal AssignmentConcurrent Signal Assignment

Represent an Equivalent Process StatementRepresent an Equivalent Process StatementRepresent an Equivalent Process Statement

target <= expression [ target <= expression [ afterafter time_expression ] ;time_expression ] ;

�� Signals are associated with Signals are associated with TTIMEIME

�� With " after" , the assignment is scheduled to a future With " after" , the assignment is scheduled to a future 
simulation timesimulation time

�� Without " after " , the assignment is scheduled at a Without " after " , the assignment is scheduled at a DDELTAELTA

TTIMEIME after  the current simulation timeafter  the current simulation time
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Conditional Signal AssignmentConditional Signal Assignment

More than One ExpressionMore than One ExpressionMore than One Expression

target <= {target <= { expression [ expression [ afterafter time_time_expexp ] ] whenwhen condition condition elseelse }}
expression [ expression [ afterafter time_time_expexp ] ;] ;

�� Condition / expression except for  the last expressionCondition / expression except for  the last expression

�� One and only one of the expressions is used at a timeOne and only one of the expressions is used at a time
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Selected Signal AssignmentSelected Signal Assignment

Only One TargetOnly One TargetOnly One Target

withwith choice_expression choice_expression selectselect
target <= {target <= { expression [ expression [ afterafter time_time_expexp ] ] whenwhen choices , }choices , }

expression [ expression [ afterafter time_time_expexp ] ] whenwhen choices ;choices ;

�� "  "  whenwhen othersothers" is used when all the cases were not treated" is used when all the cases were not treated
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Block Statement (1)Block Statement (1)

A Set of Concurrent StatementsA Set of Concurrent StatementsA Set of Concurrent Statements

label : label : blockblock
{  block_declarative_part }{  block_declarative_part }

beginbegin
{  concurrent_statements }{  concurrent_statements }

end block end block [ label ] ;[ label ] ;

�� Used to organize a set of concurrent statements Used to organize a set of concurrent statements 
hierarchicallyhierarchically
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Block Statement (2)Block Statement (2)

In Synchronous Descr iptionsIn Synchronous Descr iptionsIn Synchronous Descr iptions

latch : latch : block ( CLK = '1' )block ( CLK = '1' )
beginbegin

Q <= Q <= GUARDEDGUARDED D ;D ;
end block end block latch ;latch ;

DD

CLKCLK

QQ
LATCHLATCH
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Assertion StatementAssertion Statement

Only One TargetOnly One TargetOnly One Target

assertassert condition condition 
[ [ report report error_message ]error_message ]
[ [ severityseverity severity_level ] ;severity_level ] ;

�� I f the condition is false, it repor ts a diagnostic messageI f the condition is false, it repor ts a diagnostic message

�� Useful for  detecting condition violation dur ing simulationUseful for  detecting condition violation dur ing simulation

�� Not used in synthesisNot used in synthesis
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Process Statement (1)Process Statement (1)

A Set of Sequential StatementsA Set of Sequential StatementsA Set of Sequential Statements

�� All processes in a design executes All processes in a design executes CCONCURRENTLYONCURRENTLY

�� At a given time, At a given time, OONLYNLY OONENE sequential statement executed sequential statement executed 
within each processwithin each process

�� Communicates with the rest of a design through signalsCommunicates with the rest of a design through signals

[ label : ] [ label : ] process process [ ( sensitivity_list ) ][ ( sensitivity_list ) ]
{  process_declarative_part }{  process_declarative_part }

beginbegin
{  sequential_statements }{  sequential_statements }

end process end process [ label ] ;[ label ] ;
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Process Statement (2)Process Statement (2)

A Pseudo Infinite LoopA Pseudo Infinite LoopA Pseudo Infinite Loop

�� A Synchronization Mechanism is NeededA Synchronization Mechanism is Needed

processprocess
beginbegin

sequential_statement_1 ;sequential_statement_1 ;
sequential_statement_2 ;sequential_statement_2 ;
----------------------
sequential_statement_n ;sequential_statement_n ;

end processend process;;
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waitwait
[ [ onon signal_name {  signal_name }  ]signal_name {  signal_name }  ]
[ [ untiluntil booleanboolean_expression ]_expression ]
[ [ forfor time_expression ] ;time_expression ] ;

Process Statement (3)Process Statement (3)

Synchronization MecanismSynchronizationSynchronization MecanismMecanism

�� Objects being waited upon should be Objects being waited upon should be SSIGNALSIGNALS
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Process Statement (4)Process Statement (4)

The Sensitivity L istThe Sensitivity L istThe Sensitivity L ist

�� Equivalent to a " wait"  statement as the last statementEquivalent to a " wait"  statement as the last statement

wait on wait on sensitivity_list ;sensitivity_list ;

process process [ ( sensitivity_list ) ][ ( sensitivity_list ) ]
beginbegin

{  sequential_statements }{  sequential_statements }
end process end process ;;
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Sequential StatementSequential Statement

Insight Into Statements within ProcessesInsight Into Statements within ProcessesInsight Into Statements within Processes

�� Var iable AssignmentVar iable Assignment

�� Signal AssignmentSignal Assignment

�� I fI f

�� CaseCase

�� NullNull

�� Asser tionAsser tion

�� LoopLoop

�� NextNext

�� ExitExit

�� WaitWait

�� Procedure CallsProcedure Calls

�� ReturnReturn
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Variable Assignment StatementVariable Assignment Statement

Immediate AssignmentImmediate AssignmentImmediate Assignment

target_variable := expression ;target_variable := expression ;

�� Always executed in Always executed in ZZEROERO SSIMULATIONIMULATION TTIMEIME

�� Used as temporaryUsed as temporary storagesstorages

�� Can not be seen by other  concurrent statementsCan not be seen by other  concurrent statements
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Signal Assignment Statement (1)Signal Assignment Statement (1)

Defines a DRIVER of the SignalDefines a DDefines a DRIVERRIVER of the Signalof the Signal

target_signal <= [ target_signal <= [ transporttransport ] expression [ ] expression [ afterafter time_expression ] ;time_expression ] ;

�� Within a process, Within a process, OONLYNLY OONENE dr iver  for  each signaldr iver  for  each signal

�� When assigned in multiple processes, it has When assigned in multiple processes, it has MM ULTIPLEULTIPLE

DDRIVERSRIVERS. A . A RRESOLUTIONESOLUTION FFUNCTIONUNCTION should be definedshould be defined
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Signal Assignment Statement (2)Signal Assignment Statement (2)

Iner tial Delay Model (Default)Iner tial Delay Model (Default)Iner tial Delay Model (Default)

target_signal <= expression [ target_signal <= expression [ afterafter time_expression ] ;time_expression ] ;

�� Same Same TTIMINGIMING aspects than concurrent signal assignmentaspects than concurrent signal assignment

�� Useful in modeling devices that ignore spikes on the inputsUseful in modeling devices that ignore spikes on the inputs
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Signal Assignment Statement (3)Signal Assignment Statement (3)

Iner tial Delay Model (Default)Iner tial Delay Model (Default)Iner tial Delay Model (Default)

signalsignal S : S : BITBIT := '0'  ;:= '0'  ;
processprocess

S <= '1'  S <= '1'  afterafter 55 nsns ;;
S <= '0'  S <= '0'  afterafter 1010 nsns ;;

end end ;;

signalsignal S : S : BITBIT := '0'  ;:= '0'  ;
processprocess

S <= '0'  S <= '0'  afterafter 1010 nsns ;;
S <= '1'  S <= '1'  afterafter 55 nsns ;;

end end ;;

Overr ides the first
assignment

Overr ides the first
assignment
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Signal Assignment Statement (4)Signal Assignment Statement (4)

Transpor t Delay ModelTranspor t Delay ModelTranspor t Delay Model

target_signal <= target_signal <= transporttransport expression [ expression [ afterafter time_expression ] ;time_expression ] ;

signalsignal S : S : BITBIT := '0'  ;:= '0'  ;
processprocess

S <= '1'  S <= '1'  transpor ttranspor t afterafter 55 nsns;;
S <= '0'  S <= '0'  transpor ttranspor t afterafter 1010 nsns;;

end end ;;

signalsignal S : S : BITBIT := '0'  ;:= '0'  ;
processprocess

S <= '1'  S <= '1'  transpor ttranspor t afterafter 1010 nsns;;
S <= '0'  S <= '0'  transpor ttranspor t afterafter 55 nsns;;

end end ;;

5 10 time 5 10 time
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CONCLUSION (1)CONCLUSION (1)

��VHDL is an VHDL is an OPENOPEN language with many featureslanguage with many features

��With VHDL, any discrete system can be modeledWith VHDL, any discrete system can be modeled
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CONCLUSION (2)CONCLUSION (2)

We defined a We defined a SSUBSETUBSET of VHDLof VHDL

Each user has its own needs depending on:Each user has its own needs depending on:

•• His backgroundHis background
•• His environmentHis environment


