
Logic DesignLogic Design

With Simulation ExercisesWith Simulation Exercises



PhilosophyPhilosophy

HH All Theoretical Subjects Should BeAll Theoretical Subjects Should Be
Backed Up With Practical ExercisesBacked Up With Practical Exercises

HH Students Should Verify All “Paper”Students Should Verify All “Paper”
Designs to Verify Their CorrectnessDesigns to Verify Their Correctness

HH Students Should Verify ExhaustiveStudents Should Verify Exhaustive
Proofs by Using an ExhaustiveProofs by Using an Exhaustive
SimulationSimulation

HH Students Should be Exposed to theStudents Should be Exposed to the
Principles of TestingPrinciples of Testing



Fundamental LawsFundamental Laws
Equation Law
a•1=a And Identity Law
a+0=a Or Identity Law
ab = ba Commutativity of and
a+b = b+a Commutativity of or
(ab)c = a(bc) Associativity of and
(a+b)+c = a+(b+c) Associativity of or
a(b+c) = ab+bc And distributes over or
a+bc = (a+b)(a+c) Or distributes over and
aa’=0 And inverse law
a+a’=1 Or inverse law



Identity LawsIdentity Laws

Ident: circuit
inputs a
outputs xa,xo

one i1
zero i0

g1: and (a,i1),xa
g2: or (a,i0),xo

endcircuit

FHDL VECTORS
0
1



AssociativityAssociativity of AND of AND

aa: circuit
inputs a,b,c
outputs left,right

g1: and (a,b),l1
g2: and (l1,c),left

h1: and (b,c),r1
h2: and (a,r1),right

endcircuit

0,0,0
0,0,1
0,1,0
0,1,1
1,0,0
1,0,1
1,1,0
1,1,1

FHDL VECTORS



Karnaugh MapsKarnaugh Maps

HH Start with A Truth TableStart with A Truth Table

HH Construct A Boolean FunctionConstruct A Boolean Function

HH Translate the Boolean Function intoTranslate the Boolean Function into
FHDLFHDL

HH Simulate The FHDL to Reconstruct theSimulate The FHDL to Reconstruct the
Truth TableTruth Table



Design With GatesDesign With Gates

HH Determine Number of Inputs & OutputsDetermine Number of Inputs & Outputs
HH Derive Truth-Tables for OutputsDerive Truth-Tables for Outputs
HH Derive Boolean Functions for eachDerive Boolean Functions for each

OutputOutput
HH Draw Logic DiagramDraw Logic Diagram
HH Encode Logic Diagram in FHDLEncode Logic Diagram in FHDL
HH Simulate FHDL to Verify CorrectSimulate FHDL to Verify Correct

OperationOperation



Design with MSI FunctionsDesign with MSI Functions

HH Implement Example MSI FunctionsImplement Example MSI Functions
HH Simulate to Verify CorrectnessSimulate to Verify Correctness
HH Design using MSI Components DirectlyDesign using MSI Components Directly
HH Implement Using FHDL FunctionalImplement Using FHDL Functional

Blocks and Hierarchical DesignBlocks and Hierarchical Design
HH Simulate to Verify CorrectnessSimulate to Verify Correctness



Sequential CircuitsSequential Circuits

HH Design and Simulate RS, D, and Edge-Design and Simulate RS, D, and Edge-
Triggered D flip-flopsTriggered D flip-flops

HH Illustrate Oscillations using the RS flip-Illustrate Oscillations using the RS flip-
flopflop

HH Illustrate The Need for Edge-Triggering,Illustrate The Need for Edge-Triggering,
or Master/Slave Synchronizationor Master/Slave Synchronization

HH Illustrate Logic Hazards, and theIllustrate Logic Hazards, and the
Danger They Pose to AsynchronousDanger They Pose to Asynchronous
CircuitsCircuits



Registers And MemoryRegisters And Memory

HH Registers, with Variations are DirectlyRegisters, with Variations are Directly
Simulated by FHDLSimulated by FHDL

HH Registers Act as Collections ofRegisters Act as Collections of
Unsynchronized D Flip-FlopsUnsynchronized D Flip-Flops

HH RAM Can be Simulated DirectlyRAM Can be Simulated Directly
HH Simple ROMs and PLAs are Easy toSimple ROMs and PLAs are Easy to

ConstructConstruct



Sequential ControlSequential Control

HH State Machines Can be ConstructedState Machines Can be Constructed
from Basic FHDL Componentsfrom Basic FHDL Components

HH The ROM Preprocessor Allows RTL-LikeThe ROM Preprocessor Allows RTL-Like
SpecificationsSpecifications

HH The PLA Preprocessor Can Be Used ToThe PLA Preprocessor Can Be Used To
Create More Exotic State MachinesCreate More Exotic State Machines

HH ASMs ASMs can be specified and simulatedcan be specified and simulated
directlydirectly



Testing: An ExampleTesting: An Example

FA FAFAFAFAFA

FA FAFAFAFAFA

Distinguish Between The Two



How To Do ItHow To Do It

0,0,1,0,0,0
0,0,0,0,0,0

Presence or Absence of Carry
Must Be Detectable

0,0,1,1,0,0
0,0,0,1,0,0

Carry Must Be Tested In Both
States

Unacceptable Substitute For Test 2!

0,0,1,1,1,0
0,0,0,1,1,0

Error Is Masked, Because C2 and
C3 are Identical in Both Tests

Test 1

Test 2



Future DevelopmentFuture Development

Fault Simulation in FHDL



/RJLF�'HVLJQ

:LWK�6LPXODWLRQ�([HUFLVHV



3KLORVRSK\

■ $OO�7KHRUHWLFDO�6XEMHFWV�6KRXOG�%H
%DFNHG�8S�:LWK�3UDFWLFDO�([HUFLVHV

■ 6WXGHQWV�6KRXOG�9HULI\�$OO�³3DSHU´
'HVLJQV�WR�9HULI\�7KHLU�&RUUHFWQHVV

■ 6WXGHQWV�6KRXOG�9HULI\�([KDXVWLYH
3URRIV�E\�8VLQJ�DQ�([KDXVWLYH
6LPXODWLRQ

■ 6WXGHQWV�6KRXOG�EH�([SRVHG�WR�WKH
3ULQFLSOHV�RI�7HVWLQJ



)XQGDPHQWDO�/DZV

Equation Law
a•1=a And Identity Law
a+0=a Or Identity Law
ab = ba Commutativity of and
a+b = b+a Commutativity of or
(ab)c = a(bc) Associativity of and
(a+b)+c = a+(b+c) Associativity of or
a(b+c) = ab+bc And distributes over or
a+bc = (a+b)(a+c) Or distributes over and
aa’=0 And inverse law
a+a’=1 Or inverse law



,GHQWLW\�/DZV

Ident: circuit
inputs a
outputs xa,xo

one i1
zero i0

g1: and (a,i1),xa
g2: or (a,i0),xo

endcircuit

FHDL VECTORS
0
1



$VVRFLDWLYLW\�RI�$1'

aa: circuit
inputs a,b,c
outputs left,right

g1: and (a,b),l1
g2: and (l1,c),left

h1: and (b,c),r1
h2: and (a,r1),right

endcircuit

0,0,0
0,0,1
0,1,0
0,1,1
1,0,0
1,0,1
1,1,0
1,1,1

FHDL VECTORS



.DUQDXJK�0DSV

■ 6WDUW�ZLWK�$�7UXWK�7DEOH

■ &RQVWUXFW�$�%RROHDQ�)XQFWLRQ

■ 7UDQVODWH�WKH�%RROHDQ�)XQFWLRQ�LQWR
)+'/

■ 6LPXODWH�7KH�)+'/�WR�5HFRQVWUXFW�WKH
7UXWK�7DEOH



'HVLJQ�:LWK�*DWHV

■ 'HWHUPLQH�1XPEHU�RI�,QSXWV�	�2XWSXWV

■ 'HULYH�7UXWK�7DEOHV�IRU�2XWSXWV

■ 'HULYH�%RROHDQ�)XQFWLRQV�IRU�HDFK
2XWSXW

■ 'UDZ�/RJLF�'LDJUDP

■ (QFRGH�/RJLF�'LDJUDP�LQ�)+'/

■ 6LPXODWH�)+'/�WR�9HULI\�&RUUHFW
2SHUDWLRQ



'HVLJQ�ZLWK�06,�)XQFWLRQV

■ ,PSOHPHQW�([DPSOH�06,�)XQFWLRQV

■ 6LPXODWH�WR�9HULI\�&RUUHFWQHVV

■ 'HVLJQ�XVLQJ�06,�&RPSRQHQWV�'LUHFWO\

■ ,PSOHPHQW�8VLQJ�)+'/�)XQFWLRQDO
%ORFNV�DQG�+LHUDUFKLFDO�'HVLJQ

■ 6LPXODWH�WR�9HULI\�&RUUHFWQHVV



6HTXHQWLDO�&LUFXLWV

■ 'HVLJQ�DQG�6LPXODWH�56��'��DQG�(GJH�
7ULJJHUHG�'�IOLS�IORSV

■ ,OOXVWUDWH�2VFLOODWLRQV�XVLQJ�WKH�56�IOLS�
IORS

■ ,OOXVWUDWH�7KH�1HHG�IRU�(GJH�7ULJJHULQJ�
RU�0DVWHU�6ODYH�6\QFKURQL]DWLRQ

■ ,OOXVWUDWH�/RJLF�+D]DUGV��DQG�WKH
'DQJHU�7KH\�3RVH�WR�$V\QFKURQRXV
&LUFXLWV



5HJLVWHUV�$QG�0HPRU\

■ 5HJLVWHUV��ZLWK�9DULDWLRQV�DUH�'LUHFWO\
6LPXODWHG�E\�)+'/

■ 5HJLVWHUV�$FW�DV�&ROOHFWLRQV�RI
8QV\QFKURQL]HG�'�)OLS�)ORSV

■ 5$0�&DQ�EH�6LPXODWHG�'LUHFWO\

■ 6LPSOH�520V�DQG�3/$V�DUH�(DV\�WR
&RQVWUXFW



6HTXHQWLDO�&RQWURO

■ 6WDWH�0DFKLQHV�&DQ�EH�&RQVWUXFWHG
IURP�%DVLF�)+'/�&RPSRQHQWV

■ 7KH�520�3UHSURFHVVRU�$OORZV�57/�/LNH
6SHFLILFDWLRQV

■ 7KH�3/$�3UHSURFHVVRU�&DQ�%H�8VHG�7R
&UHDWH�0RUH�([RWLF�6WDWH�0DFKLQHV

■ $60V�FDQ�EH�VSHFLILHG�DQG�VLPXODWHG
GLUHFWO\



7HVWLQJ��$Q�([DPSOH

F A F AF AF AF AF A

F A F AF AF AF AF A

Distinguish Between The Two



+RZ�7R�'R�,W

0,0,1,0,0,0
0,0,0,0,0,0

Presence or Absence of Carry
Must Be Detectable

0,0,1,1,0,0
0,0,0,1,0,0

Carry Must Be Tested In Both
States

Unacceptable Substitute For Test 2!

0,0,1,1,1,0
0,0,0,1,1,0

Error Is Masked, Because C2 and
C3 are Identical in Both Tests

Test 1

Test 2



)XWXUH�'HYHORSPHQW

Fault Simulation in FHDL
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