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Calc1 Design First calc of the series Relatively simple
 design 4 input ports, each
 consisting of a command and data bus
 4 output ports, each consisting of reponse and data bus
 Reset and clock inputs Add, Subtract, Shift
 Left and Shift Right operations
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Verification Plan Basic Tests:
 Basic command-response protocol on each port
 Basic operation of each command on each port
 Overflow and underflow cases for add and subtract commands
 Advanced Tests: Basic operation of each command across all
 ports concurrently Check for fairness across all ports such that no
 port has priority than others Corner cases like adding two numbers that
 overflow by 1
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Continued…
 Adding two numbers that whose sum is “FFFFFFFF”X
 Subtract two equal numbers Subtract operation where Operand2=Operand1
 + 1 thereby causing underflow
 Specific Tests: Check if the design handles illegal commands
 correctly Check all outputs all the time. There should not
 be any superfluous output values Check that the reset function correctly reset the
 design
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Some Test VectorsFunction Expected
 ResultPort 1 Port 2 Port 3 Port 4
 Basic Add Operation
 Correct sum value of the 2 input data
 YES YES YES NO
 Basic Sub operation
 Correct diff value of 2 input data
 YES YES YES NO
 Shift Left (0 places)
 Operand 1
 YES YES YES YES
 Shift Right (31 places)
 00000000 YES YES YES YES
 Add with overflow
 Response = 10
 NO YES YES YES
 Sub with underflow
 Response=10
 NO YES YES YES
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Unsuccessful Add Operation on port 4
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Unsuccessful Subtract Operation on Port 4
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Subtract with Underflow
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Overflow
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Corner Case
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Results and Conclusions Calc1 proved to be a good starting point
 for learning deterministic verification of a digital system.
 The following bugs were discovered in Calc1 Add and Sub operations are unsuccessful on
 port 4 Subtract with underflow on port 1 gives
 erroneous output response tag Add with overflow gives erroneous results on
 port 1 A corner case of adding two numbers that
 overflow by 1 does not yield the correct response
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Calc2 Design Calc2 exhibits a slight
 improvisation over the Calc1 design
 Each of the ports are now able to handle 4 commands concurrently
 This parallelization requires for the specification of a unique 2-bit tag with each command at each port
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Verification Plan Basic Tests:
 Send multiple commands with variable timing between commands from the same port
 Send commands with variable tags for each command
 Send multiple invalid commands Corner Cases:
 Check for a mix of add and subtract commands to fill the add queue
 Send a mix of shift commands to fill the shift queue
 Check for overflow, underflow cases for back-to-back commands
 Verify all lengths (0 and 31 places) of shift cases
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Continued… Specific Checks:
 Check for response value matching with the expected response based on command and data
 Verify in-order execution of commands Check that tags do not get swapped Check for unmatched tags on the output port Check if the output data obtained matches with
 the expected results Check for correctness of out-of-order responses
 across the same pipeline but not across same command type
 Check for unexpected or stray response values on the outputs
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Some Test VectorsFunction Expected Result Port
 1Port 2
 Port 3 Port 4
 Basic Add Operation (on each port)
 Correct sum value of the 2 input data
 YES YES YES YES
 Basic Sub operation (across all ports)
 Correct diff value of 2 input data
 YES YES YES YES
 Shift Left 31 places(on all ports)
 00000000 NO NO NO NO
 Shift Right (31 places) (on all ports)
 00000000 NO NO NO NO
 Add with overflow
 Response = 10 YES YES YES YES
 Sub with underflow
 Response=10 YES YES YES YES
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Random Test Bench The test case generator
 generates the tests randomly which are fed to the DUV
 A copy of the inputs is fed to the scoreboard which is used by the checker whenever it needs to calculate the expected outputs
 The scoreboard acts as the reference model
 The checker has outputs from the DUV and it compares them to the expected output values which it calculates after fetching the input values from the scoreboard
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Shift left on all four ports
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Shift Right on all four ports
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Stray values on out_tag1
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Noise on out_tagX (X=2,3,4)
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Results and Conclusions Calc2 is an improvement in design over Calc1 It allows the use of a co-verification
 environment using SystemC and Verilog The bugs discovered by our verification
 environment in Calc2 are: Shift left operation yields an incorrect
 response on all the four ports Shift Right operation yields an incorrect
 response on all the four ports Some unexpected/stray values are obtained
 on the response buses of ports 2, 3 and 4.
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Calc3 Design The last design in the series of three It incorporated 16 data registers internal to
 the design The operands did not accompany the
 command but were fetched from these registers
 Store and Fetch commands have been added to the design for handling the operands
 Branch command is used to skip commands on a port
 Tags cannot be of the same value across the ports at the same time
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Signals used in Calc3
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Verification Plan Apart from the test cases considered in
 Calc1 and Calc2, the following cases also had to be monitored: Check for correct execution of store and fetch
 commands Proper execution of branch commands should
 yield one of the following outcomes: Add/Sub/SL/SR will not write to array Store will not write to array Fetch will not return data Branch will evaluate to false (branch following
 branch) Output response tag value should be “11”b
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Some Test vectors
 Function Expected Result
 Port 1 Port 2 Port 3 Port 4
 Branch if zero
 Response = 11
 YES NO NO NO
 Branch if equal
 Response = 11
 YES NO NO NO
 Shift Left (0 places)
 Operand 1
 YES YES YES YES
 Shift Right (31 places)
 00000000 YES YES YES YES
 Add with overflow
 Response = 10
 YES YES NO YES
 Sub with underflow
 Response=10
 YES YES YES NO
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Random Test Bench The scoreboard in our
 random verification environment works as a reference model as well as a checker.
 The operands fetched from the data registers are stored locally in the scoreboard which are then used by the scoreboard to calculate the expected results.
 Upon successful execution of a command, the scoreboard then compares the output of the DUV with the obtained results to find a match.
 If the results do not match, a data mismatch message is printed.
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Add with Overflow
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Sub with Underflow
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Branch if zero
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Branch if equal
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Results and Conclusions Improvement in the Calc2 design yields a
 store-n-load processor in the form of Calc3 Calc3 offers much more functionality than
 its previous designs. The bugs found in the Calc3 design are:
 Add with overflow is unsuccessful on port 3 Subtract with underflow yields incorrect
 response on port 3 Branch if zero operation gives invalid output on
 ports 2, 3 and 4 Branch if equal command yields incorrect
 response on ports 2, 3 and 4
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