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+DUGZDUH�GHVFULSWLRQ�ODQJXDJHV

q 'HVFULEH�KDUGZDUH�DW�YDU\LQJ�OHYHOV�RI�DEVWUDFWLRQ

q 6WUXFWXUDO�GHVFULSWLRQ
½ WH[WXDO�UHSODFHPHQW�IRU�VFKHPDWLF
½ KLHUDUFKLFDO�FRPSRVLWLRQ�RI�PRGXOHV�IURP�SULPLWLYHV

q %HKDYLRUDO�IXQFWLRQDO�GHVFULSWLRQ
½ GHVFULEH�ZKDW�PRGXOH�GRHV��QRW�KRZ
½ V\QWKHVLV�JHQHUDWHV�FLUFXLW�IRU�PRGXOH

q 6LPXODWLRQ�VHPDQWLFV
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+'/V

q $EHO��FLUFD�������� GHYHORSHG�E\�'DWD�,�2
½ WDUJHWHG�WR�SURJUDPPDEOH�ORJLF�GHYLFHV
½ QRW�JRRG�IRU�PXFK�PRUH�WKDQ�VWDWH�PDFKLQHV

q ,63��FLUFD�������� UHVHDUFK�SURMHFW�DW�&08
½ VLPXODWLRQ��EXW�QR�V\QWKHVLV

q 9HULORJ �FLUFD�������� GHYHORSHG�E\�*DWHZD\��DEVRUEHG�E\�&DGHQFH�
½ VLPLODU�WR�3DVFDO�DQG�&
½ GHOD\V�LV�RQO\�LQWHUDFWLRQ�ZLWK�VLPXODWRU
½ IDLUO\�HIILFLHQW�DQG�HDV\�WR�ZULWH
½ ,(((�VWDQGDUG

q 9+'/��FLUFD�������� 'R' VSRQVRUHG�VWDQGDUG
½ VLPLODU�WR $GD �HPSKDVLV�RQ�UH�XVH�DQG�PDLQWDLQDELOLW\�
½ VLPXODWLRQ�VHPDQWLFV�YLVLEOH
½ YHU\�JHQHUDO�EXW�YHUERVH
½ ,(((�VWDQGDUG
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9HULORJ

q 6XSSRUWV�VWUXFWXUDO�DQG�EHKDYLRUDO�GHVFULSWLRQV

q 6WUXFWXUDO
½ H[SOLFLW�VWUXFWXUH�RI�WKH�FLUFXLW
½ H�J���HDFK�ORJLF�JDWH�LQVWDQWLDWHG�DQG�FRQQHFWHG�WR�RWKHUV

q %HKDYLRUDO
½ SURJUDP�GHVFULEHV�LQSXW�RXWSXW�EHKDYLRU�RI�FLUFXLW
½ PDQ\�VWUXFWXUDO�LPSOHPHQWDWLRQV�FRXOG�KDYH�VDPH�EHKDYLRU
½ H�J���GLIIHUHQW�LPSOHPHQWDWLRQ�RI�RQH�%RROHDQ�IXQFWLRQ

q :H¶OO�RQO\�EH�XVLQJ�EHKDYLRUDO�9HULORJ�LQ�'HVLJQ:RUNV
½ UHO\�RQ�VFKHPDWLF�ZKHQ�ZH�ZDQW�VWUXFWXUDO�GHVFULSWLRQV
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module xor_gate (out, a, b);
input     a, b;
output    out;
wire abar, bbar, t1, t2;

inverter invA (abar, a);
inverter invB (bbar, b);
and_gate and1 (t1, a, bbar);
and_gate and2 (t2, b, abar);
or_gate  or1 (out, t1, t2);

endmodule

6WUXFWXUDO�PRGHO
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module xor_gate (out, a, b);
input         a, b;
output        out;
reg           out;

assign #6 out = a ^ b;

endmodule

6LPSOH�EHKDYLRUDO�PRGHO

q &RQWLQXRXV�DVVLJQPHQW

GHOD\�IURP�LQSXW�FKDQJH
WR�RXWSXW�FKDQJH

VLPXODWLRQ�UHJLVWHU��
NHHSV�WUDFN�RI
YDOXH�RI�VLJQDO
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module xor_gate (out, a, b);
input         a, b;
output        out;
reg           out;

always @(a or b) begin
#6 out = a ^ b;

end

endmodule

6LPSOH�EHKDYLRUDO�PRGHO

q DOZD\V�EORFN

VSHFLILHV�ZKHQ�EORFN�LV�H[HFXWHG
LH��WULJJHUHG�E\�ZKLFK�VLJQDOV
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(YHQW�4XHXH�LQ�9HULORJ

module xor_gate (w,x,y,z);

input  [7:0]  x, w;

output [7:0]  y, z;

reg [7:0]  y, z; 

always @(x)

y = x + 1;

always @(y or w)

z = y + w;

endmodule
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Initially y = 0
Case 1: at time zero: w=1, x = 0

Case 2: at time zero: x=0, w=1
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Good simulators will not 
execute this event

Point: Simulation semantics are 
simulator/order independent


