ECE 594: Circuit Simulation



Topics

Definition

Introduction

Gate Simulation
“Breadboard” Simulation
Code Compiled Simulation
Timing Problems
Event-Driven Simulation
Summary




®)

Simulation

sim-u-la-tion [simmys laysh'n]

(plural sim-u-la-tions)

noun
reproduction of features of something: the reproduction of the essential features of something, e.g. as an

1.

5.

aid to study or training

. fake: an artificial or imitation object

. false appearance: the imitation or feigning of something

. COMPUT construction of mathematical model: the construction of a mathematical model to reproduce the

characteristics of a phenomenon, system, or process, often using a computer, in order to infer information or

solve problems

COMPUTER GAMES computer game: a computer game that simulates a real activity such as flying

imitation, reproduction, replication, recreation, mock-up, model, virtual reality

Microsoft® Encarta® 2009. © 1993-2008 Microsoft Corporation. All rights reserved.
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Presenter
Presentation Notes
A simulation in my own words is a model used to help predict the actual trial.


Dress Example

Once the cloth is cut, it will be too late to
discover any errors in the design.



Presenter
Presentation Notes
Assume for a moment that you are a dress designer. 
Before you cut the cloth, you would like to make sure that the design is correct and the pieces will fit together. 
Once the cloth is cut, it will be too late to discover any errors in the design. 
Therefore, a dress designer often uses paper cuttings to verify the design. 
That is a form of simulation. The idea of simulation is to predict the result of building the desired object without actually building it.


Everyday Example

Salt is difficult to remove but easy
to add in food

Therefore, add a little bit at a
time, try it, and then add more if
not salty enough

Trying a spoonful should simulate
how to rest of the serving taste
Ao .
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Presentation Notes
We want to simulate adding seasoning because the salt shaker lid could be loose OR you could mistakenly be adding sugar instead of salt.

A simulation works better for liquids and food that should be seasoned before cooking.



Chemistry Example

Titration of an
ACId WlTh a Base Titration Curve (oxalic acid/NaOH)

using phenolphthalein indicator

14 :
Figure 1 Figure 2  Figure 3  Fi ure 4
3 3 9 9e 12 (/’f—_
] ] v H 10
] E E oz
6
Hﬂ ‘Jﬂ
< %3‘% &?‘«’c %“‘?f 4 /
2
Startpoint Slow Down Endpoint  Too Far 0

15 20 25 30 35 40 45
/ Volume of NaOH added (ml)

Although you could slow down here,
but it will still take a while to finish the
titration based on graph

Already took a while
a get to this point


Presenter
Presentation Notes
When performing a chemistry titration (to determine the unknown concentration of an acid), a simulation will help find the endpoint much faster.

Use a smaller sample can just overshoot it the first time. 

Helps verify that everything works. (There is base in the burette (tube), there is acid in the flask, and there is a pH indicator. 
Helps give a rough estimate if you have enough base. You could end up with a really strong acid and there might not be enough base in the burette. You do not want to add more base during the trail because that will increase the error.


Why Simulation?

Validate assumptions
Verify logic

Static 1-hazard

1-hazard

1-hazard will

Verify performance
Find tests for the circuit

0 1 1 X X
1 0 1 X X
1 1 0 X X

1. Shown is a XOR-model truth table and corresponding stuck-at coverage.

occur @
101 - 111
Z Z
sal sal
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Validate assumptions about the circuit
Verify that the design is logically correct
Verify performance, timing of logic signals and hazards (unwanted switching transients)
Find tests for the circuit, which would have been helpful for quiz 2


Simulation for Design Verification

Specification

Response
analysis

l Synthesis

Design
dae |

changes

|

| |

Computed
responses

Design (netlist)

L

True-vall_ue o
simulatur_J& Input stimuli

Design Verification basically compares the output of the simulator

versus the specification to determine design changes



Modeling

Level

functional

logic

switch

timing

circuit

Simulation Model Levels

Circuit
Description

high level
programming
languages

boolean
gates and
flip-flops

MOS
transistors

transistors
with tech
data

active &
passive
components

Signal Values

0,1 clock values
zero-delay,
unit or
0,1&X :
multiple
delay
0,1 X&7Z zero-delay
analog fine-grain
voltage time
analo :
& continuous
voltage & :
time
current

Application

design

verification ®

logic
verification

logic
verification

timing
verification

circuit
verification




Gate Simulation: SimUAId

e SIMUAID - Quiz2.ckt

File Edit View Parts Simulate Window Help

D@ 4| NNJwJE R @] T 2 &)

[ Quiz2.ckt

0 nser

0 o p
1
B g 1 B

iI> IDJ: 1}&

This is the circuit we have been using on
every quiz so far.

<[~
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Presentation Notes
You can adjust the inputs the left and watch the logic propagate.

This my be a bad example because the reason why you will want to simulate another circuit is so that we can finally stop using this circuit and stop using only circuits that you find from a book or online.


C17.bench

]

S LT 5 Y R S |

oo

3o

(]

S o T 3 I = W8

# cl7
# 5 inputs
# 2 outputs
# 0 inverter
# 6 gates ( © NANDs )
INPUT (1) 1
1
INPUT (2) 0 1
INPUT (3) -
INPUT (6) ']L
INPUT (7) 3 0 10
12
QUTPUT (22) L L 122
QUTPUT (23) 1_
10 = NAND(1, 3)
11 = NAND(3, ©) 1 3 1
16 = NAND (2, 11) o -1
1% = NAND (11, 7) 21
22 = NAND(10, 16) 0 116
23 = NARAND(le, 19)
1—“6‘1\1— 1
0 —?— 023
7 1 119
(1_}7 1 g 1 0 11
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Presentation Notes
This circuit is a simulation of the c17.bench file.


C17.bench

S I L T O Y R S I i |

[ TN 5 N s |

4 17
# 5 inputs
# 2 outputs
# 0 inverter
£ 6 gates ( 6 NANDs ) Virtual Connections
INPUT (1)
INPUT (2) 1
1
INFUT (3) 1
ﬁ\—
INPUT (6) 0o
INPUT (7)
11 010
OUTPUT (22) 2 31
OUTPUT (23) 1 1
o ' 10| 122
10 = NAND(1, 3) m
16 = NAND (2, 11) 1 3
19 = NAND(11, 7) N
22 = NAND(10, 16) —
23 = NAND(16, 19) 21| 116
0
6
ot 1 pe®
0
71 119
7 31
1 6_1_ 011
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Presentation Notes
The nodes are labeled where they should be connected.

Actually, to be honest, the reason why the previous version of the circuit looks so messy is because I started with the virtual connections, and then I just drew wires to connect the inputs to the gates without moving the inputs.


1. What will the output be for 3+(-3) in 1’'s complement?

,(b) 1111, or (c) depends

Q QQao 1111 —Iote that +0 and -0 return TRUE when tested for zero, FALSE when tested for non-zero.
1 0001 1110
2 0010 1101
3| oo011| 1100 This is i ind £ 1 | 0011,
2| o1oal 1011 IS IS jUSt a reminder o S comp ement +11001,S .
3 0101 1010 -
6| o0110| 1001 =1'sc
T 0111 1000
0 1 1 0

SgT SQT S1T SoT
CCAl Fan [C3] Fun [C2] Fun [C1] Fun | GO
. "1 Adder [T | Adder [~ | Adder [~ | Adder ‘0 1

AaT TB3 AzT TBz A1T TB1 AOT TBo

1 1 0 O 1 1 1 1

end-around carry for 1's complement
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Presentation Notes
Another use of circuit simulation.

The dotted line on the bottom means to connect only when you want 1’s complement.

Argument for 1111: If you add 0011 + 1100, then every S will simply be 1 and every C will be 0.

Argument for 0000: The default 0.


.

2. If it depends, then on what?

, (b) order of input, or (c) something else

+
Q QQao 1111 —Iote that +0 and -0 return TRUE when tested for zero, FALSE when tested for non-zero.
1 Q001 1110
2 Q010 1101
3| oo11| 1100 his is i ind £ | 0011,
2| 0100|1011 This is just a reminder of 1's complement +1100,/,
3 0101 1010 =
6| o0110| 1001 —1'sc
T 0111 1000
0 1 1 0

SgT SQT S1T SoT
CCAl Fan [C3] Fun [C2] Fun [C1] Fun | GO
. ‘1 Adder [T | Adder [~ | Adder [~ | Adder ‘0 1

A3T TB3 AzT TBz A1T TB1 AOT TBo

1 1 0 O 1 1 1 1

end-around carry for 1's complement
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Presentation Notes
Class discussion?

Will a SimUAid simulation help?


.o SimUAId Simulation

= 1111

e Thisis NOT 1's complement
e [n Unsigned Value, 3+12=15=1111

* In 2’s complement, 3+(-4)=-1=1111,,_ .

Q” o] 0/1 y
as !t A2 [ at ] ao

‘o ‘0 ‘1 ‘1

o1 |
#83
1

£~ _
Unsigned 8

S3 S2 ST
K 1 1
Sum Sum Sum
0 FA . 0 0 " A . 0 0 "A : 0
Cout  Cin Cout  Cin Cout  Cin
X Y X Y X Y
To 11 To 11 f1 o

A3 B3 A2 B2 A1 B1

W
4-bit
two's complement A
representation
O
L
cy1 K01 ‘0‘1
B2, B1\ BO
\1 ‘0 ‘0
SO
1
Sum
FA CO0
Cout Cin M
X Y -
1 To
A0 BO
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Presentation Notes
I just want to show that the adder works for 


SimUAId Simulation

0|1 0|1 [0]1 (0] 1
K o[1 Jo[1 |o[1 o]
A3 A2 A1 A0 )
o 0 1 1 B3/ B2, B1) BO
1

‘1 ‘0 0

S3 S2 S1 SO
X X X X
Sum Sum Sum Sum
FA FA FA FA
Cout Cin X X Cout Cin X X Cout Cin X X Cout Cin X
X Y X Y X Y X Y
fo 11 To /1 Pt o R
A3 B3 A2 B2 A1 B1 A0 BO

SimUAId failed to simulate an actual output
(reason for failure will be explained later)

SimUAid cannot simulate everything


Presenter
Presentation Notes
I will explain why this simulation

Now what?


“Breadboard” Slmulatlon

What can go wrong with a
“Breadboard” simulation?

0 1
SgT SZT

Cal Fun | C3 ] Fun |C2] Fun | &1 Fun | CO

1 | Adder | "5 | Adder [, | Adder |4 | Adder |,

A3T TBB AzT TBz A1T TB1 AOT TBo

1 1 0O O 1 1 1 1

end-around carry for 1's complement
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Presentation Notes
Surely we will get an answer from the breadboard simulation, right? The LED lights are either on or off. I hope we are not dealing with quantum physics where LEDs can be both on and off.

Breadboards were actually used as a circuit simulation in the past before integrating it into a chip.


- “Breadboard” Simulation

Results

e |f you have 3+(-3) set up as inputs before you supply the power, then
the C, = 0 and output becomes 1111.

* Otherwise, it de on the previous value of C,, just like a flip-flop

1100+0011=1111 1100+0011=0000



Presenter
Presentation Notes
Surely we will get an answer from the breadboard simulation, right? The LED lights are either on or off. I hope we are not dealing with quantum physics where LEDs can be both on and off.

Breadboards were actually used as a circuit simulation in the past before integrating it into a chip.


“Breadboard” Simulation Problems

e Faulty wires
e Power supply (low batteries)

e Short circuit (wiring error)

e Damaged IC Y
e Incorrect logic (truth tables, K-maps)

e
e Off by 1 column lx\
 Time consuming (bug)

Y

So many problems with “Breadboard” simulation.



CODE COMPILED SIMULATION
(PART 1)



Quiz Problem 1 Examplel
e Givenacircuitora “1” =input=0
bench fileand an  “2” = jnput = 0
input, compute the «3» _ input =
outputs by hand ugr

N 1]

1 # cl7

1
= 111IpJu

n
; M
2 # 5 inputs benChF||e
2 # 2 outputs ”7” —_ inpu

# 0 inverter
5 # 6 gates ( © NANDs )

~ T+
I I
o ¢© O

7 INPUT (1)

(
& INPUT(2) 1 00000
5 INPUT(3) 2 _ _
10 INPUT (6) inputFile
11 INPUT(7)

13 OUTPUT (22)
OUTPUT (23)

16 10 = NAND(1, 3)
17 11 = NAND(3, ©)
18 16 = NAND(Z, 11)
1% 15 = NEAND(11, 7)
20 22 = NEND(10, 16)

21 23 = NAND(le, 18)



Quiz Problem 1 Examplel
e Givenacircuitora “1” =input=0
bench fileand an  “2” = jnput = 0
input, compute the «g» _
outputs by hand ...,

1 # cl7 . \J I t‘
2 # 5 inputs benChF||e

3 42 ?utputs ”7” — |npUt — O

4 # 0 inverter

7 INFUT
§ INPUT

10 INPUT

5 # 6 gates ( © NANDs )

“10” = NAND(“1”, “3”) = NAND(0, 0) =
“11” = NAND(“3”, “6”) = NAND(0, 0) =

1
2 1 00000
3

inputFile

(1)
(2)
9 INPUT(3)
(6)
(7)

11 TINPUT(7

13 OUTPUT (22)
4 OUTPUT (23)

16 10 = NAND(1, 3)
17 11 = NEND(3, &)
18 16 = NAND(Z, 11)
1% 15 = NEAND(11, 7)
20 22 = NEND(10, 16)
21 23 = NAND(le, 19)



Quiz Problem 1 Examplel
e Givenacircuitora “1” =input=0
bench fileand an  “2” = jnput = 0
input, compute the «g» _ input = 0
outputs by hand ugr

— iinnutE —0
- U

1 # cl7

= 111 Ul
2 # 5 inputs benChF”e

Ml “7" =input =0

). “10” = NAND(“1”, “3”) = NAND(0, 0) = 1
e B “11” = NAND(“3”, “6”) = NAND(0, 0) = 1
10 INPUT (6) inputFile

“16” = NAND(“2”, “11”) = NAND(0, 1) = 1

13 OUTPUT (22)

e “19” = NAND(“11”, “7”) = NAND(1,0) =1

16 10 = NAND(1, 3)

17 11 = NAND(3, ©)

18 16 = NAND(Z, 11)
1% 15 = NEAND(11, 7)
20 22 = NEND(10, 16)
21 23 = NAND(le, 19)



Quiz Problem 1 Examplel
e Givenacircuitora “1” =input=0
bench fileand an  “2” = jnput = 0
input, compute the «g» _ input = 0
outputs by hand ugr

— iinnutE —0
- U

1 # cl7

= 111 Ul
2 # 5 inputs benChF”e

“7” =input =0

T “10” = NAND(“1”, “3”) = NAND(0, 0) = 1
- W™ “11” = NAND(“3”, “6”) = NAND(0, 0) = 1
10 INPUT (6) inputFile

“16” = NAND(“2”, “11”) = NAND(0, 1) = 1

13 OUTPUT (22)

i “19” = NAND(“11”, “7”) = NAND(1,0) =1

17 11 - NAND(3, 6) “227 = NAND(”]_O”’ ”16") = NAND(]_’ 1) =0

18 16 = NAND(Z, 11)
1% 15 = NEAND(11, 7)

0 22 - s, 16 “23” = NAND(“16”, “19”) = NAND(1, 1) = 0

21 23 = NAND(le, 18)

Doing the computations by hand is still slow.
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int numberOofInputs = 0;

int numberofOutputs = 0;

int numberCfGates = 0;

int maxNode = -1;

Scanner benchFile;

while (benchFile.hasNextLins())

o — Pseudo Code

parse line to increment number of inputs, outputs, or gates // to determine array size
check maxNode // to determine array size
}
// DATA STRUCTURES // numberOfCutputs is a subset of numberCfGates [//// /I TIITITTITTITITTRSdAAddddriirly

int[] outputs = new int [numberOfCutputs]; // used to store/print out outputs

int[] outputTracker = new int[numberdfCutputs]; // a sorted array to keep track of outputs

int[] nodes = new int[numberCfInputs+numberCfGates]; // a array to store each input/gate // this could ke a boolean as well
int[] nodePointer = new int[maxNode+1]; // used for direct access to input wvalues

/f end of data structures [///SSASITSIFIITITIA TSI ST PSP TTATIR TSP LA TP P T I T AEiririisiy
int pointerWalker = 0;
benchFile.reset () ; // go back to begining of bench file
while (benchFile.hasNextLine())
{
if (input or gate)
pointer[Integer.parseInt(intValue)] = pointerWalker++; // £ill out pointer array by using the pointerWalker

=] Oy N i L [N =

e I TN o [ = U 'S B o B e I e R e

e T T T B

[l Y o v v

cl7 .
5 inputs benChF||e
outputs

inverter OUtpUtS = {_; _}
gates ( & NANDs )

outputTracker ={ , }

INFUT (1) —
INPUT (2) nOdeS - {_1_1_1_1_1_1_1_1_1_ _}

B I
o o

INEUT (3) 5 inputs nOdePOinter={_,0,1,2,_,_, 141_1_15161_1 ) r7r_)_181_1_19110}

INPUT (©)
INPUT (7)

OUTPUT (22)
OUTPUT (23)

2 outputs

10 = NAND(1, 3)

11 = NAND(3, 6) 5+6 = 11 nodes

16 = NAND(Z, 11) i
15 - nanp(11, 7) O gates maxNode = 23 2
22 = NAND(10, 16)
23 = NAND(l1le, 19)

00000

inputFile


Presenter
Presentation Notes
This will soon be demonstrated in the pseudo code (written so that people can follow along, hopefully)



%

[
== I Ve I o o R

fry

8]

=1 o N o

Y S SO 7S T 7 N O O O T % T T Y ¥ o oW Y % B %
s R N R )

[

40

| ST T s N s N

=] 0 N = L

tnotnonotnonotnononoon i oW

oy v & M 3y O
S I o T o Y S o T O Y s T W o s

Scanner inputFile;

while

{

(inputFile.hasNextLine (})
for i<numberOfInputs; i++4)

nodes[i] = inputString.charAt(i)-'0"';
int nodeWalker = numberOfInputs:
int outputWalker = 0;

{(int 1 = 0;

benchFile.reset () ;
while (benchFile.hasNextLine())
{
if (output)
add to outputTracke
else if

{

(gate)

parse string to determine ich ‘date

parse string to determine flate inputs

n dePomter = {_,0,1,2,_,_,

X

// £11l1l cut nodes

Ofi)
// do not mess with user input
// walker to fill out the output array

O(1)
)_)5)6I_I )7 I7I_I_181_I_I

3,4,_ 9,10}

// use a dynamix sized array list

O(g)

// results = negation of first input

first input

"11" = NAND("3","6") = NAND(0,0) =

)3,

=N
= NAND
"22" = NAND("10","16™) = NAND(T,

ArrayList<Integer> gateInputValue% = new ArrayList<Integer>();

for (int i = 0; i<number(fGateInputs; i++)
gateInputValues.add (hodes [nodePointer [gateInputs.get(i)]1]):

if (NOT)
results = !gateInputValues.get (0);

if (BUFF)
results = gateInputValues.get (0); // results =

if (OR)

. results = any input is 1 OUtpUtS - {0’ 0}

if (XOR)
results = odd # of 1's outputTracker = {22,23}

if (NOR) nodes = {0,0,0,0,0,1,1,%,1,0,0}
results = any input is 1 then negation

: nodePointer ={_,0,1,2,

if (AND) " " n n n n
results = any input is 0 then negation "%8" B ﬁﬁxg n%ln %%n

if (NAND) - ’
results = any input is 0

if (outputTracker.contains (nodelabel})

ocutputs[ocutputWalker++] = results;
nodes [hodeWalker] = results;
nodeWalker++;

}
print out results

0
"23" = NAND("16","19") = NAND(1,1) = 0
0(1)

// check if it is an output

Total runtime: O(2 X b + X X p04e i Pigi + X X 0)


Presenter
Presentation Notes
Basically, the runtime is linear with respect to the length of the bench file
𝑂(2×𝑏+𝑥×[(    𝑏 𝑖  𝑔 𝑖 )+𝑜] 
b is length of bench file
i is number of input vectors
g is the number of gates
o is the number of outputs
2b because 1b time to count number of inputs, nodes, and output
Another b to set up nodePointer
x is the number of input vectors
bigi is the number of gate inputs for all gates


cl7.bench Input/Output Example

Output file

Bench file
H#cl7

# 5 inputs
# 2 outputs
# 0 inverter

# 6 gates ( 6 NANDs )

INPUT(1)
INPUT(2)
INPUT(3)
INPUT(6)
INPUT(7)
OUTPUT(22)
OUTPUT(23)

10 = NAND(1, 3)
11 = NAND(3, 6)
16 = NAND(2, 11)
19 = NAND(11, 7)
22 = NAND(10, 1
23 = NAND(16, 1

6)
9)

Input file

00000
01010
10101
11000
00111
11111

00
11
11
11
00
10

=

Next
vector?

Read vector
input

Run compiled
code

Output results

end



e Help get from input to output
A

e

ki

B ——

Logic Levelization

e Determine the order of the gate evaluations

append g's fanout
gates to @

T

1. /= maximum of
g’'s driving gate

assign level O to step  |A B GG _Gi G |0
all Pl's 0
1
¥ 3
put all P| fanout 3
gates in Q 4
% J
_—Q —_no _ pop next gate g
T—empty?— from Q
yes l
' ' N0 teadvig .  Yyes
( end \ append gto Q ¢« rear::iy 10 __jf::::.L.
N 4 —levelize g2 — levels

2. assign l+1to g




Logic Levelization (Quiz Problem 1 Example)

e

A

B ——

. Jo— K

assign level O to step
all Pl's 07

1

¥ 2

put all P| fanout 3

gates in Q 4

% 5
_—Q —_no . pop next gate g

Tempty?— from Q
yes l

__yes
=S

append g's fanout
gates to @

T

1. /= maximum of
g’'s driving gate
levels

2. assigh+1tog




e

Logic Levelization

\\\

——

G,

-

Back Front

M I I IlIQequeue
- T
Enqueue ]

4 | Gy /( — K

append g's fanout
gates to @

T

1. /= maximum of
g’'s driving gate

. -
c — ’
assign level 0 to step |A B GG Gy G |0 Alternative solution
all PI's 0 o 0 I
| / will be presented
L 2 later if you placed
put all Pl fanout | s3— <G. G.>inQ
gates in Q 4 v 227
% 5
_—Q —_no _ pop next gate g
~——empty?—— from Q
yes l
' ' N0 teadvig .  Yyes
( end \ append gto Q |+ ready to ___'_':::--—ry
S Y —levelize g2 — levels

2. assign l+1to g



Presenter
Presentation Notes
Notice how the algorithm recipe calls to place all fan-out gates in Q? 

A stack is LIFO; last in, first out.
A queue is FIFO; first in, first out.


e

ki

assign level O to
all Pl's

¥

put all P| fanout
gates in Q

Logic Levelization

A A T
G, | ‘.{ G N\ i
L S/ — 4#/:

B ——
c — .

step A B C G G Gy Gy |0

0 0O o0 0 <G, G>

1 0o o0 O <G\ G»>

2

3

4

5 /

append gto Q

/ pop next gate g

from Q

‘- -

.

162 is popped

“ready to

The output of G, is required to-tevelize G,

append g's fanout
gates to @

T

__yes
. ____'.'-'-'—l'
—levelize g? —

1. /= maximum of
g’'s driving gate
levels

2. assign l+1to g




o

ki

assign level O to
all Pl's

¥

put all P| fanout
gates in Q

A

Logic Levelization

——

Gy

-

4 ‘ ) G4 /(_IL K

append g's fanout
gates to @

T

step A B C G GEIG_; Gy | O
0 0 0 0 <G, Gy>
' 0 0 0 <Gi. G»>
2 0 0 0 |1
3
4
5

.| Pop next gat

from Q \
161 is popped

append gto Q e Feadylo

T levelize g2 —

1. /= maximum of
g's driving gate
levels

2. assign +1to g




Logic Levelization

A N
|Gy O— K
start B —
assign level O to sep |[A B C GG Gi GO
all Pl's 0 0 0 0 <G, Gy>
| 0 0 0 <G, Gy>
T 2 0 0 0 1 <Gy, Gy>
put all P| fanout 3
gates in Q 4
% 5
- Q- —_ho L pop next gate g append g's fanout
empty?— from Q gates to Q
yes 1 T
) ) A 1. /= maximum of
no T T ag . ..
( end \ append gto Q — reag:iy to ____.________!v’ @'s driving gate
g S —levelize g? — levels

2. assigh+1tog




Logic Levelization

| E— Y
‘ Gy JO— K

) V4

A

< start )B G )
k T
assign level O to step |A B C G G Gy G0
all Pl's 0 0o o0 O <G, Gp>
| 0 0 0 <G, Gy>
v 2 0o 0 0 1 <G, Gy>
put all PI fanout 3 0o 0 o0 1 2
4
-I."I

gates in Q \
f <

G @ .| Pop next gaTe\K append g's fanout

~——empty?—— from Q gates fo Q

yes le T
e 1. = maximum of
N0 —"readyto —

- ] { g's driving gate
C _ end ) append gto Q 1« L"'“---..__q_[.%\f_?|iz%_g_‘.:_’__.----""'_- levels

2. assign l+1to g




A

Logic Levelization

———

G, o— kK
< start ) B —
assign level O to sep |[A B C GG Gi GO
all Pl's 0 0 0 0 <G, Gy>
| 0 0 0 <G\, G>
. 2 0o 0 0 | <Gy, Gp>
put all PI fanout 3 0o 0 o0 1 2 <Gs, Gg>
gates in Q 4 \
% 5
_— Q- ~__ho X pop next gate g append g's fanout
Tempty?— from Q gates to Q
yes 1 T
) ) oy 1. = maximum of
no _— T yes ‘e drivi
; . N append gto Q _— readyto y g's driving gate
N 4 —levelize g2 — levels

2. assign l+1to g




Logic Levelization
A S e«

-

< start ) B — Gl\i e
c —

assign level O to sep |[A B C GG Gi GO
all Pl's 0 0o o0 O <G, Gp>
| 0 0 0 <G, G»>
¥ 2 0o 0 0 1 <G, G3>
put all PI fanout 3 0o 0 0 1 2 <G;, Gp>
gates in Q 4 o o o0 1 2 2
D @ .| pop next gate append g's fanout
empty? from Q gates to Q

T

1. /= maximum of
g’'s driving gate
levels

2. assign l+1to g

lyes 163

| | N0 ready o




Logic Levelization

A —
|Gy JOo— K
< start ) B ——
c — U
assign level O to sep |[A B C GG Gi GO
all Pl's 0 0 0 0 <G, Gy>
| 0 0 0 <G, Gy>
T 2 0 0 0 1 <Gy, Gy>
put all PI fanout 3 0o 0 0 1 2 <G;, Gp>
gates in Q 4 o o o 1 2 2 <Ggp>
- Q- —_ho L pop next gate g [ append g's fanout
—empty?— from Q gates to Q
yes 1 T
) ) A 1. 1= maximum of
no T T ag . ..
( end \ append gto Q — reag:iy to ____.________!v’ @'s driving gate
g S —levelize g2 — levels

2. assigh+1tog




Logic Levelization

< start ) B —— G‘\ y
c —

ki

assign level O to sep |[A B C GG Gi GO
all Pl's 0 0 0 0 <G,, Gy>
| 0 0 0 <G, G»>
¥ 2 0o 0 0 1 <Gy, Gy>
put all PI fanout 3 0o 0 0 1 2 <G;, Gp>
gates in Q 4 o o o 1 2 2 <Ggp>
5 o 0 o 1 2 2 3
% \\
- G .| pop next gat%\ append g's fanout
Tempty?— from Q gates to Q
yes 164 T
1. /= maximum of

end \ append gto Q ==
\ J I

evel , > g's driving gate
“levelize g7 —

levels
2. assign l+1to g




e

ki

A

Logic Levelization

N
. /;C-; K

assign level O to sep |[A B C GG Gi GO
all Pl's 0 0o o0 O <G, Gp>
| 0 0 0 <G, Gy>
v 2 0 0 0 <G, Gy>
put all PI fanout 3 0o 0 0 1 2 <G;, Gp>
gates in Q 4 o o0 0 1 2 2 <Gy
% 5 o 0 o 1 2 2 3 <>\
- Q —__ ho . pop next gate g
Tempty?— from Q
yes l
N0 teadvio — Yes
end —— ready to _¥es

(_
.

h
by

append gto Q

T—levelize g2 —

“append g's fanout
gates to @

T

1. = maximum of
g’'s driving gate
levels

2. assign l+1to g




e

ki

A

Logic Levelization

N
. /;C-; K

append g's fanout
gates to @

T

1. = maximum of
@'s driving gate

assign level O to sep |[A B C GG Gi GO
all Pl's 0 0 0 0 <G, Gy>
| 0 0 0 <Gy, G»>
T 2 0o 0 0 1 <G, G3>
put all Pl fanout 3 o 0 0 1 2 <Gs, Gi>
gates in Q 4 o o o 1 2 2 <Ggp>
% 5 o 0 0 1 2 2 3 |<>
Q" no _ pop next gate g
T—empty?— from Q
|
' o Treadyto —_Yes
end \ append gto Q |+ Ay e
e / —levelize g2 — levels

2. assign +1to g




Logic Levelization

A N\ T
G'? :'—'- -h\\l
L / _‘,-| G4 _/: K
< start ) B —— ~
c — '/ - _
v a step A B C G G Gy Gy |O |
assign level 0 to 0 0 0 O <Gy, G>
all Pl's Order produced: ! 0 0 0 <G, G
2 0 0 0 ] <(Ga, G3>
¥ L d G => G => G => G 3 0 0 0 ] 2 <G;, G
put all Pl fanout ' _ ’ _ ’ _ * o 0 o0 1 2 2 <G>
gates in Q ° G1 => G3 =2 Gz => G4 5 o 0o o0 1 2 2 3 |<>
_—Q —_no _ pop next gate g append g's fanout
empty?— from Q gates to Q
yes l T
T 1. [= maximum of
no , T yes : i
end N9 —readyto —_Y®S | g'sdriving gate

¢ N
N Y

append gto Q

T levelize g2 —

levels
2. assign +1to g




Order produced:

* G;=>G,=>G3=>(,

Logic Levelization

o G1 => G3 => G2 => G4 A G"'\__I —
The order lets the machine know in L2/ |Gy JO— K
which order to compute the gates. —
B —
< start ) c — G T
assign level 0 to sep |A B C G G G GO
a" PI:S 0 0 0 0 {GQ. Gy>
| 0 0 0 <G, Gy>
¥ 2 0 0 0 ] <G, G>
put all P| fanout : g g 8 } 3 | <gs~ G
. 2 2 <G>
ga‘j In Q s Jo o 0o 1 2 2 3 |e»
QT _ | pop next gate g append g's fanout
Tempty?— from Q gates to Q
yes 1 T
) ) A 1. /= maximum of
no _— T yes ‘e drivi
( end \ append gto Q e reac_:iy to ___;;:;-.L. g’'s driving gate
N / —levelize g2 — levels
B 2. assign +1to g




S
If you started with <G,, G,>in Q, then . . .
you will end up with %chelsame order, I—Ogl C I—eve I Izatlon

but with 1 step less

A N\ —
— — - G T\
° Gl => G3 => GZ => G4 —
B — ™\ )
< start ) c — G_‘__,/ g
— step A ;] C G, G, G, G, Q
assign level 0 to 0 0 0 0 <Gy, G,>
all Pl's 1 0 0 0 1 <G, G3>
2 0 0 0 1 2 <QG3, Gg>
T 3 0 0 0 1 2 2 <Gy>
put all PI fanout 4 0 0 0 1 7 7 3 <>
gates in Q g
_—Q —_no _ | pop next gate g append g's fanout
—empty?— from Q gates to Q

(- \ e 1. 1= maximum of
N0 —"readyto —-_¥es g’s driving gate
o end S append gto @ ""“"-----ﬁlquu_;lizg_ gz—"— levels

2. assigh+1tog

lyes 1 T



Presenter
Presentation Notes
Does the recipe make sense? The output gate level is the maximum input gate level because the input gates need to be computed before you can compute the output gate levels.


Logic Levelization

Questions? .,
Algorithm?
B "'-.I. T
< start ) c — G
. L 4 step A B C G, G, G, G, Q
assign level 0 to 0 0 0 0 e
all Pl's 1 0 0 0 1 <G,, G>
! 2 0 0 0 1 2 <Gy Go>
put all P| fanout | 0 ° 0 : : : 3 6o
gates in Q ©
= Q- ~—. 19 - pop next gate g append g's fanout
yes 1 T
e 1. = maximum of
end M9 readyto —_Y©S g’s driving gate

¢ h
- /

append gto Q

“—levelize g2 —

levels
2. assign +1to g



Presenter
Presentation Notes
Does the algorithm make sense? The output gate level is 1+the maximum input gate level because the input gates need to be computed before you can compute the output gate levels. Adding 2 may mess up the order that the compute simulates the circuit
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Give an gate levelization to simulate the circuit. Comput:
output Q for input 0101010101
G1

|
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Quiz Problem 1 Practice 1

N G3
) kK v G4
-/ _: G N
G2 — H] ST
) e ] >
T G5 L 7/
— E Y e T
F_| -
Step |A |B|C|D]|E G1 | G2 |G3 | G4 |G5|G6 | G7 | Q
0 0O |0|0]|0 0 (61,62, G4, G5, Gb
1
2 ]
3 —
4
5 ]
6 —
? —
8 —
9 |
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Give an gate levelization to simulate the circuit. Comput:
output Q for input 0101010101
G1

|

!

o

|

o

[

=

A

B_|

Quiz Problem 1 Practice 1

N G3
I G4
! \ \ m —
/ | ) G N
— — 4 &7
G2 — H.| —
N — ) N\ a
L G6 — )
/«" G 5 |_ "'\\ A
— E Y~ ,
__ | j A
)/
Step | A | B DIE|F|G|H G1 G2 | G3 |G4|Gh | G6 | G7 | Q
00 0 0|00 0 G1,G62,G4, G5, G6
00 O(0(0[0 0 01 G2, G4, G5, G6, G3

LM =W ()= |O
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Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:
output Q for input 0101010101
G1

Ilu
II|
\

—

- H -

- @

!
I
f

)= =]

—
—

III

II|

|

o] |=|
|'Ic_II

— A [ G3
B ‘4—|k TN G4
— f,-" | ) m “'\l
— L | ¥ \
A G— ) o7
G2 H | ) =
D - — .lll o
I R G6 0
Il— - " |
;) G5 L e
R E.Y N 4 =
F_ | ] -/
0 J
1 Step |A |B|C|D|E|F|G|H|I |J|Gl|G2|G3|G4a|G5|G6 |G7|Q
T 0 o|lolojlo|lo|lo|lo|ol|lOo]|oO G1,G2,G4, G5, G6
1 o|lo|lo|lo|lo|o|lo|o|o]|oO G2, G4, G5, G6, G3
o 2 o|lo|lo|lo|lo|o|lo|o|o|oOo|l1 |1 G4, G5, G6, G3
3 p—
: 4 B
L c i
6 p—
v 7 i
8 p—
1 e i
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Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:
output Q for input 0101010101
G1

Ilu
II|
\

—

||l. 1

y

|

- @

!
I

)= =]

—

II|
III

|'I| c_ II'

o]= [=]

— A [ G3
B ‘4—|k TN G4
— f,-" | ) m “'\l
— L | ¥ \
g — o o7
G2 H_| J =
D - — .lll o
—C N G6 e
Il— - " |
. b G5 L e
S — E_Y N, —
F_ | ] -/
0 J
1 Step |A |B|C|D|E|F|G|H|I |J|Gl|G2|G3|G4a|G5|G6 |G7|Q
T 0 o|lolojlo|lo|lo|lo|ol|lOo]|oO G1,G2,G4, G5, G6
1 o|lo|lo|lo|lo|o|lo|o|o]|oO G2, G4, G5, G6, G3
o 2 o|lo|lo|lo|lo|o|lo|o|o|oOo|l1 |1 G4, G5, G6, G3
3 o|lo|lo|lo|lo|o|lo|o|o|o|l1 |1 G5, G6, G3, G4
: 4 B
L c ]
6
0 7 1
8 p—
1 e i

|
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Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:
output Q for input 0101010101
G1

|

III

::J_x
/T

!

)= =]

—
—

i

o] |=|
|'Ic_II

II|

!

— A | ~N G3
B '|—|k \ _--\-\-"'\-\\ G4
— f,-" | \ m \\
. - | / G \
g Yo —— G7
G2 | J —
D - .lll o
= G6 0
] . _I
, b T 65 L 7
- E T e I
— v N
F | : V4
1 Step |A |[B|C|D|E|F|G|H|I |)|G1|G2|G3|G4|G5|G6 |G7|Q
0 o|lo|lo|lo|o|o|o|O]|O]O G1,G2, G4, G5, G6
1 o|lo|lo|lo|o|o|o|o|O]|0O]1 G2, G4, G5, G6, G3
o 2 o|lolo|lo|o|o|lo|o|Oo|O|1 |1 G4, G5, G6, G3
3 o|lolo|lo|o|o|lo|o|Oo|O|1 |1 G5, G6, G3, G4
: 4 o|lo|lo|lo|o|o|lo|o|O0|O|1 |1 1 G6, G3, G4
— 5 o|lo|lo|lo|o|o|lo|o|O0|O|1 |1 1 |2 G3, G4, G7
6 o|lo|lo|lo|lo|o|ojo|Oo|O|1 |1 |2 1 |2 G4, G7
0 7 o|lo|lo|lo|lo|lo|o|lo|oOo|O|1 |2 |2 |3 |1 |2 G7
8 o|lo|lo|lo|o|o|ojo|lo|oOo|1 |1 |2 |3 |1 |2 |4
1 9
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Presentation Notes
Compute levelization
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Give an gate levelization to simulate the circuit. Comput:

Quiz Problem 1 Practice 1

output Q for input 0101010101
G1

|

—

!

o

[_L

=

Y

\

III

GJA
/T

)= =]

—
—

o]= [=]
|'Ic_II

!

ol

|

!
I

II|

—

‘.

=

‘ -

f

III

—

|

A

B_|

o

Y\ G3
Lk G4
f,-" | ) m “'\l
- .I /| G \
g o —— G7
G2 1 2L
™ | G6 ! v Q
S ~Y -——{
/ (35 |_ \\ S -
S E T i J_ | L p
F_ ] -/
Step|A |B|C|D|E|F|G|H|!lI |J|Gl1|G2|G3 |G4|G5|G6 |G7|Q
0 o|lo|lo|o|o|lO|lO|O|O]|O G1,G2, G4, G5, G6
1 o|lo|lo|o|lo|lOo|lOo|O|O]|O]|1 G2, G4, G5, G6, G3
2 o|lo|lo|ojo|lOo|O|lO|O|O|1 |1 G4, G5, G6, G3
3 o|lo|lo|ojlo|lo|O|lO|O|O|1 |1 G5, G6, G3, G4
4 o|lo|lo|ojlo|lOo|O|O|O|O|1 |1 1 G6, G3, G4
5 o|lo|lo|ojlo|lOo|O|O|O|O|1 |1 1 |2 G3, G4, G7
6 o|lo|lo|o|lo|lo|O|O|O|O|1 |1 |2 1 |2 G4, G7
7 o|lo|lo|o|lo|lo|lO|O|O|O|1 |1 |2 3 |1 |2 G7
8 o|lo|lo|o|lo|lo|O|O|O|O|1 |1 |2 3 |1 |2 4
9

Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G6
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Presentation Notes
Compute output G1


Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit

. outpu(’_EﬂQ for input 0101010101

o2 Ao] ok G3

1_? 1 E‘L /_a ET -E"‘\\{] m 0 (iﬂ_\\

0 L 0 ) Go] 0

iC a2 L X1 A BN <14
T co[ N\ a6 o] e
ot L e o e

E Fi] " L/

L 0 /

0 L —

1 F L

i L Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G7

16

L G1:k=AND(AB)  =AND(0,1) =0

A 1

L e S

L

o L

ad

L -

. Comput



Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit
output Q for input 0101010101
A G1
T A0 g, G3
"_I? 1 By / L \H'I__-HH\\U m 0 (i
Lo — i Gol Vo 7
L 0 (32 HL / ST
0 _—— co] O\, ~ == \0aQ
SR X1 R e — G6_ Y
a2 P Yy, G 0 N y
o L EoY J% 9p |
E Fl ) : -/
[a-n i
ETFnL Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G7
16
- G1: k = AND(A,B) =AND(0,1) =0
A G2:1 =AND(C,D) =AND(0,1) =0

e

o]= [l |o)]=_ |of

. Comput



Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:

. outpu(’_EﬂQ for input 0101010101

T A0 g, G3
1_? 1 E‘L /_a E T -E"‘\\{] m 0 (iﬂ_\\
0 T — 9 - G0 0 o
1 C 0 G2 L H.1] J Gr -
0 —— co[ N\, G6 == \0aQ
l-- — I ED—‘-.II——---.H\ 1 \.JL 1D_p_
B F1_| 1 b/
L 0 ,/(
00— =
1 F o
i L Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G7
16
- G1: k = AND(A,B) =AND(0,1) =0
S G2:1 =AND(C,D) =AND(0,1) =0
G5: n = OR(E, F) =OR(0,1) =1

e

o]= [l |o)]=_ |of



Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:

. outpu(’_EﬂQ for input 0101010101

o2 Ao ok G3
1_? 1 E‘L /_a E T -E"‘\\{] m 0 (iﬂ_\\
0 - —] / 0
1 C G2 L H g ¢
o Col Ny | G6 - E—: pLle
AD b g o, [~
0 — - ED_‘T__“""\_ 1 JT' ]
E Fi] " L/
o 2 g
1 F L
i L Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G7
16
L G1:k=AND(AB)  =AND(0,1) =0
17 G2:1 =AND(C,D) =AND(0,1) =0
—l G5: n = OR(E, F) =0OR(0,1) =1
:? 0 G3: m = OR(k, I) =0R(0,0) =0
ad
L —



Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:

. outpu(’_EﬂQ for input 0101010101

T A0 g, G3

1_? 1 E‘L /_a E T -E"‘\\{] m 0 (iﬂ_\\

0 — — — / GO 0

iC a2 L X1 A BN <14
l T I ED—‘-.II——---.H\. ’ \.J% P_P—
E F1 | 0 -/

L 0 /

0_— L -

1 F L

o Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G7

16

2 G1:k=AND(A,B)  =AND(0,1) =0

;_ 1 G2:1 =AND(C,D) =AND(0,1) =0

N G5: n = OR(E, F) =0OR(0,1) =1

:? 0 G3: m=OR(k, 1) =0OR(0,0) =0

—13’ G6:p =AND(l,J,n) =AND(0,1,1)=0

— 1

L -



Quiz Problem 1 Practice 1

Give an gate levelization to simulate the circuit. Comput:

. outpu(’_EﬂQ for input 0101010101

jf__,--i Aol N\, y G3
4B B 0NN 0 %ﬂ_\
T - L. - 0
aC a2 — D 1A
O —— co[ Ny, G6 51 )o@
R EE e A © 0 —
T N I T
E Fi] ' -
o 2 e
1 F .
i L Levelization: G1=>G2=>G5=>G3=>G6=>G4=>G7
EACH
L G1:k=AND(A,B)  =AND(0,1) =0
17 4 G2:1 =AND(C,D) =AND(0,1) =0
- G5: n = OR(E, F) =OR(0,1) =1
:?' o G3m=ORKkI  =OR(0,0 =0
7 G6:p=AND(l,J,n) =AND(0,1,1)=0
T G4: 0 = AND(m, G, H) = AND(0, 0, 1) = 0



SimUAId Simulation Revisited

0|1 0|1 [0]1 (0] 1
K o[1 Jo[1 |o[1 o]
A3 A2 A1 A0 )
o 0 1 1 B3/ B2, B1) BO
1

‘1 ‘0 0

S3 S2 S1 SO
X X X X
Sum Sum Sum Sum
FA FA FA FA
X Cout Cin Cout Cin Cout Cin Cout Cin
X Y X Y X Y X Y
fo 11 To /1 Pt o R
A3 B3 A2 B2 A1 B1 A0 BO

SimUAId failed to simulate an actual output because without
any initial values on the feedback, it cannot levelize the gate.




Levelizing an Asynchronous Circuit
0

0 ggbar j> gbar

o
\
\
\
1A
.".I
I
/
.'"I
f
/
/
.'"I .
f
J
/
/
/ \

r

Figure 2-5. An Unlevelizable Circuit.

1 1
g9 g

2

ggbar qbar

Figure 2-7. Levelizing an Asynchronous Circuit.



Presenter
Presentation Notes
The top cannot be levelized because gq requires gqbar to be computed first while gqbar requires gq to be computed first.
This is the chicken and the egg analogy.

However, this problem is solvable if I were to give you feedback arcs


Quiz Problem 1 Practice 2

Determine the Gate Levelization and compute G;ifA =0,B=1,C =0

G1 G3
c
A
0
G2 G4
1 B _ -
1
0
c
step A B C G, G, G5 Gy Q
0 0 0 <Gy, Gy>




Quiz Problem 1 Practice 2

Determine the Gate Levelization and compute G;ifA =0,B=1,C =0

G1 G3
c
1A
0
G2 G4
1 B _ -
1
0
c
step A B C G, G, G5 Gy Q
0 0 0 <Gy, Gy>
0 0 0 1 <G,, G, Gy>




Quiz Problem 1 Practice 2

Determine the Gate Levelization and compute G;ifA =0,B=1,C =0

G1 G3
c
1A
0
G2 G4
1 B _ -
1
0
c
step A B C G, G, G5 Gy Q
0 0 0 0 <Gy, Gy>
1 0 0 0 1 <G,, G, Gy>
2 0 0 0 1 1 <G;, Gy>
3
A




Quiz Problem 1 Practice 2

Determine the Gate Levelization and compute G;ifA =0,B=1,C =0

G1 G3
A C
! 0
0
G2 G4
B -
.1 -
1
0
c
step A B C G, G, G5 Gy Q
0 0 0 0 <Gy, Gy>
1 0 0 0 1 <G,, G, Gy>
2 0 0 0 1 1 <G;, Gy>
3 0 0 0 1 1 2 <Gy>
A




Quiz Problem 1 Practice 2

Determine the Gate Levelization and compute output of G;if A =0,B=1,C =0

G1 G3
A C
! 0
0
G2 G4
B -
.1 -
1
0
c
step A B C G, G, G5 Gy Q
0 0 0 0 <Gy, Gy>
1 0 0 0 1 <G,, G, Gy>
2 0 0 0 1 1 <G;, Gy>
3 0 0 0 1 1 2 <Gy>
i 0 0 0 1 1 2 2 <>




Quiz Problem 1 Practice 2

Determine the Gate Levelization and compute output of G;if A =0,B=1,C =0

G1 G3
A C
L 0
0
G2 G4
B .
.1 =
1
0
Cc
step A B C G, G, G5 Gy Q
0 0 0 0 <G,, G;>
1 0 0 0 1 <(G,, Gi, Gy>
2 0 0 0 1 1 <G, Gy
3 0 0 0 1 1 2 <(G,>
4 0 0 0 1 1 2 2 <>

G,=OR(A,c) =OR(0,0)=0
G,=OR(B,c) =OR(1,0)=1
G,=NOT(G,) =NOT(0) =1=G,
G, = XOR(G,, G,) = XOR(0, 1) = 1

Levelization: G;=>G,=>G;=>G,



Quiz Question 1

G1 G2

G3 G4 G5 G6
. B

a) Complete the gate levelization table and detenmine gate
levelization

step A B h f Gl G; G3 G4 Gg GE Q
0 0 0 0 0 <G, Gr=
1

2

3

4

5

6

7

8

9

b) Compute output R and S using the levelization when 4 = 0,B =
L,f=1h=0

¢) Compute output R and S using the levelization when 4 = 1,8 =
0,f=0h=1

Show all the steps clearly.



Timing
Timing problems with code compiled -

glitches, race conditions, etc., are not
modeled

There are two types of delay: inertial
delay (input change to output change)
and propagation delay (gate output to
input via fanout)

Simulators produces responses upon
how delays are modeled.

o Zero-delay

 Unit-delay

o Multiple-delay

 Minmax-delay

a Vbp
0
Y/

b DD

0

& VoD

0

c 1
Zero-delay X
0

c 1
Unit-delay X
0

c 1

X

Multiple-delay
d.=5 dg=5 0

c 1
Minmax-delay X
Amin=2 Amax=5 0

ns

IE%: e - n's
0 5

A Time units
0 5
|§ 5 . = Time units
, . Time units
0 5

g = Time units
0 5

Shading indicates the transient region.



EVENT DRIVEN SIMULATION
(PART 2)



Event Driven Simulation:

Example Circuit:




Event Driven Simulation:

[Not event-driven]
If(primary input is changed) then {
for (all gates)
{
compute outputs of all gates from scratch
}
}

[event-driven]
If(primary input is changed) then {
for (only affected gates)
{
compute new outputs of only affected gates while using old
outputs of unaffected gates before input was changed.

}



Event Driven Simulation:

“Event Driven” for circuit simulation refers to
digital logic computing algorithms that take
into account which logic gates affect the
primary outputs of the circuit.

Why use it? -> Eliminate un-
needed/redundant gate level computation
without adding too much extra computation.



* Consider the following circuit:

Given initial

Values

A=1B=0C=1

What would the event

Queue look like for each
“event” (step representing
each level of circuit)

What would be the “flickering”
of values for event driven at
the primary output F before

It settles down to a single
value when the event queue is




Event-Driven Simulation (Example)

Event: the switching of signal’s value

0 G

A __JE)——D
1 F 0

B2 ot Ba

C - 0 F—13 Y
R

att=0 D 0Z

0
t=0 t=2 t=4
Event Time Event Time Event Time
F=1 t=2 G=1 t=4 Y=1 t=7

Z=1 t=4



Event-Driven Simulation (Example)

Or,tryT=0:D=1->0and B=0->1and A=0->1



Solution to Example

ume  Jevemt  laawry

T=0 D=0 l,]
T=5 l=J=1 LM
T =10 M=0
T=12 L=0

ume  Jevemt  laawry

T=0 D=0,A=1,B=1 l,J,H
T=5 l=J=1,H=0 LM
T =10 M=0



Event-Driven Simulation

Advance simulation time >
No more @

events

Determine current events

!

Update values

¥

Propagate events

Evaluate activated elements

Schedule resulting events
|




Event-Driven Simulation (What we
know so far)

Evaluate gate when inputs change
— use logic model to compute new output value
— use timing model to compute when output will change

Schedule an output change event
— store the event on a time-sorted event queue

Process events from the queue
— output change evaluated at scheduled time
— causes new events to be scheduled

We define an “event” to be a change in value in a
network of gates (nodes).

Event driven simulators detect “events” and store them
into a data structure (usually some type of queue) for
parsing.



Zero Delay Event Driven Simulation

Input vector[0] = nitial condition
For (allinput vectorsfrom 1ton)

I
1

Push onto event queue input_vector[1) primary input fanout gates
While{Event queue & not empty)

i
1

Evaluate front queue logic gate “g”
if (not output change)

i
1

Pudh g'sfanout gates onto queue

}



Time Wheel (Advanced algorithms

MAX = Length of execution of events (based all gate delays put together)

T=0 [ EVENT LIST for this time stamp]
N 1=21 [ EVENT LIST for this time stamp]
T=2

[ EVENT LIST for this time stamp]

\_U T = max



Advanced Algorithm Example

Time | Lg LA Scheduled events

8,8,4 and 6 are
The gate delays




Example continued...

Time | Lg L | Scheduled events

0 | {(A.D)] G} | {(H18))

8,8,4 and 6 are
The gate delays




Example continued...

Time | Lg _ L Scheduled events
0 {(A,])} {G] {(H,1,8)}
2 ((C,0)} en ((E,1,10))




Example continued...

Time | Lg L Scheduled events
0 {(A )} [ G5 [(H.1.8)}
2 ((C,0)) e ((E,1.10)}
4 {(B.0)] (G {((E,0,12)}




Example continued...

Time | Lg L Scheduled events

0 {(A.])} [ G5 {(H.1,8)}

2 H(C,0)) (G} ((E,1,10)}

4 {(B.0)] (G ((E.0.12))

8 [{(A0).(H. 1)} GGy} | {(HO,16),(K.0.14))

— v fourinput events:

e Y a3 D>« (ALO), e and €
— N [ (0,2),(804), STNADAE
— 4 Y% and(A0,8), The gate delays



Example continued...

Time | Lg L Scheduled events

0 {(A.])} {G2} {(H,1.8)}

2 ((C0)} (G} ((E,1,10)}

4 [(B.,0)) (G ((E.0.12))

8 {AO(H. 1)} GGy} | {(H0,16),(K,0,14))
10 {(E,1)}

— v fourinput events:

e Y a3 D>« (ALO), e and €
— N [ (0,2),(804), STNADAE
— 4 Y% and(ADQ0,8) The gate delays



Example continued...

Time | Lg L Scheduled events

0 [(A,1)} (G,) ((H,1,8))

2 ((C0)} (G ((E,1,10)}

4 [(B.,0)) (G {((E.0.12)}

8 {AO(H. 1)} GGy} | {(H0,16),(K,0,14))
10 {(E, 1)}

2 {(E,0)} { G2.G3) | {(H.,0,20),(/,1,16)}

8,8,4 and 6 are
" The gate delays



Example continued...

Time | Lg L Scheduled events

0 {(A.])} [ G5 {(H,1,8)}

2 ((C0)} (G} ((E,1,10)}

4 [(B.,0)) (G {((E,0,12)}

8 {(A)LH. D)} GGy | [(H0,16),(K.0,14))
10 {(E, 1)}

12 {(E,0)} [ G2.G3y) | {(H,0,20),(J,1,16)}
14 {(K,0)}

...............

...................

.(C,0,2), (8,0, 4), 384and6are

....... 6\-4

The gate delays



Example continued...

Time | Lg L Scheduled events

0 [(A,1)) (G,) ((H.1.8))

2 HC,0)) (G} {(E,1,10)}

4 ((B.0)) (G)) ((E.0,12))

8 ((A0).(H.1)} (GG} | [(H.0.16).(K.0,14))

10 {(E,1)}

12 {(E,0)} { G2,G3) | {(H,0,20),(/,1,16)}

14 {(K.,0)}

16 | {(H0),U1)} {Gs) ((K,0,22))
~——T" " fourinputevents:
o= R N o (AL0),

S v L EEER S po 7 (C,0,2), (B, 0, 4), 8,8,4 and 6 are
fc_'faf_:::::_ﬁff;g.fffffffﬁf#fffffffffffg.rf,af(A,o,g), The gate delays



Example continued...

Time | Lg L, Scheduled events

0 (A1) (G,) ((H.1.8))

) ((C.0)) (G) ((E.1.10))

4 {(B.0)) {Gy) {(£,0,12)}

8 {A0)LH D} GGy} | [(H0,16),(K,0,14))

0 | [(E.1)

12 | ((E.0)) [ Go.G3) | ((H.020).(.1.16))

14 {(K,0)}

16 | ((HO0),1)) {Gy) ((K.0.22))
~——T" " fourinputevents:
= R N v (ALL0),

S v L EEER S po 7 (C,0,2), (B, 0, 4), 8,8,4 and 6 are
ﬁZD_'NEE_:::::_ﬁff;g.fff5555654555555555555553(Ao8) The gate delays



Example continued...

Time | Lg L Scheduled events

0 [(A,1)) (G,) ((H.1.8))

2 HC,0)) (G} {(E,1,10)}

4 ((B.0)) (G)) ((E.0,12))

8 ((A0).(H.1)} (GG} | [(H.0.16).(K.0,14))

10 {(E,1)}

12 {(E,0)} { G2,G3) | {(H,0,20),(/,1,16)}

14 {(K.,0)}

16 | ((H0).U.1)} {Ga) ((K,022))

20 | {((H.0))

22 {(K.0)}
~——T" " fourinputevents:
o= R N o (AL0),

S v L EEER S po 7 (C,0,2), (B, 0, 4), 8,8,4 and 6 are
fc_'faf_:::::_ﬁfﬁﬁ;g.fffffffo4§ffffffffffahaf(A,o,g), The gate delays



Advanced Algorithm: Two-Pass EDS

Initiahze with L. (event ist) and activity list L,
Initiakze with delay array d(# gates)
For (alltime gamp=1[0...n])

i
!

Get event Iet corresponding tot
while (event_list L. isNOT empty)

¥
|

Get event (g,v. | from event list
": |."||';_ —-= lliI;:I
[
|
Ve=Wr
Append g's fanout gaes to activity st L.

h

I
While [activity Iist L, is NOT empty)

i
1

Get next gate g
Evaluate gate and schedule & t + dig)



Sequential Circuit

1

q

gqgbar 1 gbar

r 1
Input S Event > gq > Gate
Processor 0 Processor “| Processor
Event Gate ggbar
> bar—> >

1 Processor 99 Processor 1
Event 99 Gate
Processor “| Processor




Efficiency of Event-Driven Simulator

* Simulates events (value changes) only

 Speed up over compiled-code can be ten
times or more; in large logic circuits about 0.1
to 10% gates become active for an input
change

Steady 0

[\ Steady 0 Large logic
J block without

(no event) activity

0to 1 event




Comparison

Performance evaluation for event driven simulation

Number of gates simulated per number of gates in circuit is a way of measuring
the usage of event driven simulation and code compiled.

More generally, for multiple input vectors:
Activity Rate = Gates Simulated /
( # input vectors * # total circuit gates)

The closer the activity rate is to 100% -> levelized
The closer the activity rate is to 0% -> event driven



Comparison CONTINUED

The break-even point is NOT around 50% for when
both perform equally, but rather at around 2-3%.

Quick discussion:

Which would be better for event-driven simulation and
which better for levelized-code-compiled and why?

1) MIPS processor
2) Large array multiplier



Comparison CONTINUED

IF: Instruction fatch

ID: Instruction decoda’
ragmstar fila raad

address calenl ation

EX: Executa’

B EDM: Mamory access

WE: Write back

" T et IR P
-
iz
[ e
At e wogmer & ot
L s, =0 = —
= Pt FXTERgY —
— LTINS = 77 ©
sy e = [Re—— :
cmm i 5
et
e
A
3 m=mgn o
\w A
-Cin in. ¢ Cin: ¢ -cin: § cin in. ¢ -Cin: ¢ ocin: S
o BEE ™ S A o S B T
"""""""""""""" cogt Fegut fecut oot feogk feout feguk feauk ]
Acing ¢ ocine pocine ¢ cing ¢ oCing ¢ oCin -in i
cout §egul fedut |oeout oot egot §oedut
«cin, ¢ -cing ¢ ocing ¢ocine ¢ ocing Cin -cin.
cout §egul feguk §oeouk §oeout §egob §edut
«cin, ¢ -cin; § cing ¢ oCing i i
cout fecut §eaut §ooout
cine §ocine oCine ¢ oCing
R B
cout foout Fegut Jooout
Acing ¢ ocine ¢ oCine poCing
coub §eoot §oegub §ooout
cin: ¥ cim- ¥ ocin:c -
cout e gub P oegut
<cing ¢ o-cing
¢ guk § & cut

connectivity varies
depending on
type of binary multiplier.



Quiz Question 2

N

at 1 ns, 0->1 1© ' ] / h

|:| & .' .'.-\...,I; _._ 'w._.. E | ! "\.._-L”‘ Q
."’I-f - .r.. -.._,f": d L "f - i i __.-'- ’
1 B /I T N i L—
g | . \ '. i
0 — o y
— f-

Initially A = 0,B = 1;A changes to 1 at time 1 ns. Inverters have
a delay of 1 ns, OR and NOR gates have a delay of 2 ns, AND gates
have a delay of 3 ns, and XOR gates haves a delay of 5 ns.

a) Compute event-driven simulation table

b) Plot timing diagram up until steady state
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