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Lecture 13 Derivation of 

State Graphs and Tables 

ÅProblem: a sequence detector. If 

101 is detected, Z = 1. We use a 

clocked Mealy machine to 

design the network. 
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Sequence Detector 

ÅReset state: S0  

ïStay in S0 if 0 is received, go 

to S1 if 1 is received. 

(Remember the first 1 in S1) 

ï0/0 and 1/0 (Input/Output) 

ïIn S1, if we receive a 0, then 

we go to another state S2 to 

remember that 10 has been 

received. 

ïIn S2, if we receive 1, then 

101 is received. We must 

output 1. Then where should 

we go? Not reset (S0). But 

the 1 in 101 may be the first 

1 of the next 101. So we go 

back to S1 
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Sequence Detector (cont.) 

ïIn S1, if we receive a 1, this 

means the restart of the 101 

sequence, so we stay at S1. 

ïIn S2 (we remember 10), we also 

need to consider what to do if we 

receive a 0. This means that  a 

100 is received. In this case, we 

go back to S0 to reset. 

ïEach state has two exit lines. 
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Sequence Detector (cont.) 

ïConvert the state graph to a state 

table. For the arc between S2 and 

S1, 1/1 means that 1 output is 

present as soon as X becomes 1 

(before the state change occurs.) 
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Sequence Detector (cont.) 

ïWe need two FFs for 3 states. 

 

 

 

 

 

ïWe plot the next state table. 
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Sequence Detector (cont.) 

ïSuppose we use D FFs. Then the 

input equation of a D FF is : D = 

Q+ 

ïDA = A+ = XôB 

ïDB =B+ = X 

ïZ = XA 
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101 Detection Using a 

Moore Network 

ÅFirst reset in S0, if 1 is received, go to 

S1. 

ÅIf a 0 is received in S1, go to S2 to 

remember 10.  

 

 

 

ÅIf a 1 occurs to complete 101, we can 

not go back to S1 because in S1 the 

output is 0. We need to create another 

state S3. 
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101 Detection (cont.) 

ïNow we complete each state with 

the rest of cases that have not 

considered yet. 

 

Receive 10 

Come to here 
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101 Detection (cont.) 

ïFind the state table from state 

graph. Z = ABô. 

AB 

00 

01 

11 

10 
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More Complex Example 

ÅOutput Z = 1 if the input 

sequence ends in 010 or 1001. 

ïConstruct some sample input and 

output  sequences to make sure 

we understand the problem 

statement. 
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More Complex (cont.) 

Å010 or 1001 
ÅFirst work on the sequences that 

lead to a 1 output. 010 first. 

ïStart at a reset state S0 (no inputs 

received). 

ïIn S2, the sequence ends in 01. In S3, 

the sequence ends in 010. 

ïIn S3, if we receive a 1, then we are in 

the sequence ending in 01 . 01 is 

remembered in S2. So we go back to S2. 
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 More Complex (cont.) 

ÅNow 1001 
ïStart at reset state S0. If we receive 1, 

we go to S4 to remember that  the first 

1 in 1001 is received. 

ïThen 0 is received; this means a 

sequence ending in 10.  

» Since S3 represents sequences ends 

in (0)10, so we go to S3 instead of 

creating a new state.  

ïIn S3, 0 is received. We create a new 

state S5 to remember 100. 

(but not 10) 
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Complex Example (cont.) 

ÅIn S5, if  we received a 1, we complete 

the sequence 1001. Since 1001 ends in 

01, we go back to S2 from S5 if 1 is 

received. 

ÅPatch up the rest: 
ÅIn S1, 1 is already considered. 0 occurs 

for input (x). This is 00. No matter how 

many 0ôs occur, the sequence ends in 0. 

So we stay at S1. The same as in S4. 
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 Complex Example (cont.) 

ÅPatch up the rest: (out-going line) 

ïIn S2, input 0 has considered. For input 

1, then 11 occurs. 11 does not appear in 

010 or 1001. So we donôt need another 

state. Since 11 ends in 1, so we go to S4. 

ïIn S5, if we get a 0 input, then the 

sequence ends in 000. 000 is not in 010 

or 1001. 000 ends in 0. So we go back 

to S1. 
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Moore Network 

Example 

ÅProblem: input X and output Z. 

Z = 1 if the total number of 1ôs 

received is odd and at least two 

consecutive 0ôs have been 

received. 

ïZ only changes after the next 

active clock edge. (Moore 

machine example) 

Wait until 

clock edge 
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Moore Network 

Example (cont.) 

ÅStart with a reset state S0 with 0 

output. 

ïTwo states to remember odd 

number of 1ôs and even number 

of 1ôs received respectively. 

ÅOutput of S1is 0 since two 

consecutive 0ôs have not been 

received. 
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Moore Network Example (cont.) 

ïIn S0, if we receive a 0, then the first 0 of 

sequence of 00 starts. We go to S2. (S2: even 

1ôs and 0). 

ïAnother 0 takes us to S3 (even 1ôs and 00). 

ïIn S3, if we receive 1, then 00 and odd 

number of 1ôs occurs. We go to S4 and set 

output =1. 
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Moore Network Example (cont.) 

ÅIn S4, if we receive 1, then 00 and 

even number of 1ôs occurs. We go 

back to S3. In the same way, we can 

construct S5 and the rest of the 

output going line in each state. 

Get 00 

first 

then  

odd  

one 
Get odd one first 

then 00. 
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Guideline for Construction of 

State Graph 

ÅConstruct sample input and output to 

understand the problem. 

ÅDetermine the initial state. 

ÅConstruct partial graph according to 

the sequences that lead to a nonzero 

output. 

ÅCheck to see if an arrow should go a 

new state or a previously defined 

state. 

ÅCheck if the input sequences and 

output sequences match the 

requirement when the graph is 

complete. 
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More example 

ÅProblem: input X and output Z. 

If input forms 0101 or 1001, 

then Z = 1. The network resets 

after every four inputs. Find the 

Mealy state graph. 

 

  X = 0101   0010   1001   0100 

  Z =  0001  0000    0001   0000 

                reset   reset    reset 

Note: If 01  or 10 followed by 01,  then  

Z = 1. 
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More example (cont.) 

Å0101 or 1001.  If  01  or 10 followed 

by 01, then  Z = 1. 

ÅThis partial graph shows  0101 and 

1001 sequences. 
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More example (cont.) 

ÅWrap up the rest 
ïUse S5 and S6 to accommodate the rest 

of 4-bit sequences. For S5, either 00 or 

11 is received. No output of 1 is 

possible until the network is reset. 
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Mealy Machine 

Example 

ÅA sequential network that generates 

the output sequence 0101 110 110 

110 é.. 

ÅHomework: Realize the network. 
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Moore Machine 

Example 

ÅMultiple inputs 

ïAssign previous inputs to states. 
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Moore Machine Example (cont.) 

ÅDerive state table 
ïFor S4, if 00 is received, the input sequence 

is 10,00, the output does not change. We go 

to S0 to remember that the last input 

received was 00. 

ïIf 01 is received at S4, then 10,01 is 

received. Then  Z (= 0) is changed to 1. 

And we go to S3 to remember that last input 

was 01. 
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Serial Data Code 

Conversion 

ÅGeneral block diagram 
ÅData and clock transmitted 

separately. 

Å(Clock + Data) transmitted as a 

signal. 

ïNeed a digital phase-locked loop 

circuit to regenerate the clock signal at 

the receiver end. 


