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Overview
• Focus: Sequential Circuit Exercises


• Architecture: von Neumann


• Textbook v4: Ch5; v5: Ch4


• Core Ideas:


1. Latches and Flip-Flips


2. State Diagram and State Table


3. Exercise



How to study for CSCI 150

• You have to study


• Attend lectures and pay attention


• Do you OWN Homework and Labs


• ASK if you have questions
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When the positive edge occurs, the clock input changes to 1. This disables the master 
latch so that its value is fixed and enables the slave latch so that it copies the state of 
the master latch. The state of the master latch to be copied is the state that is present 
at the positive edge of the clock. Thus, the behavior appears to be edge triggered. 
With the clock input equal to 1, the master latch is disabled and cannot change, so 
the state of both the master and the slave remain unchanged. Finally, when the clock 
input changes from 1 to 0, the master is enabled and begins following the D value. 
But during the 1- to-  0 transition, the slave is disabled before any change in the master 
can reach it. Thus, the value stored in the slave remains unchanged during this 
 transition. An alternative implementation that requires fewer gates is given in 
 Problem 4-3 at the end of the chapter.

Standard Graphics Symbols

The standard graphics symbols for the different types of latches and  flip-  flops are 
shown in Figure 4-11. A  flip-  flop or latch is designated by a rectangular block with 
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Standard Graphics Symbols for Latches and  Flip-  Flop
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When the positive edge occurs, the clock input changes to 1. This disables the master 
latch so that its value is fixed and enables the slave latch so that it copies the state of 
the master latch. The state of the master latch to be copied is the state that is present 
at the positive edge of the clock. Thus, the behavior appears to be edge triggered. 
With the clock input equal to 1, the master latch is disabled and cannot change, so 
the state of both the master and the slave remain unchanged. Finally, when the clock 
input changes from 1 to 0, the master is enabled and begins following the D value. 
But during the 1- to-  0 transition, the slave is disabled before any change in the master 
can reach it. Thus, the value stored in the slave remains unchanged during this 
 transition. An alternative implementation that requires fewer gates is given in 
 Problem 4-3 at the end of the chapter.

Standard Graphics Symbols

The standard graphics symbols for the different types of latches and  flip-  flops are 
shown in Figure 4-11. A  flip-  flop or latch is designated by a rectangular block with 
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When the positive edge occurs, the clock input changes to 1. This disables the master 
latch so that its value is fixed and enables the slave latch so that it copies the state of 
the master latch. The state of the master latch to be copied is the state that is present 
at the positive edge of the clock. Thus, the behavior appears to be edge triggered. 
With the clock input equal to 1, the master latch is disabled and cannot change, so 
the state of both the master and the slave remain unchanged. Finally, when the clock 
input changes from 1 to 0, the master is enabled and begins following the D value. 
But during the 1- to-  0 transition, the slave is disabled before any change in the master 
can reach it. Thus, the value stored in the slave remains unchanged during this 
 transition. An alternative implementation that requires fewer gates is given in 
 Problem 4-3 at the end of the chapter.

Standard Graphics Symbols

The standard graphics symbols for the different types of latches and  flip-  flops are 
shown in Figure 4-11. A  flip-  flop or latch is designated by a rectangular block with 
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Latches and Flip-Flops

• Latches are Transparent


• Internal values change immediately after C pin receives 
positive signal


• Flip-Flops


• Two latches: one changes immediately, the other changes 
at the next step

P1 
Flip-Flops

4-3 / Flip-Flops      207

When the positive edge occurs, the clock input changes to 1. This disables the master 
latch so that its value is fixed and enables the slave latch so that it copies the state of 
the master latch. The state of the master latch to be copied is the state that is present 
at the positive edge of the clock. Thus, the behavior appears to be edge triggered. 
With the clock input equal to 1, the master latch is disabled and cannot change, so 
the state of both the master and the slave remain unchanged. Finally, when the clock 
input changes from 1 to 0, the master is enabled and begins following the D value. 
But during the 1- to-  0 transition, the slave is disabled before any change in the master 
can reach it. Thus, the value stored in the slave remains unchanged during this 
 transition. An alternative implementation that requires fewer gates is given in 
 Problem 4-3 at the end of the chapter.

Standard Graphics Symbols

The standard graphics symbols for the different types of latches and  flip-  flops are 
shown in Figure 4-11. A  flip-  flop or latch is designated by a rectangular block with 
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When the positive edge occurs, the clock input changes to 1. This disables the master 
latch so that its value is fixed and enables the slave latch so that it copies the state of 
the master latch. The state of the master latch to be copied is the state that is present 
at the positive edge of the clock. Thus, the behavior appears to be edge triggered. 
With the clock input equal to 1, the master latch is disabled and cannot change, so 
the state of both the master and the slave remain unchanged. Finally, when the clock 
input changes from 1 to 0, the master is enabled and begins following the D value. 
But during the 1- to-  0 transition, the slave is disabled before any change in the master 
can reach it. Thus, the value stored in the slave remains unchanged during this 
 transition. An alternative implementation that requires fewer gates is given in 
 Problem 4-3 at the end of the chapter.

Standard Graphics Symbols

The standard graphics symbols for the different types of latches and  flip-  flops are 
shown in Figure 4-11. A  flip-  flop or latch is designated by a rectangular block with 
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!  Flip-FlopDP1 
Flip-Flops

• Replaces �  master in �  Master-Slave with �  master Latch


• Negative Edge Triggered �  (Flip-Flop): �  -> �

SR SR D

D C = 1 C = 0
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.

A common way to create a  flip-  flop is to connect two latches as shown in 
Figure 4-9, which is often referred to as a  master–   slave  flip-  flop. The left latch, the 
master, changes its value based upon the input while the clock is high. That value is 
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of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
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clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.
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latch with clock pulses on its control input is triggered every time a pulse to the 
 logic-  l level occurs. As long as the pulse remains at the active (1) level, any changes 
in the data input will change the state of the latch. In this sense, the latch is transpar-
ent, since its input value can be seen from the outputs while the control input is 1.

As the block diagram of Figure 4-3 shows, a sequential circuit has a feedback 
path from the outputs of the  flip-  flops to the combination circuit. As a consequence, 
the data inputs of the  flip-  flops are derived in part from the outputs of the same and 
other  flip-  flops. When latches are used for the storage elements, a serious difficulty 
arises. The state transitions of the latches start as soon as the clock pulse changes to the 
 logic-  1 level. The new state of a latch may appear at its output while the pulse is still 
active. This output is connected to the inputs of some of the latches through a combi-
national circuit. If the inputs applied to the latches change while the clock pulse is still 
in the  logic-  1 level, the latches will respond to new state values of other latches instead 
of the original state values, and a succession of changes of state instead of a single one 
may occur. The result is an unpredictable situation, since the state may keep changing 
and continue to change until the clock returns to 0. The final state depends on how 
long the clock pulse stays at the  logic-  1 level. Because of this unreliable operation, the 
output of a latch cannot be applied directly or through combinational logic to the input 
of the same or another latch when all the latches are triggered by a single clock signal.

 Flip-  flop circuits are constructed in such a way as to make them operate prop-
erly when they are part of a sequential circuit that employs a single clock. Note that 
the problem with the latch is that it is transparent: As soon as an input changes, 
shortly thereafter the corresponding output changes to match it. This transparency is 
what allows a change on a latch output to produce additional changes at other latch 
outputs while the clock pulse is at logic 1. The key to the proper operation of  flip-  flops 
is to prevent them from being transparent. In a  flip-  flop, before an output can change, 
the path from its inputs to its outputs is broken. So a  flip-  flop cannot “see” the change 
of its output or of the outputs of other, similar  flip-  flops at its input during the same 
clock pulse. Thus, the new state of a  flip-  flop depends only on the immediately pre-
ceding state, and the  flip-  flops do not go through multiple changes of state.
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Sequential Circuit Analysis

• Any �  flip-flop named �  in a sequential circuit at anytime


• Is giving out �  (present state)


• Is receiving �  (next state)


• State Table: treat �  as input, �  as output in Truth 
Table
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When the positive edge occurs, the clock input changes to 1. This disables the master 
latch so that its value is fixed and enables the slave latch so that it copies the state of 
the master latch. The state of the master latch to be copied is the state that is present 
at the positive edge of the clock. Thus, the behavior appears to be edge triggered. 
With the clock input equal to 1, the master latch is disabled and cannot change, so 
the state of both the master and the slave remain unchanged. Finally, when the clock 
input changes from 1 to 0, the master is enabled and begins following the D value. 
But during the 1- to-  0 transition, the slave is disabled before any change in the master 
can reach it. Thus, the value stored in the slave remains unchanged during this 
 transition. An alternative implementation that requires fewer gates is given in 
 Problem 4-3 at the end of the chapter.

Standard Graphics Symbols

The standard graphics symbols for the different types of latches and  flip-  flops are 
shown in Figure 4-11. A  flip-  flop or latch is designated by a rectangular block with 
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Sequential Circuit Analysis

• When multiple Flip-Flops 0,1,…,n-1 are in a circuit


• the combined internal value �  
is called the present state


• the combined receiving value �  
is called the next state

An−1:0
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State TableP2 
Circuit

Input Pins Output Pins

W, X, Y, Z, … I, J, K, L, …

Truth Table



Input Pins Next State

W, X, Y, Z, … DA, DB, DC, DD, …

Present State Output Pins

A, B, C, D, … I, J, K, L, …

State TableP2 
Circuit

Input Pins Output Pins

W, X, Y, Z, … I, J, K, L, …

State Table



State DiagramP2 
Circuit

• State transitions


• Transition Conditions and Output Conditions
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c)  
// Serial odd parity generator: Verilog Process Description 

// problem 4-19 c, 5th edition 

module serial_odd_parity_generator (CLK, RESET, X, Y, Z); 
   input CLK, RESET, X, Y; 
   output Z; 
   reg state, next_state; 
   parameter state0 = 1'b0, state1 = 1'b1; 
    reg Z; 

// state register: implements positive edge-triggered 

// state storage with asynchronous reset. 

always @(posedge CLK or posedge RESET) 
begin 
   if (RESET) 

state <= state0; 
   else 

state <= next_state; 
end 

// next state function: implements next state as function 

// of X, Y and state 

always @(X, Y or state)  
begin 
   case (state) 

state0: next_state = ({X,Y} == 2'b10) ? state1: state0; 
state1: next_state = ({X,Y} == 2'b00) ? state1: state0; 

   endcase 
end 

// output function: implements output as function 

// of X, Y, and state 

always @(X or Y or state)  
begin 
   case (state) 

state0: 
case ({X,Y}) 

2'b00: Z = 1'b1; 
2'b10: Z = 1'b0; 
default: Z = 1'bx; 

endcase 
state1: 

case ({X,Y}) 
2'b00: Z = 1'b0; 
2'b10: Z = 1'b1; 
default: Z = 1'bx; 

endcase 
   endcase 
end 
endmodule
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State Assignments
• Given states written in variables � , � , � , � , � …


• Sequential assignment, �  states, �  bits


• � , � , � , � , � , …


• One-hot assignment, �  states, �  bits


• � , � , � , � , 
� , …

A B C D E

n log n

A = 000 B = 001 C = 010 D = 011 E = 100

n n

A = 00000001 B = 00000010 C = 00000100 D = 00001000
E = 00010000

Conc
ep

t
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Circuit



Equation Determination

• Input equation for � , using �  as input


• Output equation for actual outputs

DAn−1:0
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Question

1. Identify flip-flops (present states and next states), inputs, and outputs


• Present State: � ; Next State: � ; Input: � ; Output: � ;


2. Draw State Table / State Diagram

AB DADB Y Z

Exe
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P3 
Exercise

� , � , �DA = BY + AY DB = Y Z = AB



Question

Exe
rci

se

P3 
Exercise

� , � , �DA = BY + AY DB = Y Z = AB

Problem Solutions – Chapter 4 

2 

4-5. 

Present 
state Input

Next 
state Output 

A B Y A B Z 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
0 
1 
0 
1 
0 
1 

0 
1 
0 
1 
0 
0 
0 
1 

1 
0 
1 
0 
1 
0 
1 
0 

1 
1 
0 
0 
0 
0 
0 
0 

S0 - 00 
S1 - 01 
S2 - 10 
S3 - 11 

d) This machine is a Moore machine.
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