Sequencing And Control

Chapter 8

Digital Systems are classified as programmable or non-programmable systems based on the type control unit.

The Algorithmic State Machine (ASM) provides a representation of the behavior of the control unit, as well as the controlled transfers.

The Control Unit

Binary information stored in a digital computer can be classified as either data or control information.

Data is manipulated in a datapath by using microoperations that are implemented with:


Adder-subtracters


Shifters


Registers


Multiplexors


Buses

The control unit provides signals that activate the various microoperations within the datapath.  

The control unit also determines the sequence in which the actions are performed.

Timing of all registers in a synchronous digital system in controlled by a master clock generator.  

Clock pulses are applied to all flip-flops and registers in the system, including those in the control unit.

To prevent clock pulses from changing the state of all registers on every clock cycle, some registers have a load control signal that enables and disables the loading of new data into the register.

The binary variables that control the selection inputs of the components are generated by the control unit.

The control unit that generates the signals for sequencing the microoperations is a sequential circuit that dictates the control signals for the system.

Using status conditions and control inputs the sequential control unit determines the next state.

In a programmable system, a portion of the input to the processor consists of a sequence of instructions.

Each instruction specifies the operation that the system is to perform, which operands to use, where to place the results of the operation.

Instructions are stored in memory.

The address of the next instruction is the PC.

There is a parallel transfer from memory to the instruction register.

The control unit contains decision logic to interpret the instruction.

Executing an instruction means activating the necessary sequence of microoperations in the datapath required to perform the operation specified by the instruction.

In nonprogrammable systems, the control u nit is not responsible for obtaining instructions from memory, nor is it responsible for sequencing execution of those instructions.

There is no PC in nonprogrammable systems.  

Instead, the control determines the operations to be performed and the sequence of those operations, based on its inputs and status bits from the datapath.

Algorithmic State Machines (ASM)

A processing task can be defined by register transfer microoperations controlled by a sequencing mechanism.  Such a task can be specified as a hardware algorithm that consists of a finite number of procedural steps that perform the processing task.  This is done by formulating hardware algorithms.

A flowchart is a convenient way to specify a sequential sequence of procedural steps and decision paths for an algorithm.

A special flowchart called an algorithmic state machine (ASM) is used to define digital hardware algorithms.  

A state machine is just another term for sequential circuit.

ASMs have four basic elements:


State box  (rectangle)


Scalar decision box (diamond)


Conditional output box (oval)


Vector decision box (hexagon)

There is a correspondence between HDL representations and ASM charts.

A state box is a rectangle containing register transfer operations or output signals that are activated while the control unit is in that state.

Activation of an output signal means assigning a value of 1 to a signal.

The symbolic name for the state is placed at the upper left corner of the box and the binary code of the state, if assigned, is placed at the upper right corner of the box.

The scalar decision box describes the effect of a 1-bit input on a box.  It is a diamond with two exit paths, one path to be taken if the input is a one and the other to be taken if the input is a zero.

The conditional output box entry path is from a state box through one or more decision boxes.  If the conditions satisfied the decision boxes, then the register transfers or output listed are activated.

The vector decision box has n inputs and 2n exit paths.  An exit path is taken if the vector value matches the label corresponding to the exit path.

An ASM block consists of one state box and all the decision and conditional output boxes, going to the same or different state boxes.

The block represents the decisions and output actions that can take place in the state.

The ASM chart is really a form of the state diagram for the sequential chart part of the control unit.

Do diagrams.

Hardwired Control

In implementing a control unit, two distinct aspects must be considered:  The control of the microoperations and the sequencing of the control unit and microoperations.

Microprogrammed Control

A control unit with its binary control values stored as works in memory is called a microprogrammed control.
Each word in the control memory contains a microinstruction that specifies one or more microoperations for the system.

Each word in the control memory contains a microinstruction that specifies one or more microoperations for the system.
The microprogram is usually fixed at the system design time and so is stored in ROM.  

Microprogramming involves placing the representations for combinations of values of control variables in words of ROM.

The contents of a word in ROM at a given address specify the microoperations to be performed for both the datapath and the control unit.

