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General Structure of a Microprocessor
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Overview of CPU Design
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Datapath
Manipuates data. It includes:
− Functional units: Adder, shifter, multiplier, ALU,

comparator
− Registers and other memory elements for the

temporary storage of the data
− Buses, multiplexers and tri-state buffers for the

transfer of data between the different components in
datapath and the external world.
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Why do we use datapath?
how do we design a circuit for performing more complex data
operations or operations that involve multiple steps?
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Designing Deticated Datapaths

What kind of registers to use, and how many are
needed?

What kind of functional units to use, and how
many are needed?

Can a certain functional unit be shared between 
two or more operations?
How are the registers and functional units
connected together so that all of the data
movements specified by the algorithm can be
realized?
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Two sample dedicated datapaths

A = A + 3 A = B + C
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Use of multiplexers

Datapath performing both A=A+3 and A=B+C (we use two adders).
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Datapath performing both A=A+3 and A=B+C (we use only one adder).
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Data Transfer

Multiple destinations is not a problem. We can connect all of the 
destinations to the same source (Pay attention to the fan-out). 
In case of multiple sources, multiplexers are used.
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Tri-state Bus

Another scheme where multiple sources and destinations can be connected
to the same data bus is through the use of tri-state buffers.
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Generating Status Signals

Status signals are the results of the conditional tests that the datapath supplies to the
control unit.
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Example: Generating Status Signals

IF (A is an odd number) THEN ...
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Examples of
Dedicated Datapaths

Simple if-then-else
Counting 1 to 10

Summation of n downto 1

Factorial of n
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Simple If-Then-Else

İzmir Institute of Technology      Computer Architecture



Counting 1 to 10
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Summation of n Downto 1
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Factorial of n
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General Purpose Datapath
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Example: Write the control words for
manipulating the above circuit to perform the

following program 

Multiplication of two unsigned numbers:
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VHDL
for

Datapath
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16x8 RAM
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256x8 ROM (Program Memory) ‏
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2 bit Multiplexer 4 bit Multiplexer

İzmir Institute of Technology      Computer Architecture



Register File
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Instruction Register
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Program Counter
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Components
of 

ALU
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ALU and Shifter

s4 s3 Function
0 0 Pass through
0 1 Shift  left  and fill with 0
1 0 Shift  right and fill with 0
1 1 Rotate right

s2 s1 s0 Function
0 0 0 Pass A to output
0 0 1 A and B
0 1 0 A or B
0 1 1 A'
1 0 0 A + B
1 0 1 A – B
1 1 0 A + 1
1 1 1 A – 1

S2 S1 S0

S4 S3
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Adder/Subtractor with 
Arithmetic and Logic Extenders
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Full Adder
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Arithmetic and Logic Extenders
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Logic Extender
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Arithmetic Extender
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8 bit LE 
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8 bit AE 
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addsub8
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Shifter
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ALU
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