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CPU Design 

Objective:  
  

1. Show the basic top level functionality, organization and architecture 

of a computer.   

2. Designing a single instruction CPU which contains a controller.  

Theory: Design of CPU:  

At the top level a computer consists of a CPU (central processing unit), 

memory, I/O components, with one or more modules of each type. These 

modules are interconnected in a specific manner to achieve the basic 

functionality of a computer i.e. executing programs. At the top level a 

computer system can be described as follows:  

• describing the external behavior of each component i.e. the data and 

the control signals that is exchanges with other components  

• describing the interconnection structure and the controls required  

We are considering the Von Neumann architecture. Some of the basic 

features of this architecture are as follows:  

• Data and instructions are stored in a single read-write memory.  

• The contents of the memory are addressable by location.  

• Execution occurs in a sequential manner (unless explicitly specified) 

from one instruction to the next.  
  
  
  
  
  
  
  
  
  

  

  

  

 
 

  
  



Top level components and interactions among them:  

• CPU exchanges data with memory. For this CPU uses two internal resisters. 

Following is a block diagram of a basic computer system:  

  

o Memory address register (MAR) which specifies the address for the 

next read or write  

o Memory buffer register (MBR) which contains the data to be written 

into memory or receives the data read from memory  

o I/O buffer (I/O BR) register is used for the exchange of data 

between an I/O module and the CPU  

• A memory module consists of a set of a locations defined by sequentially 

numbered addresses. Each location contains a binary number that can be 

interpreted as either an instruction or data.  

• An I/O module transfers data from external devices to CPU and memory 

and vice versa  

• The basic function of a computer is to execute a program which consists of 

a set of instructions stored in the memory. Processing required for a single 

instruction is called an instruction cycle which consists instruction fetch and 

instruction execute. A register called program counter (PC) holds the 

address of the next instruction. Unless told otherwise the processor always 

increments PC after each instruction fetch so that the next instruction is 

fetched in sequence. The fetched instruction is fetched into a register called 

instruction register (IR).  

  

  

 

 

 

 

 



The basic instruction cycle is shown in the following figure:  
 

  

• After fetching an instruction, processor execute the instruction by doing 

some processing on the data which may involve arithmetic and logic unit 

(ALU), specified by the instruction, then processor writes back the result (if 

any) to the memory.  

Test plan:  

Load the memory according to the following figure, then start clock and 

observe the behavior of the CPU. See the content of memory by clicking 

show memory button in the left pane. Observe how the program is 

executing sequentially and modify the data content as per the program.  

  

Assignment Statements:  

1. Design a single instruction CPU  

2. Design a CPU with more instructions. 


