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CPU Organization
• CPU Structure and Function Processor Organization 
• Things a CPU must do: 
• - Fetch Instructions 
• - Interpret Instructions 
• - Fetch Data 
• - Process Data 
• - Write Data

• A small amount of internal memory, called the registers, is needed by 
the CPU to fulfil these requirements 



REGISTER TRANSFER LANGUAGE
• The symbolic notation used to describe the micro operation transfers 

among registers is called a Register transfer language. 
• Register transfer language 
– A symbolic language 
– A convenient tool for describing the internal organization of digital 
computers
 – Can also be used to facilitate the design process of digital systems. 



REGISTER TRANSFER
• Registers are designated by capital letters, sometimes followed by 

numbers (e.g., A, R13, IR). 
• Often the names indicate function: 
  MAR - memory address register
 PC - program counter 
 IR - instruction register 
• Information transfer from one register to another is designated in 
symbolic form by means of a replacement operator. R2 <- R1 
• In this case the contents of register R1 are copied (loaded) into 
register R2 and contents of R1 remains same.



BLOCK DIAGRAM OF A REGISTER

The individual flip-flops in an n-bit register are numbered in sequence from 0 to n-1 (from the right 
position toward the left position) R 1  7 6 5 4 3 2 1 0  

15  0 PC Numbering of bits 15 Upper byte PC(H) 8   7 0 PC(L) Lower byte Partitioned into 
two parts 



HARDWARE IMPLEMENTATION OF CONTROLLED 
TRANSFERS

• Designate information transfer from one register to another by R2 ← R1 
• This statement implies that the hardware is available 
• The outputs of the source must have a path to the inputs of the destination 
• The destination register has a parallel load capability 

• If the transfer is to occur only under a predetermined control condition, 
designate it by 

• If (P = 1) then (R2 ← R1) or, 
• P: R2← R1, 
• Where P is a control function that can be either 0 or 1 
•  Every statement written in register transfer notation implies the presence of the 

required hardware construction



• It is assumed that all transfers occur during a clock edge transition 
• All micro operations written on a single line are to be executed at the 

same time T: R2 ← R1, R1 ← R2
• The same clock controls the circuits that generate the control 
function and the destination register 





SIMULTANEOUS OPERATIONS
•  If two or more operations are to occur simultaneously, 
• they are separated with commas P: R3 <-R5, MAR <- IR 
•  Here, if the control function P = 1, load the contents of R5 into R3, 

and at the same time (clock), load the contents of register IR into 
register MAR



Bus and Memory Transfers
• Bus is a path(of a group of wires) over which information is transferred, from 

any of several sources to any of several destinations 
• Rather than connecting wires between all registers, a common bus is used 
• A bus structure consists of a set of common lines, one for each bit of a register 
•  Control signals determine which register is selected by the bus during each 

transfer 
• Multiplexers can be used to construct a common bus 
•  Multiplexers select the source register whose binary information is then 

placed on the bus 
• The select lines are connected to the selection inputs of the multiplexers and 

choose the bits of one register .





TRANSFER FROM BUS TO A REGISTER
• In general, a system will multiplex k registers of n bits each to produce an n-line 

common bus 
• This requires n multiplexers – one for each bit 
• The size of each multiplexer must be k x 1 
•  The number of select lines required is log k • To transfer information from the 

bus to a register, the bus lines are connected to the inputs of all destination 
registers and the corresponding load control line must be activated 

•  Rather than listing each step as 
• BUS ← C, R1 ← BUS, 
• use R1 ← C, since the bus is implied 
•  Instead of using multiplexers, three-state gates can be used to construct the bus 

system



TRANSFER FROM BUS TO A REGISTER
A three-state gate is a digital circuit that exhibits three states 
• Two of the states are signals equivalent to logic 1 and 0 
• The third state is a high-impedance state – this behaves like an open circuit, which 
means the output is disconnected and does not have a logic significance 
The three-state buffer gate has a normal input and a control input which determines 
the output state

• With control 1, the output equals the normal input
• With control 0, the gate goes to a high-impedance state
• This enables a large number of three-state gate outputs to be connected with wires 
to form a common bus line without endangering loading effects.
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