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Instructions
• An instruction is a collection of bits that instructs the computer to 

perform a specific operation.
• Operation code (opcode) is the group of bits in the instruction that 

specifies the operation.
• Instruction set is the collection instructions.
• Instruction set architecture describes the instruction set.
• The number of bits of opcode determines the number of distinct 

operations that can be performed.
• Instruction must also specify the operands on which the operations 

are performed. This can be done explicitly of implicitly.



Instruction Formats
• Each instruction contains fields assigned to a specific item, such as 

opcode, a constant value or a register file address.



Storage Resource Diagram for a Simple Computer

• Visible from programmer



Instruction Specifications



Memory Representation of Instructions and Data



Block Diagram for a Single-Cycle Computer

• Hardwired control
• Fetches and executes an 

instruction in a single
clock cycle

• Bit 13 jump or
conditional jump

• Bits 11-9 condition



Diagram of Instruction Decoder
• Instruction decoder determines the control words for the datapath.



Truth Table for Instruction Decoder Logic



Six Instructions for the Single-Cycle Computer



Problems in Single Cycle Computer

• Performing complex operations

• The usage of the same memory for both data 

and instructions

• Worst Case Delay Path in Single-Cycle 

Computer



Multiple-Cycle Microprogrammed Computer



Control Word Information for Datapath and Sequence Control



ASM Chart for Multiple-Cycle Hardwired Computer

• IF: Instruction fetch
• 27=128 locations in control

memory
• 128 potential microprograms
• 128 decision boxes



State Table for Two Cycle Instructions



ASM Chart for Register Indirect Instruction



ASM Chart for Right Shift Multiple Instruction



Instructions having 3 or more cycles


