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Instruction Types:  Categories 

 Data processing 

 Arithmetic and logic instructions 

 Data storage (main memory)  

 Memory instructions  

movement of data into or out of  
memory locations 

 Data movement (I/O)  

 I/O instructions 

 Control (Program flow control)  

 Test and branch instructions 
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Instruction Types:   
Examples of Data Movement and Data Storage 

(i/o instructions & mem instructions) 
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Instruction Types:   
Examples of Data Processing 

 (arithmetic & logic instructions) 
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Instruction Types:   
Examples of Control 

 (test & branch instructions) 
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Instruction Formats 

 Layout of bits in an instruction 

 Includes opcode 

 Includes (implicit or explicit) operand(s) 

 Usually more than one instruction format in an instruction 
set 
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Instruction Formats 

Four common instruction formats:  

(a) Zero-address instruction. (b) One-address instruction  

(c) Two-address instruction.  (d) Three-address instruction. 

 



Sem11415_hkm 

PDP-8 Instruction Format 

• One of the simplest instruction designs for 
a general-purpose computer was for.  

• Fixed length instruction format. 

• The PDP-8 uses 12-bit instructions and 
operates on 12-bit words.  

• There is a single general-purpose register, 
the accumulator. 
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PDP-10 Instruction Format 

• The PDP-10 has a 36-bit word length 
and a 36-bit instruction length. 

• Fixed length instruction format. 
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PDP-11 Instruction Format 

• PDP-11 was designed to provide a 
powerful and flexible instruction set 

within the constraints of a 16-bit 
minicomputer. 

• Variable length instruction format. 

• PDP-11 employs a set of eight 16-bit 
general-purpose registers. 
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x86 Instruction Format 
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x86 Instruction Format 
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x86 Instruction Format 
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x86 Instruction Format 
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x86 Instruction Format 
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x86 Instruction Format 
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x86 Instruction Format 
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x86 Instruction Format 
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x86: add instruction 
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x86: add instruction 
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ARM Instruction Formats 

 S = For data processing instructions, updates condition codes 

 S = For load/store multiple instructions, execution restricted to supervisor mode 
 P, U, W = distinguish between different types of addressing_mode 
 B = Unsigned byte (B==1) or word (B==0) access 

 L = For load/store instructions, Load (L==1) or Store (L==0) 
 L = For branch instructions, is return address stored in link register 
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X86 vs. ARM 

 Fixed instruction formats of ARM 

 Simple decoding logic 

 Waste of memory space 

 Limited addressing modes 

 

 Variable length formats of x86 

 Difficult to decode; sequential decoding 

 Compact machine codes 

 Accommodate versatile addressing modes 
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Types of ISA (CISC vs RISC) 

 Complex instruction set computer (CISC) 
 Many instructions (several hundreds) 

 An instruction takes many cycles to execute 

 Example: Intel, AMD 

 Reduced instruction set computer (RISC) 
 Small set of instructions (typically 32) 

 Simple instructions, each executes in one clock cycle – 
REALLY?  Well, almost. 

 Effective use of pipelining 

 Example: ARM, MIPS 
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Number of Addresses 

 Number of addresses per instructions is one way to describe 
processor architecture 

 Number of addresses refers to how many operand can an 
instruction take. 
 The more the addresses – fewer number of instructions needed 

 The more the addresses – will require a longer instruction format 

 The more the addresses – the slower the fetch and execution 

 The more the addresses – will require a more complex processor 

 With multiple-address instructions, there are commonly multiple 
general registers that can be used 
 Register references are faster than memory references 

 Design trade-offs : choosing the number of addresses per 
instruction 

 

SUB Y,B  2-address instruction 

SUB Y,A,B  3-address instruction 
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PUSH C 
PUSH D 
PUSH E 
MUL 
ADD 
PUSH B 
PUSH A 
SUB 
DIV 
POP Y 

3 addresses  4 instructions 

2 addresses  6 instructions 

1 address  8 instructions 

0 address  10 instructions 
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Number of Addresses 

 3 addresses 
 Operand 1, Operand 2, Result (Destination) 
 May be a forth address - next instruction (usually implicit, 

obtained from PC) 
 Example below: T=temporary location used to store intermediate 

results 
 Not common in use 
 Needs very long words to hold everything 

 

3 addresses  4 instructions 

The 3 Address Instruction 
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  Address of next instruction kept in a processor state register 

the - PC (Except for explicit Branches/Jumps) 

The 3 Address Instruction 
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Number of Addresses 

 2 addresses 
 One address doubles as operand and result(destination) 
 Reduces length of instruction and space requirements 
 Requires some extra work 

 Temporary storage to hold some results 
Done to avoid altering the operand value 

2 addresses  6 instructions 

The 2 Address Instruction 
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• Be aware of the difference between address, Op1Addr, and 
data stored at that address, Op1. 

• Result overwrites  operand 2, Op2, with result, Res 

• This format needs only 2 addresses in the instruction but there 
is less choice in placing data 

The 2 Address Instruction 
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Number of Addresses 

 1 address 

 Implicit second address 

 Usually a register (accumulator) 

 Common on early machines 

 

1 address  8 instructions 

1 Address Instructions 
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• Special CPU register, the accumulator, supplies 1 operand and 

stores result 

• One memory address used for other operand 

We now need 

instructions to 

load and store 

operands: 
 

LDA OpAddr 

STA OpAddr 

1 Address Instructions 
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Number of Addresses 

 0 (zero) addresses 

 All addresses implicit 

 Uses a stack 

 There are two Opcodes with one operand: PUSH op, POP op 

 PUSH C 
PUSH D 
PUSH E 
MUL 
ADD 
PUSH B 
PUSH A 
SUB 
DIV 
POP Y 

0 address  10 instructions 

The 0 Address Instruction 
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• Uses a push down stack in CPU 

• Arithmetic uses stack for both operands. The result replaces them 

on the TOS 

• Computer must have a 1 address instruction to push and pop 

operands to and from the stack 

The 0 Address Instruction 
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PUSH C 
PUSH D 
PUSH E 
MUL 
ADD 
PUSH B 
PUSH A 
SUB 
DIV 
POP Y 

3 addresses  4 instructions 

2 addresses  6 instructions 

1 address  8 instructions 

0 address  10 instructions 
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How Many Addresses 

 Number of addresses per instruction is a basic design decision 

 More addresses 

 More complex (powerful?) instructions 

 Fewer instructions per program 

 More registers 

 Inter-register operations are quicker 

 Fewer addresses 

 Less complex (powerful?) instructions 

 More instructions per program 

 Faster fetch/execution of instructions 
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… end of Part 2  

 Hierarchy of Computer Languages 

 General Concepts 

 ISA Level 

 Elements of Instructions 

 Instructions Types 

 Instruction Formats 

 Number of Addresses 

 Registers 

 Types of Operands 

 Addressing Modes 

 

Part 2 


