LOADERS AND LINKERS
1. Loader
Definition
A loader is a system program that loads an executable program from secondary memory (disk) into main memory (RAM) for execution.
Functions of a Loader
1. Allocation – Allocates memory for the program.
2. Linking – Resolves external references between program modules.
3. Relocation – Adjusts address-dependent instructions.
4. Loading – Copies the program into memory.
5. Execution – Transfers control to the loaded program.
Advantages
· Efficient memory utilization.
· Supports modular programming.
· Enables execution of large programs.

2. Loading
Definition
Loading is the process of transferring a program from secondary storage into main memory for execution.
Steps in Loading
1. Read the executable file.
2. Allocate memory.
3. Load instructions and data into memory.
4. Adjust addresses if required.
5. Start program execution.
Types of Loading
· Absolute Loading
· Relocating Loading
· Dynamic Loading

3. Absolute Loader
Definition
An absolute loader loads the program into a fixed memory location specified by the programmer or compiler.
Working
· Object code contains actual memory addresses.
· Loader simply copies the program into those locations.
Example
If a program is designed to start at address 1000, the loader places it exactly at address 1000.
Advantages
· Simple to implement.
· Fast loading process.
Disadvantages
· Program cannot be loaded at any other address.
· Poor memory utilization.
Diagram
Object Program
      ↓
Absolute Loader
      ↓
Memory Address 1000

4. Bootstrap Loader
Definition
A Bootstrap Loader is a small program stored in ROM that loads the operating system into memory when the computer starts.
Purpose
· Initializes the system.
· Loads the OS kernel into RAM.
· Transfers control to the operating system.
Working
1. Power ON.
2. Bootstrap loader executes.
3. OS is loaded from disk.
4. Control is given to OS.
Advantages
· Automatic system startup.
· Stored permanently in ROM.
Diagram
Power ON
    ↓
Bootstrap Loader
    ↓
Load Operating System
    ↓
OS Starts

5. Relocating Loader
Definition
A relocating loader can load a program into any available memory location and modify addresses accordingly.
Need for Relocation
The desired memory location may already be occupied.
Working
1. Program is compiled with relative addresses.
2. Loader determines available memory.
3. Addresses are adjusted by adding relocation factor.
Relocation Factor
[
Relocation\ Factor = Actual\ Load\ Address - Original\ Address
]
Example
Original address = 1000
Loaded address = 3000
Relocation factor = 3000 − 1000 = 2000
All addresses are increased by 2000.
Advantages
· Flexible memory allocation.
· Better memory utilization.
Disadvantages
· More complex than absolute loading.

6. Relocation
Definition
Relocation is the process of modifying address-sensitive instructions so that a program can execute correctly from a different memory location.
Need for Relocation
· Memory may not be available at the original address.
· Multiple programs may execute simultaneously.
Types
1. Static Relocation
2. Dynamic Relocation
Example
Original instruction:
LOAD A, 1000
Loaded at new location with relocation factor 2000:
LOAD A, 3000

7. Program Linking
Definition
Program Linking is the process of combining multiple object modules into a single executable program.
Purpose
· Allows modular programming.
· Enables use of library functions.
Example
Module A calls function SUM().
Module B contains function SUM().
Linker connects both modules.
Advantages
· Code reusability.
· Easy maintenance.
· Reduced program size.

8. Linking Loader
Definition
A linking loader performs both linking and loading operations.
Functions
1. Resolves external references.
2. Relocates addresses.
3. Loads program into memory.
4. Starts execution.
Working
Object Module A
        ↓
Object Module B
        ↓
Linking Loader
        ↓
Executable Program
        ↓
Memory
Advantages
· No separate linking step.
· Faster execution setup.
Disadvantages
· Loading time increases.

9. Linkage Editor
Definition
A linkage editor is a system program that links object modules and creates a load module (executable file) before execution.
Working
1. Collect object modules.
2. Resolve external references.
3. Perform relocation.
4. Create executable file.
Diagram
Object Modules
      ↓
Linkage Editor
      ↓
Load Module
      ↓
Loader
      ↓
Execution
Difference from Linking Loader
	Linking Loader
	Linkage Editor

	Linking done during loading
	Linking done before loading

	Repeated every execution
	Done once

	More loading time
	Faster execution



10. Static Linking
Definition
In static linking, all required library routines are copied into the executable file before execution.
Working
Program + Library
        ↓
Static Linker
        ↓
Single Executable File
Advantages
· No external library needed at runtime.
· Faster execution.
Disadvantages
· Larger executable size.
· Library updates require recompilation.
Example
Including all functions of a math library into the executable.

11. Dynamic Linking
Definition
In dynamic linking, library routines are linked during program execution.
Working
Program
    ↓
Dynamic Linker
    ↓
Shared Library Loaded at Runtime
Advantages
· Smaller executable size.
· Memory efficient.
· Library updates automatically available.
Disadvantages
· Slight runtime overhead.
· Dependency on external libraries.
Example
Using shared libraries (.dll in Windows, .so in Linux).

Difference Between Static and Dynamic Linking
	Static Linking
	Dynamic Linking

	Linking before execution
	Linking during execution

	Larger executable
	Smaller executable

	Faster execution
	Slightly slower

	Library code copied
	Shared library used

	More memory required
	Less memory required

	Recompile after library update
	No recompilation needed



Important 2-Mark Questions
1. Define Loader.
2. What is Relocation?
3. What is Linking?
4. Define Bootstrap Loader.
5. What is an Absolute Loader?
6. What is a Relocating Loader?
7. What is a Linking Loader?
8. What is a Linkage Editor?
9. Define Static Linking.
10. Define Dynamic Linking.

Important 5-Mark Questions
1. Explain the functions of a loader.
2. Describe the working of an absolute loader.
3. Explain bootstrap loader with diagram.
4. Explain relocating loader with example.
5. Differentiate between linking loader and linkage editor.
6. Compare static and dynamic linking.

Important 10-Mark Questions
1. Explain loading, relocation and linking in detail.
2. Discuss various types of loaders with suitable diagrams.
3. Explain linking loader and linkage editor with examples.
4. Compare static and dynamic linking with advantages and disadvantages.

