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3.2.3 DMA (Direct Memory Access) 

Definition: 

Direct Memory Access (DMA) is a method that allows I/O devices to transfer data to and 

from main memory without the direct involvement of the CPU. A specialized hardware 

component called a DMA controller manages these transfers, freeing up the CPU to perform other 

tasks.  

Instead of the CPU managing every byte of data between devices and memory, a DMA 

controller handles the transfer, allowing the CPU to focus on other tasks. 

Improve efficiency and reduce CPU load during I/O operations. 

Example: Disk drives, graphics cards, network cards, sound cards, etc., 

Need for DMA 

Normally, when a device needs to transfer data: 

1. The device interrupts the CPU. 

2. CPU reads/writes each byte or word from/to the device. 

3. This wastes CPU time. 

Buses Used in DMA:  

Bus Type Role in DMA 

Address Bus Carries the memory address where data will be read from or written to. 

https://www.google.com/search?rlz=1C1RLNS_enIN904IN904&cs=0&sca_esv=261d4272bff7f900&sxsrf=AE3TifPE2AfQv4nm4Q7fSGBWSKDOK8kVFA%3A1754750220140&q=DMA+controller&sa=X&ved=2ahUKEwih2Pv7-f2OAxV5UGcHHdVKGNgQxccNegQIBBAB&mstk=AUtExfBi0LyF9IDK09NcaZUBj2Uph0snqiMgiLNZ2okauoKddjcUbs2HetPrieZo8KgRuD36yAlJVXEAsap1P5_wi9fDd_zNusP8cQecgxXyveIx5zE5tQGCTbdEJrVKOCo-x2QnPIvXpI804QIOeDQQhZldeYDeJ528iQiuij1Px0RyxRs&csui=3


 24AI301 - OPERATING SYSTEMS & CLOUD BASICS 

 
 

 

 

  

ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 2 

 

 

 

 

Bus Type Role in DMA 

Data Bus Transfers the actual data between memory and the I/O device. 

Control Bus Sends control signals like DMA request, acknowledge, and interrupt signals. 

Internal Bus Connects components within the DMA controller for coordination. 

Steps involved in bus request: 

 The DMA controller sends a Bus Request to the CPU. 

 The CPU responds with a Bus Grant, temporarily relinquishing control. 

 The DMA controller becomes the bus master, handling the transfer independently. 

 Once complete, it sends an interrupt to notify the CPU. 

Components: 

 DMA Controller: Manages the transfer process. 

 Registers:  

o Address Register: Specifies memory location. 

o Word Count Register: Indicates how much data to transfer. 

o Control Register: Defines transfer mode and direction. 

👉 With DMA, the CPU sets up the transfer once and then is free to do other tasks. 

Step-by-Step DMA Transfer: 

1. CPU initializes DMA Controller with: 

o Source address (e.g., device). 

o Destination address (e.g., RAM). 
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o Size of data to transfer. 

2. DMA Controller takes control of the bus to perform the transfer. hen done, DMA 

interrupts the CPU to indicate the transfer is complete. 

     Direct Memory Access 

Explanation of the above steps: 

Initialization: The CPU sets up the DMA controller with the memory address, data size, 

and direction of transfer. 

Transfer: The DMA controller takes control of the system bus and moves data between 

the device and memory. 

Completion: Once done, the DMA controller sends an interrupt to the CPU to signal about 

the completion. 

Working of DMA  

When the processor wishes to read or write a block of data, it issues a command to the DMA 

module by sending to the DMA module the following information: 

 Whether a read or write is requested, using the read or write control line 

between the processor and the DMA module. 
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 The address of the I/O device involved, communicated on the data lines. 

 The starting location in memory to read from or write to, communicated 

on the data lines and stored by the DMA module in its address register. 

 The number of words to be read or written, again communicated via the 

data lines and stored in the data count register. 

o Then the processor continues with other work. It has delegated this I/O 

operation to the DMA module. 

o The DMA module transfers the entire block of data, one word at a time, directly to or 

from memory, without going through the processor. When the transfer is complete, the 

DMA module sends an interrupt signal to the processor. Thus, the processor is involved 

only at the beginning and end of the transfer. 
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DMA Modes 

Mode Description 

Burst Mode DMA transfers all the words/bytes of the block without releasing the bus. 

Cycle Stealing 

DMA takes control of the bus for one cycle at a time ie, when the 

requested bus is granted DMA transfer one words/bytes and release the 

bus. Then request the CPU for bus, this process is repeated until the whole 

block is transferred. 

Transparent 

Mode 

DMA transfers only when CPU is not using the bus. Here DMA monitors 

bus activity. When CPU needs the bus DMA release it immediately. 

Block Transfer 
Transfers a block of data with a single DMA request. (DMA locks the bus 

and moves the whole block in one shot) 

 

 

 Types of DMA 

Type Description 

Single-Ended 

DMA 
The DMA controller connects directly to one peripheral device and the main memory. 

Dual-Ended 

DMA 

The DMA controller connects to both source and destination devices (e.g., from one 

I/O device to another or device to memory). 

Arbitrated 

DMA 

Used when multiple DMA devices share the same bus. 
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Type Description 

A bus arbitration process decides which DMA device gets control of the bus at 

a given time, preventing conflicts. 

Found in systems with many peripherals (e.g., network cards, storage devices) 

that all need DMA access. 

 

Interleaved 

DMA 

The DMA reads from one address and writes to another in an alternating cycle—read 

in one bus cycle, write in the next. 

Advantage: 

 Reduced CPU overhead: Frees CPU for other tasks. 

 Faster data transfer: Especially for large blocks of data. 

 Improved multitasking: CPU can handle other processes while DMA operates. 

 Lower latency: Ideal for real-time and multimedia applications. 

Disadvantage: 

• Cache Coherence Issues: DMA can bypass CPU cache, leading to data mismatches. 

• System Complexity: Requires extra hardware and careful setup.  

• Bus Contention: DMA and CPU may compete for the system bus, slowing performance.  

• Higher Cost: Adds to the cost due to additional controller hardware.  

• Limited CPU Control: CPU has less control during DMA transfers. 

• Interrupt Overhead: DMA still generates interrupts, which can affect system speed. 
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