
​YOUBOX STUDY​

​CHAPTER​ ​4:​ ​MEMORY​ ​DEVICES​ ​AND​
​STORAGE SYSTEM​

​4.1 Introduction to Memory​

​Memory​​is​​one​​of​​the​​most​​essential​​components​​of​
​a​​computer​​system.​​A​​computer​​cannot​​perform​​any​
​operation​ ​without​ ​memory​ ​because​ ​all​ ​data,​
​instructions,​​and​​processing​​results​​must​​be​​stored​
​somewhere before, during, and after processing.​

​Definition​

​Computer​ ​memory​ ​refers​ ​to​ ​the​ ​storage​ ​area​ ​of​ ​a​
​computer​ ​where​ ​data,​ ​instructions,​​and​​processing​
​results​​are​​stored​​either​​temporarily​​or​​permanently​
​for future use.​

​4.2 Need for Memory in Computer System​

​The​ ​CPU​ ​performs​ ​processing​ ​operations,​ ​but​ ​it​
​cannot​ ​store​ ​large​ ​amounts​ ​of​ ​information​
​permanently.​ ​Memory​ ​provides​ ​the​ ​storage​ ​space​
​required for:​

​●​ ​Input data​
​●​ ​Instructions​
​●​ ​Intermediate results​
​●​ ​Final output​

​Conceptual Understanding​

​Without memory:​

​●​ ​Programs cannot run​
​●​ ​Data cannot be processed​
​●​ ​Results cannot be stored​

​Thus,​ ​memory​ ​acts​ ​as​ ​the​ ​working​ ​and​ ​storage​
​area of the computer system​​.​

​4.3 Role of Memory in Data Processing​

​Memory performs several important functions:​

​Function​ ​Explanation​

​Data Storage​ ​Stores user data​

​Instruction Storage​ ​Stores programs​

​Processing Support​ ​Holds intermediate results​

​Output Storage​ ​Stores​ ​final​ ​processed​
​data​

​4.4 Relationship Between CPU and Memory​

​The​ ​CPU​ ​and​ ​memory​ ​continuously​ ​communicate​
​with each other.​

​Working Flow​

​Input → Memory → CPU → Memory → Output​

​Deep Concept Insight​

​●​ ​CPU processes data​
​●​ ​Memory stores data​
​●​ ​Both work together continuously​

​4.5 Types of Memory (Major Classification)​

​Computer​ ​memory​ ​is​ ​broadly​ ​classified​ ​into​ ​two​
​major categories:​

​1.​ ​Primary Memory​
​2.​ ​Secondary Memory​

​4.6 Primary Memory​

​Definition​

​Primary​​memory​​is​​the​​memory​​that​​communicates​
​directly​ ​with​ ​the​ ​CPU​ ​and​ ​stores​ ​data​ ​currently​
​being processed. It is also known as:​

​●​ ​Main Memory​
​●​ ​Internal Memory​

​4.7 Characteristics of Primary Memory​

​Property​ ​Description​

​Speed​ ​Very fast​

​Access​ ​Direct CPU access​

​Capacity​ ​Limited​

​Nature​ ​Mostly volatile​

​Location​ ​Inside motherboard​

​4.8 Importance of Primary Memory​
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​Primary memory is necessary because:​

​●​ ​CPU can directly access it​
​●​ ​It stores active programs​
​●​ ​It enables fast processing​

​4.9 Volatile Nature of Primary Memory​

​Definition of Volatile Memory​

​Volatile​ ​memory​ ​loses​ ​its​ ​contents​ ​when​ ​power​
​supply is turned OFF.​

​Example​

​RAM is volatile memory.​

​Concept Insight​

​When electricity stops:​

​●​ ​Data stored in RAM disappears​

​That​ ​is​ ​why​ ​unsaved​ ​work​ ​gets​ ​lost​ ​during​ ​power​
​failure.​

​4.10 Secondary Memory​

​Definition​

​Secondary​ ​memory​ ​is​ ​the​ ​storage​ ​used​ ​for​
​long-term​ ​and​ ​permanent​ ​storage​ ​of​ ​data​ ​and​
​programs.​

​4.11 Characteristics of Secondary Memory​

​Property​ ​Description​

​Speed​ ​Slower​

​Capacity​ ​Very large​

​Cost​ ​Cheaper​

​Nature​ ​Non-volatile​

​Access​ ​Indirect through RAM​

​4.12 Why Secondary Memory is Required​

​Primary​ ​memory​ ​has​ ​limited​ ​storage​ ​capacity.​
​Therefore, secondary memory is used to:​

​●​ ​Store large files​
​●​ ​Preserve data permanently​
​●​ ​Store software and operating systems​

​4.13 Non-Volatile Memory​

​Definition​

​Non-volatile​ ​memory​ ​retains​​data​​even​​after​​power​
​is switched OFF.​

​Examples​

​●​ ​Hard disk​
​●​ ​ROM​
​●​ ​Pen drive​

​4.14​ ​Comparison​ ​Between​ ​Primary​ ​and​
​Secondary Memory​

​Feature​ ​Primary​
​Memory​

​Secondary​
​Memory​

​Speed​ ​Fast​ ​Slow​

​Capacity​ ​Small​ ​Large​

​Cost​ ​Expensive​ ​Cheap​

​Access​ ​by​
​CPU​

​Direct​ ​Indirect​

​Nature​ ​Mostly volatile​ ​Non-volatile​

​4.15​​Classification​​of​​Memory​​Based​​on​​Access​
​Method​

​Memory​​can​​also​​be​​classified​​according​​to​​the​​way​
​data is accessed.​

​Types​

​1.​ ​Sequential Access Memory​
​2.​ ​Direct Access Memory​

​4.16 Sequential Access Memory​

​Definition​

​In​​sequential​​access​​memory,​​data​​is​​accessed​​in​​a​
​sequence or order.​

​Example​

​Magnetic Tape​

​Characteristics​

​●​ ​Slower access​
​●​ ​Data must be searched sequentially​

​4.17 Direct Access Memory​

​Definition​
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​In​ ​direct​ ​access​ ​memory,​ ​data​ ​can​ ​be​ ​accessed​
​directly without searching sequentially.​

​Examples​

​●​ ​Hard disk​
​●​ ​Optical disk​

​Advantages​

​●​ ​Faster access​
​●​ ​Efficient retrieval​

​4.18 Concept of Storage Capacity​

​Definition​

​Storage​ ​capacity​ ​is​ ​the​ ​maximum​ ​amount​ ​of​ ​data​
​that a storage device can hold.​

​4.19 Importance of Storage Devices​

​Storage devices are important because they:​

​●​ ​Preserve data permanently​
​●​ ​Enable backup​
​●​ ​Allow future retrieval of information​

​4.20 Conceptual View of Memory Hierarchy​

​Computer​ ​memory​ ​is​​organized​​in​​hierarchy​​based​
​on:​

​●​ ​Speed​
​●​ ​Cost​
​●​ ​Capacity​

​Hierarchy Structure​

​Registers → Cache → RAM → Secondary Storage​

​4.24 Introduction to RAM​

​Random​​Access​​Memory​​(RAM)​​is​​one​​of​​the​​most​
​important​​components​​of​​primary​​memory.​​It​​acts​​as​
​the​ ​temporary​​working​​area​​of​​the​​computer​​where​
​data​​and​​instructions​​are​​stored​​while​​processing​​is​
​taking place.​

​Definition​

​RAM​​is​​a​​read/write​​memory​​that​​allows​​the​​CPU​​to​
​read data from it as well as write data into it.​

​4.25 Why RAM is Required​

​When a user runs a program:​

​●​ ​The​​program​​is​​first​​loaded​​from​​secondary​
​storage into RAM​

​●​ ​CPU​ ​then​ ​accesses​ ​the​ ​program​ ​from​
​RAM for execution​

​Without RAM:​

​●​ ​Programs cannot execute properly​
​●​ ​Processing​ ​speed​ ​becomes​ ​extremely​

​slow​

​4.26 Characteristics of RAM​

​Property​ ​Description​

​Nature​ ​Volatile​

​Speed​ ​Fast​

​Access Type​ ​Random Access​

​Function​ ​Temporary storage​

​CPU Access​ ​Direct​

​4.27 Concept of Random Access​

​Definition​

​Random​ ​access​ ​means​ ​data​ ​can​ ​be​ ​accessed​
​directly​ ​from​ ​any​ ​location​ ​without​ ​searching​
​sequentially.​

​Example​

​If data is stored at location 500:​

​●​ ​CPU can directly access location 500​

​Concept Insight​

​RAM​ ​provides​ ​equal​ ​access​ ​time​ ​for​ ​all​ ​memory​
​locations.​

​4.28 Working of RAM​

​Step-by-Step Working​

​1.​ ​Program is loaded into RAM​
​2.​ ​CPU fetches instructions from RAM​
​3.​ ​Data is processed​
​4.​ ​Intermediate results stored in RAM​
​5.​ ​Final output generated​

​4.29 Volatile Nature of RAM​

​RAM is volatile memory.​

​Meaning​

​When power is switched OFF:​
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​●​ ​All stored data is lost​

​Real-Life Example​

​If electricity fails while writing a document:​

​●​ ​Unsaved data disappears​

​4.30 Functions of RAM​

​RAM performs several functions:​

​1.​ ​Stores active programs​
​2.​ ​Holds current data​
​3.​ ​Stores intermediate results​
​4.​ ​Supports multitasking​

​4.31 Importance of RAM in Performance​

​The​ ​performance​ ​of​ ​computer​ ​depends​ ​greatly​ ​on​
​RAM because:​

​●​ ​More RAM → Better multitasking​
​●​ ​Faster RAM → Faster processing​

​Concept Insight​

​Insufficient RAM causes:​

​●​ ​System lag​
​●​ ​Slow execution​
​●​ ​Frequent hanging​

​4.32 Types of RAM​

​RAM is mainly divided into two categories:​

​1.​ ​Dynamic RAM (DRAM)​
​2.​ ​Static RAM (SRAM)​

​4.33 Dynamic RAM (DRAM)​

​Definition​

​DRAM​ ​is​ ​a​​type​​of​​RAM​​made​​up​​of​​memory​​cells​
​consisting of one capacitor and one transistor.​

​4.34 Structure of DRAM​

​Each memory cell contains:​

​●​ ​Capacitor → Stores charge​
​●​ ​Transistor → Controls access​

​4.35 Working Principle of DRAM​

​Data is stored in the form of electrical charge.​

​Important Concept​

​Charge gradually leaks away.​

​Therefore:​

​●​ ​DRAM must be refreshed continuously​

​4.36 Refreshing in DRAM​

​Definition​

​Refreshing​ ​means​ ​recharging​ ​memory​ ​cells​
​periodically to maintain data.​

​Concept Insight​

​Without refreshing:​

​●​ ​Stored information disappears​

​4.37 Characteristics of DRAM​

​Property​ ​Description​

​Speed​ ​Slower​

​Cost​ ​Less expensive​

​Density​ ​High​

​Refresh Required​ ​Yes​

​4.38 Advantages of DRAM​

​1.​ ​Low cost​
​2.​ ​Larger storage capacity​
​3.​ ​Occupies less motherboard space​

​4.39 Limitations of DRAM​

​1.​ ​Slower than SRAM​
​2.​ ​Requires continuous refresh​
​3.​ ​Consumes additional power for refreshing​

​4.40 Static RAM (SRAM)​

​Definition​

​SRAM​​is​​a​​type​​of​​RAM​​that​​retains​​data​​as​​long​​as​
​power is supplied and does not require refreshing.​

​4.41 Structure of SRAM​

​SRAM uses:​

​●​ ​Multiple transistors per memory cell​
​●​ ​No capacitor​
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​4.42 Working Principle of SRAM​

​Data​ ​remains​ ​stored​ ​continuously​ ​while​ ​power​
​exists.​

​No periodic refresh is needed.​

​4.43 Characteristics of SRAM​

​Property​ ​Description​

​Speed​ ​Very fast​

​Cost​ ​Expensive​

​Density​ ​Lower​

​Refresh Required​ ​No​

​4.44 Advantages of SRAM​

​1.​ ​High speed​
​2.​ ​Better performance​
​3.​ ​No refresh requirement​

​4.45 Limitations of SRAM​

​1.​ ​Expensive​
​2.​ ​Larger size​
​3.​ ​Lower storage capacity​

​4.46 Use of SRAM as Cache Memory​

​Because SRAM is extremely fast:​

​●​ ​It is commonly used as cache memory​

​Concept Insight​

​CPU​​requires​​ultra-fast​​memory​​for​​frequently​​used​
​data.​
​SRAM fulfills this requirement.​

​4.47 Comparison Between DRAM and SRAM​

​Feature​ ​DRAM​ ​SRAM​

​Speed​ ​Slower​ ​Faster​

​Cost​ ​Cheaper​ ​Expensive​

​Refreshing​ ​Required​ ​Not required​

​Storage​
​Capacity​

​Higher​ ​Lower​

​Usage​ ​Main​
​memory​

​Cache​
​memory​

​4.48 Advanced Types of RAM​

​4.49 SDRAM (Synchronous DRAM)​

​Definition​

​SDRAM​ ​works​ ​synchronously​ ​with​ ​the​ ​CPU​ ​clock​
​speed.​

​Advantages​

​●​ ​Faster data transfer​
​●​ ​Better synchronization​

​4.50 DDR RAM (Double Data Rate RAM)​

​Definition​

​DDR​ ​RAM​ ​transfers​ ​data​ ​twice​ ​during​ ​one​ ​clock​
​cycle.​

​Variants​

​Type​ ​Improvement​

​DDR​ ​Basic​

​DDR2​ ​Faster​

​DDR3​ ​Lower power​

​DDR4​ ​High speed​

​DDR5​ ​Very high performance​

​4.51 EDO RAM (Extended Data Output RAM)​

​Definition​

​EDO​ ​RAM​ ​allows​ ​next​ ​memory​ ​access​ ​before​
​previous operation finishes.​

​Importance​

​●​ ​Improves speed​
​●​ ​Reduces waiting time​

​4.55 Introduction to ROM​

​Read​​Only​​Memory​​(ROM)​​is​​a​​very​​important​​type​
​of​ ​primary​ ​memory​ ​used​ ​for​ ​permanent​​storage​​of​
​essential​ ​instructions​ ​required​ ​for​ ​computer​
​operation.​



​YOUBOX STUDY​

​Unlike​​RAM,​​ROM​​does​​not​​lose​​its​​contents​​when​
​power is switched OFF.​

​4.56 Definition of ROM​

​Definition​

​Read​​Only​​Memory​​(ROM)​​is​​a​​non-volatile​​memory​
​used​ ​for​ ​storing​ ​permanent​ ​instructions​ ​and​ ​data​
​that are required for system operation.​

​4.57 Why ROM is Required​

​When a computer starts:​

​●​ ​It must load basic startup instructions​
​●​ ​These​ ​instructions​ ​must​ ​always​ ​remain​

​available​

​ROM stores:​

​●​ ​Boot instructions​
​●​ ​Firmware​
​●​ ​System initialization programs​

​4.58 Characteristics of ROM​

​Property​ ​Description​

​Nature​ ​Non-volatile​

​Data Retention​ ​Permanent​

​Access​ ​Mostly read-only​

​Speed​ ​Slower than RAM​

​Usage​ ​Startup instructions​

​4.59 Non-Volatile Nature of ROM​

​Definition​

​Non-volatile​​memory​​retains​​data​​even​​when​​power​
​is switched OFF.​

​Concept Insight​

​Even after shutdown:​

​●​ ​ROM keeps all stored instructions safe​

​This​ ​is​ ​why​ ​a​ ​computer​ ​can​ ​restart​​properly​​every​
​time.​

​4.60 Working of ROM​

​Step-by-Step Working​

​1.​ ​Power is switched ON​
​2.​ ​CPU accesses ROM​
​3.​ ​Startup instructions are loaded​
​4.​ ​Hardware components are initialized​
​5.​ ​Operating system starts loading​

​4.61 Read-Only Concept​

​ROM is called “Read Only” because:​

​●​ ​Users normally cannot modify its contents​
​●​ ​Data​ ​is​ ​permanently​ ​stored​ ​during​

​manufacturing or programming​

​4.62 Importance of ROM​

​ROM is essential because:​

​●​ ​It stores firmware​
​●​ ​It helps in booting process​
​●​ ​It ensures system startup​

​Without ROM:​

​●​ ​Computer cannot start​

​4.63 Types of ROM​

​ROM is mainly classified into:​

​1.​ ​PROM​
​2.​ ​EPROM​
​3.​ ​EEPROM​

​4.64 PROM (Programmable Read Only Memory)​

​Definition​

​PROM​ ​is​ ​a​ ​type​ ​of​ ​ROM​​that​​can​​be​​programmed​
​only once after manufacturing.​

​4.65 Characteristics of PROM​

​Property​ ​Description​

​Programmable​ ​Once only​

​Nature​ ​Non-volatile​

​Rewriting​ ​Not possible​

​4.66 Working of PROM​

​Initially:​

​●​ ​PROM is blank​
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​After programming:​

​●​ ​Data becomes permanent​
​●​ ​Cannot be changed again​

​4.67 Applications of PROM​

​●​ ​Video game consoles​
​●​ ​Mobile phones​
​●​ ​Multimedia interfaces​

​4.68 Advantages of PROM​

​1.​ ​Permanent data storage​
​2.​ ​Reliable operation​
​3.​ ​Low manufacturing cost​

​4.69 Limitations of PROM​

​1.​ ​Cannot be rewritten​
​2.​ ​Programming mistake cannot be corrected​

​4.70 EPROM (Erasable Programmable ROM)​

​Definition​

​EPROM​​is​​a​​type​​of​​ROM​​that​​can​​be​​erased​​using​
​ultraviolet light and programmed again.​

​4.71 Alternate Name of EPROM​

​EPROM is also known as:​

​●​ ​UVEPROM (Ultraviolet Erasable PROM)​

​4.72 Working of EPROM​

​Process​

​1.​ ​Data is programmed​
​2.​ ​UV light erases data​
​3.​ ​ROM becomes reusable​
​4.​ ​New data can be programmed​

​4.73 Characteristics of EPROM​

​Property​ ​Description​

​Erasing Method​ ​Ultraviolet light​

​Reusability​ ​Possible​

​Speed​ ​Moderate​

​4.74 Advantages of EPROM​

​1.​ ​Reprogrammable​

​2.​ ​Reusable memory chip​
​3.​ ​Flexible compared to PROM​

​4.75 Limitations of EPROM​

​1.​ ​Erasing process is slow​
​2.​ ​Requires special UV light​
​3.​ ​Entire chip must be erased​

​4.76​ ​EEPROM​ ​(Electrically​ ​Erasable​
​Programmable ROM)​

​Definition​

​EEPROM​ ​is​ ​a​ ​ROM​ ​that​ ​can​ ​be​ ​erased​ ​and​
​rewritten electrically.​

​4.77 Working Principle of EEPROM​

​●​ ​Electrical pulses erase stored data​
​●​ ​Data can be rewritten multiple times​

​4.78 Characteristics of EEPROM​

​Property​ ​Description​

​Erasing Method​ ​Electrical​

​Reprogramming​ ​Multiple times​

​Flexibility​ ​Very high​

​4.79 Advantages of EEPROM​

​1.​ ​Electrically erasable​
​2.​ ​Easy reprogramming​
​3.​ ​Highly flexible​

​4.80 Limitations of EEPROM​

​1.​ ​More expensive​
​2.​ ​Slower writing speed compared to RAM​

​4.81 EEPROM and BIOS​

​EEPROM is widely used for storing:​

​●​ ​BIOS​
​●​ ​Firmware settings​

​4.82 BIOS (Basic Input/Output System)​

​Definition​

​BIOS​ ​is​ ​a​ ​firmware​ ​program​ ​stored​ ​in​ ​ROM​ ​that​
​controls the startup process of the computer.​
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​4.83 Functions of BIOS​

​1.​ ​Hardware initialization​
​2.​ ​System testing​
​3.​ ​Boot process management​
​4.​ ​Loading operating system​

​4.84 Booting Process (Deep Concept)​

​Definition​

​Booting​ ​is​ ​the​ ​process​ ​of​ ​starting​ ​a​ ​computer​
​system.​

​Types of Booting​

​Type​ ​Meaning​

​Cold Booting​ ​Starting from OFF state​

​Warm Booting​ ​Restarting system​

​4.85 POST (Power-On Self Test)​

​Definition​

​POST​ ​is​ ​a​ ​diagnostic​ ​process​ ​performed​ ​by​​BIOS​
​during startup.​

​Functions​

​●​ ​Checks RAM​
​●​ ​Checks keyboard​
​●​ ​Verifies hardware components​

​4.86 Firmware​

​Definition​

​Firmware​​is​​permanent​​software​​stored​​inside​​ROM​
​chips that controls hardware devices.​

​Examples​

​●​ ​BIOS firmware​
​●​ ​Printer firmware​
​●​ ​Router firmware​

​4.87 ROM vs RAM​

​Feature​ ​ROM​ ​RAM​

​Nature​ ​Non-volatile​ ​Volatile​

​Function​ ​Permanent​
​storage​

​Temporary​
​storage​

​Modificatio​
​n​

​Limited​ ​Easy​

​Usage​ ​Boot​
​instructions​

​Active​
​processing​

​4.91 Introduction to Advanced Memory Systems​

​As​ ​computer​ ​technology​ ​advanced,​ ​traditional​
​memory​ ​systems​ ​became​ ​insufficient​ ​to​ ​handle​
​increasing​ ​processing​ ​demands.​ ​To​ ​improve​
​performance,​ ​special​ ​memory​ ​technologies​ ​were​
​developed such as:​

​●​ ​Cache Memory​
​●​ ​Flash Memory​
​●​ ​Virtual Memory​

​These memories help improve:​

​●​ ​Speed​
​●​ ​Efficiency​
​●​ ​Storage flexibility​

​4.92 Cache Memory​

​Definition​

​Cache​ ​memory​ ​is​ ​a​ ​very​ ​high-speed​ ​memory​
​located​ ​between​ ​the​ ​CPU​ ​and​ ​RAM​ ​that​ ​stores​
​frequently used data temporarily for faster access.​

​4.93 Need for Cache Memory​

​The CPU operates much faster than RAM.​

​Problem​

​●​ ​CPU must wait for RAM to supply data​
​●​ ​This slows down processing​

​Solution​

​Cache​​memory​​stores​​frequently​​used​​data​​close​​to​
​CPU.​

​4.94 Location of Cache Memory​

​Cache memory is located:​

​●​ ​Inside CPU​
​or​

​●​ ​Very close to CPU​

​4.95 Working Principle of Cache Memory​

​Step-by-Step Process​
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​1.​ ​CPU requests data​
​2.​ ​Cache is checked first​
​3.​ ​If data found → Immediate access​
​4.​ ​If not found → RAM is accessed​

​4.96 Cache Hit and Cache Miss​

​Term​ ​Meaning​

​Cache Hit​ ​Data found in cache​

​Cache Miss​ ​Data not found in cache​

​Concept Insight​

​Higher cache hit rate means:​

​●​ ​Faster processing​
​●​ ​Better performance​

​4.97 Characteristics of Cache Memory​

​Property​ ​Description​

​Speed​ ​Extremely fast​

​Capacity​ ​Small​

​Cost​ ​Very expensive​

​Access​ ​Direct by CPU​

​4.98 Levels of Cache Memory​

​Modern computers use multiple cache levels.​

​Level​ ​Characteristics​

​L1 Cache​ ​Fastest and smallest​

​L2 Cache​ ​Larger but slower​

​L3 Cache​ ​Shared among cores​

​4.99 Importance of Cache Memory​

​Cache memory:​

​●​ ​Reduces CPU waiting time​
​●​ ​Increases processing speed​
​●​ ​Improves overall system performance​

​4.100 SRAM and Cache Relationship​

​Cache​ ​memory​ ​is​ ​generally​ ​made​ ​using​ ​SRAM​
​because:​

​●​ ​SRAM is extremely fast​
​●​ ​Does not require refreshing​

​4.101 Flash Memory​

​Definition​

​Flash​ ​memory​ ​is​ ​a​ ​semiconductor-based​
​non-volatile​​memory​​that​​can​​be​​electrically​​erased​
​and rewritten.​

​4.102 Characteristics of Flash Memory​

​Property​ ​Description​

​Nature​ ​Non-volatile​

​Portability​ ​High​

​Reusability​ ​Rewritable​

​Speed​ ​Fast​

​4.103 Working Principle of Flash Memory​

​Data is stored using:​

​●​ ​Electronic memory cells​
​●​ ​Electrical charges​

​4.104 Applications of Flash Memory​

​●​ ​Mobile phones​
​●​ ​Digital cameras​
​●​ ​Pen drives​
​●​ ​SSDs​

​4.105 Advantages of Flash Memory​

​1.​ ​Portable​
​2.​ ​Low power consumption​
​3.​ ​Fast access​
​4.​ ​Shock resistant​

​4.106 Limitations of Flash Memory​

​1.​ ​Limited write cycles​
​2.​ ​Expensive compared to HDD​

​4.107 Virtual Memory​

​Definition​
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​Virtual​ ​memory​ ​is​ ​a​ ​memory​ ​management​
​technique​ ​that​ ​allows​​execution​​of​​programs​​larger​
​than the physical main memory.​

​4.108 Need for Virtual Memory​

​Sometimes:​

​●​ ​RAM becomes insufficient​
​●​ ​Large programs cannot fit completely​

​Virtual memory solves this issue.​

​4.109 Working Principle of Virtual Memory​

​Process​

​1.​ ​Part​ ​of​ ​hard​ ​disk​ ​is​ ​used​ ​as​ ​temporary​
​memory​

​2.​ ​Data not currently needed is moved to disk​
​3.​ ​Required​ ​data​ ​is​ ​brought​ ​back​ ​into​ ​RAM​

​when needed​

​Concept Insight​

​Virtual memory creates an illusion of larger RAM.​

​4.110 Swap Space​

​Definition​

​The​ ​reserved​ ​area​ ​on​ ​hard​ ​disk​ ​used​ ​for​ ​virtual​
​memory is called swap space.​

​4.111 Advantages of Virtual Memory​

​1.​ ​Supports large programs​
​2.​ ​Enables multitasking​
​3.​ ​Reduces RAM limitations​

​4.112 Limitations of Virtual Memory​

​1.​ ​Slower than RAM​
​2.​ ​Excessive swapping reduces performance​

​4.113 Paging Concept​

​Definition​

​Paging​​divides​​memory​​into​​fixed-size​​blocks​​called​
​pages.​

​Importance​

​●​ ​Efficient memory management​
​●​ ​Better multitasking support​

​4.114 Fragmentation​

​Definition​

​Fragmentation​ ​occurs​ ​when​ ​memory​ ​becomes​
​divided into small unused blocks.​

​Types​

​Type​ ​Meaning​

​Internal​
​Fragmentation​

​Unused​ ​space​ ​inside​
​block​

​External​
​Fragmentation​

​Unused scattered space​

​4.115 Memory Management Unit (MMU)​

​Definition​

​MMU​ ​is​ ​a​ ​hardware​ ​unit​ ​responsible​​for​​managing​
​virtual memory and address translation.​

​4.116 Concept of Address Translation​

​Virtual​ ​addresses​ ​generated​ ​by​ ​programs​ ​are​
​converted​ ​into​ ​physical​ ​memory​ ​addresses​ ​by​
​MMU.​

​4.117​ ​Memory​ ​Hierarchy​ ​(Advanced​
​Understanding)​

​Memory hierarchy is organized according to:​

​●​ ​Speed​
​●​ ​Cost​
​●​ ​Capacity​

​Hierarchy Structure​

​Registers​ ​→​ ​Cache​ ​→​ ​RAM​ ​→​​Virtual​​Memory​​→​
​Secondary Storage​

​4.118​ ​Comparison​ ​of​ ​Cache,​ ​Flash​ ​and​ ​Virtual​
​Memory​

​Feature​ ​Cache​
​Memory​

​Flash​
​Memory​

​Virtual​
​Memory​

​Nature​ ​Temporary​ ​Permanent​ ​Temporary​

​Speed​ ​Very Fast​ ​Fast​ ​Slow​

​Usage​ ​CPU​
​acceleration​

​Storage​ ​RAM​
​extension​

​4.157 Introduction to Optical Storage​
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​As​ ​data​ ​storage​ ​requirements​ ​increased,​ ​more​
​portable​ ​and​ ​reliable​ ​storage​ ​technologies​ ​were​
​developed.​​One​​of​​the​​most​​important​​among​​them​
​is​​Optical Storage​​.​

​Optical storage devices use:​

​●​ ​Laser technology​
​●​ ​Light reflection principles​

​to read and write data.​

​4.158 Definition of Optical Storage​

​Definition​

​Optical​ ​storage​ ​is​ ​a​ ​storage​ ​technology​ ​in​ ​which​
​data is read and written using laser light.​

​4.159 Need for Optical Storage​

​Magnetic storage devices had certain limitations:​

​●​ ​Mechanical wear​
​●​ ​Sensitivity to magnetic fields​
​●​ ​Lower portability​

​Optical storage solved many of these issues.​

​4.160 Characteristics of Optical Storage​

​Property​ ​Description​

​Technology​ ​Laser-based​

​Nature​ ​Non-volatile​

​Portability​ ​High​

​Durability​ ​Good​

​Cost​ ​Economical​

​4.161 Working Principle of Optical Storage​

​Optical storage devices work using:​

​●​ ​Laser beams​
​●​ ​Reflection and absorption of light​

​Step-by-Step Working​

​1.​ ​Laser beam strikes disc surface​
​2.​ ​Surface reflects light differently​
​3.​ ​Sensor detects reflected patterns​
​4.​ ​Patterns converted into digital data​

​4.162 Binary Representation in Optical Discs​

​Data is stored in the form of:​

​●​ ​Pits​
​●​ ​Lands​

​Concept Insight​

​Structure​ ​Meaning​

​Pit​ ​Represents binary value​

​Land​ ​Represents binary value​

​These​ ​microscopic​ ​structures​ ​help​ ​store​ ​digital​
​information.​

​4.163 Compact Disc (CD)​

​Definition​

​Compact​ ​Disc​ ​(CD)​ ​is​ ​an​ ​optical​ ​storage​ ​device​
​capable​ ​of​ ​storing​ ​digital​ ​data​ ​and​ ​audio​
​information.​

​4.164 Characteristics of CD​

​Property​ ​Description​

​Storage Capacity​ ​About 700 MB​

​Portability​ ​High​

​Cost​ ​Low​

​Technology​ ​Optical laser​

​4.165 Types of CDs​

​CDs are mainly divided into three categories:​

​1.​ ​CD-ROM​
​2.​ ​CD-R​
​3.​ ​CD-RW​

​4.166​ ​CD-ROM​ ​(Compact​ ​Disc​ ​Read​ ​Only​
​Memory)​

​Definition​

​CD-ROM​ ​is​ ​a​​pre-recorded​​optical​​disc​​from​​which​
​data can only be read.​

​Features​

​●​ ​Permanent data storage​
​●​ ​Cannot be modified by user​

​Applications​
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​●​ ​Software distribution​
​●​ ​Educational content​
​●​ ​Games​

​4.167 CD-R (Compact Disc Recordable)​

​Definition​

​CD-R​ ​is​ ​a​ ​disc​ ​that​ ​can​ ​be​ ​written​ ​only​ ​once​ ​but​
​read multiple times.​

​Characteristics​

​●​ ​User can record data once​
​●​ ​Data becomes permanent afterward​

​4.168 CD-RW (Compact Disc Rewritable)​

​Definition​

​CD-RW​ ​allows​ ​users​ ​to​ ​erase​ ​and​ ​rewrite​ ​data​
​multiple times.​

​Importance​

​Provides reusable storage capability.​

​4.169 Digital Versatile Disc (DVD)​

​Definition​

​DVD​ ​is​ ​an​ ​optical​ ​storage​ ​device​ ​with​ ​higher​
​storage capacity than CDs.​

​4.170 Alternate Names of DVD​

​DVD is also called:​

​●​ ​Digital Video Disc​
​●​ ​Digital Versatile Disc​

​4.171 Need for DVD​

​CD capacity became insufficient for:​

​●​ ​Movies​
​●​ ​High-quality multimedia​
​●​ ​Large software packages​

​DVD solved this limitation.​

​4.172 Characteristics of DVD​

​Property​ ​Description​

​Capacity​ ​4.7 GB to 17 GB​

​Technology​ ​Laser-based​

​Quality​ ​High multimedia support​

​4.173 Why DVD Stores More Data than CD​

​DVD uses:​

​●​ ​Smaller pits​
​●​ ​More compact tracks​
​●​ ​Advanced laser technology​

​Thus:​

​●​ ​More data fits in same disc size​

​4.174 Types of DVD​

​Type​ ​Meaning​

​DVD-ROM​ ​Read only​

​DVD-R​ ​Recordable​

​DVD-RW​ ​Rewritable​

​4.175 Applications of DVD​

​●​ ​Movies​
​●​ ​Software distribution​
​●​ ​Backup storage​

​4.176 Blu-ray Disc​

​Definition​

​Blu-ray​​Disc​​(BD)​​is​​a​​high-capacity​​optical​​storage​
​medium designed to store high-definition data.​

​4.177 Origin of Name “Blu-ray”​

​The name Blu-ray comes from:​

​●​ ​Blue​ ​laser​ ​technology​ ​used​ ​for​ ​reading​
​data​

​Concept Insight​

​Blue laser has:​

​●​ ​Shorter wavelength​
​●​ ​Higher precision​

​Thus:​

​●​ ​More data can be stored​
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​4.178 Characteristics of Blu-ray Disc​

​Property​ ​Description​

​Capacity​ ​About 25 GB per layer​

​Laser Type​ ​Blue laser​

​Storage Density​ ​Very high​

​4.179 Advantages of Blu-ray Disc​

​1.​ ​Very large storage capacity​
​2.​ ​High-definition multimedia support​
​3.​ ​Better data density​

​4.180 Blu-ray Formats​

​Format​ ​Meaning​

​BD-ROM​ ​Read only​

​BD-R​ ​Recordable​

​BD-RW​ ​Rewritable​

​BD-RE​ ​Rewritable/erasable​

​4.181 CD vs DVD vs Blu-ray Disc​

​Feature​ ​CD​ ​DVD​ ​Blu-ray​

​Capacity​ ​~700​
​MB​

​4.7–17​
​GB​

​25 GB+​

​Laser​ ​Infrared​ ​Red laser​ ​Blue​
​laser​

​Data​
​Density​

​Low​ ​Medium​ ​Very​
​High​

​4.182 Optical Disc Drive​

​Definition​

​An​ ​optical​ ​disc​ ​drive​ ​is​ ​a​​hardware​​device​​used​​to​
​read and write optical discs.​

​Types​

​●​ ​CD Drive​
​●​ ​DVD Drive​
​●​ ​Blu-ray Drive​

​4.183 Advantages of Optical Storage​

​1.​ ​Portable​
​2.​ ​Durable​
​3.​ ​Cost-effective​
​4.​ ​Resistant to magnetic fields​

​4.184 Limitations of Optical Storage​

​1.​ ​Slower than SSD​
​2.​ ​Can get scratched​
​3.​ ​Limited rewriting cycles​

​4.188 Introduction to Memory Measurement​

​In​​computer​​systems,​​all​ ​forms​​of​​data​​are​​stored​​in​
​binary​ ​form.​ ​Since​ ​computers​ ​work​ ​using​​only​​two​
​digits​ ​(0​ ​and​ ​1),​ ​special​ ​measurement​ ​units​ ​are​
​required​ ​to​ ​represent​ ​the​ ​amount​​of​​data​​stored​​in​
​memory devices.​

​These units help us understand:​

​●​ ​Storage capacity​
​●​ ​Data size​
​●​ ​Memory limitations​
​●​ ​File sizes​

​4.189 Binary Number System and Memory​

​Computers understand only:​

​●​ ​0 (OFF state)​
​●​ ​1 (ON state)​

​These​ ​binary​ ​digits​ ​form​ ​the​ ​foundation​ ​of​ ​all​
​memory systems.​

​4.190 Bit (Binary Digit)​

​Definition​

​A​ ​bit​ ​is​ ​the​ ​smallest​ ​unit​ ​of​ ​data​ ​in​ ​computer​
​memory and can hold either 0 or 1.​

​4.191 Importance of Bit​

​Bit represents:​

​●​ ​Basic electrical state​
​●​ ​Fundamental storage elemen​

​Concept Insight​

​Value​ ​Meaning​

​0​ ​OFF​
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​1​ ​ON​

​4.192 Nibble​

​Definition​

​A nibble is a group of 4 bits.​

​Example​

​1010 = One nibble​

​4.193 Byte​

​Definition​

​A​ ​byte​​is​​a​​group​​of​​8​​bits​​and​​is​​the​​standard​​unit​
​used to represent one character in memory.​

​Concept Insight​

​1 Byte = 8 Bits = 2 Nibbles​

​4.194 Why Byte is Important​

​A byte can represent:​

​●​ ​Letters​
​●​ ​Numbers​
​●​ ​Symbols​

​Example​

​Character​ ​Binary Representation​

​A​ ​01000001​

​B​ ​01000010​

​4.195 ASCII and Character Storage​

​Definition​

​ASCII​ ​(American​ ​Standard​ ​Code​ ​for​ ​Information​
​Interchange)​ ​is​ ​a​ ​coding​​system​​used​​to​​represent​
​characters in binary form.​

​Importance​

​ASCII enables:​

​●​ ​Storage of text data​
​●​ ​Communication between systems​

​4.196 Kilobyte (KB)​

​Definition​

​1 Kilobyte (KB) = 1024 Bytes.​

​Usage​

​Used for:​

​●​ ​Small text files​
​●​ ​Documents​

​4.197 Megabyte (MB)​

​Definition​

​1 Megabyte (MB) = 1024 KB.​

​Applications​

​Used for:​

​●​ ​Songs​
​●​ ​Images​
​●​ ​Small software files​

​4.198 Gigabyte (GB)​

​Definition​

​1 Gigabyte (GB) = 1024 MB.​

​Applications​

​Used for:​

​●​ ​Movies​
​●​ ​Operating systems​
​●​ ​Hard disk capacity​

​4.199 Terabyte (TB)​

​Definition​

​1 Terabyte (TB) = 1024 GB.​

​Applications​

​Used for:​

​●​ ​Large servers​
​●​ ​Data centers​
​●​ ​High-capacity storage systems​

​4.200 Higher Memory Units​
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​As​ ​storage​​technology​​advanced,​​even​​larger​​units​
​became necessary.​

​Unit​ ​Equivalent​

​1 PB (Petabyte)​ ​1024 TB​

​1 EB (Exabyte)​ ​1024 PB​

​1 ZB (Zettabyte)​ ​1024 EB​

​1 YB (Yottabyte)​ ​1024 ZB​

​4.201 Largest Mentioned Memory Units​

​According to advanced classifications:​

​Unit​ ​Equivalent​

​BrontoByte​ ​1024 YB​

​GeopByte​ ​1024 BB​

​4.202 Complete Memory Measurement Table​

​Unit​ ​Value​

​1 Bit​ ​Binary digit​

​4 Bits​ ​1 Nibble​

​8 Bits​ ​1 Byte​

​1024 Bytes​ ​1 KB​

​1024 KB​ ​1 MB​

​1024 MB​ ​1 GB​

​1024 GB​ ​1 TB​

​1024 TB​ ​1 PB​

​1024 PB​ ​1 EB​

​1024 EB​ ​1 ZB​

​1024 ZB​ ​1 YB​

​4.203 Why 1024 Instead of 1000?​

​Computers use binary system.​

​Concept Insight​

​Binary powers:​

​●​ ​2¹⁰ = 1024​

​Thus:​

​●​ ​1024 bytes = 1 KB​

​4.204 Concept of Storage Capacity​

​Definition​

​Storage​ ​capacity​​refers​​to​​the​​maximum​​amount​​of​
​data that a memory device can store.​

​Examples​

​Device​ ​Approximate Capacity​

​CD​ ​700 MB​

​DVD​ ​4.7 GB​

​Blu-ray​ ​25 GB​

​HDD​ ​TB range​

​4.205 File Size Concept​

​Every file occupies memory space.​

​Examples​

​File Type​ ​Typical Size​

​Text file​ ​KB​

​Song​ ​MB​

​Movie​ ​GB​

​Database backup​ ​TB​

​4.206 Data Compression​

​Definition​

​Data​ ​compression​ ​is​ ​the​ ​process​ ​of​ ​reducing​ ​file​
​size to save storage space.​

​Types​
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​Type​ ​Description​

​Lossless Compression​ ​No data loss​

​Lossy Compression​ ​Some quality loss​

​4.207 Advantages of Compression​

​1.​ ​Saves storage space​
​2.​ ​Faster file transfer​
​3.​ ​Reduces bandwidth usage​

​4.208​ ​Memory​ ​Capacity​ ​and​ ​Performance​
​Relationship​

​Larger memory capacity allows:​

​●​ ​Better multitasking​
​●​ ​Storage of larger files​
​●​ ​Faster operations​

​4.209 Data Transfer Rate​

​Definition​

​The​ ​speed​ ​at​ ​which​ ​data​ ​is​ ​transferred​ ​between​
​devices is called data transfer rate.​

​Units​

​●​ ​KB/s​
​●​ ​MB/s​
​●​ ​GB/s​

​4.210​ ​Conceptual​ ​Understanding​ ​of​ ​Digital​
​Storage​

​All digital information including:​

​●​ ​Text​
​●​ ​Audio​
​●​ ​Video​
​●​ ​Images​

​is ultimately stored as:​

​●​ ​Binary data​

​4.253 Introduction to Next Generation Memory​

​As​ ​computing​ ​technology​ ​continues​ ​to​ ​evolve,​
​traditional​​memory​​technologies​​such​​as​​DRAM​​and​
​HDD face limitations in terms of:​

​●​ ​Speed​
​●​ ​Power consumption​
​●​ ​Storage density​
​●​ ​Scalability​

​To​ ​overcome​ ​these​ ​limitations,​ ​researchers​ ​are​
​developing​ ​Next​ ​Generation​ ​Memory​
​Technologies​​that provide:​

​●​ ​Faster access​
​●​ ​Higher storage capacity​
​●​ ​Better durability​
​●​ ​Lower power usage​

​4.254 Need for Advanced Memory Technologies​

​Modern applications such as:​

​●​ ​Artificial Intelligence (AI)​
​●​ ​Big Data​
​●​ ​Cloud Computing​
​●​ ​High-performance computing​

​require memory systems that are:​

​●​ ​Extremely fast​
​●​ ​Energy efficient​
​●​ ​Highly scalable​

​4.255​ ​Characteristics​ ​of​ ​Next​ ​Generation​
​Memory​

​Property​ ​Requirement​

​Speed​ ​Very high​

​Power Consumption​ ​Low​

​Durability​ ​High​

​Storage Density​ ​Large​

​Reliability​ ​Better​

​4.256 FeRAM (Ferroelectric RAM)​

​Definition​

​FeRAM​ ​or​ ​Ferroelectric​ ​RAM​ ​is​ ​a​ ​non-volatile​
​memory​ ​technology​ ​that​ ​uses​​ferroelectric​​material​
​to store data.​

​4.257 Working Principle of FeRAM​

​FeRAM stores data using:​

​●​ ​Polarization states of ferroelectric material​

​These states represent:​

​●​ ​Binary 0 and 1​

​4.258 Characteristics of FeRAM​
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​Property​ ​Description​

​Nature​ ​Non-volatile​

​Speed​ ​Very fast​

​Power Usage​ ​Low​

​Durability​ ​High​

​4.259 Advantages of FeRAM​

​1.​ ​Fast writing speed​
​2.​ ​Low power consumption​
​3.​ ​High endurance​

​4.260 Limitations of FeRAM​

​1.​ ​Lower storage density​
​2.​ ​Higher manufacturing cost​

​4.261 Nanotube RAM (NRAM)​

​Definition​

​Nanotube​​RAM​​is​​an​​advanced​​memory​​technology​
​based on carbon nanotubes used for data storage.​

​4.262 Working Principle of NRAM​

​Data storage occurs through:​

​●​ ​Electrical​ ​resistance​ ​changes​ ​in​ ​carbon​
​nanotubes​

​4.263 Characteristics of NRAM​

​Property​ ​Description​

​Speed​ ​Extremely fast​

​Durability​ ​Very high​

​Power Requirement​ ​Very low​

​4.264 Advantages of NRAM​

​1.​ ​High speed​
​2.​ ​Excellent durability​
​3.​ ​Energy efficient​

​4.265 Importance of Carbon Nanotubes​

​Carbon nanotubes provide:​

​●​ ​High conductivity​
​●​ ​Strong structure​
​●​ ​Nanoscale storage capability​

​4.266 Phase Change Memory (PCM)​

​Definition​

​Phase​ ​Change​ ​Memory​ ​stores​ ​data​ ​by​ ​changing​
​material​ ​states​​between​​crystalline​​and​​amorphous​
​forms.​

​4.267 Working Principle of PCM​

​Different physical states produce:​

​●​ ​Different electrical resistances​

​These resistance levels represent:​

​●​ ​Binary data​

​4.268 Characteristics of PCM​

​Property​ ​Description​

​Nature​ ​Non-volatile​

​Speed​ ​Fast​

​Reliability​ ​High​

​4.269 Advantages of PCM​

​1.​ ​Faster than flash memory​
​2.​ ​Better endurance​
​3.​ ​Non-volatile operation​

​4.270 Applications of PCM​

​●​ ​Advanced computing devices​
​●​ ​AI systems​
​●​ ​High-speed storage systems​

​4.271 ReRAM (Resistive RAM)​

​Definition​

​ReRAM​​is​​a​​memory​​technology​​that​​stores​​data​​by​
​changing electrical resistance of material.​

​4.272 Working Principle of ReRAM​

​Resistance states represent:​

​●​ ​Binary 0​
​●​ ​Binary 1​
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​4.273 Characteristics of ReRAM​

​Property​ ​Description​

​Speed​ ​Very high​

​Density​ ​High​

​Power Usage​ ​Low​

​4.274 Importance of ReRAM​

​ReRAM is considered suitable for:​

​●​ ​AI applications​
​●​ ​Neuromorphic computing​
​●​ ​Advanced memory systems​

​4.275 MRAM (Magnetoresistive RAM)​

​Definition​

​MRAM​​stores​​data​​using​​magnetic​​states​​instead​​of​
​electrical charges.​

​4.276 Spin Orbit Torque MRAM (SOT-MRAM)​

​Definition​

​SOT-MRAM​ ​is​ ​an​ ​advanced​ ​MRAM​ ​technology​
​targeted to replace SRAM.​

​4.277 Characteristics of MRAM​

​Property​ ​Description​

​Nature​ ​Non-volatile​

​Speed​ ​Very fast​

​Durability​ ​Extremely high​

​4.278 Advantages of MRAM​

​1.​ ​High endurance​
​2.​ ​Instant data retention​
​3.​ ​Fast switching speed​

​4.279 Comparison of Next Generation Memories​

​Technology​ ​Spee​
​d​

​Power​
​Usage​

​Non-Volati​
​le​

​FeRAM​ ​High​ ​Low​ ​Yes​

​NRAM​ ​Very​
​High​

​Very Low​ ​Yes​

​PCM​ ​High​ ​Moderate​ ​Yes​

​ReRAM​ ​Very​
​High​

​Low​ ​Yes​

​MRAM​ ​Very​
​High​

​Low​ ​Yes​

​4.280 Why Future Memories are Important​

​Future memory technologies aim to:​

​●​ ​Replace​ ​traditional​ ​RAM​ ​and​ ​storage​
​systems​

​●​ ​Improve AI processing​
​●​ ​Support high-performance computing​

​4.281 AI and Advanced Memory Systems​

​Artificial Intelligence applications require:​

​●​ ​Massive data processing​
​●​ ​Ultra-fast memory access​
​●​ ​Efficient power management​

​Next​ ​generation​ ​memories​ ​help​ ​achieve​ ​these​
​goals.​

​4.282 Future Trends in Memory Technology​

​Future storage systems are expected to provide:​

​1.​ ​Higher density​
​2.​ ​Faster access​
​3.​ ​Better reliability​
​4.​ ​Lower energy consumption​

​4.283 Conceptual Understanding​

​Traditional memory systems use:​

​●​ ​Electrical charge​
​●​ ​Magnetic storage​

​Modern memories use:​

​●​ ​Resistance​
​●​ ​Material phase​
​●​ ​Magnetic spin​
​●​ ​Nanotechnology​


