
Memory organization 
The memory in a computer can be divided into five hierarchies based on the speed as well 
as use. The processor can move from one level to another based on its requirements. The 
five hierarchies in the memory are registers, cache, main memory, magnetic discs, and 
magnetic tapes. 

 

Cache memory: -It is used to increase the speed of processing by making current programs 
and data available to the CPU at a rapid rate. The cache memory is employed in computer 
systems to compensate for the speed differential between main memory access time and 
processor logic. 

I/O processor: - I/O processor manages data transfers between auxiliary memory and main 
memory, the cache organization is concerned with the transfer of information between main 
memory and CPU.  

The main memory consist of the following:- 

1.RAM: Random access memory 

Static RAM:The static RAM consists essentially of internal flip-flops that store the binary 
information. The stored information remains valid as long as power is applied to the unit. 

Dynamic RAM:The dynamic RAM stores the binary information in the form of electric charges that 
are applied to capacitors. The capacitors are provided inside the chip by MOS transistors. The stored 
charge on the capacitors tend to discharge with time and the capacitors must be periodically 
recharged by refreshing the dynamic memory. 

2.ROM:ROM is used for storing programs that are permanently resident in the computer and for 
tables of constants that do not change in value once the production of the computer is completed. 

3.Bootstarp loader:The bootstrap loader is a program whose function is to start the computer 
software operating when power is turned on. 

4.Computer startup:The startup of a computer consists of turning the power on and starting the 
execution of an initial program. Thus when power is turned on, the hardware of the computer sets 
the program counter to the bidirectional bus. The bootstrap program loads a portion of the 



operating system from disk to main memory and control is then transferred to the operating system, 
which prepares the computer for general use. 

RAM & ROM chip 
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Function table of RAM 

 

Typical ROM Chip 

Memory address map:The addressing of memory can be established by means of a table that 
specifies the memory address assigned to each chip. The table, called a memory address map, is a 
pictorial representation of assigned address space for each chip in the system. 



memory address map 

Memory connection with CPU 

 



Auxiliary memory 

Devices that provide backup storage are auxiliary memory. The most common auxiliary memory 
devices used in computer systems are magnetic disks and tapes. They are used for storing system. 
programs, large data files, and other backup information. Only programs and data currently needed 
by the processor reside in main memory. 

Magnetic Disks 
A magnetic disk is a circular plate constructed of metal or plastic coated withmagnetized material. 
Often both sides of the disk are used and several disksmay be stacked on one spindle with 
read/write heads available on each surface.All disks rotate together at high speed and are not 
stopped or started for accesspurposes. Bits are stored in the magnetized surface in spots along 
concentriccircles called tracks. The tracks are commonly divided into sections calledsectors. In most 
systems, the minimum quantity of information which can betransferred is a sector. 

 
 
Magnetic Tape 
A magnetic tape transport consists of the electrical, mechanical, and electroniccomponents to 
provide the parts and control mechanism for a magnetic-tapeunit. The tape itself is a strip of plastic 
coated with a magnetic recordingcontent addressablememorymedium. Bits are recorded as 
magnetic spots on the tape along several tracks. 
 
 
 



Associative memory 
The time required to find an item stored in memory can be reducedconsiderably if stored data 
can be identified for access by the content of the dataitself rather than by an address. A 
memory unit accessed by content is calledan associative memory or content addressable 
memory (CAM). 

 
Associative memory architecture 

 
It consistsof a memory array and logic for m words with n bits per word. The argumentregisterA and 
key register K each have n bits, one for each bit of a word. Thematch register M has m bits, one for 
each memory word. Each word in memoryis compared in parallel with the content of the argument 
register. The wordsthat match the bits of the argument register set a corresponding bit in the 
matchregister. After the matching process, those bits in the match register that havebeen set 
indicate the fact that their corresponding words have been matched. 



 
Associative memory of m words n cells per word 

 



 
 

Write operation: -If the entire memory is loaded with new informationat once prior to a search 
operation then the writing can be done byaddressing each location in sequence. 

 

Locality of references: -Analysis of a large number of typical programs has shown that the 
referencesto memory at any given interval of time tend to be confined within a fewlocalized areas in 
memory. This phenomenon is known as the property oflocality of reference. 
 
Cache memory: -If the active portions of the program and data are placed in a fast smallmemory, 
the average memory access time can be reduced, thus reducing thetotal execution time of the 
program. Such a fast small memory is referred toas a cache memory. 
 
Hit ratio: -The performance of cache memory is frequently measured in terms of aquantity called hit 
ratio. When the CPU refers to memory and finds the wordin cache, it is said to produce a hit. 
 
Memory mapping:- The basic characteristic of cache memory is its fast access time. Therefore,very 
little or no time must be wasted when searching for words in the cache.The transformation of data 
from main memory to cache memory is referred toas a mapping process. 
 
 



Three types of mapping procedures are of practicalinterest when considering the organization of 
cache memory: 
1. Associative mapping 
2. Direct mapping 
3. Set-associative mapping 
 

 
Cache memory 

 
Associative mapping: -The fastest and most flexible cache organization uses an associative 
memory.This organization is illustrated in figure below. The associative memory storesboth the 
address and content (data) of the memory word. This permits anylocation in cache to store any word 
from main memory. The diagram showsthree wordspresently stored in the cache. The address value 
of 15 bits is shownas a five-digit octal number and its corresponding 12 -bit word is shown as afour-
digit octal number. A CPU address of 15 bits is placed in the argumentregister and the associative 
memory is searched for a matching address. 
 

 



Direct mapping: -Associative memories are expensive compared to random-access 
memoriesbecause of the added logic associated with each cell. The possibility of usinga random-
access memory for the cache is investigated. The CPUaddress of 15 bits is divided into two fields. The 
nine least significant bitsconstitute the index field and theremaining six bits form thetag field. The 
figureshows that main memory needs an address that includes both the tag and theindex bits. The n-
bit memory address is divided into two fields: k bits forthe index field and n - k bits for the tag field. 
 

 
Addressing relation between main & cache memory 

 

 
 

 



Set associative mapping: -It was mentioned previously that the disadvantage of direct mapping is 
thattwo words with the same index in their address but with different tag valuescannot reside in 
cache memory at the same time. A third type of cache organization,called set-associative mapping, is 
an improvement over the directmappingorganization in that each word of cache can store two or 
more wordsof memory under the same index address. 

 
Two way set associative mapping 

 
Virtual memory: -In a memory hierarchy system, programs and data are first stored in auxiliary 
memory. Portions of a program or data are brought into main memory as they are needed by the 
CPU. Virtual memory is a concept used in some large computer systems that permit the user to 
construct programs as though a large memory space were available, equal to the totality of auxiliary 
memory. Each address that is referenced by the CPU goes through an address mapping from the so-
called virtual address to a physical address in main memory. 
 
In a virtual memory system, programmers are told that they have the total address space at their 
disposal. Moreover, the address field of the instruction code has a sufficient number of bits to 
specify all virtual addresses. In our example, the address field of an instruction code will consist of 20 
bits but physical memory addresses must be specified with only 15 bits. 
 



 
Relation between virtual memory & address  

 
The mapping table may be stored in a separate memory. In main memory. In the first case, an 
additional memory unit is required as well as one extra memory access time. In the second case, the 
table.          
 

Memory table for mapping a virtual address 
 
The table implementation of the address mapping is simplified if the information in the address 
space and the memory space are each divided into groups of fixed size. The physical memory is 
broken down into groups of equal size called blocks, which may range from 64 to 4096 words each. 
The term page refers to groups of address space of the same size. For example, if a page or block 
consists of 1K words, then, using the previous example, address space is divided into 1024 pages and 



main memory is divided into 32 blocks. Although both a page and a block are split into groups of 1K 
words, a page refers to the organization of address space, while a block refers to the organization of 
memory space. The programs are also considered to be split into pages. Portions of programs are 
moved from auxiliary memory to main memory in records equal to the size of a page. The term 
"page frame" is sometimes used to denote a block. 
  

 

Memory space & address space split into 1K words 

 



 

 Memory table in paged system 

 

Associative memory page table 

A random-access memory page table is inefficient with respect to storage utilization. we observe 
that eight words of memory are needed, one for each page, but at least four words will always be 
marked empty because main memory cannot accommodate more than four blocks. In general, a 
system with n pages and m blocks would require a memory-page table of n locations of which up to 
m blocks will be marked with block numbers and all others will be empty. 
 
 



 
An associative memory page table 

 
 

Page fault:-The program is executed from main memory until it attempts to reference a page that is still in 
auxiliary memory. This condition is called page fault . 
 
Memory management hardware: -In a multiprogramming environment where many programs reside in 
memory it becomes necessary to move programs and data around the memory, to vary the amount of 
memory in use by a given program, and to prevent a program from changing other programs. 
 
The basic components of a memory management unit are: 
1. A facility for dynamic storage relocation that maps logical memory references into physical 
memory addresses 
2. A provision for sharing common programs stored in memory by different users 
3. Protection of information against unauthorized access between users and preventing users from 
changing operating system functions 
 
Segment:-A segment is a set of logically related instructions or data elements 
associated with a given name. Segments may be generated by the programmer or by the 
operating system. Examples of segments are a subroutine, an array of data, a table of 
symbols, or a user's program. 
 
Logical address: -The address generated by a segmented program is called a logical address 
.This is similar to a virtual address except that logical address space is associated with variable-
length segments rather than fixed-length pages. 
 



Segment page mapping:- It was already mentioned that the property of logical space is that it uses 
variable-length segments. The length of each segment is allowed to grow and contract according to the 
needs of the program being executed. One way of specifying the length of a segment is by associating 
with it a number of equal-size pages. 
 

 


