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COMPUTER ORGCANIZATION
UNIT-5: THE MEMORY SYSTEMS

Svilabus:
- Basic memory concepls
- Memaory System Consideration
- Read- Cnly Memory
- ROM
- PROM
- EFROM
- EEPROM
- Flash Memory
- Cache Memories
- Mapping Functions
- INTERLEAVING
- Secondary Storage
- Magnetic Hard Disks
- Cipnical Disks
Texi Book to Follow:

I. Computer Organization, Carl Hamacher, ZvonksVranesic, SufenZakv, Sth Edition
Moliraw Hill

1. BASIC MEMORY CONCEPTS:
- A memory unit is the collection of storage units or devices topether.
- The memory unit stores the binary infurmation in the form ol bits.
- Memory/ Storage is classified into 2 categories:
i) Volatile Mamory
i Non Volatile Memory
i) Volatile Memory:
- This loses-its data, when power 15 switched ofl’
it} Mon-Wolatile Memory:

- This is a permancni stornge and does nok luse any duta when power s switched off

emory Access Methods:
i} Random Access:

l-.i_dlﬂhn Rae, Awst.Frofl, CSE dept; M Krivhne S Gendhi Group of nstituiions, Ongels
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Memory Hievarchy:
- The Memory Hierarchy is depicied as,
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- The comparisons in the Memory Hiernrehy is depicted as,

Registars
_inCPU

Lovel 1/ Cache mamory \

Lovel2/  Main memary N
Leval3 i Disk cache R

Love! %_ Magnetc disk \

Levai 5, Optical disk / Magnetic tapes N

=

Level O
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it bipe
Word line
IV Rt S
r T ]
{3.‘“ Comnecied to stee &
F

a

v ll
3 Ned gopnected 1o slore a |

el
—_—
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- A logic value 0 is stored in the call if the ansisiar is connected 10 ground al paint P,
otherwise a 1 is sioved.

- The bit line is connected through a resistor to the power supply
_To read the statg of the cell, the word line is activated

_ Thus the tansistor switch is closed and the volage on the hit line drops to near sone i
there it & connection between the transistor and ground.

- [{ thare is no connection ta pround, the Hit ling remains ot the high voliage, indicating a
1.

- A sense cireuil at the end of the bit line generates the proper putput value.
- Dala are wrikien into a ROM when it is manulactired.

PROM:

- Tt stands for Progratamable Read Only Memory,

- 1t was first developed in 705 by Texas Instruments.
- It is made as a biank memory.

- A PROM programmer or PROM burmer is reguired in order 1o write datn onie a PROM
ehap.

- The data sloved in it cannot be modified and therefoee o s also Koowo as omg Time
programmable device.

P Srinbyacn AR0, BaaPvof., CEF digd, s Krishma Sl Oweatd Qreup s institwsion, Thegesles
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EPROM:
= It stands for Erasable Programmable ROM.
- Itis different from PROM == unlike PROM the prozmm can be written on il more than

ance,

= This comes as the solution 1o the problem faced by PROM.
- The bits ol memory come back tn |, when ulir violet rays of some specific wavelength
falls into its chip’s glass panl,

= The fuses are reconstitimed and thus new things can be writien on the memory.

- It dands for Elesirically Frasable Read Only Memory,

Phese are also ersable like EPROM. bul the same wirk of erasing 1s performed with
electric current. Thus. it provides the euse af erasing it even | the memary is positioned fn
the computer.

It stores computer system’s BIOS. Unlike EPROM, the entire <hip does not have to he
eried lor changing some portion of L.

= Thus it even gets rid of some bigeest challenpes fared by using EPROMs.

FLASH ROM:

It ks an upduted version of EEPROM,

I EEPROM, it i not prssible 1o alier many memory locations at the same rime.
However, Flash memaory provides this sdvantage over the EEFROM by enabling this
feature of altering many locations simullancously,

It was invented by Tashiba and gol its nume from it capability of deleting a block of data
i Nash.

- One way al constructing o larger module {5 to mount Mash chips on u small ¢ard,

- Such flash cands have a standurd interface that makes them wsable in a vuriety uf'; .
products,

= A cord 15 simply plugged into a convenienily accessihle slat,

- Flash cards come in a variety of memory sizes.

- Typical sizes are 8. 32, and 64 Mbytes,

‘lash Drives:

- Larger Nash memory modules hove been developed 1o replace hard disk driyves.

A Sirinivirns Rap, At Pral, 09 dq:t,hluﬂul-limﬁwﬂumn.m
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~ These flash drives are desipned to fully eraulate the hard disks, 10 the point that they can
be fited into standard disk drive bays.

- However, the storage capacity of the flash drives is significantly lower,
- Currently, the capacity of flash drives 15 less than one Giga Byle,

3. MEMORY SYSTEM CONSIDERATIONS:

- The choice of a RAM chip for a given application depends an several (aclors such os,
cost, speed, povwer dissiparion, and size of the chip.
Memory controller:

- The address is divided into rwo parts.
- The high-order address Yils, which select a row in the cell array, are provided [irst and
latched into the memory chip under control of the RAS signal.

- Then the lower-order address bits, which select a column. are provided on the same
address pins and faiched using the CAS signal.

- A typical procedure issues all biis of an address at the same time,

- The required mulliplexing ofaddress bits is usually performed by & Memory Controller

Circuil, which is interposed between the processor and the dynamic memory
- Use of'a Memory Controller is depicied as,

RowiCalumn

Address >§ = addreis

_ RAS
R p— -
= Memory CAS —

Rexjues) courrol lez RIW
Clock —

. Clock
e
[< >

. Dats

- The ceniroller accepts a complete address and the RYW signal from the pracessor, uader
cantrol of 2 request signal which indicaies thal a memory access operation is necded,

- The centroller then forwards Lhe row and column partions of the adidress 1 the Mo
and generates the RAS and CAS sipnals.

ASrintmm fun, Azsefrol., C5E depl, Rise irishne S8l Sandh| Groug of Inthwiiene, Dngola
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- Thus. whenever one of the main memory blocks 0, 128, 256, ... is loaded into the

caghe. it is stored in cache biock(.
- Blocks 1. 139, 257, . .. arc slored in cache block 1, and so on.

- The memoeny address can be divided inte firee fietds

— The loww-nrdes 4 bits select one of 16 words in a bk,
- When a mess Block enters the cache, the 7-bit cache block field determines Lhe cache

pasition in v hich this block must be stored.
= The high-reder 3 bits of the memary address of the bfgck are stgred in 5 tag bils
assewiaged with s Jecation in e cache,
< The [ar bils ideatily w hich o the 32 main memory blocks mapped inte this cache
posiion is currently resident i the cache,
_ A% enegininn procecds, e 7-hit cache hlock ficld of cach address generated by the
[rucesnr points L particular block location in the coche.
« The highoarder 5 hits of the address are comparcd with the tag birs agsociated with that
eache Incation [11hey natch, (ben the destred word is in that block of the cache.
14y ] - I thete is ne match, then the bfack contaiming the required word must first bg read from
25 1he main memers ard Tnaded inte the cache.
wamfLR? L
A & i1 A ssocialis e blapping,
_ Ihe most Jexible mapping methed, in which a main memory bloek can be placed into
s T st coche bock pasitien.
“+i' iy
e R
—_— Lol
L:'— Ttr-.n.q 1l o
C__a P | l
3 S B
L ‘L'Lu'hti [ . Binl 127
b tma [ W20 ol E T
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- In this case, |2 lag bits are required to identify a memery block when it is resident in the
cache.

- The tag bits of an address received from the processer are compared Lo the lag bils of
each bleck of the cache 1o see if the desired block is present.

- This is calied the associarfve-mapping fechnique.

- It gives complete freedom in choosing the cache location in which to place the memory
block, tesulting in a mere efficient use of the space in the cache.

- When a new block Is brought inte the cache, it replaces (ejects) an existing block only il
the cache is full,

- The eqmplexity of an associative caghe is higher than that of o direct-mapped cache,
because of the need to search alt 128 tag patterns to determine whether a given block is in
the cache,

- To avoid a lang delay, the tags must be searched in parallel.

- A search of this kind i3 cdlled an associaive seaich,

fil) Set-Associztive Mapping:

{~ Another approach is to use a combination ol the direct- and asseciative-mapping
technigues.

{_- The blocks of the cache are grouped into sets, and the mapping allows a bieck of the
main memory o reside in any block of a specifie set.)
- Henge, the contention problem of the direct method is eased by having a few choices for
block placement.
- At the same time, the hardware cost is reduced by decreasing the size of the associative
search.
- An example of Ihis set-aegociative-mapping technique is shown in Figure 8.18 lora
cache with two blocks per sel
- In this case, memory blocks 0, 64, 128, ..., 4032 map inlo cache set 0, and they can
aocupy either of the two block positions within this set./

(_- Having 64 sets means that the6-bit set field of the address determines which sct of the
cache mipht contain the desired block. )
- The 1ag field of the address must then be assoctatively compared to the 1ogs of the two
Blocks of the set Lo check it the desired block s presentd
- This to-way associalive search I8 simple to Implament,
- The number of blocks per set is a parameter thal can be selected 1o suit the reguinemens
of a particular computer.
- For the main memory and tache sizes, four blocks per set cen be secommodated by 2 5-
bit set field, eight blocks per set by g 4-bil st field, and so on.

A Srinivega Poa, Aot ol C5E dept, Ay 0 dwe 5al Gandhd Sroup of inattusions, Dngole




3. MEMORY INTERLEAVI NG:

- 1f the main memery of a computer is struclured as a collection of physically separute
modules. each with its own address buler register (ABR ) and dita but¥er register (DRRY,
memory access operations may proceed in more than vne module mthe samye e,

~ Thus the aggregae rate of transmission of words w and leam the moin memon svstem
can be increased.

- How individual addresscs are distribuled over the modules is critical kn determining the
average number of modules that can be kepl busy us compuniiony proceal,
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- Two methods of address layout, i.e., Addressing Mulliple-modul¢ Memory Syslems arc
depicied as,

kadutc

Muilideesa b mandode WM neldrecs

b ] t ]

b= 1l —— , .

1 ABR]DBK| i ABw | DER ‘[ ABR EDBER

ey modele | ™1 Modele | ] Modoke
o am— i e n—1

(8] Congecunive words in g modkie

-+——— m hiLs

= K hilp =

Muddracn in modale | Mochuk= MW wldtrers
L - [T
|
. [ [
l.ﬁ'ﬂﬂ DER l 1;;31*. DAR ] ABR nnnl

2

Module ™ Mxhale Modul= ™
f . gl |

[ Consecutive wordz in comsaculve modi tes

- Int the firsk case, the memody address 2enerated by the processor is decoded.

- The high-order k-bits name one of n modules, and the low-order m-bits nome a
particuiar word in that module.

- When consecutive locations are accessed, as happens when o Block of Jdots i tansfernal
to a cache, only one module is involved,

- At the sume ttme, however, devices with direel memionrs secess (DM A abilin may e
accessing inflormation in other memory modules.

- The second and mote efieetive way to address ihe madles is calicd S leawn
Interleaving.

A Srivheasm Ran, Sdctrrad, CSE dupt, Mism Wriche S Gandhl Grmp of Matiutie sy, Coges
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- In this scheme, changes in magnetization occur t':.:r each d‘i{ la ‘::it. _
- Clocking information 15 prmfidad by the change I magnelization at the midpoint ur%
hit period. , ‘

- The drawback of Manchester encoding is its poor bit-starage density.
- The space required to represent each hit must b
changes in magnetization.

- In most modern disk units, th
filtered enclosure.

- This approach is known as Winchester echnology

¢ large enough lo accommaodate two

& disks and the read/write heads are placed in a sealed, air-

Organization and Accessing of Data on a Disk:
- The organization of data on one surface of a disk is depicted as,

g— E—
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O e AN Sewtor 0, ek 0
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e e et =
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- Each surface is divided into concentric fracks, and each track is divided into secrars

- The set of corresponding tracks on all surfaces of a stack ol disks forms o logical
cylinder. E

- All tracks of a eylinder can be nccessed without moving the read/write heads.

- Data are accessed by specifying the surface number, the trnck number, and the sector
number. .

- Read and Write operations always start al sector boundaries,
- Data bits are stored serially on each track.

- Each sector may contain 312 or more byvtes.

: The data are preceded by a sector header that contains identification (sddressing)
information used (o find the desired sector on the selected wnck.

+[ Following the data, there are additional bils that constitule un error-correcting code
ECC).

h-ilhﬂr_hn,ﬂ_-ﬂ'mf.. CSE dept, Wi Krighne Sl Gandhi Groue of nstiutions, Orgols
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