IA/L [l Memory Management

Computer memory

Memory refers to the physical devices used to store programs and data temporary or
permanent basis. The first digital computer ENIAC, used thousands vacuum tubes for

memory.
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Memory management
Involves taking segments of memory and assigning them to be used applications and
moving in-between other portions of memory.

Memory manager
Operates with the computer operating system to help manage memory more
efficiently and flush out unused segments of memory to free memory space.

Why Memory Management
The operating system usually requires more memory than physically available to make
more memory available to the competing processes.

It achieves this by

1. Subdividing memory to accommodate multiple processes
2. Relocation of memory during program execution
3. Best using of different types of memory
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e Re-Location

1. A Programmer does not know where the program will be placed in memory when it
is executed.

2. While the program is executing, it may be swapped to disk and returned to main
memory at a different location.

3. Memory references must be translated in the code to actual physical memory
address

¢ Protection
Processes should not be able to reference memory locations in another process
without permission

¢ Sharing

1. Allow several processes to access the same portion of memory
2. In multi tasking allow each process to access the same copy of the program rather
than have their own separate copy

Memory management bugs

Arithmetic overflow
Results when a calculation results a number larger than the allocated memory space.

Memory leaks

Occurs when a program requests memory from the operating system and never
returns the memory when it's done with it. A program with this bug will gradually
require more and more memory until the program fails as it runs out.

Segmentation fault
Results when a program tries to access memory that it has no permission to access.

Buffer overflow
A program writes data to the end of its allocated space and then continues to write
data to memory that belongs to other programs.
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How Computer Memory is made?

The production of computer memory begins with the creation of a silicon wafer. Silicon
is extracted from sand, melted, pulled, cut, ground, and polished into silicon wafers.
Each memory chip is a matrix of tiny cells. Each memory cell holds one bit of
information. The silicon wafer is made by pressing liquid silicon crystals into a large
thin sheet. The sheet then cut into individual strips. A guided laser system then creates
etchings on the board. These etchings work as the logic for the transistors and
capacitors to store and conduct the flow of electrons. A memory module consists of a
group of memory chips. After this memory modules are soldered to the board, using a
series of copper pins.

http://www.youtube.com/watch?v=F2KcZGwntgg
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Semiconductor memory

A semiconductor is a material with electrical conductivity intermediate in magnitude
between that of a conductor and an insulator. Semiconductor memory is an electronic
data storage device. Silicon is used to create most semiconductors. Other materials are
used are germanium, gallium arsenide, and silicon carbide..

http://www.youtube.com/watch?v=gkjCeOr5-cw&feature=relmfu
http://electronics.howstuffworks.com/diode.htm

Electrons and Holes

http://www.allaboutcircuits.com/vol 3/chpt 2/5.html

N-type

In N-type phosphorus or arsenic is added to the silicon in small quantities. In N-type
electrons have a negative charge. N-type silicon is a good conductor.
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In P-type boron or gallium mixed into the silicon lattice, they form "holes" in the lattice

where a silicon electron has nothing to bond to. The absence of an electron creates the
effect of a positive charge. P-type silicon is a good conductor.
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Diode

When a N-type and P-type silicon put together gives a diode its unique properties. A
diode is the simplest possible semiconductor device. A diode allows current to flow in
one direction but not the other.

Transistors

A transistor is created by three layers (NPN or a PNP). A transistor can act as a switch
or an amplifier. A transistor looks like two diodes back-to-back. No current could flow
through a transistor because back-to-back diodes would block current both ways.
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When you apply a small current to the center layer, a much larger current can flow

through the transistor as a whole. A small current can turn a larger current on and off.
This gives a transistor its switching behavior.
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Video

http://www.youtube.com/watch?v=ZaBLiciesOU

Most transistors used today are NPN because this is the easiest type to make from
silicon. The transistor has three connections named base (B), collector (C) and emitter
(E). The small base current controls the larger collector current.

Memory Cell

To create a 1-bit memory, we need a logic circuit that "remembers" previous input values.

Darlington pair

| Darlington pair This is two transistors connected together so that the current

amplified by the first is amplified further by the second
transistor. The overall current gain is equal to the two
individual gains multiplied together:
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RS NAND Latch
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We can build such a circuit from two NAND gates: Normally both inputs are held at
logic 1. If either is dropped to logic O, the corresponding output will go to logic 1 and
the other will go to logic 0. The outputs will then stay in that state when both inputs
return to 1. The circuit has the ability to remember 1 bit or information.

Early memory organization

ENIAC had no central memory. It had a series of twenty accumulators, which
functioned as computational and storage devices. Each accumulator could store one
signed 10-digit decimal number.

The basic unit of memory was a flip-flop. Each circuit had two inputs and two outputs.
One of the outputs was positive, the other was negative. In the other position, the
poles were reversed. Logic state of R S flip flop is toggled between two states by pulses
on different lines.
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Core memory invented in 1952 wa organized into 2-dimensional matrices, usually in
planes of 64X64 or 128X128. These planes of memory were stacked to form memory
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banks. The core read/write wires were split into two wires (column, row), each wire
carrying half of the necessary threshold switching current. This allowed for the
addressing of specific memory cores in the matrix for reading and writing.

Molecular memory

Use molecular species as the data storage element. It uses charge storage,
photochromism, or changes in capacitance. One approach to molecular memories is
based on special compounds such as porphyrin-based polymers which are capable of
storing electric charge.
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Volatile memory

Volatile memory is computer memory that requires power to maintain the stored
information. Static RAM (SRAM) or dynamic RAM (DRAM). SRAM retains its contents as
long as the power is connected. Dynamic RAM needs regular refresh cycles to prevent
its contents being lost.

Non-volatile memory

This is computer memory that can retain the stored information even when not
powered. Read-only memory (ROM), flash memory, magnetic computer storage
devices (hard disks, floppy discs and magnetic tape, optical discs)

Main Memory/ Primary Memory

RAM (Random Access Memory) is the most common form of Main Memory. The
contents of any location in RAM can be “read” or “written” very quickly. The time to
read or write is referred to as the access time and is the same for all RAM locations.
RAM is used to hold both program code (instructions) and data Programs that are
running. They are normally “loaded” into RAM from a disk prior to execution by the
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CPU. Locations in RAM are identified by an addressing scheme from 0 onwards. The

contents of RAM are lost if the power is turned off.

RAM stores data and instructions in a cell made of a capacitor and transistor. These
cells must be refreshed with electricity every few milliseconds for memory to keep its
charge and hold the data as long as needed. When the computer is powered off, the
information in memory will be lost. Consider a memory cell as bucket with holes. An
empty bucket is denoted as 0. It requires bucket to be filled with water to retain it’s
state of 1.

Refresh cycle

When referring to computer memory, the refresh cycle refers to the contents of a
memory's cell being recharged. The memory refresh cycle helps prevent leakage from
occurring, which helps ensure that the bits within memory are not read incorrectly.

ROM (Read Only Memory)

ROM is like RAM but its contents cannot be overwritten. ROM memory is often used to
store the “boot” or start-up program that a computer executes when powered on.

Page 10 of 17
Niranjan Meegammana http://advanced-level-ict.blogspot.com




IA/L [l Memory Management

Static memory

Memory which retains its contents even after the power is switched off. (HDD,
Magnatic tape, CD ROM)

Flash memory
A non-volatile memory with an integrated circuit that does not need continuous power
to retain the data. Much more expensive than magnetic storage.

DRAM- Dynamic Random Access Memory

DRAM is a volatile memory used in computers. It must always have an electric current
to maintain electrical state. This is achieved by refresh.

SDRAM - Synchronous DRAM

SDRAM is a type of DRAM that run at higher clock speeds than conventional memory.
SDRAM synchronizes itself with the CPU’s bus.

ROM : Read Only Memory

ROM used to store data and programs. Its contents may be read but cannot be written
(e.g. BIOS, CD-ROM).
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PROM : Programmable ROM

PROM can be programmed once. The information written is permanent and cannot be
erased or deleted. E.X BIOS.

EPROM : Erasable Programmable Read-Only Memory

This memory can be read from but not stored to. They can be reprogrammed when
exposed to ultraviolet light. Hardware manufactures use EPROM for devices.

EEPROM : Electrically Erasable Programmable Read-Only Memory,
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EEPROM is a PROM that can be erased and reprogrammed using an electrical charge.

This memory remembers data when the power is turned off. EEPROM was often used
for older computer's BIOS.

MicroSD
MicroSD is a small removable flash memory card.

|

Memory address

A specific location in RAM used to track where information is stored. They are
connected to the address bus with direct address. The memory address space defined
by address bus width. 8bit (256)
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Address = 8 bit
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Main Memory

SDRAM : Synchronous DRAM

A type of DIMM memory that synchronizes itself with the computer's system clock to
provide a synchronization between the memory and the computer processor. it allows

the memory to run at higher speeds than previous memory types.(DDR3)

Optical Memory
Secondry storage device that records data by burning microscopic holes in the surface
if the disk with a laser.

Niranjan Meegammana
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Magnetic tape

a backing store which uses plastic tape coated on one side with magnetic material.
Digital information is stored on the tape as a set of parallel tracks, which are written or
read simultaneously.

Magnetic Disk
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