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Problem Analysis and Recommendations of Memory
Contents in High School Informatics Textbooks

Sangwook Lee" - Taeweon Suh'”

ABSTRACT

One of the major goals in high school Informatics is for students to develop creative problem-solving abilities
based on knowledge on computer science. Thus, the contents of the textbooks should be accurate and appropriate.
However, we discovered that the current Informatics textbooks contain the untrue and/or inappropriate descriptions
of main memory and virtual memory. The textbooks describe that main memory is composed of RAM and ROM.
The virtual memory is described as a technique in which a part of the secondary storage is utilized as main
memory to execute an application of which size is larger than that of main memory. In this study, we attempted to
uncover the root causes of the fallacies, and suggest the accurate explanations by comparing with renowned books
adopted in most schools worldwide including USA. Our study reveals that it is inappropriate to include ROM in
main memory from the memory hierarchy perspective. Virtual memory is a technique that provides convenience to
programmers, through which an operating system loads the necessary portion of a program from secondary storage
to main memory. As for the advantages of virtual memory in the current computer systems, the focus should be on
providing the effective multitasking capability, rather than on executing a larger program than the size of main
memory. We suggest that it is appropriate to exclude virtual memory in textbooks considering its complexity.

Keywords : High School Informatics Textbook, Main Memory, Secondary Storage,
Memory Hierarchy, RAM, ROM, Virtual Memory, Swap space
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e Main memory (also called primary memory). This is a relatively large fast memory

. . . used for program and data storage during computer operation. It is characterized by
Computer Architecture and Organization

the fact that locations in main memory can be directly accessed by the CPU
[Hayes 1978]

instruction set. The principal technologies used for main memory are semiconductor

integrated circuits (ICs) and ferrite cores.

* Memories in a hierarchy can be classified on the basis of several attributes. One
common attribute is the accessing method, which divides the memories into three
basic classes: random-access memory (RAM), sequential-access memory (SAM), and

Computer Architecture and Parallel Processing direct-access storage devices (DASDs).

[Hwang 1984] * On the basis of access time, memory can be further classified into primary memory
and secondary memory. Primary memory is made of RAMs and secondary memories
are made of DASDs and optional SAMs. In characterizing the access times of

memories in the hierarchy we will concentrate on RAMs and DASDs.

¢ The main memory is the central storage unit in a computer system. It is a relatively
large and fast memory used to store programs and data during the computer
Computer System Architecture operation.
[Mano 1993] * Most of the main memory in a general-purpose computer is made up of RAM
integrated circuit chips, but a portion of the memory may be constructed with ROM
chips.

¢ To distinguish between the volatile memory used to hold data and programs while

L . they are running and this nonvolatile memory used to store data and programs
Computer Organization and Design

between runs, the term main memory or primary memory is used for the former,
[Patterson 2008]

and secondary memory for the latter. DRAMs have dominated main memory since
1975, but magnetic disks have dominated secondary memory since 1965.

* The CPU can load instructions only from memory, so any programs to run must be

. stored there. General-purpose computers run most of their programs from rewriteable
Operating System Concepts

[Silberschatz 2010] memory, called main memory (also called random-access memory or RAM). Main

memory commonly is implemented in a semiconductor technology called dynamic

random-access memory (DRAM).
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Computer Architecture and Organization
[Hayes 1978]

The programmer’s task is greatly simplified if he can view the computer as having a
single addressable memory of essentially unlimited size to which he alone has access.
This the which attribute  of
third-generation computers, even though it originated with the one-level-store concept

is virtual-memory concept, is considered an
implemented in the Manchester University machines of the late 1940s. To understand
virtual-memory systems, we must distinguish between the set of (symbolic) addresses
appearing in a program, called the Jogical address space L, and the set of actual
addresses in memory, called the physical address space P. . may be larger than the

P—hence the term virtual.

Computer Architecture and Parallel Processing
[Hwang 1984]

Virtual memory gives programmers the illusion that there is a very large memory at
their disposal, whereas the actual (physical) memory available may be small, This
illusion can be accomplished by allowing the programmer to operate in the name
the the

program-generated (virtual) addresses (during execution) into the memory-location

space  while architecture provides a mechanism for translating

addresses.

Computer System Architecture
[Mano 1993]

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.

Computer Organization and Design
[Patterson 2008]

Similarly, the main memory can act as a “cache” for the secondary storage, usually
implemented with magnetic disks. This
Historically, there were two major motivations for virtual memory: to allow efficient

technique is called virtual memory.

and safe sharing of memory among multiple programs, and to remove the

programming burdens of a small, limited amount of main memory.

Operating System Concepts
[Silberschatz 2010]

Virtual memory is a technique that allows the execution of processes that are not
completely in memory.

Virtual memory also allows processes to share files easily and to implement shared
memory.

Virtual memory is not easy to implement, however, and may substantially decrease
performance if it is used carelessly.
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