Computer Organization
Memory
• The smallest possible quantity of information is a binary digit, often called a bit. In
base ten, we have the digits 0, 1, 2, ..., 9. In base two, we have only the digits 0 and 1.
• A bit can only represent (at most) an answer to a yes/no question.
• It is relatively straightforward to represent the digits 0 or 1 as:
– the state of an electronic circuit (memory),
∗ current in a semiconductor device.
∗ charge on a capacitor
– or as an impression on a magnetizable material (hard drive, data tape)
– or as a pit etched into an aluminum substrate (CDROM, DVD)
• Bits are grouped into units of eight bits, known as a byte. Why 8 ? It is a convenient
size for representing a single letter in a character set.
• Q: How many different bit-patterns are possible in one byte ?
A: 28 = 256.
Computer memory can be thought of simply as a ”parking lot”. Each space in the memory
can store one byte. The spaces are numbered, starting with 0, 1, 2, 3, ....
Our current model thinkpad has 231 = 2, 147, 483, 648 bytes of memory (a.k.a. two gigabytes).
Pictorially,
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Hardware Supported Data Types
ASCII Character Set

• All integers are represented in base two.
– Integers are usually 4 bytes; 2 byte integers are also supported on most computer
chip-sets.
– Long integers are 8 bytes.
– Unsigned (positive) integers are usually either 4 or 8 bytes.
• Real numbers are represented by a mantissa and an exponent.
– Floating point (real, e.g., 3.1415927) numbers are usually 4 bytes.
– Double precision (real) numbers are usually 8 bytes.
– Quad precision (real) numbers are usually 16 bytes.1
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Not supported on all chip-sets.
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Simplified Computer Architecture

Computer Operation
• A program consists of a sequence of machine instructions held in memory
• The program counter holds the address of the next instruction.
• Operation proceeds by a Fetch-Decode-Execute cycle.
– Program counter contains the address of the next instruction
– The control unit initiates a fetch (from memory) of the next instruction. Upon
completion of the memory cycle, the next instruction is held in the instruction
register. An instruction includes:
∗ An operation code which specifies the type of operation (e.g., add, multiply,
branch).
∗ An encoding of the data source used by the operation
– The decode unit translates the operation code portion of the instruction into
control signals which enable the correct data pathways within the CPU.
– Instruction execution begins:
∗ In case of an arithmetic instruction, the data in the specified general purpose
registers are routed to the arithmetic logic unit where the appropriate operation is performed. The result is stored (temporarily) in the output register.
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The contents of the output register are then routed to a specified general
purpose registers.
Example:
add
R1, R2, R3
In case of a LOAD instruction, the desired address is routed to the memory
address register (MAR).2 The control unit initiates a fetch (from memory)
of the data contained at the memory location indicated by the MAR. The
desired data is received in the memory data register (MDR). The data in
the MDR is routed to a designated general purpose register. The net result of
the load instruction is that the data in a specified memory location is copied
into a specified general purpose register.
Example:
load
[ R1 ], R2
A STORE instruction works similarly to the LOAD instruction, except that
the data in a specified general purpose register is copied into a specified memory location.
Example:
store
R0, [ R3 ]
A COMPARE instruction compares (subtracts) two numbers and sets the
condition code register (CC). The condition code register indicates exactly
one of “less”, “equal”, or “greater”.
Example:
CMP
R1, R2
An UNCONDITIONAL BRANCH instruction changes the program counter
to a specified instruction (possibly anywhere) within the currently executing
program.
Example:
BR
address
A CONDITIONAL BRANCH instruction comes in several variations,
such as “branch if less”, “branch if less or equal”, etc. The conditional branch
instruction uses the condition code register and takes the branch (i.e., sets the
PC) if the condition code register matches the requirements of the particular
conditional branch instruction.
Example:
BE
address
The above branch is only taken if the condition code indicates “equals”.
A CALL instruction is a special type of unconditional branch instruction
which stores the current value of the program counter (so that execution
can later resume at the subsequent instruction), and then changes the program
counter to a specified instruction (possibly anywhere) within the program.
Example:
CALL
address
A RETURN instruction is a special type of unconditional branch instruction
which uses a previously stored value of the program counter (saved by the
CALL) to resume execution at the point immediately following the CALL.
An INPUT or an OUTPUT instruction utilizes hardware not shown in
the diagram. For our purposes, we can consider an INPUT instruction as a
data copy from an input device to a (reserved) location in memory. We can
consider an OUTPUT instruction as a data copy from a (reserved) location
in memory to an output device.

For all instructions, except the branch instructions, the program counter is advanced to the
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The MAR and the MDR are not shown in the diagram above.
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next instruction in the program. I.e., if instructions take up 4 bytes, then the number 4 is
simply added to the program counter.

Summary of Computer Instructions
A computer program can:
• perform an arithmetic operation,
• copy a value from a place in memory to a register,
• copy a value in a register to a place in memory,
• unconditionally go to a new position within the program,
• compare two values, and save the result in the condition code register,
• conditionally go to a new position within the program depending on the condition code
register,
• call a sub-program,
• return from a sub-program,
• input a value,
• or, output a value.

That’s it.

Algorithms
An algorithm is a sequence of steps which can be performed by a computer.
Every algorithm must either be:
1. expressed entirely using instructions which a computer can perform OR
2. expressed in sufficient detail such that the language describing the algorithm can be
directly translated in to a sequence of instructions.
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Addressing Modes
There are many variations on addressing modes, and we will examine them in greater detail
later in the semester. For now, we introduce only a few addressing modes:
Register direct: For example, and ADD instruction might be:
add

R1, R2, R3

In this addressing mode, a register holding the data to be used is specified. For the
example above, if R1 contains 7, and R2 contains 11, then on completion of the add
instruction, R3 contains 18.
Immediate mode: Immediate mode allows small data values to be specified in the instruction itself. For example:
add

R1, 17, R3

In the example above, the value held in register R1 is added to the number 17, and the
result is stored in R3.
Register indirect: In the register indirect addressing mode, a register is specified which
holds the location in memory where the data may be found. This mode is usually
distinguished from register direct mode by using square brackets around the register
name. For example:
load

[R1], R2

In the example above, the data found in memory at the location contained in register
R1 is copied to R2.
Some computer chip-sets allow register indirect mode in arithmetic operations (e.g.,
Intel x86 chips), others require register direct addressing for arithmetic operations
(e.g., SPARC, MIPS).
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