How Does a Computer Work?
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Instruction Execution Engines

* What Computers Can Do: execute instructions to process
information

* What Computers Can’t Do: Computers can only
deterministically executes a specific instruction based on
the program and the data; running the same program with
the same data produces the same results every time.

— No imagination or creativity
— No intuition
— No sense of irony, subtlety, proportion, or decorum
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Anatomy of a Computer
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Input/Output

* Input units bring data to memory from outside world; output units send
data to outside world from memory
— Most peripheral devices are “dumb” meaning that the processor
assists in their operation

— Disks are considered both input and output devices because they can
output information and input it back again
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Fetch/Execute Cycle

o Computer = instruction execution engine
» The fetch/execute cycle is the process that
executes instructions
— Instruction Fetch (IF)
— Instruction Decode (ID)
— Data Fetch (DF)
— Instruction Execution (EX)
— Result Return (RR)
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Memory

* Programs and their data must be in the memory while they
are running

* A byte at every memory location

* Four bytes are called a word

0 1 2 3 4 5
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Control

» The Fetch/Execute cycle is hardwired into the computer’s contral, i.e.
it is the actual “engine”.
< Alinstruction may say things like
— Put in memory location 20 the contents of memory location 10 +
contents of memory location 16
— The instructions executed have the form ADDB 20, 10, 16

10 11 12 13 14 15 16 17 18 19 20 21
6 12 18
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ALU

» The Arithmetic/Logic Unit does the actual computation

» For an instruction like ADDB 4000, 2000, 2080, the actual ADD
happens in ALU (arithmetic and logical units)

* Most computers have only about a 100-150 instructions hard wired

2000 2080 4000
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The PC's PC

* The program counter (PC) tells where the next instruction comes from
— Instructions are also stored in memory. Program counter contains the
memory address of the next instruction
— In some computers, Instructions are a word long, so add 4 to the PC
to find the next instruction

Program Counter: 112

—

112 113 114 115 116 17 118 119 120 121

ADD 210,216,220 |AND 414,418,720 |OR
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Instruction Fetch
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Instruction Decode

Pull apart the instruction,

set up the operation in the ALU,

and compute the source and destination operand addresses.
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Data Fetch

Move the operands from memory to the ALU.
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Execute:

Compute the result of the operation in the ALU.
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Result Return

Store the result from the ALU into the memory at the destination address.
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Clocks Run The Engine

e The rate a computer “spins around” the Fetch/Execute cycle is controlled by
it's clock

— Current clocks run 2-3 GHz

— In principle, the computer should start one instruction per cycle, but often it
fails to

— Modern processors try to do more than one instruction per cycle, and often
succeed

— Clock rate alone is not a good indicator of speed
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MANY, MANY SIMPLE
OPERATIONS

« Converting Complicated Tasks into Simple Instructions
« Forms of Translation: Compiling and Assembling

¢ The Operating System
— Manage computer resources, provide a user interface, and run

application programs.
— Most common ones: Microsoft windows, Unix and Linux, and MacOS

A =B+C; ADD 200, 216, 220 00010000 00011000 ...
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Integrated Circuit

 Integrated circuits (ICs) are the power source of
the information revolution

— When computers were made of discrete parts,
wires of every transistor (3), capacitor (2),
resistor (2), etc. had to be hand-connected

— Labor intensive, expensive, error prone,
unreliable, cumbersome, ... even with robots!
— Integrated circuits solved that by 2 ideas
« Integration -- circuits built as a unit from like parts
 Photolithography -- printing process to make chips
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Intel Pentium Processor
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Photolithography

e Aluminum for wires is
deposited onto the silicon
and covered with a layer
of photoresist.

* A mask with the wire
pattern is placed over the
photoresist.

» Ultraviolet light passes
through light areas of the
mask reacting with the
photoresist.
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Photolithography

« The changed-by-light
photoresist and its underlying
aluminum are etched away,
leaving a resist/aluminum
pattern corresponding to the
dark places on the mask.

¢ The remaining resist is
removed, leaving the pattern of
wires.

* The cost is the same no matter
how complicated the wiring is.
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Semiconductor

» Silicon, a semiconductor -- sometimes it conducts
and sometimes it doesn’t

— It's possible to control when semiconductors do and
don’t conduct

— Compute by controlling conductivity

» Any signal that can be controlled using the state of
one or two other signals can be used to build a
computer
— E.g. optical computer
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Combining the Ideas

» An information-processing task will be performed by an
application program written in high-level languages

» The program’s commands are compiled into assembly
commands

» The assembly commands are translated into binary
machine instructions.

» Binary machine instructions are stored on hard disk, and
loaded into memory and started by OS

 Binary instructions are executed in the Fetch/Execute
cycle.

« The computation of instructions is implemented by
controlling the conductivity of semiconductors.
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