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PC Fundamentals for Design Professionals 

Jack H Warner, P.E. 

History of the Personal Computer 

IBM celebrated its 90th anniversary in 2001! That makes the PC industry, which has just 
been around since just 1981, sound like a relative infant.  IBM was started in 1911 when 
Herman Hollerith's Tabulating Machine Co. merged with two other companies to 
become the Computing Tabulating Company, or CTR. In 1924 they changed their name 
to IBM.  IBM officially stands for International Business Machines, but many other 
possibilities have been proposed, such as “I’ve Been Moved”, referring to the fact that 
employees were frequently transferred to another office. 

 

The first machines that would be really recognized as electronic 
computers were created in the 1940’s. These behemoths were as big as a small house. They 
used punched cards and paper tapes, had lots of blinking lights and switches, were full of relays 
and/or vacuum tubes, and took several engineers to run. They were used mainly in university and 
government work. Computers first became available for commercial use in 1951, but you had to 
have about $1,000,000 to spare. 

Computers have continued ever since to get faster, more powerful, easier to use, and less 
expensive. As they became more powerful, more durable, and less expensive, they became 
common in every large business, and programs were written to handle many tasks. 

In the 1970’s, simple computer components became inexpensive enough to allow hobbyists to 
create or purchase small computers. The early models were very difficult to use, requiring input 
and output via switches and lights, but gradually features we take for granted were added, such 
as keyboards and computer screens (though these were often your TV!). 

Some models became popular enough that you might have heard of them: the Commodore PET, 
the Apple II, and the Radio Shack TRS-80. These machines had keyboards, screens, floppy 

disks, tape storage, and user’s manuals. 

But the turning point, the real beginning of the PC boom, was the 
introduction of the IBM PC (Personal Computer) in 1981. Several factors 
led to this machine’s huge success. First, it was made by IBM. Everyone 
knew who IBM was, and they were a large, long established company. This 
resulted in the general feeling that this was not simply a hobbyist machine, 
but a business machine. Second, the IBM PC was created primarily from 
hardware and software from other vendors (CPU from Intel, Operating 
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System from Microsoft). This helped speed development, but also meant that the “architecture” of 
this machine was not completely proprietary. Other companies could create products to add to 
this machine. The products and software that rapidly came to market to enhance the PC 
increased the usefulness and appeal of this machine. 

Ever since, IBM has continued to improve its PC’s, as have many makers of “clones”. The clones 
were possible because others besides IBM could purchase the same components, and create 
computers with a similar architecture. This encouraged innovation and competitive prices. 
Personal Computers have pretty much doubled in power every 18 months since their inception, 
and will probably continue to do so. 

As they became useful, they found their way into the offices of design and construction 
professionals, where they increased productivity in many ways. They began to be used for 
construction drawings (CAD), engineering calculations, project scheduling, financial planning, and 
numerous other tasks. 

Now most businesses would be completely dead-in-the-water without their PC’s. They’ve made 
that much of a difference in most businesses in just a few decades. 

 
Basic Computer Components

Throughout this continual evolution that the computer has undergone, its basic underpinnings 
have remained constant. They are composed of the same basic components… it’s just that those 
components have shrunk by leaps and bounds, and have evolved in their own ways. Right now 
we’ll describe these basic building blocks that make up the computer.  

 

Central Processing Unit: 

The central processing unit (CPU for short) is the workhorse 
of the computer. This is where each and every instruction in a 
computer program gets executed. It contains millions of 
microscopic transistors connected into circuitry that execute 
program logic, do integer mathematics, and even do floating-
point mathematics. I mention floating-point mathematics 
separately because in the early days of PC’s, you had to 
purchase an optional math co-processor if you wanted the 
computer to handle floating-point math with any competence. 
In the days of the Intel 386 processor, this could be a $1000 
option! Today, all PC CPU microprocessors have floating-point math circuitry built in. 

Memory: 

Memory is where the computer keeps currently running 
programs and data. Older computers used all sorts of fancy 
contraptions for memory, but today it is always millions of 
transistors piled into chips. There are several types of 
memory inside a PC, but the primary type is Random Access 
Memory (RAM). RAM “loses its memory” when it loses 
power, so it is only useful for holding data while the computer 
is on. For holding programs and data longer-term (power on 
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OR off), you need some sort of storage.  

Storage: 

A storage device is one of many types of components that can store programs and data with no 
power required. Floppy disks, hard drives, CD/DVD drives, and magnetic tape are the most 
common storage devices in use today. Some computers even have ALL of these devices 
attached. Which device is used depends upon the quantity of data, the speed needed to get to 
the data, and whether it needs to be removed from the computer for sharing or storage.  

Input and Output: 

This is a very broad category, and defines how we interface with the computer. Input and Output 
devices (I/O for short) include your keyboard and your monitor (computer screen). I/O also 
includes mice, sound capabilities, scanners, printers… anything that gets data to or from the user.  

Bus: 

The computer’s bus is the “wiring” that connects all of the other components together, and 
handles the communication between them.  
 

 
 
Data travels to and from all the computer’s components via this “data highway”. Though the bus 
seldom gets much attention when shopping for computers, it has a tremendous impact on the 
performance of the computer. Just like CPU’s, bus designs have become more complex, and 
capable of operating at higher speeds. 

 
Software (BIOS and OS) 

We’re not going to delve into software in this lesson, except to point out that without at least some 
rudimentary software, these components won’t even boot up. This is the software that I’ll mention 
briefly. Even before you start your programs for CAD, or word processing, or whatever, two basic 
pieces of software have already done their work. 

The first piece of software is called BIOS, which stands for Basic Input Output System. This bit of 
software is usually stored in a “flash” memory chip in the computer, which is a unique type of 
memory that can retain its data even when the power is off. This software controls the initial boot-
up process. It runs a test on the system, called the Power-On Self Test (POST). It also contains 
low-level code to allow the I/O devices (especially the keyboard and screen) to work, as well as 
the hard drive. 
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Once this code has been loaded, the BIOS can then load the Operating System (OS). The 
operating system is on the hard drive; therefore it could not be loaded until the BIOS was in place 
and the hard drive was accessible. The operating system is responsible for then getting the rest 
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of the devices working (such as the mouse). It then manages the computer’s memory, CPU 
usage, and software applications. It also provides the interface that the user sees when the 
computer is done booting up, as well as defines the interface of any programs that are then run. 
Windows is by far the most popular PC operating system, but there are also some PC’s running 
other OS’s such as Linux or DOS. 

 

Bits and Bytes 

This topic is going to be pretty fundamental, but it will help lay the groundwork for the next couple 
of sections. Now we’ll start discussing the key to how these components work, and how they talk 
to each other.   
 
If anyone ever told you a computer was smart, they were full of beans; the truth is, they are not 
very good at counting higher than 1! At the heart of every digital circuit, each tiny transistor can 
only remember one of two things... "on" or "off". That's great for desk lamps, but our computer 
needs require a little more... we need to be able to count higher than "one".  So, electrical 
engineers combine many of these transistors to handle more complicated data. They combine 
them, and treat the "on"s and "off"s like "1"s and "0"s in binary math. And what is binary math? 
Well, what most of us are used to is "base-10" math. That's where when you get past 9, you have 
to go to double digits (carry to the next decimal place). Binary math is "base-2" math, so when 
you go past 1, you have to go to double digits. That would be pretty tedious for humans to use, 
but it works perfectly in electrical circuits where there is only "on" and "off". Here is how you count 
in binary: 

Base-10  Binary 
   0              0 
   1              1  (so far so good) 
   2            10  (OK, now it's starting to get weird… there is no “2”, so we carry) 
   3            11 
   4          100 
   5          101 
   6          110 
   7          111 
   8        1000 
   9        1001 
 10        1010 
 11        1011 
 12        1100

Don't worry if you are not immediately doing binary multiplication problems in your head... only 
computers, programmers and technicians really have to know this. But if you see that every time 
you need to go above 1, you have to carry over into the next column, and that the columns 
appear to be powers of 2 (1,2,4,8,etc) rather than powers of 10 (1,10,100,1000, etc), then you're 
getting the idea. 
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Guess what computer people call these Binary digITS? You guessed it, BITS! A bit is simply a "1" 
or a "0", and if you get a whole lot of these bits together, you can make really useful numbers. 
When I say a whole lot, I think I can show you that I really mean it. As you can see above, it took 
4 bits to describe the number "8". It takes 6 bits (100111) to describe the age at which I stopped 
counting (39). It takes 9 bits (111000010) to describe the number of cents you might have to pay 
for bottle of water at a fine hotel (450... who would pay that?). 
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Since one bit all by itself is pretty useless, it seems only natural that we would group them 
together most of the time, and perhaps give this common grouping a name. That's where we got 
the name Byte. A Byte is 8 bits. Why 8? Because some of the early usable processors were 
designed to handle 8 bits at a time. With 8 bits you can count to 255. That is a useful number. 
The earlier 4 bit processors could only count to 15, so 8 bits was a huge leap in usability. We now 
have 32 and 64 bit processors, but the grouping of 8 bits per Byte has stuck. 

So, if you've got a number of bits and want to know how many Bytes that is, you divide by 8. If 
you've got a number of Bytes and want to know how many bits that is, you multiply by 8. 

Bits and Bytes often are used to express data transfer speeds as well. An analog modem might 
transmit data at 56 kbits/sec. That's 56,000 bits per second. A 10baseT LAN connection might 
transfer data at 10 Mbits/sec. That's 10,000,000 bits per second (or 1,250,000 Bytes per second). 
 
Before we leave this topic, I can't help but share a "geek" joke: 
 
"There are only 10 kinds of people in this world... those who understand binary, and those 
who don't!"  
 
If you understand this one, then you've been paying attention in this section. If not, go to the table 
above and review what the binary number "10" represents in normal base-10 numbers. 

A Word on Binary Precision 

How a program handles floating-point numbers is important to design professionals. Every 
computer program that deals with floating-point calculations (such as CAD, or engineering 
programs) has to store and calculate with its data in binary form. Most programs store floating-
point data as either 4 bytes (single precision), or 8 bytes (double precision). 

The advantage to storing numbers as 4 bytes is that they can take up less room in memory and 
on disk. Data stored in this manner results in 6-7 significant digits (base 10), so it’s close enough 
for doing simple calculations. These numbers are a bit limited in their range as well. The smallest 
number that can be represented is about 1x10-38, and the largest number is about 3x1038. 

Storing numbers as 8 bytes is generally preferable for precise calculations. This results in 15-16 
significant digits, and calculations are just as fast on today’s PC’s as they are with single 
precision. This precision is really noticeable when doing iterative calculations, such as finite 
element analysis. Double precision can handle numbers as small as about 2x10-308, and numbers 
as large as about 2x10308. 

 

Bits and Processors 
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Now we’ll talk about microprocessors. One reason this topic is interesting right now is that Intel 
and AMD have begun shipping computers with 64-bit processors. So, let’s start with “what does 
64-bit mean?” Remember that a "bit" is a Binary digIT. It can be either a "0" or a "1". A transistor 
or wire in a digital circuit either has an electrical charge applied ("1"), or no charge applied ("0"). 
Also remember that it takes quite a few bits to make useful numbers. Here are the two main 
reasons that more bits are better when describing processors. 
 
The first microprocessor, the Intel 4004, was a 4-bit wonder (this was in 1971). If you could limit 
your calculations to numbers less than 16 (which would make them 4 bits or less), you could 
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calculate very efficiently with a 4-bit processor. If you are working with lots of numbers greater 
than 15, however, having a processor with a wider data path than 4 bits is very helpful. With 
these larger numbers, they could only be sent to and worked on by the processor in 4-bit chunks. 
Processors with more bits (in this context it would mean a processor with 8, 16, 32, or 64 bits) 
can work with larger numbers more easily, This advantage also applies to handling floating-point 
numbers and how much precision can be achieved easily… so with newer processors we can 
calculate with 3.14159265359 instead of just 3.1, and without taking a lot of steps to get the 
numbers in and out of the processor. 

The second advantage to a processor with "more bits", is that it can use more memory. A 16-bit 
processor, such as used in the original IBM PC, can only directly address (use) 65,536 bytes 
(64kB) of memory (RAM). This quickly became not nearly enough to handle large programs. 

The IBM PC came out in 1981 with only 16kB of RAM, but by 1982, machines were being 
shipped with 128kB, and applications were being written that needed lots of memory. Through 
some complicated programming, these older processors were able to play some "switcheroo" 
games to use more than 64kB, but it was a pain to program, and still limited software capabilities 
and performance. Fortunately, things have moved along pretty quickly, and our current 32-bit 
processors (the most commonly used now) can directly address up to 4,294,967,296 bytes (4 
GB). Believe it or not, for some "super database" applications, that's not enough. A 64-bit 
processor can address 18 billion GB!  

Intel released an 8-bit processor in 1974, called the 8080, a 16-bit processor in 1978, called the 
8086, a 32-bit processor in 1985, the 80386, and a 64-bit processor in 2001. There is, of course, 
more to the continual improvement in processors than the number of bits they handle. The clock 
speed (how many steps it can do per second) is the most often quoted, but other improvements 
have also been made in the way that the processor does calculations. The original IBM PC, by 
the way, had a clock speed of 4.77 MHz (million steps per second). Today you can buy machines 
with clock speeds in the 1000’s of MHz, and the latest and greatest microprocessor chips even 
bundle several CPU’s on one chip! 

 

Strengths of the Computer 

So now we know the basic components, and how they deal with bits and bytes, but what does it 
do? Basically it follows simple instructions. It boots up with a set of simple instructions from the 
BIOS (Basic Input Output System), and from the OS (Operating System… usually some flavor of 
Microsoft Windows). It then runs the programs that you request. Computer programs are just a 
series of very simple instructions… though some large programs will have millions of these 
simple instructions. Each instruction is simple.  
 
Here is what four simple instructions might look like: get this number from the disk, put it in 
this location in memory, add this number plus another number, and put the result in 
another location in memory. 
  
This is very tedious stuff; but that is exactly what computers are good at. They can solve even 
very complex problems if they are told via a computer program how to solve it with a series of 
simple steps. Even in cases where there is no exact solution, a computer can iterate through 
dozens or even thousands of possible “guesses”, until it finds a solution that is usable. Computers 
excel at what humans hate: tedious calculations and procedures. 
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On the other hand, computers are weak in what many humans pride themselves in: intelligence. 
Since computers can only follow the instructions of a program, they show no more intelligence 
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than the creator of the program. Still they can be programmed with enough intelligence to be 
useful. If the programmer knows the subject area better than most other folks, the computer 
program can reproduce his intelligence in his absence (and probably do it faster!). The science of 
trying to program human-like intelligence into computers is called AI, or Artificial Intelligence. 

While human-like computer intelligence is a tempting goal, most of us are happy to let our 
computers toil away doing mind-numbing calculations for us. Whether we’re generating 3-d views 
of a proposed building, analyzing its structural, electrical, or HVAC systems, or calculating  rate-
of-return figures for the owners, computers help us to get our jobs done faster and easier. 
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Conclusion 
 
I hope you've enjoyed this brief overview of your PC. You should now know an abbreviated 
history of the PC, plus be familiar with its basic components. You may not be doing binary 
arithmetic in your sleep yet, but you should understand the binary system and why computers use 
it. You should be ready to say "Have you heard about that new 64-bit processor?" at your next 
dinner party... though I'm not sure I recommend it, unless the host is a computer geek! 
 
This is only the beginning, and I hope it opens some doors to future learning about computers, 
what they do, and how they do it. 
 


	History of the Personal Computer
	Central Processing Unit:
	Memory:
	Storage:
	Input and Output:
	Bus:

	 Software (BIOS and OS)
	Bits and Bytes
	A Word on Binary Precision
	Bits and Processors
	Strengths of the Computer


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


