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Data Manipulation 
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• 2.5 Communicating with Other Devices 

• 2.6 Other Architectures 
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Communicating with other devices 

• Main memory and the CPU form the core of a computer.  

• In this section, we investigate how this core, which we will refer to as 
the computer, communicates with peripheral devices such as mass 
storage systems, printers, keyboards, mice, monitors, digital cameras, 
and even other computers. 
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System Board 

• Each internal and external component is connected to 

the system board.  

 

• The system board, also referred to as the main board, 

the motherboard, or the planar board, is made of 

fiberglass and is typically brown or green, with a 

meshwork of copper lines. 

 

• These “lines” are the electronic circuits through which 

signals travel from one component to another and are 

collectively called the bus. 
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Motherboard 
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Another motherboard 
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Controllers 

• Communication between a computer and other devices is normally 

handled through an intermediary apparatus known as a controller.  

 

• In the case of a personal computer, a controller may consist of 

circuitry permanently mounted on the computer's motherboard or, for 

flexibility, it may take the form of a circuit board that plugs into a slot 

on the motherboard.  

 

• In either case, the controller connects via cables to peripheral devices 

within the computer case or perhaps to a connector, called a port, on 

the back of the computer where external devices can be attached.  

 

• These controllers are sometimes small computers themselves, each 

with its own memory circuitry and simple CPU that performs a 

program directing the activities of the controller. 
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Controllers 

• A controller translates messages and data back and forth between 

forms compatible with the internal characteristics of the computer and 

those of the peripheral device to which it is attached.  

 

• Originally, each controller was designed for a particular type of 

device; thus, purchasing a new peripheral device often required the 

purchase of a new controller as well.  

 

• Recently, steps have been taken within the personal computer arena to 

develop standards, such as the universal serial bus (USB) and 

FireWire, by which a single controller is able to handle a variety of 

devices.  

 

• For example, a single USB controller can be used as the interface 

between a computer and any collection of USB-compatible devices.  
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USB and FireWire 

• The universal serial bus (USB) and FireWire are standardized serial 

communication systems that simplify the process of adding new peripheral 

devices to a personal computer.  

 

• USB was developed under the lead of Intel. The development of FireWire was 

led by Apple.  

 

• In both cases the underlying theme is for a single controller to provide 

external ports at which a variety of peripheral devices can be attached.  

 

• In this setting, the controller translates the internal signal characteristics of the 

computer to the appropriate USB or FireWire standard signals.  

 

• In turn, each device connected to the controller converts its internal 

particularities to the same USB or FireWire standard, allowing communication 

with the controller.  
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USB and FireWire 

• The result is that attaching a new device to a PC does not 

require the insertion of a new controller.  

• Instead, one merely plugs any USB compatible device into a 

USB port or a FireWire compatible device into a FireWire port.  

• Of the two, FireWire provides a faster transfer rate, but the 

lower cost of USB technology has made it the leader in the 

lower-cost mass market arena.  

• USB compatible devices on the market today include mice, 

keyboards, printers, scanners, digital cameras, and mass 

storage systems designed for backup applications.  

• FireWire applications tend to focus on devices that require 

higher transfer rates such as video recorders and online mass 

storage systems. 
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Communication means 

• Port: The point at which a device connects to a 
computer  

 

• Memory-mapped I/O: CPU communicates with 
peripheral devices as though they were memory 
cells 
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Figure 2.13  Controllers attached to a 

machine’s bus 
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Figure 2.14  A conceptual representation 

of memory-mapped I/O 
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DMA: Direct Memory Access 
 

• Since a controller is attached to a computer's bus, it can carry on its own 

communication with main memory during those nanoseconds in which the 

CPU is not using the bus.  

 

• This ability of a controller to access main memory is known as direct 

memory access (DMA), and it is a significant asset to a computer's 

performance.  
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DMA example 

• For instance, to retrieve data from a sector of a disk, the CPU 

can send requests encoded as bit patterns to the controller 

attached to the disk asking the controller to read the sector 

and place the data in a specified area of main memory.  

• The CPU can then continue with other tasks while the 

controller performs the read operation and deposits the data in 

main memory via DMA.  

• Thus two activities will be performed at the same time.  

– The CPU will be executing a program and the controller will 

be overseeing the transfer of data between the disk and 

main memory.  

– In this manner, the computing resources of the CPU are 

not wasted during the relatively slow data transfer. 
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Handshaking 

• The transfer of data between two computer components is rarely a 

one-way affair.  

• Even though we may think of a printer as a device that receives 

data, the truth is that a printer also sends data back to the 

computer.  

• After all, a computer can produce and send characters to a printer 

much faster than the printer can print them. If a computer blindly 

sent data to a printer, the printer would quickly fall behind, 

resulting in lost data.  

• Thus a process such as printing a document involves a constant 

two-way dialogue, known as handshaking, in which the 

computer and the peripheral device exchange information about 

the device's status and coordinate their activities. 
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Communicating with Other Devices 
(continued) 

• Parallel Communication: Several 

communication paths transfer bits 

simultaneously. 

 

• Serial Communication: Bits are 

transferred one after the other over a 

single communication path. 
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Communication technologies: parallel 

• Communication between computing devices is handled over 

two types of paths: parallel and serial.  

• These terms refer to the manner in which signals are 

transferred with respect to each other.  

• In the case of parallel communication, several signals are 

transferred at the same time, each on a separate "line."  

• Such a technique is capable of transferring data rapidly but 

requires a relatively complex communication path.  

• Examples include a computer's internal bus where multiple 

wires are used to allow large blocks of data and other signals 

to be transferred simultaneously.  

• Moreover, most PCs are equipped with at least one "parallel 

port" through which data can be transferred to and from the 

machine eight bits at a time. 
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Communication technologies: serial 

• In contrast, serial communication is based on transferring 

signals one after the other over a single line.  

• Thus serial communication requires a simpler data path 

than parallel communication, which is the reason for its 

popularity.  

• USB and FireWire, which offer relatively high speed data 

transfer over short distances of only a few meters, are 

examples of serial communication systems.  

• For slightly longer distances (within a home or office 

building), serial communication over Ethernet 

connections, either by wire or radio broadcast, are 

popular. 
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Modems 

• For communication over greater distances, traditional voice 

telephone lines dominated the personal computer arena for 

many years.  

• These communication paths, consisting of a single wire over 

which tones are transferred one after the other, are inherently 

serial systems.  

• The transfer of digital data over these lines is accomplished by 

first:  

– converting bit patterns into audible tones by means of a 

modem transferring these tones serially over the telephone 

system, and then  

– converting the tones back into bits by another modem at 

the destination. 
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Modem 

• A modulator/demodulator (modem) allows computers to 

communicate with one another over existing phone or cable lines.  

 

• Internal modems attach directly to a computer’s motherboard and 

connect to a regular phone jack using the same connector as a 

phone.  

 

• External modems also connect to the phone jack but are attached 

to the computer via an external port. 

 

• External modems are typically easier to configure and 

troubleshoot than internal modems and have the benefit of being 

easily transported to another computer. 
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Modem 
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ISDN 

An ISDN network connection between two computer systems 

• Integrated Service Digital Network (ISDN) was an early international standard for 

sending voice and data over digital or normal telephone wire  

• These days it is being largely replaced by newer technologies such as DSL and 

cable.  

• ISDN uses existing telephone circuits or higher speed conditioned lines to get 

speeds of either 64K or 128K. 
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DSL 

• For faster long-distance communication over traditional 

telephone lines, telephone companies offer a service known 

as DSL (Digital Subscriber Line), which takes advantage of 

the fact that existing telephone lines are capable of handling a 

wider frequency range than that used by traditional voice 

communication. 

• More precisely, DSL uses frequencies above the audible 

range to transfer digital data while leaving the lower frequency 

spectrum for voice communication. 

• Although DSL has been highly successful, telephone 

companies are rapidly upgrading their systems to fiber-optic 

lines, which support digital communication more readily than 

traditional telephone lines. 

0-24 
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DSL 

• DSL uses existing copper telephone wire for the communications 

circuit.  

• The existing phone line is split into two bands to accomplish this, and 

the frequency below 4,000Hz is reserved for voice transmission while 

everything else is used for data transmission. 

DSL connection showing both data and voice over a single phone line 
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Other Technologies 

• Other technologies that compete with DSL and 

fiber optics include cable, as used in cable 

television systems, and satellite links via high-

frequency radio broadcast. 

0-26 



Copyright © 2012 Pearson Education, Inc.  2-27 

Cable connection 

Cable modem configuration in a house 

•Cable communications or cable modems use existing cable TV connections for 

data transmission.  

•The cable provider uses an existing channel in the cable network for data 

communications, which are connected via a cable modem.  

•The cable modem provides a network connection for a local computer or is 

installed directly in a PC system.  

•This allows for very high-speed, always-on networking for clients that have 

cable TV installed. 
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Home network 

Typical home network environment using a wireless router 

In this example, the teenage son even has his Sony Playstation connected to 

the Internet using a wireless bridge.  

The Playstation provides a LAN connection option using the 802.3 Ethernet 

standard.  
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Fast communication needed 

• By combining multiplexing (the encoding or interweaving of data so 

that a single communication path serves the purpose of multiple 

paths) and data compression techniques, traditional voice telephone 

systems were able to support transfer rates of 57.6 Kbps, which falls 

short of the needs of today’s multimedia and Internet applications, 

such as YouTube and Facebook.  

• To play MP3 music recordings requires a transfer rate of about 64 

Kbps, and to play even low quality video clips requires transfer rates 

measured in units of Mbps.  

• This is why alternatives such as DSL, cable, and satellite links, which 

provide transfer rates well into the Mbps range, have replaced 

traditional audio telephone systems.  

– For example, DSL offers transfer rates on the order of 54 Mbps. 

– Fiber networks allow to transfer data in order of Gbps and we are 

approaching the Tbps. 

0-29 
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43Tbps over a single fiber: World’s 

fastest network 

• 43Tbps over a single fiber: World’s fastest network would let you download a movie 

in 0.2 seconds 

 

• http://www.extremetech.com/computing/187258-43tbps-over-a-single-fiber-worlds-

fastest-network-would-let-you-download-a-movie-in-0-2-milliseconds 

0-30 
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Bandwidth and broadband terms 

• The maximum rate available in a particular setting depends on 

the type of the communication path and the technology used in 

its implementation.  

• This maximum rate is often loosely equated to the 

communication path’s bandwidth, although the term 

bandwidth also has connotations of capacity rather than 

transfer rate.  

• That is, to say that a communication path has a high 

bandwidth (or provides broadband service) means that the 

communication path has the ability to transfer bits at a high 

rate as well as the capacity to carry large amounts of 

information simultaneously. 

0-31 
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Data Manipulation 

• 2.1 Computer Architecture 

• 2.2 Machine Language 

• 2.3 Program Execution 

• 2.4 Arithmetic/Logic Instructions 

• 2.5 Communicating with Other Devices 

• 2.6 Other Architectures 
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Other Architectures 

• Technologies to increase throughput: 

– Pipelining: Overlap steps of the machine cycle 

– Parallel Processing: Use multiple processors 

simultaneously 

• SISD:  No parallel processing 

• MIMD: Different programs, different data 

• SIMD:  Same program, different data 
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Computer Power 

• A computer's clock is a circuit, called an oscillator, which 

generates pulses that are used to coordinate the machine's 

activities:  

– the faster this oscillating circuit generates pulses, the faster 

the machine performs its machine cycle.  

• Clock speeds are measured in hertz (abbreviated as Hz) with 

one Hz equal to one cycle (or pulse) per second.  

• Typical clock speeds in desktop computers are in the range of 

a few hundred MHz (older models) to several GHz.  

– MHz is short for megahertz, which is a million Hz. GHz is 

short for gigahertz, which is 1000 MHz. 
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Computer Power 

• Unfortunately, different CPU designs might perform different 

amounts of work in one clock cycle, and thus clock speed alone 

fails to be relevant in comparing machines with different CPUs.  

• If you are comparing a machine based on a PowerPC to one 

based on a Pentium, it would be more meaningful to compare 

performance by means of benchmarking, which is the process 

of comparing the performance of different machines when 

executing the same program, known as a benchmark.  

• By selecting benchmarks representing different types of 

applications, you get meaningful comparisons for various 

market segments.  

• Conclusion: The best machine for one application might 

not be the best for another. 
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CPU Benchmarking 
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Software for comparing CPUs  

SiSoftware Sandra  
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Computer Speed 

• Electric pulses travel through a wire no faster than the speed of 

light.  

• Since light travels approximately 1 foot in a nanosecond (one 

billionth of a second), it requires at least 2 nanoseconds for the 

control unit in the CPU to fetch an instruction from a 

memory cell that is 1 foot away.  

– The read request must be sent to memory, requiring at least 

1 nanosecond, and the instruction must be sent back to the 

control unit, requiring at least another nanosecond.  

• Consequently, to fetch and execute an instruction in such a 

machine requires several nanoseconds - which means that 

increasing the execution speed of a machine ultimately 

becomes a miniaturization problem, i.e. how to reduce 

distances that a pulse has to travel. 
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Dual-Core CPU 

• As technology provides ways of placing more and more circuitry on 

a silicon chip, the physical distinction between a computer's 

components diminishes.  

• For instance, a single chip might contain a CPU and main memory. 

This is an example of the "system-on-a-chip" approach in which the 

goal is to provide an entire system in a single device that can be 

used as an abstract tool in higher level designs.  

• In other cases multiple copies of the same circuit are provided 

within a single device.  

• Today's state of the art allows for more than one entire CPU to be 

placed on a single chip.  

• This is the underlying architecture of devices known as dual-core 

CPUs, which consist of two CPUs residing on the same chip 

along with shared cache memory. Such devices simplify the 

construction of MIMD systems and are readily available for use in 

home computers. 
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Pipelining 
• However, increasing execution speed is not the only way to improve a 

computer's performance.  

• The real goal is to improve the machine's throughput, which refers to 

the total amount of work the machine can accomplish in a given 

amount of time. 

• An example of how a computer's throughput can be increased without 

requiring an increase in execution speed involves pipelining, which is 

the technique of allowing the steps in the machine cycle to 

overlap.  

• In particular, while one instruction is being executed, the next 

instruction can be fetched, which means that more than one instruction 

can be in "the pipe" at anyone time, each at a different stage of being 

processed.  

• In turn, the total throughput of the machine is increased even though 

the time required to fetch and execute each individual instruction 

remains the same. 
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Pipelining 

• Example of 4-stage pipeline. The colored boxes represent 

instructions independent of each other  
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SISD: Single Instruction stream, Single 

Data stream  
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Multiprocessor machines 

• Pipelining can be viewed as a first step toward parallel processing, 

which is the performance of several activities at the same time.  

 

• However, true parallel processing requires more than one processing 

unit, resulting in computers known as multi-processor machines. 

 

• A variety of computers today are designed with this idea in mind.  

 

• One strategy is to attach several processing units, each resembling 

the CPU in a single-processor machine, to the same main memory.  

– In this configuration, the processors can proceed independently 

yet coordinate their efforts by leaving messages to one another in 

the common memory cells.  
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SIMD: Single Instruction stream, Multiple 

Data stream 
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MISD: Multiple Instruction stream, Single 

Data stream 
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MIMD: multiple-instruction stream, 

multiple-data stream 

• When one processor is faced with a large task, it can store a 

program for part of that task in the common memory and then 

request another processor to execute it.  

 

• The result is a machine in which different instruction 

sequences are performed on different sets of data, which is 

called a MIMD (multiple-instruction stream, multiple-data 

stream) architecture, as opposed to the more traditional SISD 

(single-instruction stream, single-data stream) architecture. 
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MIMD 



Copyright © 2012 Pearson Education, Inc.  2-48 

Parallel computing 

• Parallel computing is a form of computation in which many 

calculations are carried out simultaneously, operating on the 

principle that large problems can often be divided into smaller 

ones, which are then solved concurrently ("in parallel").  

 

• Parallelism has been employed for many years, mainly in high-

performance computing, but interest in it has grown lately due 

to the physical constraints preventing frequency scaling. 

 

• As power consumption (and consequently heat generation) by 

computers has become a concern in recent years, parallel 

computing has become the dominant paradigm in computer 

architecture, mainly in the form of multicore processors. 
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End of class 

• Readings 

– Book: Chapter 2 

0-49 
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Lab Session 

• SiSoftware Sandra 

• Cisco Virtual Desktop 

0-50 
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Assignment 1 
• Download a benchmarking software for computer performance: SiSoftware 

Sandra. 

• Perform the following tasks on two computers and compare them with the 

following features of the software: 

• Comparison 

– Processor Arithmetic 

– Processor Multimedia 

– Cryptography test 

– Multi-core Efficiency 

– Memory Bandwidth 

– Cache/Memory Latency 

– Cache Bandwidth 

 

• 2. Information about hardware 

– Mainboard 

– Processors 

– Busses and devices 

0-51 
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Assignment 1 - Deadline 

• Deadline 25/04/2016, 23:59 

• Submit in Turnitin a .doc document 

• Name the document as “surname.doc” 

• Follow the template on the course website 

• Put in the document screenshots or 

information copies from SiSoftware Sandra 

tests. 
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Assignment 2 

• Complete the Cisco Virtual Desktop test 

• Execute the procedure in Test mode. 

• Put the screenshots of your test in a .doc 

document. 

• Name the document as “surname.doc” 

• Submit in Turnitin 

• Deadline 09/05/2016, 23:59. 
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