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A computer is an electronic device that processes data according to instructions provided by software programs. It takes input (data), processes it using a central processing unit (CPU), stores information, and produces output (results) to perform various tasks.Types of ComputersThere are various types of computers that are used today based on the
need of user. Some of the types are:Desktop: Desktops are mainly used for regular use and they have separate components mounted together like the monitor, keyboard, mouse, CPU etc. Since the system is primarily kept on a desk for better usability it is called a desktops. desktopLaptop: Laptops are a portable version of desktops, with all the
components integrated into a single unit thus providing mobility to the system. They are great for on-the-go work and come with built-in webcams, Bluetooth and Wi-Fi. laptopServers: Servers are special types of computers that are used to manage network resources. They provide services to other systems and computers. Some of the primary tasks of
servers include creating databases, hosting and providing support to other applications.serverTablets: Tablets are even more portable than laptops. They are smaller than laptops but are larger than smartphones. They come with touchscreens which makes them perfect for browsing the web, consuming content and personal communications. Other
devices: Other devices include smartphones, game consoles, Smart TVs etc.smartphones and game consolesHow does the Software Work with Hardware? When you give input (e.g., typing a letter on a keyboard), the hardware (keyboard) sends this input to the software. The software then converts the input into a machine-readable language (binary)
that the CPU can process. The output (e.g., the letter ‘A’) is then displayed on the screen as a result of this process.Example Process:You press the Shift key and the A key on your keyboard.The software translates this into machine code and tells the CPU that the letter ‘A’ should be displayed.The CPU processes the input, and the monitor shows the
letter 'A'.How Different Components Communicate?Let's discuss some important component of computer in details, ComponentDescriptionCentral Processing Unit (CPU)The CPU often referred to as the "brain" of the computer. It’s responsible for executing instructions, performing calculations, and handling tasks that ensure the system runs
efficiently. The CPU processes input data and transforms it into useful information. It consists of the Arithmetic Logic Unit (ALU) and Control Unit (CU).MotherboardThe main circuit board connects and allows communication between all computer components.Memory (RAM)Random Access Memory (RAM) stores data temporarily for quick access
while the computer is running.Storagelncludes Hard Disk Drives (HDD) and Solid-State Drives (SSD) that store data permanently.Input DevicesDevices are used to input data into the computer. Examples: keyboard, mouse, scanner.Output DevicesDevices that display or output the results of the computer’s processing. Examples: printer,
speakers.What is a Software? Software is a set of instructions that tells the computer what to do when to do, it and how to do it. Examples are, the paint that we use in Microsoft, WhatsApp, and games, all are types of different software. Suppose we want to add 2 numbers and want to know what 2 + 2 is 4. Then we must give the computer
instructions,Step-1: take 2 values.Step-2: a store that 2 valueStep-3: add 2 value by using + operatorStep-4: save the answerAn interpreter is responsible for converting the software’s human-readable code into machine language (binary code) that the CPU understands and executes.What is Hardware?Hardware refers to the physical components of a
computer that you can touch and see. It includes all the devices and machinery required to make a computer function. Hardware performs tasks like storing data, processing information, and displaying results. Without hardware, there would be no platform for software to run.Types of Hardware:Central Processing Unit (CPU) - Executes instructions
and performs calculations.Memory (RAM) - Temporarily stores data that the CPU needs during operation.Storage Devices (HDD/SSD) - Store data permanently, even when the computer is turned off.Input Devices - Allow users to interact with the computer (e.g., keyboard, mouse).Output Devices - Display or produce results of the computer’s
processing (e.g., monitors, printers).Types of ComputersComputers can be categorized in various ways based on size, processing power, functionality, and other parameters. Here's an overview of the different types:1. Types of Computers Based on SizeMicrocomputers: Microcomputers are meant for individual use. They are small, compact and very
small. For example smartphones and desktops.Minicomputers: They are used in businesses that are mid-sized and are more powerful than microcomputers. Servers are an example of minicomputers.Mainframe computers: These are used by large organizations. They help in the processing of bulk data. Supercomputers: These are extremely powerful
computers that help in carrying out complex calculations. They aren't meant for personal use and are often used for research purposes.2. Types of Computers Based on Processing PowerPersonal computers (PCs): These are the most common type of computer and are designed for personal use. PCs include desktops, laptops, and tablets.Servers:
Servers are designed to manage and distribute resources and data to multiple users or devices. They are often used in businesses or organizations to store and share data and run applications.Mainframes: Mainframe computers are large, powerful machines that are designed to handle massive amounts of data and perform complex operations. They
are often used in large corporations or government agencies.Supercomputers: Supercomputers are extremely powerful computers that are designed to process data at extremely high speeds. They are often used for scientific research and other specialized applications.Embedded systems: Embedded systems are small computers that are built into
other devices, such as appliances, cars, and medical devices. They are designed to perform specific functions and operate without human intervention.Wearable computers: Wearable computers are small, portable devices that are worn on the body, such as smartwatches or fitness trackers. They are designed to track data and provide information on
the go.3. Types of Computers Based on FunctionalityAnalog computers: In analog computers data is stored using continuous physical quantities. A mechanical integrator is an example of an analogue computer.Digital computers: These are the most common types of computers found in the market today. Data is processed in digital computers using
discrete values. Smartphone is a common example of digital computers.Hybrid computers: These are a combination of both analogue and digital computers. Examples include complex medical equipment. A machine that only prints documents An electronic device that processes data according to instructions A device used only for playing games A
tool used only for calculations Which of the following computers is NOT a size based type of computers? Which of the following is an example of a special-purpose computer? Which component is primarily responsible for executing instructions in a computer? Central Processing Unit (CPU) Random Access Memory (RAM) Which component is
considered the 'brain' of the computer? CPU (Central Processing Unit) Quiz Completed Successfully Your Score : 2/5 Accuracy : 0% This danger can be avoided, according to computer science professor Stuart Russell, if we figure out how to turn human values into a programmable code.tHH-2016%F 68 HiZEXIt may constitute a challenge to
computer programmers.HEH-20165F6 8 H#iEEXWhen employees log in to their computers, they're shown a picture of one of their coworkers and asked to guess that person's name.HB-20165128#i%EXTo enhance morale, one company asks its employees to identify their fellow workers when starting their computers.tHEB-20165F 128 #iEEX These
days, the time is everywhere: not just on clocks or watches, but on cell-phones and computers.tHB-2015F 128 #i&EX There are plenty of recipes (', B ), how-to videos and cooking classes available to anyone who has a computer, smartphone or television.tt{B-2015%12 B #i£/EXThe top US Computer Science departments are said to be MIT,
Stanford, Berkeley, and Carnegie-Mellon.tHB-2015512 8 #iEEXIt does not produce computer hackers and nerds.HE-2015%F 128 HiEEX "It's an important, cautionary note that we shouldn't get too carried away with the idea that a computer system can replace doctors and therapists," says Christopher Dowrick, a professor of primary medical care at
the University of liverpool.2019F6 BMAKEM ( F=E ) {1 Section CHaving a person, instead of a computer, reach out to you is particularly important in combating that sense of isolation.201956 A& EH (F=E ) @i Section CHowever, online CBT programs have been gaining popularity, with the attraction of providing low-cost help wherever
someone has access to a computer.2019F6 MK EM (E=E ) FiE Section CIn the case of an attack, military advisers suggested the advantage of being able to operate one computer from another terminal.2017&128MAEM ( 35=E ) [#i¥ Section Alt's an important, cautionary note that we shouldn't get too carried away with the idea that a computer
system can replace doctors and therapists.20195F6 HMNKERM (F=E ) #i% Section CLet's start with the bad news that Americans are terrible at technology skills, using email, naming a file on a computer, using a link on the web page, or just texting someone.2017F6 BIN&EH ( 55—E ) /] Section BThe extensive data sources, combined with
computer simulations, created a timeline of ocean temperature changes, including cooling from volcanic outbreaks and warming from fossil fuel emissions.2016F12BIAKEH ( 5E_E ) [{i% Section AThe personal computing revolution and philosophy of disruptive innovation of silicon Valley grew, in part, out of the creations of the Homebrew
Computer Chub, which was founded in a garage in Menlo Park, California, in the mid-1970s.2019F6 BN ERM ( 3£=E ) i Section BThe top US Computer Science departments are said to be miT, Stanford, Berkeley, and Carnegie-Mellon.2015&F12BMKEM (3 _E ) HiE Section CThe virtual assistant became so advanced and realistic that the
students didn't know she was a computer.2019F 128K EM ( F_E ) i#iE Section CThere are plenty of recipes, how-to videos and cooking classes available to anyone who has a computer, smartphone or television.2015F 12K EM ( EF=E ) I#i% Section BThey engage college undergraduates to teach computer science to high school students, who
in turn instruct middle school students on the topic.2018F6 ML ER ( 5F=E ) iE Section CThis online course is a core requirement of Georgia Tech's online Master of Science in Computer Science program.20195 12 BMKEM ( F_E ) ik Section CVocational-type classes, such as computer science or journalism, on the other hand, are often more
research-oriented and lend themselves to take-home testing.2017F 12 BMNKEM ( F—E ) i Section BSo I quickly designed a skirt on my computer, and I loaded the file on the printer.t48-20165F12 B fIEXFurther, the more their computer gave them problems, the more likely the respondents were to report that it had its own "beliefs and
conscientiousness".2019F128AHKEH (FE=E ) Hi% Section Agive the right computer a massive database of faces, and it can process what it sees—then recognize a face it's told to find—with remarkable speed and precision.2018F6 BHKEH (F—E ) IHiE Section CIt's doubtful that a computer program can do that—at least, not without some
undesirable results.2017F 128K EB (F_E ) HiE Section COne study found that three in four respondents yelled at their computer.2019F 128K EM (F=E ) i Section ASo far, machines have a pretty hard time emulating creativity, arbitrary enough not to be predicted by a computer, and yet more than simple randomness.2019F6H;~x&E/M
(58 =E) #i¥% Section CTelepresence robots such as MantaroBot, Vgo, and giraff can be controlled through a computer, smartphone, or tablet, allowing family members or doctors to remotely monitor patients or Skype them, often via a screen where the robot's "face" would be.2018F 128K EM (F_E ) 1k Section CThe board game Go(E#) took
over from chess as a new test for human thinking in 2016, when a computer beat one of the world's leading professional Go players.2019F6 B/~ EH (E=E ) i Section CThen a computer beat the human world champion, repeatedly.20195F6B/SKEM (BE=E ) [Hi5 Section CUm, and we'll make the presentation and the questions available via the
company's own computer network, right?2019F6H/\REM (5 _E ) IF/1 Section AA computer analysis blindly compared calls produced by mothers and chicks, ranking them by similarity.201 7F5ZRiE/ 175 FiZ2M Ji1EB [RXA desktop computer, screen, projector, and loudspeakers will be available.2019F5ZRIEXES FiZIEME FiEZA RXAmong
the items provided by the school for a visual presentation are a desktop computer and loudspeakers.201955EEIEXE%E FiRIEM 7i%A HWikBesides, I was only halfway through my report, and everything is in the computer.2016E5&%iEi; 1% (108 ) W/ [EXBut discovering freedom is not like discovering computers.2015E5EHIE I % FiRIEMHE 5
1D [EXBut do you know that every year a lot of useless computers and cellphones will ruin the s0il?2017F5E®i&1tR%E /1 RXCell-phones are part of a growing mountain of electronic waste like computers and personal digital assistants.2015F5ERIEI#E FiLIERR HiEB JRXComputers are much easier to operate.2019F5EXRIELEEI] FILIERR 7
i%C #EIMDesktop computers, basic mobile phones, and box-set TVs defined 1992.2018E5E XL EEI] #iZIERR 9i%ED EXDocumentary: a visual presentationsuch as a video,slide show,or computer projectno more than 10 minutes long.2019F5E&IEX;2% F1EIER #i%A FEXExplain why she was interested in the computer.2016E5&RIEIL RS EiLIEHR
FiZA #EINFirst, I want to get a job as a computer programmer, and then after five years or so, I'd like to start my own business.2016F5Z&RiE2E®%E1 7] JRXIn another experiment, the researchers gave people facts to remember, and told them where to find the information on the computer.2015F5EXRELZHE FiZERE [F1EC FEXIn high school, I
became curious about the computer, and built my first website.201 6 FE5ERIEILEE FiLIEME #i%A [RXIn the first experiment, they gave people 40 unimportant facts to type into a computer.2015EHERIELEE 1FiZIERE J1%C FEXInstead, computer users are developing stronger transactive memories; that is, people are learning how to organize huge
quantities of information so that they are able to access it at a later date.2015F5ERIBLHE RIFIEM [1%C [EXIt's simpler because, if you have a computer, you can find information you need by searching the Internet.2015F5E R 1EHFEE EXIET [EXMoreover, I completed the senior course of computer basics, plus five relevant pre-college
courses.201 6FESHEHIBILHEE [HIZIERE 1A [EXOur class needs to go to the computer room during the morning break on the 18th.2016F&5E %15 Lg% /1 [RXSecret codes keep messages private, banks, companies, and government agencies use secret codes in doing business, especially when information is sent by computer.2016 FSEXEIELEE1
[Fi%IERE £ A [FXSee, your computer has broken down again! It doesn't make sense to buy the cheapest brand of computer just to save a few dollars.2015F5ERIEXRESE BIUEZT [EXShe had learned enough about computer science.2016F5ERIBILRE [HILIERF [[Hi%A EDISo, I was killing my time at home until June 2012 when I discovered the online
computer courses of your training center.2016FSERIBILRE HikIERE Hi%A [RXThe first group of people understood that the computer would save the information.2015FFEXREBLHE RIRIEMR Hi%C [FXThe following items are approved for use in residential rooms: electric blankets, hair dryers, personal computers, radios, televisions and dvd
players.2015&5&RIEXRES EiLEM Fi%A [EXThe information was in a specific computer folder.2015E5EXKIBEL#E F1ZIEMR #i%C FEXXThe possibility of entering into and losing such a match should concentrate the minds of computer scientists.2017E5E&X 1Bt RE #i%IEEE #i%D REXThe second group understood that the computer would not save
it.201 5FESERIELZHE HILIEM HiEC [RXThe sparrow's team typed the information into a computer.2015F5ERIELHE FiZIEME i1%C £ They found that more on demand environment viewing on tablets instead of TVs and desktop computers could cut energy consumption by 44%.2018F5EZX{ELESI] HIEIEHE [@iELD KR This has led companies and
individuals to donate money to developing countries to buy computer equipment and Internet facilities.2019FESZRIE 1% HiZIEMR @i%LC FEXThis is Julia Pauling from CC computer.2016FE5&ZRiEHI%E (108 ) /1 RXThus, the keyboard can determine people's identities, and by extension, whether they should be given access to the computer it's
connected to—regardless of whether someone gets the password right.201 9 5£&iE£EE] #iLIEAR Ei%C FEXTo many people, technology means computers, hand-held devices, or vehicles that travel to distant planets.2019FE5&HRIEXRES EiLIEMR FiZA FEXWe've been on the computer all the time lately.2018E5&RiELES2 /] EXIn addition, the
computer programs a company uses to estimate relationships may be patented and not subject to peer review or outside evaluation. B-2009FE/#1E/EXBuilding on the basic truth about interpersonal influence,the researchers studied the dynamics of social influence by conducting thousands of computer simulations of populations manipulating a
number of variables relating to people’s ability to influence others and their tendency to be influenced.{B-2010FEMFiELR3All I have to do is to go to my CD shelf, or boot up my computer and download still more recorded music from iTunes.tB-2011FZMH51EE X This is because the networked computer has sparked a secret war between
downloading and uploading - between passive consumption and active creation - whose outcome will shape our collective future in ways we can only begin to imagine.tHB-2012FE#Hi%/EX The networked computer offers the first chance in 50 years to reverse the flow, to encourage thoughtful downloading and, even more importantly, meaningful
uploading.tH B-2012FEMHH1E/EX The networked computer is an amazing device, the first media machine that serves as the mode of production, means of distribution, site of reception, and place of praise and critique.ttiB-2012FEMHFi%LEX The computer is the 21st century's culture machine.tB-20128FE#H#HiEFEX The challenge the computer mounts
to television thus bears little similarity to one format being replaced by another in the manner of record players being replaced by CD players.HB-2012&FE/#HiEEX Second, the majority of people who use networked computers to upload are not even aware of the significance of what they are doing.HB-20128EMHHi1EEXBut for all the reasons there
are to celebrate the computer, we must also tread with caution.HB-20125FE#H[FiEEREXArchaeologists commonly use computers to map sites and the landscapes around sites.t B-2014FE/FH1E/EXAIL I have to do is to go to my CD shelf, or boot up my computer and download still more recorded music from itunes.2011FEWERM ( RiE— ) RIZIERE
Section IIBuilding on this basic truth about interpersonal influence, the researchers studied the dynamics of social influence by conducting thousands of computer simulations of populations, manipulating a number of variables relating to people's ability to influen2010FEZHER ( F&iE— ) FiLE#E Section IBut for all the reasons there are to celebrate
the computer, we must also act with caution.2012FEHERR ( RiE— ) H1EIERE Section IIfirst, it is very expensive to set up the computer, card reader, and telecommunications networks necessary to make electronic money the dominant form of payment.20135FEZMHERM ( RiE_ ) AEZ Section IIt's true that high-school coding classes aren't essential
for learning computer science in college.2016FEHEM ( RiEZ ) LM Section IThe networked computer offers the first chance in 50 years to reverse the flow, to encourage thoughtful downloading and, even more importantly, meaningful uploading.2012FZFEM ( RiE— ) J1LE#R Section IThe prevention of this type of fraud is no easy task, and
a new field of computer science is developing to cope with security issues.2013FEZWWEM ( RiEZ ) EEZ Section IThe robots rats were quite minimalist, resembling a chunkier version of a computer mouse with wheels-to move around and colorful markings.2020FEfE ( HiE ) #i%IERE Section IThe system might use a smart identity card, or a
digital credential linked to a specific computer, and would authenticate users at a range of online services.2011FEMEM ( EiE_ ) EMEZT Section IWe often hear media reports that an unauthorized hacker has been able to access a computer database and to alter information stored there.2013FEMEM ( ZEiE_ ) THET Section IWhen younger kids
learn computer science, they learn that it's not just a confusing, endless string of letters and numbers -- but a tool to build apps, or create artwork, or test hypotheses.2016FEMED ( ZHiE ) [Ji1IERE Section I /en/tr zh-cn-computer-basics/-about/content/ {+4 21T &M ? TENXEHAER , E—MIRMIEEIHIENETFIRE., CTEEEFMH. REFLIBERIBIVEE
Ho {REIREEZAME T o] AERTHEN A, REBFERME. TN EME, FEF]URAERMENCIEREFRIE. ERXE , EEWM, BWETENMWM , KTHERARTENEE, EBIITeHHENNAREEZE , iEBI1ETTHE—TRETENSRBENEN RS | ARG, BESHTENTEEXLAREMIEMRERS , OIiNRESEG, EXEEEMEITENMAERERMMSE——ReIUE T
EHER, REZHIREGEMTAURMNAHN—EIES, —LRULFIBBEMITNEE, FRAIXFAERE, TE , FIUERATRIRE R XBIMINE R XBIX 4 Microsoft PowerPointf&El, {RETTEN LRITRIFBRIFEMRE TREEFIRGE, FIa0 , (RIRAERICAEMITN GRS (R4 ) PEEARIRE , HEABR (YY) AN NHEREES—0H, SFEEFIAEZRENHEER , [iE)8
CENNEGET AR, EFIARENIREP , REEIARLUNTEN L EFERARRLINRG, BEWMERREEBMTEN ? SASHARETHEN XM , MISBEINMATEN , MEXNRECABRE, A , TENEFSHERINAN , FEENERNPWBEEEFPHITIESAENINGE, SIFANRREIEE. EfFEREZs. SERTESEN |, AR EEFER-—MITEN. &t
BN 2 AELE. RENZRERAGRHEN , EXEHMAGIN. 8NERK, AXHENKRTIRERD L. EMNEEH/LANREREMGERN  SEENE. BR8. REMEIFR, (Rl E _MENNTENER LTSN , 8ERT AFREMNEICAEM, EiCARMBLEMHBITHEN , LLAXNNEEE , RUHMRE/LFEMASEREN. FARTTEN X 0 AR B RmEE R |,
EtEICABREEBENFIFNTEN, FRERERAMEFABRENBISEETRAFNSM, iPad2FRO—MIF. kS8 RS:E , NBMERK:E , RAMNE LNEMITENREEENITEN. f1i , TierRERARRR , MHEEEEEMERS R LNAT, T3 WEERRXGRESB[BRASBEFMEIIELEGE, SKNWITSBEFFRELLEETRATEN  BERITHRIERIREXL, XBF
NANERIGIF, SZEEFV  IFSFNTUMITFZSTHEN T UMINESE | EXNREERFINIAITEK. EMEERTAEEFI. AFHIRE  IFERAR—HRENEH , FKTHEXRMEBNESERBNEEFR, ILREBERMHIFHIRS., HEEN  FRENE—MHETATELRWLIMUEXATEN, B0 ERSEBMNHEIFLRIARSZEELANBTHN AR |, SEH N
A", 1, RISk B S MBI E R EmE BN L, PCHFERY NABMERMEZXNE | PCHAIERY., BEEINETE  EEARNIIIFRET, B2 ARREFRE—F. PCHl LLERMITEVIET 1981 FHEMFRIEIBM PC, HittATHWREIZREMIITEN , #MAIBM PCHE (BEHEHIPC) ., 5K, IRRFMHNMABRMEE, EEEEETHMIRXWIindowsi#ER%A. ERI
(Mac) Z£ B8 MMacintoshT1984F@)tt , EE—ASXREEHNEBFRAMAFARE (GUL) MAMATEN., FEERNSER—RAE (ERATF) fliEr , MM FE2R2EAMac OS X (iEfE“Mac OS 10”) #E& 4. /en/tr zh-cn-computer-basics/-basic-parts/content/ Programmable machine that processes data For the consumer oriented device which is also
usually just called a computer, see Personal computer. For other uses, see Computer (disambiguation). Computers and computing devices from different eras—left to right, top to bottom: Early vacuum tube computer (ENIAC)Mainframe computer (IBM System/360)Smartphone (LYF Water 2)Desktop computer (IBM ThinkCentre S50 with
monitor)Video game console (Nintendo GameCube)Supercomputer (IBM Summit) A computer is a machine that can be programmed to automatically carry out sequences of arithmetic or logical operations (computation). Modern digital electronic computers can perform generic sets of operations known as programs, which enable computers to
perform a wide range of tasks. The term computer system may refer to a nominally complete computer that includes the hardware, operating system, software, and peripheral equipment needed and used for full operation; or to a group of computers that are linked and function together, such as a computer network or computer cluster. A broad range
of industrial and consumer products use computers as control systems, including simple special-purpose devices like microwave ovens and remote controls, and factory devices like industrial robots. Computers are at the core of general-purpose devices such as personal computers and mobile devices such as smartphones. Computers power the
Internet, which links billions of computers and users. Early computers were meant to be used only for calculations. Simple manual instruments like the abacus have aided people in doing calculations since ancient times. Early in the Industrial Revolution, some mechanical devices were built to automate long, tedious tasks, such as guiding patterns for
looms. More sophisticated electrical machines did specialized analog calculations in the early 20th century. The first digital electronic calculating machines were developed during World War II, both electromechanical and using thermionic valves. The first semiconductor transistors in the late 1940s were followed by the silicon-based MOSFET (MOS
transistor) and monolithic integrated circuit chip technologies in the late 1950s, leading to the microprocessor and the microcomputer revolution in the 1970s. The speed, power, and versatility of computers have been increasing dramatically ever since then, with transistor counts increasing at a rapid pace (Moore's law noted that counts doubled
every two years), leading to the Digital Revolution during the late 20th and early 21st centuries. Conventionally, a modern computer consists of at least one processing element, typically a central processing unit (CPU) in the form of a microprocessor, together with some type of computer memory, typically semiconductor memory chips. The
processing element carries out arithmetic and logical operations, and a sequencing and control unit can change the order of operations in response to stored information. Peripheral devices include input devices (keyboards, mice, joysticks, etc.), output devices (monitors, printers, etc.), and input/output devices that perform both functions (e.g.
touchscreens). Peripheral devices allow information to be retrieved from an external source, and they enable the results of operations to be saved and retrieved. A human computer, with microscope and calculator, 1952 It was not until the mid-20th century that the word acquired its modern definition; according to the Oxford English Dictionary, the
first known use of the word computer was in a different sense, in a 1613 book called The Yong Mans Gleanings by the English writer Richard Brathwait: "I haue [sic] read the truest computer of Times, and the best Arithmetician that euer [sic] breathed, and he reduceth thy dayes into a short number." This usage of the term referred to a human
computer, a person who carried out calculations or computations. The word continued to have the same meaning until the middle of the 20th century. During the latter part of this period, women were often hired as computers because they could be paid less than their male counterparts.[1] By 1943, most human computers were women.[2] The
Online Etymology Dictionary gives the first attested use of computer in the 1640s, meaning 'one who calculates’; this is an "agent noun from compute (v.)". The Online Etymology Dictionary states that the use of the term to mean "'calculating machine' (of any type) is from 1897." The Online Etymology Dictionary indicates that the "modern use" of the
term, to mean 'programmable digital electronic computer' dates from "1945 under this name; [in a] theoretical [sense] from 1937, as Turing machine".[3] The name has remained, although modern computers are capable of many higher-level functions. Main articles: History of computing and History of computing hardware For a chronological guide,
see Timeline of computing. The Ishango bone, a bone tool dating back to prehistoric Africa Devices have been used to aid computation for thousands of years, mostly using one-to-one correspondence with fingers. The earliest counting device was most likely a form of tally stick. Later record keeping aids throughout the Fertile Crescent included
calculi (clay spheres, cones, etc.) which represented counts of items, likely livestock or grains, sealed in hollow unbaked clay containers.[a][4] The use of counting rods is one example. The Chinese suanpan (8£). The number represented on this abacus is 6,302,715,408. The abacus was initially used for arithmetic tasks. The Roman abacus was
developed from devices used in Babylonia as early as 2400 BCE. Since then, many other forms of reckoning boards or tables have been invented. In a medieval European counting house, a checkered cloth would be placed on a table, and markers moved around on it according to certain rules, as an aid to calculating sums of money.[5] The Antikythera
mechanism, dating back to ancient Greece circa 200-80 BCE, is an early analog computing device. The Antikythera mechanism is believed to be the earliest known mechanical analog computer, according to Derek J. de Solla Price.[6] It was designed to calculate astronomical positions. It was discovered in 1901 in the Antikythera wreck off the Greek
island of Antikythera, between Kythera and Crete, and has been dated to approximately c. 100 BCE. Devices of comparable complexity to the Antikythera mechanism would not reappear until the fourteenth century.[7] Many mechanical aids to calculation and measurement were constructed for astronomical and navigation use. The planisphere was a
star chart invented by Abu Rayhan al-Biruni in the early 11th century.[8] The astrolabe was invented in the Hellenistic world in either the 1st or 2nd centuries BCE and is often attributed to Hipparchus. A combination of the planisphere and dioptra, the astrolabe was effectively an analog computer capable of working out several different kinds of
problems in spherical astronomy. An astrolabe incorporating a mechanical calendar computer[9][10] and gear-wheels was invented by Abi Bakr of Isfahan, Persia in 1235.[11] Abu Rayhan al-Biruni invented the first mechanical geared lunisolar calendar astrolabe,[12] an early fixed-wired knowledge processing machine[13] with a gear train and gear-
wheels,[14] c. 1000 AD. The sector, a calculating instrument used for solving problems in proportion, trigonometry, multiplication and division, and for various functions, such as squares and cube roots, was developed in the late 16th century and found application in gunnery, surveying and navigation. The planimeter was a manual instrument to
calculate the area of a closed figure by tracing over it with a mechanical linkage. A slide rule The slide rule was invented around 1620-1630, by the English clergyman William Oughtred, shortly after the publication of the concept of the logarithm. It is a hand-operated analog computer for doing multiplication and division. As slide rule development
progressed, added scales provided reciprocals, squares and square roots, cubes and cube roots, as well as transcendental functions such as logarithms and exponentials, circular and hyperbolic trigonometry and other functions. Slide rules with special scales are still used for quick performance of routine calculations, such as the E6B circular slide
rule used for time and distance calculations on light aircraft. In the 1770s, Pierre Jaquet-Droz, a Swiss watchmaker, built a mechanical doll (automaton) that could write holding a quill pen. By switching the number and order of its internal wheels different letters, and hence different messages, could be produced. In effect, it could be mechanically
"programmed" to read instructions. Along with two other complex machines, the doll is at the Musée d'Art et d'Histoire of Neuchatel, Switzerland, and still operates.[15] In 1831-1835, mathematician and engineer Giovanni Plana devised a Perpetual Calendar machine, which through a system of pulleys and cylinders could predict the perpetual
calendar for every year from 0 CE (that is, 1 BCE) to 4000 CE, keeping track of leap years and varying day length. The tide-predicting machine invented by the Scottish scientist Sir William Thomson in 1872 was of great utility to navigation in shallow waters. It used a system of pulleys and wires to automatically calculate predicted tide levels for a set
period at a particular location. The differential analyser, a mechanical analog computer designed to solve differential equations by integration, used wheel-and-disc mechanisms to perform the integration. In 1876, Sir William Thomson had already discussed the possible construction of such calculators, but he had been stymied by the limited output
torque of the ball-and-disk integrators.[16] In a differential analyzer, the output of one integrator drove the input of the next integrator, or a graphing output. The torque amplifier was the advance that allowed these machines to work. Starting in the 1920s, Vannevar Bush and others developed mechanical differential analyzers. In the 1890s, the
Spanish engineer Leonardo Torres Quevedo began to develop a series of advanced analog machines that could solve real and complex roots of polynomials,[171[181[19][20] which were published in 1901 by the Paris Academy of Sciences.[21] Charles Babbage A diagram of a portion of Babbage's Difference engineThe Difference Engine Number 2 at
the Intellectual Ventures laboratory in Seattle Charles Babbage, an English mechanical engineer and polymath, originated the concept of a programmable computer. Considered the "father of the computer"”,[22] he conceptualized and invented the first mechanical computer in the early 19th century. After working on his difference engine he
announced his invention in 1822, in a paper to the Royal Astronomical Society, titled "Note on the application of machinery to the computation of astronomical and mathematical tables".[23] He also designed to aid in navigational calculations, in 1833 he realized that a much more general design, an analytical engine, was possible. The input of
programs and data was to be provided to the machine via punched cards, a method being used at the time to direct mechanical looms such as the Jacquard loom. For output, the machine would have a printer, a curve plotter and a bell. The machine would also be able to punch numbers onto cards to be read in later. The engine would incorporate an
arithmetic logic unit, control flow in the form of conditional branching and loops, and integrated memory, making it the first design for a general-purpose computer that could be described in modern terms as Turing-complete.[24][25] The machine was about a century ahead of its time. All the parts for his machine had to be made by hand - this was a
major problem for a device with thousands of parts. Eventually, the project was dissolved with the decision of the British Government to cease funding. Babbage's failure to complete the analytical engine can be chiefly attributed to political and financial difficulties as well as his desire to develop an increasingly sophisticated computer and to move
ahead faster than anyone else could follow. Nevertheless, his son, Henry Babbage, completed a simplified version of the analytical engine's computing unit (the mill) in 1888. He gave a successful demonstration of its use in computing tables in 1906. Electro-mechanical calculator (1920) by Leonardo Torres Quevedo. In his work Essays on Automatics
published in 1914, Leonardo Torres Quevedo wrote a brief history of Babbage's efforts at constructing a mechanical Difference Engine and Analytical Engine. The paper contains a design of a machine capable to calculate formulas like a x (y — z ) 2 {\displaystyle a”™ {x}(y-z)~{2}} , for a sequence of sets of values. The whole machine was to be
controlled by a read-only program, which was complete with provisions for conditional branching. He also introduced the idea of floating-point arithmetic.[26]1[27][28] In 1920, to celebrate the 100th anniversary of the invention of the arithmometer, Torres presented in Paris the Electromechanical Arithmometer, which allowed a user to input
arithmetic problems through a keyboard, and computed and printed the results,[29][30][31][32] demonstrating the feasibility of an electromechanical analytical engine.[33] Main article: Analog computer Sir William Thomson's third tide-predicting machine design, 1879-81 During the first half of the 20th century, many scientific computing needs
were met by increasingly sophisticated analog computers, which used a direct mechanical or electrical model of the problem as a basis for computation. However, these were not programmable and generally lacked the versatility and accuracy of modern digital computers.[34] The first modern analog computer was a tide-predicting machine, invented
by Sir William Thomson (later to become Lord Kelvin) in 1872. The differential analyser, a mechanical analog computer designed to solve differential equations by integration using wheel-and-disc mechanisms, was conceptualized in 1876 by James Thomson, the elder brother of the more famous Sir William Thomson.[16] The art of mechanical analog
computing reached its zenith with the differential analyzer, completed in 1931 by Vannevar Bush at MIT.[35] By the 1950s, the success of digital electronic computers had spelled the end for most analog computing machines, but analog computers remained in use during the 1950s in some specialized applications such as education (slide rule) and
aircraft (control systems).[citation needed] Claude Shannon's 1937 master's thesis laid the foundations of digital computing, with his insight of applying Boolean algebra to the analysis and synthesis of switching circuits being the basic concept which underlies all electronic digital computers.[36][37] By 1938, the United States Navy had developed the
Torpedo Data Computer, an electromechanical analog computer for submarines that used trigonometry to solve the problem of firing a torpedo at a moving target. During World War II, similar devices were developed in other countries.[38] Replica of Konrad Zuse's Z3, the first fully automatic, digital (electromechanical) computer Early digital
computers were electromechanical; electric switches drove mechanical relays to perform the calculation. These devices had a low operating speed and were eventually superseded by much faster all-electric computers, originally using vacuum tubes. The Z2, created by German engineer Konrad Zuse in 1939 in Berlin, was one of the earliest examples
of an electromechanical relay computer.[39] Konrad Zuse, inventor of the modern computer[40][41] In 1941, Zuse followed his earlier machine up with the Z3, the world's first working electromechanical programmable, fully automatic digital computer.[42][43] The Z3 was built with 2000 relays, implementing a 22 bit word length that operated at a
clock frequency of about 5-10 Hz.[44] Program code was supplied on punched film while data could be stored in 64 words of memory or supplied from the keyboard. It was quite similar to modern machines in some respects, pioneering numerous advances such as floating-point numbers. Rather than the harder-to-implement decimal system (used in
Charles Babbage's earlier design), using a binary system meant that Zuse's machines were easier to build and potentially more reliable, given the technologies available at that time.[45] The Z3 was not itself a universal computer but could be extended to be Turing complete.[46][47] Zuse's next computer, the Z4, became the world's first commercial
computer; after initial delay due to the Second World War, it was completed in 1950 and delivered to the ETH Zurich.[48] The computer was manufactured by Zuse's own company, Zuse KG, which was founded in 1941 as the first company with the sole purpose of developing computers in Berlin.[48] The Z4 served as the inspiration for the
construction of the ERMETH, the first Swiss computer and one of the first in Europe.[49] Purely electronic circuit elements soon replaced their mechanical and electromechanical equivalents, at the same time that digital calculation replaced analog. The engineer Tommy Flowers, working at the Post Office Research Station in London in the 1930s,
began to explore the possible use of electronics for the telephone exchange. Experimental equipment that he built in 1934 went into operation five years later, converting a portion of the telephone exchange network into an electronic data processing system, using thousands of vacuum tubes.[34] In the US, John Vincent Atanasoff and Clifford E. Berry
of Iowa State University developed and tested the Atanasoff-Berry Computer (ABC) in 1942,[50] the first "automatic electronic digital computer".[51] This design was also all-electronic and used about 300 vacuum tubes, with capacitors fixed in a mechanically rotating drum for memory.[52] Colossus, the first electronic digital programmable
computing device, was used to break German ciphers during World War II. It is seen here in use at Bletchley Park in 1943. During World War II, the British code-breakers at Bletchley Park achieved a number of successes at breaking encrypted German military communications. The German encryption machine, Enigma, was first attacked with the
help of the electro-mechanical bombes which were often run by women.[53][54] To crack the more sophisticated German Lorenz SZ 40/42 machine, used for high-level Army communications, Max Newman and his colleagues commissioned Flowers to build the Colossus.[52] He spent eleven months from early February 1943 designing and building the
first Colossus.[55] After a functional test in December 1943, Colossus was shipped to Bletchley Park, where it was delivered on 18 January 1944[56] and attacked its first message on 5 February.[52] Colossus was the world's first electronic digital programmable computer.[34] It used a large number of valves (vacuum tubes). It had paper-tape input
and was capable of being configured to perform a variety of boolean logical operations on its data, but it was not Turing-complete. Nine Mk II Colossi were built (The Mk I was converted to a Mk II making ten machines in total). Colossus Mark I contained 1,500 thermionic valves (tubes), but Mark II with 2,400 valves, was both five times faster and
simpler to operate than Mark I, greatly speeding the decoding process.[57][58] ENIAC was the first electronic, Turing-complete device, and performed ballistics trajectory calculations for the United States Army. The ENIAC[59] (Electronic Numerical Integrator and Computer) was the first electronic programmable computer built in the U.S. Although
the ENIAC was similar to the Colossus, it was much faster, more flexible, and it was Turing-complete. Like the Colossus, a "program" on the ENIAC was defined by the states of its patch cables and switches, a far cry from the stored program electronic machines that came later. Once a program was written, it had to be mechanically set into the
machine with manual resetting of plugs and switches. The programmers of the ENIAC were six women, often known collectively as the "ENIAC girls".[60][61] It combined the high speed of electronics with the ability to be programmed for many complex problems. It could add or subtract 5000 times a second, a thousand times faster than any other
machine. It also had modules to multiply, divide, and square root. High speed memory was limited to 20 words (about 80 bytes). Built under the direction of John Mauchly and ]J. Presper Eckert at the University of Pennsylvania, ENIAC's development and construction lasted from 1943 to full operation at the end of 1945. The machine was huge,
weighing 30 tons, using 200 kilowatts of electric power and contained over 18,000 vacuum tubes, 1,500 relays, and hundreds of thousands of resistors, capacitors, and inductors.[62] The principle of the modern computer was proposed by Alan Turing in his seminal 1936 paper,[63] On Computable Numbers. Turing proposed a simple device that he
called "Universal Computing machine" and that is now known as a universal Turing machine. He proved that such a machine is capable of computing anything that is computable by executing instructions (program) stored on tape, allowing the machine to be programmable. The fundamental concept of Turing's design is the stored program, where all
the instructions for computing are stored in memory. Von Neumann acknowledged that the central concept of the modern computer was due to this paper.[64] Turing machines are to this day a central object of study in theory of computation. Except for the limitations imposed by their finite memory stores, modern computers are said to be Turing-
complete, which is to say, they have algorithm execution capability equivalent to a universal Turing machine. Main article: Stored-program computer A section of the reconstructed Manchester Baby, the first electronic stored-program computer Early computing machines had fixed programs. Changing its function required the re-wiring and re-
structuring of the machine.[52] With the proposal of the stored-program computer this changed. A stored-program computer includes by design an instruction set and can store in memory a set of instructions (a program) that details the computation. The theoretical basis for the stored-program computer was laid out by Alan Turing in his 1936 paper.
In 1945, Turing joined the National Physical Laboratory and began work on developing an electronic stored-program digital computer. His 1945 report "Proposed Electronic Calculator" was the first specification for such a device. John von Neumann at the University of Pennsylvania also circulated his First Draft of a Report on the EDVAC in 1945.[34]
The Manchester Baby was the world's first stored-program computer. It was built at the University of Manchester in England by Frederic C. Williams, Tom Kilburn and Geoff Tootill, and ran its first program on 21 June 1948.[65] It was designed as a testbed for the Williams tube, the first random-access digital storage device.[66] Although the
computer was described as "small and primitive" by a 1998 retrospective, it was the first working machine to contain all of the elements essential to a modern electronic computer.[67] As soon as the Baby had demonstrated the feasibility of its design, a project began at the university to develop it into a practically useful computer, the Manchester
Mark 1. The Mark 1 in turn quickly became the prototype for the Ferranti Mark 1, the world's first commercially available general-purpose computer.[68] Built by Ferranti, it was delivered to the University of Manchester in February 1951. At least seven of these later machines were delivered between 1953 and 1957, one of them to Shell labs in
Amsterdam.[69] In October 1947 the directors of British catering company J. Lyons & Company decided to take an active role in promoting the commercial development of computers. Lyons's LEO I computer, modelled closely on the Cambridge EDSAC of 1949, became operational in April 1951[70] and ran the world's first routine office computer job.
Main articles: Transistor and History of the transistor Further information: Transistor computer and MOSFET Bipolar junction transistor (BJT) The concept of a field-effect transistor was proposed by Julius Edgar Lilienfeld in 1925. John Bardeen and Walter Brattain, while working under William Shockley at Bell Labs, built the first working transistor,
the point-contact transistor, in 1947, which was followed by Shockley's bipolar junction transistor in 1948.[71][72] From 1955 onwards, transistors replaced vacuum tubes in computer designs, giving rise to the "second generation" of computers. Compared to vacuum tubes, transistors have many advantages: they are smaller, and require less power
than vacuum tubes, so give off less heat. Junction transistors were much more reliable than vacuum tubes and had longer, indefinite, service life. Transistorized computers could contain tens of thousands of binary logic circuits in a relatively compact space. However, early junction transistors were relatively bulky devices that were difficult to
manufacture on a mass-production basis, which limited them to a number of specialized applications.[73] At the University of Manchester, a team under the leadership of Tom Kilburn designed and built a machine using the newly developed transistors instead of valves.[74] Their first transistorized computer and the first in the world, was operational
by 1953, and a second version was completed there in April 1955. However, the machine did make use of valves to generate its 125 kHz clock waveforms and in the circuitry to read and write on its magnetic drum memory, so it was not the first completely transistorized computer. That distinction goes to the Harwell CADET of 1955,[75] built by the
electronics division of the Atomic Energy Research Establishment at Harwell.[75][76] MOSFET (MOS transistor), showing gate (G), body (B), source (S) and drain (D) terminals. The gate is separated from the body by an insulating layer (pink). The metal-oxide-silicon field-effect transistor (MOSFET), also known as the MOS transistor, was invented at
Bell Labs between 1955 and 1960[77][781[791[801[811[82] and was the first truly compact transistor that could be miniaturized and mass-produced for a wide range of uses.[73] With its high scalability,[83] and much lower power consumption and higher density than bipolar junction transistors,[84] the MOSFET made it possible to build high-density
integrated circuits.[85][86] In addition to data processing, it also enabled the practical use of MOS transistors as memory cell storage elements, leading to the development of MOS semiconductor memory, which replaced earlier magnetic-core memory in computers. The MOSFET led to the microcomputer revolution,[87] and became the driving force
behind the computer revolution.[88][89] The MOSFET is the most widely used transistor in computers,[90][91] and is the fundamental building block of digital electronics.[92] Main articles: Integrated circuit and Invention of the integrated circuit Further information: Planar process and Microprocessor Integrated circuits are typically packaged in
plastic, metal, or ceramic cases to protect the IC from damage and for ease of assembly. The next great advance in computing power came with the advent of the integrated circuit (IC). The idea of the integrated circuit was first conceived by a radar scientist working for the Royal Radar Establishment of the Ministry of Defence, Geoffrey W.A.
Dummer. Dummer presented the first public description of an integrated circuit at the Symposium on Progress in Quality Electronic Components in Washington, D.C., on 7 May 1952.[93] The first working ICs were invented by Jack Kilby at Texas Instruments and Robert Noyce at Fairchild Semiconductor.[94] Kilby recorded his initial ideas concerning
the integrated circuit in July 1958, successfully demonstrating the first working integrated example on 12 September 1958.[95] In his patent application of 6 February 1959, Kilby described his new device as "a body of semiconductor material ... wherein all the components of the electronic circuit are completely integrated".[96]1[97] However, Kilby's
invention was a hybrid integrated circuit (hybrid IC), rather than a monolithic integrated circuit (IC) chip.[98] Kilby's IC had external wire connections, which made it difficult to mass-produce.[99] Noyce also came up with his own idea of an integrated circuit half a year later than Kilby.[100] Noyce's invention was the first true monolithic IC chip.
[101][99] His chip solved many practical problems that Kilby's had not. Produced at Fairchild Semiconductor, it was made of silicon, whereas Kilby's chip was made of germanium. Noyce's monolithic IC was fabricated using the planar process, developed by his colleague Jean Hoerni in early 1959. In turn, the planar process was based on Carl Frosch
and Lincoln Derick work on semiconductor surface passivation by silicon dioxide.[102][103][104][105][106][107] Modern monolithic ICs are predominantly MOS (metal-oxide-semiconductor) integrated circuits, built from MOSFETs (MOS transistors).[108] The earliest experimental MOS IC to be fabricated was a 16-transistor chip built by Fred
Heiman and Steven Hofstein at RCA in 1962.[109] General Microelectronics later introduced the first commercial MOS IC in 1964,[110] developed by Robert Norman.[109] Following the development of the self-aligned gate (silicon-gate) MOS transistor by Robert Kerwin, Donald Klein and John Sarace at Bell Labs in 1967, the first silicon-gate MOS IC
with self-aligned gates was developed by Federico Faggin at Fairchild Semiconductor in 1968.[111] The MOSFET has since become the most critical device component in modern ICs.[108] Die photograph of a MOS 6502, an early 1970s microprocessor integrating 3500 transistors on a single chip The development of the MOS integrated circuit led to
the invention of the microprocessor,[112][113] and heralded an explosion in the commercial and personal use of computers. While the subject of exactly which device was the first microprocessor is contentious, partly due to lack of agreement on the exact definition of the term "microprocessor", it is largely undisputed that the first single-chip
microprocessor was the Intel 4004,[114] designed and realized by Federico Faggin with his silicon-gate MOS IC technology,[112] along with Ted Hoff, Masatoshi Shima and Stanley Mazor at Intel.[b][116] In the early 1970s, MOS IC technology enabled the integration of more than 10,000 transistors on a single chip.[86] System on a Chip (SoCs) are
complete computers on a microchip (or chip) the size of a coin.[117] They may or may not have integrated RAM and flash memory. If not integrated, the RAM is usually placed directly above (known as Package on package) or below (on the opposite side of the circuit board) the SoC, and the flash memory is usually placed right next to the SoC. This is
done to improve data transfer speeds, as the data signals do not have to travel long distances. Since ENIAC in 1945, computers have advanced enormously, with modern SoCs (such as the Snapdragon 865) being the size of a coin while also being hundreds of thousands of times more powerful than ENIAC, integrating billions of transistors, and
consuming only a few watts of power. The first mobile computers were heavy and ran from mains power. The 50 1b (23 kg) IBM 5100 was an early example. Later portables such as the Osborne 1 and Compaq Portable were considerably lighter but still needed to be plugged in. The first laptops, such as the Grid Compass, removed this requirement by
incorporating batteries - and with the continued miniaturization of computing resources and advancements in portable battery life, portable computers grew in popularity in the 2000s.[118] The same developments allowed manufacturers to integrate computing resources into cellular mobile phones by the early 2000s. These smartphones and tablets
run on a variety of operating systems and recently became the dominant computing device on the market.[119] These are powered by System on a Chip (SoCs), which are complete computers on a microchip the size of a coin.[117] See also: Classes of computers Computers can be classified in a number of different ways, including: Analog computer
Digital computer Hybrid computer Harvard architecture Von Neumann architecture Complex instruction set computer Reduced instruction set computer See also: List of computer size categories Supercomputer Mainframe computer Minicomputer (term no longer used),[120] Midrange computer Server Rackmount server Blade server Tower server
Personal computer Workstation Microcomputer (term no longer used)[121] Home computer (term fallen into disuse)[122] Desktop computer Tower desktop Slimline desktop Multimedia computer (non-linear editing system computers, video editing PCs and the like, this term is no longer used)[123] Gaming computer All-in-one PC Nettop (Small form
factor PCs, Mini PCs) Home theater PC Keyboard computer Portable computer Thin client Internet appliance Laptop computer Desktop replacement computer Gaming laptop Rugged laptop 2-in-1 PC Ultrabook Chromebook Subnotebook Smartbook Netbook Mobile computer Tablet computer Smartphone Ultra-mobile PC Pocket PC Palmtop PC
Handheld PC Pocket computer Wearable computer Smartwatch Smartglasses Single-board computer Plug computer Stick PC Programmable logic controller Computer-on-module System on module System in a package System-on-chip (Also known as an Application Processor or AP if it lacks circuitry such as radio circuitry) Microcontroller Main
article: Human computer See also: Harvard Computers A computer does not need to be electronic, nor even have a processor, nor RAM, nor even a hard disk. While popular usage of the word "computer" is synonymous with a personal electronic computer,[c] a typical modern definition of a computer is: "A device that computes, especially a
programmable [usually] electronic machine that performs high-speed mathematical or logical operations or that assembles, stores, correlates, or otherwise processes information."[124] According to this definition, any device that processes information qualifies as a computer. Main articles: Computer hardware, Personal computer hardware, Central
processing unit, and MicroprocessorVideo demonstrating the standard components of a "slimline" computer The term hardware covers all of those parts of a computer that are tangible physical objects. Circuits, computer chips, graphic cards, sound cards, memory (RAM), motherboard, displays, power supplies, cables, keyboards, printers and "mice"
input devices are all hardware. Main article: History of computing hardware First generation(mechanical/electromechanical) Calculators Pascal's calculator, Arithmometer, Difference engine, Quevedo's analytical machines Programmable devices Jacquard loom, Analytical engine, IBM ASCC/Harvard Mark I, Harvard Mark II, IBM SSEC, Z1, Z2, Z3
Second generation(vacuum tubes) Calculators Atanasoff-Berry Computer, IBM 604, UNIVAC 60, UNIVAC 120 Programmable devices Colossus, ENIAC, Manchester Baby, EDSAC, Manchester Mark 1, Ferranti Pegasus, Ferranti Mercury, CSIRAC, EDVAC, UNIVAC I, IBM 701, IBM 702, IBM 650, Z22 Third generation(discrete transistors and SSI, MSI,
LSI integrated circuits) Mainframes IBM 7090, IBM 7080, IBM System/360, BUNCH Minicomputer HP 2116A, IBM System/32, IBM System/36, LINC, PDP-8, PDP-11 Desktop Computer HP 9100 Fourth generation(VLSI integrated circuits) Minicomputer VAX, IBM AS/400 4-bit microcomputer Intel 4004, Intel 4040 8-bit microcomputer Intel 8008, Intel
8080, Motorola 6800, Motorola 6809, MOS Technology 6502, Zilog Z80 16-bit microcomputer Intel 8088, Zilog Z8000, WDC 65816/65802 32-bit microcomputer Intel 80386, Pentium, Motorola 68000, ARM 64-bit microcomputer[d] Alpha, MIPS, PA-RISC, PowerPC, SPARC, x86-64, ARMv8-A Embedded computer Intel 8048, Intel 8051 Personal
computer Desktop computer, Home computer, Laptop computer, Personal digital assistant (PDA), Portable computer, Tablet PC, Wearable computer Theoretical/experimental Quantum computer IBM Q System One Chemical computer DNA computing Optical computer Spintronics-based computer Wetware/Organic computer Peripheral device
(input/output) Input Mouse, keyboard, joystick, image scanner, webcam, graphics tablet, microphone Output Monitor, printer, loudspeaker Both Floppy disk drive, hard disk drive, optical disc drive, teleprinter Computer buses Short range RS-232, SCSI, PCI, USB Long range (computer networking) Ethernet, ATM, FDDI A general-purpose computer
has four main components: the arithmetic logic unit (ALU), the control unit, the memory, and the input and output devices (collectively termed 1I/O). These parts are interconnected by buses, often made of groups of wires. Inside each of these parts are thousands to trillions of small electrical circuits which can be turned off or on by means of an
electronic switch. Each circuit represents a bit (binary digit) of information so that when the circuit is on it represents a "1", and when off it represents a "0" (in positive logic representation). The circuits are arranged in logic gates so that one or more of the circuits may control the state of one or more of the other circuits. Input devices are the means
by which the operations of a computer are controlled and it is provided with data. Examples include: Computer keyboard Digital camera Graphics tablet Image scanner Joystick Microphone Mouse Overlay keyboard Real-time clock Trackball Touchscreen Light pen Output devices are the means by which a computer provides the results of its
calculations in a human-accessible form. Examples include: Computer monitor Printer PC speaker Projector Sound card Graphics card Main articles: CPU design and Control unit Diagram showing how a particular MIPS architecture instruction would be decoded by the control system The control unit (often called a control system or central
controller) manages the computer's various components; it reads and interprets (decodes) the program instructions, transforming them into control signals that activate other parts of the computer.[e] Control systems in advanced computers may change the order of execution of some instructions to improve performance. A key component common to
all CPUs is the program counter, a special memory cell (a register) that keeps track of which location in memory the next instruction is to be read from.[f] The control system's function is as follows— this is a simplified description, and some of these steps may be performed concurrently or in a different order depending on the type of CPU: Read the
code for the next instruction from the cell indicated by the program counter. Decode the numerical code for the instruction into a set of commands or signals for each of the other systems. Increment the program counter so it points to the next instruction. Read whatever data the instruction requires from cells in memory (or perhaps from an input
device). The location of this required data is typically stored within the instruction code. Provide the necessary data to an ALU or register. If the instruction requires an ALU or specialized hardware to complete, instruct the hardware to perform the requested operation. Write the result from the ALU back to a memory location or to a register or
perhaps an output device. Jump back to step (1). Since the program counter is (conceptually) just another set of memory cells, it can be changed by calculations done in the ALU. Adding 100 to the program counter would cause the next instruction to be read from a place 100 locations further down the program. Instructions that modify the program
counter are often known as "jumps" and allow for loops (instructions that are repeated by the computer) and often conditional instruction execution (both examples of control flow). The sequence of operations that the control unit goes through to process an instruction is in itself like a short computer program, and indeed, in some more complex CPU
designs, there is another yet smaller computer called a microsequencer, which runs a microcode program that causes all of these events to happen. Main articles: Central processing unit and Microprocessor The control unit, ALU, and registers are collectively known as a central processing unit (CPU). Early CPUs were composed of many separate
components. Since the 1970s, CPUs have typically been constructed on a single MOS integrated circuit chip called a microprocessor. Main article: Arithmetic logic unit The ALU is capable of performing two classes of operations: arithmetic and logic.[125] The set of arithmetic operations that a particular ALU supports may be limited to addition and
subtraction, or might include multiplication, division, trigonometry functions such as sine, cosine, etc., and square roots. Some can operate only on whole numbers (integers) while others use floating point to represent real numbers, albeit with limited precision. However, any computer that is capable of performing just the simplest operations can be
programmed to break down the more complex operations into simple steps that it can perform. Therefore, any computer can be programmed to perform any arithmetic operation—although it will take more time to do so if its ALU does not directly support the operation. An ALU may also compare numbers and return Boolean truth values (true or



false) depending on whether one is equal to, greater than or less than the other ("is 64 greater than 65?"). Logic operations involve Boolean logic: AND, OR, XOR, and NOT. These can be useful for creating complicated conditional statements and processing Boolean logic. Superscalar computers may contain multiple ALUs, allowing them to process
several instructions simultaneously.[126] Graphics processors and computers with SIMD and MIMD features often contain ALUs that can perform arithmetic on vectors and matrices. Main articles: Computer memory and Computer data storage Magnetic-core memory (using magnetic cores) was the computer memory of choice in the 1960s, until it
was replaced by semiconductor memory (using MOS memory cells). A computer's memory can be viewed as a list of cells into which numbers can be placed or read. Each cell has a numbered "address" and can store a single number. The computer can be instructed to "put the number 123 into the cell numbered 1357" or to "add the number that is in
cell 1357 to the number that is in cell 2468 and put the answer into cell 1595." The information stored in memory may represent practically anything. Letters, numbers, even computer instructions can be placed into memory with equal ease. Since the CPU does not differentiate between different types of information, it is the software's responsibility
to give significance to what the memory sees as nothing but a series of numbers. In almost all modern computers, each memory cell is set up to store binary numbers in groups of eight bits (called a byte). Each byte is able to represent 256 different numbers (28 = 256); either from 0 to 255 or —128 to +127. To store larger numbers, several
consecutive bytes may be used (typically, two, four or eight). When negative numbers are required, they are usually stored in two's complement notation. Other arrangements are possible, but are usually not seen outside of specialized applications or historical contexts. A computer can store any kind of information in memory if it can be represented
numerically. Modern computers have billions or even trillions of bytes of memory. The CPU contains a special set of memory cells called registers that can be read and written to much more rapidly than the main memory area. There are typically between two and one hundred registers depending on the type of CPU. Registers are used for the most
frequently needed data items to avoid having to access main memory every time data is needed. As data is constantly being worked on, reducing the need to access main memory (which is often slow compared to the ALU and control units) greatly increases the computer's speed. Computer main memory comes in two principal varieties: random-
access memory or RAM read-only memory or ROM RAM can be read and written to anytime the CPU commands it, but ROM is preloaded with data and software that never changes, therefore the CPU can only read from it. ROM is typically used to store the computer's initial start-up instructions. In general, the contents of RAM are erased when the
power to the computer is turned off, but ROM retains its data indefinitely. In a PC, the ROM contains a specialized program called the BIOS that orchestrates loading the computer's operating system from the hard disk drive into RAM whenever the computer is turned on or reset. In embedded computers, which frequently do not have disk drives, all
of the required software may be stored in ROM. Software stored in ROM is often called firmware, because it is notionally more like hardware than software. Flash memory blurs the distinction between ROM and RAM, as it retains its data when turned off but is also rewritable. It is typically much slower than conventional ROM and RAM however, so
its use is restricted to applications where high speed is unnecessary.[g] In more sophisticated computers there may be one or more RAM cache memories, which are slower than registers but faster than main memory. Generally computers with this sort of cache are designed to move frequently needed data into the cache automatically, often without
the need for any intervention on the programmer's part. Main article: Input/output Hard disk drives are common storage devices used with computers. I/O is the means by which a computer exchanges information with the outside world.[128] Devices that provide input or output to the computer are called peripherals.[129] On a typical personal
computer, peripherals include input devices like the keyboard and mouse, and output devices such as the display and printer. Hard disk drives, floppy disk drives and optical disc drives serve as both input and output devices. Computer networking is another form of I/O. I/O devices are often complex computers in their own right, with their own CPU
and memory. A graphics processing unit might contain fifty or more tiny computers that perform the calculations necessary to display 3D graphics.[citation needed] Modern desktop computers contain many smaller computers that assist the main CPU in performing I/O. A 2016-era flat screen display contains its own computer circuitry. Main article:
Computer multitasking While a computer may be viewed as running one gigantic program stored in its main memory, in some systems it is necessary to give the appearance of running several programs simultaneously. This is achieved by multitasking, i.e. having the computer switch rapidly between running each program in turn.[130] One means by
which this is done is with a special signal called an interrupt, which can periodically cause the computer to stop executing instructions where it was and do something else instead. By remembering where it was executing prior to the interrupt, the computer can return to that task later. If several programs are running "at the same time". Then the
interrupt generator might be causing several hundred interrupts per second, causing a program switch each time. Since modern computers typically execute instructions several orders of magnitude faster than human perception, it may appear that many programs are running at the same time, even though only one is ever executing in any given
instant. This method of multitasking is sometimes termed "time-sharing" since each program is allocated a "slice" of time in turn.[131] Before the era of inexpensive computers, the principal use for multitasking was to allow many people to share the same computer. Seemingly, multitasking would cause a computer that is switching between several
programs to run more slowly, in direct proportion to the number of programs it is running, but most programs spend much of their time waiting for slow input/output devices to complete their tasks. If a program is waiting for the user to click on the mouse or press a key on the keyboard, then it will not take a "time slice" until the event it is waiting for
has occurred. This frees up time for other programs to execute so that many programs may be run simultaneously without unacceptable speed loss. Main article: Multiprocessing Cray designed many supercomputers that used multiprocessing heavily. Some computers are designed to distribute their work across several CPUs in a multiprocessing
configuration, a technique once employed in only large and powerful machines such as supercomputers, mainframe computers and servers. Multiprocessor and multi-core (multiple CPUs on a single integrated circuit) personal and laptop computers are now widely available, and are being increasingly used in lower-end markets as a result.
Supercomputers in particular often have highly unique architectures that differ significantly from the basic stored-program architecture and from general-purpose computers.[h] They often feature thousands of CPUs, customized high-speed interconnects, and specialized computing hardware. Such designs tend to be useful for only specialized tasks
due to the large scale of program organization required to use most of the available resources at once. Supercomputers usually see usage in large-scale simulation, graphics rendering, and cryptography applications, as well as with other so-called "embarrassingly parallel" tasks. Main article: Software Software is the part of a computer system that
consists of the encoded information that determines the computer's operation, such as data or instructions on how to process the data. In contrast to the physical hardware from which the system is built, software is immaterial. Software includes computer programs, libraries and related non-executable data, such as online documentation or digital
media. It is often divided into system software and application software. Computer hardware and software require each other and neither is useful on its own. When software is stored in hardware that cannot easily be modified, such as with BIOS ROM in an IBM PC compatible computer, it is sometimes called "firmware". Operating system / system
software Unix and BSD UNIX System V, IBM AIX, HP-UX, Solaris (SunOS), IRIX, List of BSD operating systems Linux List of Linux distributions, Comparison of Linux distributions Windows Windows 95, Windows 98, Windows NT, Windows 2000, Windows ME, Windows XP, Windows Vista, Windows 7, Windows 8, Windows 8.1, Windows 10, Windows
11 MS-DOS compatible MS-DOS, IBM PC DOS, DR-DOS, FreeDOS Mac Classic Mac OS, macOS (previously OS X and Mac OS X) Embedded and real-time List of embedded operating systems Experimental Amoeba, Oberon-AOS, Bluebottle, A2, Plan 9 from Bell Labs Library Multimedia DirectX, OpenGL, OpenAL, Vulkan (API) Programming library C
standard library, Standard Template Library Data Protocol TCP/IP, Kermit, FTP, HTTP, SMTP File format HTML, XML, JPEG, MPEG, PNG User interface Graphical user interface (WIMP) Windows, GNOME, KDE, QNX Photon, CDE, GEM, Aqua Text-based user interface Command-line interface, Text user interface Application software Office suite
Word processing, Desktop publishing, Presentation program, Database management system, Scheduling & Time management, Spreadsheet, Accounting software Internet Access Browser, Email client, Web server, Mail transfer agent, Instant messaging Design and manufacturing Computer-aided design, Computer-aided manufacturing, Plant
management, Robotic manufacturing, Supply chain management Graphics Raster graphics editor, Vector graphics editor, 3D modeler, Animation editor, 3D computer graphics, Video editing, Image processing Audio Digital audio editor, Audio playback, Mixing, Audio synthesis, Computer music Software engineering Compiler, Assembler, Interpreter,
Debugger, Text editor, Integrated development environment, Software performance analysis, Revision control, Software configuration management Educational Edutainment, Educational game, Serious game, Flight simulator Games Strategy, Arcade, Puzzle, Simulation, First-person shooter, Platform, Massively multiplayer, Interactive fiction Misc
Artificial intelligence, Antivirus software, Malware scanner, Installer/Package management systems, File manager The defining feature of modern computers which distinguishes them from all other machines is that they can be programmed. That is to say that some type of instructions (the program) can be given to the computer, and it will process
them. Modern computers based on the von Neumann architecture often have machine code in the form of an imperative programming language. In practical terms, a computer program may be just a few instructions or extend to many millions of instructions, as do the programs for word processors and web browsers for example. A typical modern
computer can execute billions of instructions per second (gigaflops) and rarely makes a mistake over many years of operation. Large computer programs consisting of several million instructions may take teams of programmers years to write, and due to the complexity of the task almost certainly contain errors. Main articles: Computer program and
Computer programming Replica of the Manchester Baby, the world's first electronic stored-program computer, at the Museum of Science and Industry in Manchester, England This section applies to most common RAM machine-based computers. In most cases, computer instructions are simple: add one number to another, move some data from one
location to another, send a message to some external device, etc. These instructions are read from the computer's memory and are generally carried out (executed) in the order they were given. However, there are usually specialized instructions to tell the computer to jump ahead or backwards to some other place in the program and to carry on
executing from there. These are called "jump" instructions (or branches). Furthermore, jump instructions may be made to happen conditionally so that different sequences of instructions may be used depending on the result of some previous calculation or some external event. Many computers directly support subroutines by providing a type of jump
that "remembers" the location it jumped from and another instruction to return to the instruction following that jump instruction. Program execution might be likened to reading a book. While a person will normally read each word and line in sequence, they may at times jump back to an earlier place in the text or skip sections that are not of interest.
Similarly, a computer may sometimes go back and repeat the instructions in some section of the program over and over again until some internal condition is met. This is called the flow of control within the program and it is what allows the computer to perform tasks repeatedly without human intervention. Comparatively, a person using a pocket
calculator can perform a basic arithmetic operation such as adding two numbers with just a few button presses. But to add together all of the numbers from 1 to 1,000 would take thousands of button presses and a lot of time, with a near certainty of making a mistake. On the other hand, a computer may be programmed to do this with just a few
simple instructions. The following example is written in the MIPS assembly language: begin: addi $8, $0, O # initialize sum to 0 addi $9, $0, 1 # set first number to add = 1 loop: slti $10, $9, 1000 # check if the number is less than 1000 beq $10, $0, finish # if odd number is greater than n then exit add $8, $8, $9 # update sum addi $9, $9, 1 # get
next number j loop # repeat the summing process finish: add $2, $8, $0 # put sum in output register Once told to run this program, the computer will perform the repetitive addition task without further human intervention. It will almost never make a mistake and a modern PC can complete the task in a fraction of a second. In most computers,
individual instructions are stored as machine code with each instruction being given a unique number (its operation code or opcode for short). The command to add two numbers together would have one opcode; the command to multiply them would have a different opcode, and so on. The simplest computers are able to perform any of a handful of
different instructions; the more complex computers have several hundred to choose from, each with a unique numerical code. Since the computer's memory is able to store numbers, it can also store the instruction codes. This leads to the important fact that entire programs (which are just lists of these instructions) can be represented as lists of
numbers and can themselves be manipulated inside the computer in the same way as numeric data. The fundamental concept of storing programs in the computer's memory alongside the data they operate on is the crux of the von Neumann, or stored program, architecture.[133][134] In some cases, a computer might store some or all of its program
in memory that is kept separate from the data it operates on. This is called the Harvard architecture after the Harvard Mark I computer. Modern von Neumann computers display some traits of the Harvard architecture in their designs, such as in CPU caches. While it is possible to write computer programs as long lists of numbers (machine language)
and while this technique was used with many early computers,[i] it is extremely tedious and potentially error-prone to do so in practice, especially for complicated programs. Instead, each basic instruction can be given a short name that is indicative of its function and easy to remember - a mnemonic such as ADD, SUB, MULT or JUMP. These
mnemonics are collectively known as a computer's assembly language. Converting programs written in assembly language into something the computer can actually understand (machine language) is usually done by a computer program called an assembler. A 1970s punched card containing one line from a Fortran program. The card reads: "Z(1) =Y
+ W(1)" and is labeled "PROJ039" for identification purposes. Main article: Programming language A programming language is a notation system for writing the source code from which a computer program is produced. Programming languages provide various ways of specifying programs for computers to run. Unlike natural languages, programming
languages are designed to permit no ambiguity and to be concise. They are purely written languages and are often difficult to read aloud. They are generally either translated into machine code by a compiler or an assembler before being run, or translated directly at run time by an interpreter. Sometimes programs are executed by a hybrid method of
the two techniques. There are thousands of programming languages—some intended for general purpose programming, others useful for only highly specialized applications. Programming languages Lists of programming languages Timeline of programming languages, List of programming languages by category, Generational list of programming
languages, List of programming languages, Non-English-based programming languages Commonly used assembly languages ARM, MIPS, x86 Commonly used high-level programming languages Ada, BASIC, C, C++, C#, COBOL, Fortran, PL/I, REXX, Java, Lisp, Pascal, Object Pascal Commonly used scripting languages Bourne script, JavaScript,
Python, Ruby, PHP, Perl Main article: Low-level programming language Machine languages and the assembly languages that represent them (collectively termed low-level programming languages) are generally unique to the particular architecture of a computer's central processing unit (CPU). For instance, an ARM architecture CPU (such as may be
found in a smartphone or a hand-held videogame) cannot understand the machine language of an x86 CPU that might be in a PC.[j] Historically a significant number of other CPU architectures were created and saw extensive use, notably including the MOS Technology 6502 and 6510 in addition to the Zilog Z80. Main article: High-level programming
language Although considerably easier than in machine language, writing long programs in assembly language is often difficult and is also error prone. Therefore, most practical programs are written in more abstract high-level programming languages that are able to express the needs of the programmer more conveniently (and thereby help reduce
programmer error). High level languages are usually "compiled" into machine language (or sometimes into assembly language and then into machine language) using another computer program called a compiler.[k] High level languages are less related to the workings of the target computer than assembly language, and more related to the language
and structure of the problem(s) to be solved by the final program. It is therefore often possible to use different compilers to translate the same high level language program into the machine language of many different types of computer. This is part of the means by which software like video games may be made available for different computer
architectures such as personal computers and various video game consoles. Program design of small programs is relatively simple and involves the analysis of the problem, collection of inputs, using the programming constructs within languages, devising or using established procedures and algorithms, providing data for output devices and solutions
to the problem as applicable.[135] As problems become larger and more complex, features such as subprograms, modules, formal documentation, and new paradigms such as object-oriented programming are encountered.[136] Large programs involving thousands of line of code and more require formal software methodologies.[137] The task of
developing large software systems presents a significant intellectual challenge.[138] Producing software with an acceptably high reliability within a predictable schedule and budget has historically been difficult;[139] the academic and professional discipline of software engineering concentrates specifically on this challenge.[140] Main article:
Software bug The actual first computer bug, a moth found trapped on a relay of the Harvard Mark II computer Errors in computer programs are called "bugs". They may be benign and not affect the usefulness of the program, or have only subtle effects. However, in some cases they may cause the program or the entire system to "hang", becoming
unresponsive to input such as mouse clicks or keystrokes, to completely fail, or to crash.[141] Otherwise benign bugs may sometimes be harnessed for malicious intent by an unscrupulous user writing an exploit, code designed to take advantage of a bug and disrupt a computer's proper execution. Bugs are usually not the fault of the computer. Since
computers merely execute the instructions they are given, bugs are nearly always the result of programmer error or an oversight made in the program's design.[1] Admiral Grace Hopper, an American computer scientist and developer of the first compiler, is credited for having first used the term "bugs" in computing after a dead moth was found
shorting a relay in the Harvard Mark II computer in September 1947.[142] Main articles: Computer networking and Internet Visualization of a portion of the routes on the Internet Computers have been used to coordinate information between multiple physical locations since the 1950s. The U.S. military's SAGE system was the first large-scale
example of such a system, which led to a number of special-purpose commercial systems such as Sabre.[143] In the 1970s, computer engineers at research institutions throughout the United States began to link their computers together using telecommunications technology. The effort was funded by ARPA (now DARPA), and the computer network
that resulted was called the ARPANET.[144] Logic gates are a common abstraction which can apply to most of the above digital or analog paradigms. The ability to store and execute lists of instructions called programs makes computers extremely versatile, distinguishing them from calculators. The Church-Turing thesis is a mathematical statement
of this versatility: any computer with a minimum capability (being Turing-complete) is, in principle, capable of performing the same tasks that any other computer can perform. Therefore, any type of computer (netbook, supercomputer, cellular automaton, etc.) is able to perform the same computational tasks, given enough time and storage capacity.
In the 20th century, artificial intelligence systems were predominantly symbolic: they executed code that was explicitly programmed by software developers.[145] Machine learning models, however, have a set parameters that are adjusted throughout training, so that the model learns to accomplish a task based on the provided data. The efficiency of
machine learning (and in particular of neural networks) has rapidly improved with progress in hardware for parallel computing, mainly graphics processing units (GPUs).[146] Some large language models are able to control computers or robots.[147][148] Al progress may lead to the creation of artificial general intelligence (AGI), a type of Al that
could accomplish virtually any intellectual task at least as well as humans.[149] As the use of computers has spread throughout society, there are an increasing number of careers involving computers. Computer-related professions Hardware-related Electrical engineering, Electronic engineering, Computer engineering, Telecommunications
engineering, Optical engineering, Nanoengineering Software-related Computer science, Computer engineering, Desktop publishing, Human-computer interaction, Information technology, Information systems, Computational science, Software engineering, Video game industry, Web design The need for computers to work well together and to be able
to exchange information has spawned the need for many standards organizations, clubs and societies of both a formal and informal nature. Organizations Standards groups ANSI, IEC, IEEE, IETF, ISO, W3C Professional societies ACM, AIS, IET, IFIP, BCS Free/open source software groups Free Software Foundation, Mozilla Foundation, Apache
Software Foundation Computability theory Computer security Glossary of computer hardware terms History of computer science List of computer term etymologies List of computer system manufacturers List of fictional computers List of films about computers List of pioneers in computer science Outline of computers Pulse computation TOP500 (list
of most powerful computers) Unconventional computing ~ According to Schmandt-Besserat 1981, these clay containers contained tokens, the total of which were the count of objects being transferred. The containers thus served as something of a bill of lading or an accounts book. In order to avoid breaking open the containers, first, clay impressions
of the tokens were placed on the outside of the containers, for the count; the shapes of the impressions were abstracted into stylized marks; finally, the abstract marks were systematically used as numerals; these numerals were finally formalized as numbers.Eventually the marks on the outside of the containers were all that were needed to convey the
count, and the clay containers evolved into clay tablets with marks for the count. Schmandt-Besserat 1999 estimates it took 4000 years. ©~ The Intel 4004 (1971) die was 12 mm?2, composed of 2300 transistors; by comparison, the Pentium Pro was 306 mm2, composed of 5.5 million transistors.[115] ~ According to the Shorter Oxford English Dictionary
(6th ed, 2007), the word computer dates back to the mid 17th century, when it referred to "A person who makes calculations; specifically a person employed for this in an observatory etc." ~ Most major 64-bit instruction set architectures are extensions of earlier designs. All of the architectures listed in this table, except for Alpha, existed in 32-bit
forms before their 64-bit incarnations were introduced. ™ The control unit's role in interpreting instructions has varied somewhat in the past. Although the control unit is solely responsible for instruction interpretation in most modern computers, this is not always the case. Some computers have instructions that are partially interpreted by the control
unit with further interpretation performed by another device. For example, EDVAC, one of the earliest stored-program computers, used a central control unit that interpreted only four instructions. All of the arithmetic-related instructions were passed on to its arithmetic unit and further decoded there. ~ Instructions often occupy more than one
memory address, therefore the program counter usually increases by the number of memory locations required to store one instruction. ~ Flash memory also may only be rewritten a limited number of times before wearing out, making it less useful for heavy random access usage.[127] ™~ However, it is also very common to construct supercomputers
out of many pieces of cheap commodity hardware; usually individual computers connected by networks. These so-called computer clusters can often provide supercomputer performance at a much lower cost than customized designs. While custom architectures are still used for most of the most powerful supercomputers, there has been a
proliferation of cluster computers in recent years.[132] ~ Even some later computers were commonly programmed directly in machine code. Some minicomputers like the DEC PDP-8 could be programmed directly from a panel of switches. However, this method was usually used only as part of the booting process. Most modern computers boot
entirely automatically by reading a boot program from some non-volatile memory. ©~ However, there is sometimes some form of machine language compatibility between different computers. An x86-64 compatible microprocessor like the AMD Athlon 64 is able to run most of the same programs that an Intel Core 2 microprocessor can, as well as
programs designed for earlier microprocessors like the Intel Pentiums and Intel 80486. This contrasts with very early commercial computers, which were often one-of-a-kind and totally incompatible with other computers. ©~ High level languages are also often interpreted rather than compiled. Interpreted languages are translated into machine code
on the fly, while running, by another program called an interpreter. ~ It is not universally true that bugs are solely due to programmer oversight. Computer hardware may fail or may itself have a fundamental problem that produces unexpected results in certain situations. For instance, the Pentium FDIV bug caused some Intel microprocessors in the
early 1990s to produce inaccurate results for certain floating point division operations. This was caused by a flaw in the microprocessor design and resulted in a partial recall of the affected devices. ™ Evans 2018, p. 23. ™ Smith 2013, p. 6. © "computer (n.)". Online Etymology Dictionary. Archived from the original on 16 November 2016. Retrieved 19
August 2021. ~ Robson, Eleanor (2008). Mathematics in Ancient Iraq. Princeton University Press. p. 5. ISBN 978-0-691-09182-2.: calculi were in use in Iraq for primitive accounting systems as early as 3200-3000 BCE, with commodity-specific counting representation systems. Balanced accounting was in use by 3000-2350 BCE, and a sexagesimal
number system was in use 2350-2000 BCE. © Flegg, Graham. (1989). Numbers through the ages. Houndmills, Basingstoke, Hampshire: Macmillan Education. ISBN 0-333-49130-0. OCLC 24660570. ™ The Antikythera Mechanism Research Project Archived 28 April 2008 at the Wayback Machine, The Antikythera Mechanism Research Project.
Retrieved 1 July 2007. ~ Marchant, Jo (1 November 2006). "In search of lost time". Nature. 444 (7119): 534-538. Bibcode:2006Natur.444..534M. doi:10.1038/444534a. ISSN 0028-0836. PMID 17136067. S2CID 4305761. ©~ G. Wiet, V. Elisseeff, P. Wolff, J. Naudu (1975). History of Mankind, Vol 3: The Great medieval Civilisations, p. 649. George Allen
& Unwin Limited, UNESCO. ~ Fuat Sezgin. "Catalogue of the Exhibition of the Institute for the History of Arabic-Islamic Science (at the Johann Wolfgang Goethe University", Frankfurt, Germany), Frankfurt Book Fair 2004, pp. 35 & 38. ©~ Charette, Francois (2006). "Archaeology: High tech from Ancient Greece". Nature. 444 (7119): 551-552.
Bibcode:2006Natur.444..551C. do0i:10.1038/444551a. PMID 17136077. S2CID 33513516. ©~ Bedini, Silvio A.; Maddison, Francis R. (1966). "Mechanical Universe: The Astrarium of Giovanni de' Dondi". Transactions of the American Philosophical Society. 56 (5): 1-69. d0i:10.2307/1006002. JSTOR 1006002. ~ Price, Derek de S. (1984). "A History of
Calculating Machines". IEEE Micro. 4 (1): 22-52. doi:10.1109/MM.1984.291305. ~ Oren, Tuncer (2001). "Advances in Computer and Information Sciences: From Abacus to Holonic Agents" (PDF). Turk J Elec Engin. 9 (1): 63-70. Archived (PDF) from the original on 15 September 2009. Retrieved 21 April 2016. ~ Donald Routledge Hill (1985). "Al-
Biruni's mechanical calendar”, Annals of Science 42, pp. 139-163. ™ "The Writer Automaton, Switzerland". chonday.com. 11 July 2013. Archived from the original on 20 February 2015. Retrieved 28 January 2015. ~ a b Ray Girvan, "The revealed grace of the mechanism: computing after Babbage", Archived 3 November 2012 at the Wayback Machine,
Scientific Computing World, May/June 2003. ™ Torres, Leonardo (10 October 1895). "Memdria sobre las Maquinas Algébricas" (PDF). Revista de Obras Publicas (in Spanish) (28): 217-222. ©~ Leonardo Torres. Memoria sobre las maquinas algébricas: con un informe de la Real academia de ciencias exactas, fisicas y naturales, Misericordia, 1895. ©
Thomas, Federico (1 August 2008). "A short account on Leonardo Torres' endless spindle". Mechanism and Machine Theory. 43 (8). IFToMM: 1055-1063. doi:10.1016/j.mechmachtheory.2007.07.003. hdl:10261/30460. ISSN 0094-114X. ~ Gomez-Jauregui, Valentin; Gutierrez-Garcia, Andres; Gonzalez-Redondo, Francisco A.; Iglesias, Miguel;
Manchado, Cristina; Otero, Cesar (1 June 2022). "Torres Quevedo's mechanical calculator for second-degree equations with complex coefficients". Mechanism and Machine Theory. 172 (8) 104830. IFToMM. doi:10.1016/j.mechmachtheory.2022.104830. hdl:10902/24391. S2CID 247503677. ~ Torres Quevedo, Leonardo (1901). "Machines & calculer".
Mémoires Présentés par Divers Savants a I'Académie des Scienes de 1'Institut de France (in French). XXXII. Impr. nationale (Paris). ~ Halacy, Daniel Stephen (1970). Charles Babbage, Father of the Computer. Crowell-Collier Press. ISBN 978-0-02-741370-0. ~ O'Connor, John J.; Robertson, Edmund F. (1998). "Charles Babbage". MacTutor History of
Mathematics archive. School of Mathematics and Statistics, University of St Andrews, Scotland. Archived from the original on 16 June 2006. Retrieved 14 June 2006. ~ "Babbage". Online stuff. Science Museum. 19 January 2007. Archived from the original on 7 August 2012. Retrieved 1 August 2012. ©~ Graham-Cumming, John (23 December 2010).
"Let's build Babbage's ultimate mechanical computer". opinion. New Scientist. Archived from the original on 5 August 2012. Retrieved 1 August 2012. ~ L. Torres Quevedo. Ensayos sobre Automatica - Su definicion. Extension teérica de sus aplicaciones, Revista de la Academia de Ciencias Exacta, Revista 12, pp. 391-418, 1914. ~ Torres Quevedo,
Leonardo. Automatica: Complemento de la Teoria de las Maquinas, (pdf), pp. 575-583, Revista de Obras Publicas, 19 November 1914. ~ Ronald T. Kneusel. Numbers and Computers, Springer, pp. 84-85, 2017. ISBN 978-3-319-50508-4 ~ Randell 1982, p. 6, 11-13. ™ B. Randell. Electromechanical Calculating Machine, The Origins of Digital
Computers, pp.109-120, 1982. ©~ Bromley 1990. ~ Cristopher Moore, Stephan Mertens. The Nature of Computation, Oxford, England: Oxford University Press, p. 291, 2011. ISBN 978-0-199-23321-2. ~ Randell, Brian. Digital Computers, History of Origins, (pdf), p. 545, Digital Computers: Origins, Encyclopedia of Computer Science, January 2003. ™~ a
b ¢ d The Modern History of Computing. Stanford Encyclopedia of Philosophy. 2017. Archived from the original on 12 July 2010. Retrieved 7 January 2014. ©~ "Computing Before Silicon". MIT Technology Review. 1 May 2000. Retrieved 18 May 2025. ©~ O'Regan, Gerard, ed. (2008). A Brief History of Computing. London: Springer London. p. 28.
doi:10.1007/978-1-84800-084-1. ISBN 978-1-84800-083-4. ~ Tse, David (22 December 2020). "How Claude Shannon Invented the Future". Quanta Magazine. Retrieved 5 November 2024. ©~ Parmar, Sunil (23 September 2021). "Restoration of the TDC MARK III aboard USS PAMPANITO". NSL Archive. Retrieved 17 May 2025. ™ Zuse, Horst. "Part 4:
Konrad Zuse's Z1 and Z3 Computers". The Life and Work of Konrad Zuse. EPE Online. Archived from the original on 1 June 2008. Retrieved 17 June 2008. ~ Bellis, Mary (15 May 2019) [First published 2006 at inventors.about.com/library/weekly/aa050298.htm]. "Biography of Konrad Zuse, Inventor and Programmer of Early Computers".
thoughtco.com. Dotdash Meredith. Archived from the original on 13 December 2020. Retrieved 3 February 2021. Konrad Zuse earned the semiofficial title of 'inventor of the modern computer'[who?]. © "Who is the Father of the Computer?". ComputerHope. ©~ Zuse, Konrad (2010) [1984]. The Computer - My Life Translated by McKenna, Patricia and
Ross, J. Andrew from: Der Computer, mein Lebenswerk (1984). Berlin/Heidelberg: Springer-Verlag. ISBN 978-3-642-08151-4. ©~ Salz Trautman, Peggy (20 April 1994). "A Computer Pioneer Rediscovered, 50 Years On". The New York Times. Archived from the original on 4 November 2016. Retrieved 15 February 2017. ™ Zuse, Konrad (1993). Der
Computer. Mein Lebenswerk (in German) (3rd ed.). Berlin: Springer-Verlag. p. 55. ISBN 978-3-540-56292-4. ~ "Crash! The Story of IT: Zuse". Archived from the original on 18 September 2016. Retrieved 1 June 2016. ™ Rojas, R. (1998). "How to make Zuse's Z3 a universal computer". IEEE Annals of the History of Computing. 20 (3): 51-54.
Bibcode:1998IAHC...20c..51R. do0i:10.1109/85.707574. S2CID 14606587. ~ Rojas, Raul. "How to Make Zuse's Z3 a Universal Computer" (PDF). fu-berlin.de. Archived (PDF) from the original on 9 August 2017. Retrieved 28 September 2015. ~ a b O'Regan, Gerard (2010). A Brief History of Computing. Springer Nature. p. 65. ISBN 978-3-030-66599-9.
~ Bruderer, Herbert (2021). Milestones in Analog and Digital Computing (3rd ed.). Springer. pp. 1009, 1087. ISBN 978-3-03040973-9. ™ "notice". Des Moines Register. 15 January 1941. ™ Arthur W. Burks (1989). The First Electronic Computer. University of Michigan Press. ISBN 0-472-08104-7. Retrieved 1 June 2019. ~ a b ¢ d Copeland, Jack (2006).
Colossus: The Secrets of Bletchley Park's Codebreaking Computers. Oxford: Oxford University Press. pp. 101-115. ISBN 978-0-19-284055-4. ~ Miller, Joe (10 November 2014). "The woman who cracked Enigma cyphers". BBC News. Archived from the original on 10 November 2014. Retrieved 14 October 2018. ~ Bearne, Suzanne (24 July 2018).
"Meet the female codebreakers of Bletchley Park". The Guardian. Archived from the original on 7 February 2019. Retrieved 14 October 2018. ~ "Bletchley's code-cracking Colossus". BBC. Archived from the original on 4 February 2010. Retrieved 24 November 2021. ©~ "Colossus - The Rebuild Story". The National Museum of Computing. Archived
from the original on 18 April 2015. Retrieved 7 January 2014. ~ Randell, Brian; Fensom, Harry; Milne, Frank A. (15 March 1995). "Obituary: Allen Coombs". The Independent. Archived from the original on 3 February 2012. Retrieved 18 October 2012. ™ Fensom, Jim (8 November 2010). "Harry Fensom obituary". The Guardian. Archived from the
original on 17 September 2013. Retrieved 17 October 2012. ™ John Presper Eckert Jr. and John W. Mauchly, Electronic Numerical Integrator and Computer, United States Patent Office, US Patent 3,120,606, filed 26 June 1947, issued 4 February 1964, and invalidated 19 October 1973 after court ruling on Honeywell v. Sperry Rand. ~ Evans 2018,
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MEFEEWET |, BLEEMNET REEEN , FIBEHEMEXR , STSANTATEREEZEL, B, REBERA BNENEHEE , EAEROEEHE, NHE—FEMRA ENELB EVEHEHIEER |, HESEUHUB ARMHMNE ERUMEANERN , RN ELMETRENLZZE—EE  AEBHAE—S8&KIREBTRIFHIESLMNIHEERBEREEN, EXEIBIEN—RK
RRE—MEETR , MUAETRELRE , EXMANT , REZSMMBEE , MBLARBHBIBRER LM , IHEMEMBNMBRIBEHNERLSR. Z—HEHHTRARENBESENTLEENRD , FHENBETR-EARLLMEE, 4. GV (Switch ) REBBEEMIREHEENEE , BAINREENTHRNAFEEERHNERERNFSERMENIEH ENRARRT, XK
BYME—MEBERATTHEERIRINENRE  ERELSBNARMNTR , MM LESELF[IFEERU , BEFRASELRI N AEE. ERMETHELEX  EE4RBRANEREFTENTEARN , MRV RANERMETEAN. BBV ENFAERMONEMRENEETE , WRIEE NGO HBIREERER , KRV AAFRENEREHN. SWSEE  H\EERWLXZBMRD , A
FEMBIROLRE , HETREENWIIALZENER  IHENRESHBBERKE , LEZIEMMBEE , HBRTHREERTS  ENAXNRES TERNE , MENE3IMLLRAE T, 5. BHREHE (Router)) B—MRARIFNMEIRE , ERGBRNEFNSZREFAINENERON—FMERFZRELAFBE, BHBATEESMNEELIANNG , hAFREREMNBEREZ, B
MR ARERASIBEREEREZ  BARESMEU U R Sitbit 2 BEEMEE , BHRAARAREXNBIFECASFIER Bt IERIEER  BHRFEARVNEEENRMBRELRKARGEEEENEKZ., BHREFETIMNZE , IERINEETEERZE  FINBHABRSZHBIIEE —ERE AT MU MIRE, BHREERR 7RIV AEABHELIEENRE, R
i, BRASRE—ARAMNINEITEN , ENEEEMCPU, FMESBFED  REEMEMEEEIRERAIOS, Ri&M., RHBMPCH—# , EHRLERETCPU , MERENKREY., BHE , ECPU—RBAIER , CPURREY., HRASBMAEPRD, AFEXRIEN. RHBEMESMNEENMT , CISCOREY., WHBEBUT/IMARAYG : ROM (Read Only Memory ) 7#iE3Ri%M. EHEIM
BB (POST : Power-On Self-Test) . B&IiEF ( Bootstrap Program ) FI&f 7 sk 2 &BHII0S, 3Zidl, EHSETHROMRENIERER , FIIOSERIUFALKE), RAM ( Random Access Memory ) 5PCHl EHIFENZESMEM , RFIGFRHMEENTFME , BNREFEFEHIINERRFEEESE. NVRAM ( Nonvolatile Random Access Memory ) 7235, BAEMNEIMREENE, NVRAMEZR]
EER , P, BHBNREESENENVRAMA, FLASHAE , 2SR , he]fRwiE , ATFMECISCO IOSHETERA , AT, BHBMIOSHITHE, BORMIERRN. BHEIEEIIMG , eIUY AEEMEOM T EMEOAEM, BTFREV. BHRRBUSHAR , EOMEMERBAR—#, ELNEOZTEGUT/LHM  SEBESHED , o[iE#EDDN , A4 (Frame
Relay) , X.25, PSTN (&l BiE4K ), A¥/RLE0 , IARGHEHRDRENMRT TEAR, AULGO , BES%0, —RFEIMNERIRES (AUI-RJ45) , E#&10/100Base-TA AR, ISDNimO , FILEREISDNML (2B+D) |, FI{EABEIEMEAlnternet ZA, AUXIGA , wiRAXELIHA , EERAFEERE , HoTATFHSED , I5SMODEMERE, @GRS (Hardware Flow
Control) ., Consolein[ , ZinAARLIHRO , EEERLIRTEITERIMBERFNITEN , EAMEEERIGN. BHE, AEEGERES, TURHE—MRXASEEN  WAEFIRERENBIZE, TZREBH#ATRNSEFNTENRZRALM, BFIEN. ERTEVNNZERARL (I/0) BIRmAESAER. TEVNZHEN. WARMLIZSIINEBEEEN., MEVFAEN, TITEVINB I —EB
IR/ EHEE |, AR T A RRANEIEEATTENHETAE ;| ZS—AERITENSTENEFTREFING S, ERERM T UEFINKMNEHEENES , BIEETWERNRIVZEFIZRE. BAERIBTENESRSETES,. TENMNEERLFE  IPC (PCELIT B ) . PLC (FIHEZEHIRSA ) . DCS (BEEHIRSA ) . FCS (MAREERS% ) RCNC (BIERA) A, 1.
IPCENEFPCRL&R T B, #E2000FIDCAITPCHIE SEIBATENINIS%MU L , BEMIERE. RES. FEA. WHEGREESE , BH KB ARARMFENIAG , XIERTWERMRMNERN, EEEMAEMES ATWNE. TREERKZAEAR FWEMiRTAER , SICPUR. /OF%E, HXBEWNE, NTEFKTEM , WEEXBEFIZITRKEMC ( Electro Magnetic Compatibility ) AR
LR T A IR T, Bol. KA, S/MREFEE, IPCEU TS  valfH : TWPCEREMLE. BE. S/KE. ME. i), BEMRERIZEFIeIEFHE , EMTTR (Mean Time to Repair) —f&A1073/ME L E, SEEFE , TAPCHW T A =G FE3HTER LM 5126 |, W LEKRHTHE T RN , RE#TRENEEIAT (Bl IANEXREEPCAAEEN) , BREESEM , R
IERAMEREIBIT, ¥R, TWPCHFRAKKR+CPUREM , AMABREBMNBAREING , RSETY R20/MRF , S5 TWIIZMNEMIME, IRFUNSEEHIZE. REERSA. FRONNERZE  UThSMES, B EENRAAISASPCIRPICMGHIR , HZISESMIRMERS , SMESILE , SEZRERR. 2. "IHRIEZEFEHIZE (PLC) PLCRX 2
ProgrammableLogicController , FX £ R RIEBEEFIZE  EXRE | —"MHFZERENBEFRA , THEILWIMNENAMIRTH., EXRA-EFRENGEHES , BTERNREMEER  JUTEIEEE | IR , €N , (I 85ERARESEARFPNES | FETHRFIEUNBA/ALEF STHERPN MR E~TE, AIRIERHIRSA (ProgrammableLogicController ) —ME [T AEIWIR
BTNAMITHNRFCEREFEFRA, ©RA MO RIENGFMHES  EEHASRFENTEEEE. FER. BN, THRIAEREZEFRIENIES BTSNV A R ERE G SRS SE TR, THREFEFHRETENRASBENERRARBEESMA LN —MER TIIMEHMIABEABRNEHRE , RIEAGALE[NBR~RMEINE, BEMEFRAFITENZARNER
BAR , FIREEFHRESHAS TIHENNINEE , MXBEXIIZERS , KEE THIEAE, BE. WESEDEE, HTFeErBEREREEHEE  MERBHERN, AREPHE. ®RIEEER, FIREYES. MTHERESER , BNZNATF I LRSI , KRS THBE—AEE#HE, 3. SBEUEHIRS (DCS) B2—MaltiE. SRE. lA. EERENIBIZFHRARIITE  7TUM
M EMHIIEF RS, DEIEFIRAEDCS, MEBIERERSK (SCADA) | A ESM T L GUERIFEEHFHFIEEEIENER, RANERKIZTT, SENKEGINEEENS T RIEEN , e ZATFEMA. . NEBIHMNSEREES., KRB B RANSUSEU RN, Alt. EE. KEFI WA= IEES, 4, ARLARSL (FCS) BR2HFHIT. WABEERSA. RANNEEHIIZS
WERSL, ENSRAITHISE TR TR, WNAIIERl, I MEMSRT , ERRERZRES (WPLC , LCHE ) INAERENER (MNTIME. |, FBHEIEESE) NEHN , XEEENSE L2 mIEGIRANAERINEE, BTH ENNARR , RSEINEXNN REBRANE , #TFEH%, B LEMNNIMIASLENEN+RM |, (LRMENINIZE4E : FF , Profibus , LONworks , CAN ,
HART , CC-LINKZ, 5. HIFZ% (CNC) HABRAARRAMLIER I ETRAMINBERERSE , BELETREGHERERAER (M) RLIIEFIBLE , KMEHHLEHUTINE |, FELEOSHEREHITERRE , MAOTTEVRIE , BHMCNCRA, BUIRHARUSBERA AKX RIFRANERNMEIE~ WS ERMMINBE—ARCTR  ERAEEESRSMT : (1) IWEERA; (2)ER
AIB. NI, FHEA; (3) BalfElRA ; (4) FERIERA ; (5) ERESEHA; (6) WERAE, PARBML., &4 (Desktop ) iFEHENITENABEUREN , R—MHHIEIBHHTEN , TR22BEEHEPHLERZR AN TEICAT EMAARREK , TV, ERFFEZF—MESENMULN , —WNEERECBMEFEZINILES L, AltGaAERN. RIEERITHMELTEN ,
SHRARBN LB AMYEHMESRN. SRV EENREICAENER, SXNEBUNTER  ft, SXNEFZCATENMTEALNNASR. EXVNINEEEZEA. BREHFHIERM—ERATZER. TRt AaXVNNERERPBEAS , (LR, B2, MEaRVENERIRSFEERSL-51 , BERNRGEERL-51, FEAEAFBRNEGFAR, RiFE, @3V 27E
RIFBEHAZRENES. MAFKEIRAE ; EEICATRIALZRAZRT. B, aXNNENF. X, E81%. USB, SMEOFTVENEERT , AEAFNER. BEINNEEEZE  HILEICAREESE, 2. BR—AVBR—@FY , RH—E8ERH. —MERBEN—ABRERNEBER, EMNtH. IREETRENTE—E , ERRME—G8N , At RERREMEMERZIE
mes b, VISSFEEER. MELEARANER  BR—AVNEE, BIMSERB[BULIMALERE  NBERE-RBESL, SPMBRT —EAARRNERANESE S M08, GREM—AVIZEGEMEWR. AVINGE  WESTRRG  THATEETLEAN. 3. £iCABM (NotebooksiLaptop ) EiCABMIMFIREBMNAR LEBA , —MNEL, HEHFNMABR , BEEL-3/F., EiLAE
RbR T BEESN |, TIRM T ABIEIR ( TouchPad ) Sift#=S (Pointing Stick) , R\ TEFNEAMIBAIIGE, EiCABMETUKRE LS 6K : HH5E, NEE, SEMANA, EMEL, F38 13HAE, §S5REICABR—RAIUHERBIEE. BNESMEEK, FS50RGS ; NEEMIEEFE RGN ; SHEENARECAERNERGENER. BEMRLIBENFSHEARMEES  LEIIEMEE

N RAEREER, ME , SEFAECAEMSAERABINVBIERNE T (HOXHBEF)  AERAWER., £MAE (Netbook) FZIZFEMNREEMEICAER , & LM, WREMHURERER (IM) FIH8E , FrIUSHLRERRIEANE R, EMALLRBIFEEY , SRTELE. KRKFEEAHE LB LN, FIENSRITRHEICKING , RAFELENRE , SEBSFIV. &
TR, SiEHl. SiEVl., FEBEMESMNEDNE, HHEAENELAERZRSTFELAL , FTUEERES. &, KSE. 38K, BiEH. KFEESMRETERNNE , BREE | (tNRESFIEE EMRIEAAEITRS X "FERMNEMEICABR, 4. ELHEM (PDA) E LB (PDA) ELEME — Mz TERARNRERAMARINNARGE 2 LY. MG, BE. BF. KA. MENFE
NTEIRE, ELRERR. DEMEGHRESHEMEEICABMERIZE, ELBFRTAREEMNAGE (MERR , 1TXIF) , MEXRFU EMMEIE , &Email , EEEFIUSMFIRAN  ERE : REVINEE. FUXKIFHINEE. SRR TERINEE, REEINEE, KAREINGE. FEEEIEESE, ELRMRMBFRERRATBIEESE M ZRBEEM, £ EBRMRMNZODEARZIRANE
ERG , SHERZENEFHEEEL, T CBEMER EI0 EFVIINEE , #i T EEEFN (Smartphone ) , EEEFVIRT EZFHRBIEINGES , EE& TPDARTIEE , IR M GEEEMNRET A HIEBEEMNESEFIE FHMEIEE, SEFVNAAFRERTEBNREERTI®ESR , BAEMEET , XARGETHIATKRSEE T ANSES  BSBELVSIUHMLER , RE. #E. X
|, RB. Hm. NAREFTH. SRERTHSES, 5. TREMFEREME-FRLNEE. SERE. KIAEF BRER  AINETENEM, EMNAGSEICABRESHEE , EERINAMEARSE LPE K MARERRENBTEA  HFEITR TE I CAEREESEREEN] BHigiHER, ERTHEEICABMMFAEINEEIN  EZHFERMASRIETRA  BIENESMEN—%, FiRE
AL REREL , EOMIZEX8652M , NI HMNTIRERES~REE , PIRERME—FRETNEHE. RERE. NIIEURBALLFSR , BAIIHEREMNPC, SRAREBRARASL ( Embedded Systems ) , —F MBS0, MRS HER , REGTREN , ENNRAAKNINEE. IR, A, A, WESEEUTRERNERTENRS, ©—REAEFANMEIEES. HEEL
18&. MARBRERAUKAFPNNARFENANISEN. ERTENMIZTEKERNIY , bEMEES  KASMHSHENTENRSE. RARRA/LFEETEEPNMEERIZE , 1¥ tpda, &R, BUNNE. FH. HFR0. SEMEREE. S5F. RUEKP. BFEN. REBNLRSK. BiE. TiE. T22%. BEEY. BEXRIE HEBEFRE. LTUBMUNKREETINES.
AR RAERZOEREBERAVAIERS |, D4 |, BIERANMIZHIZE ( Micro Contrller Unit , MCU , 88 H#1) . 8RANMALIESE ( Micro Processor Unit , MPU ). BRAZVDSP &3228 ( Digital Signal Processor , DSP) FIERARFH ER4E ( System on Chip , SOC) , SRAXMAIER —MREASZLANMTR 1. WERMSESEREBRIZIFEES] , BETTAL S5 H BB RIERIRRFND N Y
8, ATEREREIEIXRER AR ITR BV RERE ; 2. EBEMEREBNEFMEXFRIPIIGE , SRATRARZZANRGEMERIY , MATEREREFERZ EAHINBRMNRIXER , SEE2IRTTEANFEMEXRIPIEE , AN AR FREIZE ; 3. PIT BRIAIESEEN , UesiuEty BHHENANSHEENERANMAIESS ; 4. RAXNHLIESNIFESAER , LERATEREANTLE R
BT ENBEFEREPERMMBENRARRAERNLL , EREImw EEpw £, EESEEEREERUMIEESERAAEMN , MPBSEERSRRKE , KECERBITENRA, EERMEEARSEHIENIRE. 768 L. 2% HRF RENEHF-RIIITE, ERAEEMASRTENNERES. RMACEENEM, BAT , 80%U LMNTENETENATFEREIE , ATEN
NAMEEARME, EEREEE ZNASHABEME. EELTEVHNERSRE. BIRER, BREE, EXBEMAMERIT. SUTBEAESTH L., FENNNAEEEAHENENNE , EEASKRTERANTE, 2IMEENAR , #HIEHSNRETERFZTERTENSRNNASE , REAMATENRTERHRERRN IERARAPRHOHETER#E, ZRARERATES  #H2HE
MESRAENME RN, MATENNEERES. FHEBAEATIELSENGEN , AIMBRALLTEZAMNSHRZTERE, fla0 , TR, HEN., SRR, AFAHSHEEHTENRBREAMSEAMNITES, FEEFHIEEFHENATEN TN REHIE. 2THRE | RRMEDLEMTIESINRFTEMNATHENZE], RETEVFHTIEREES , AXTURKESESFENEKE,
MR IS EI RS ERRE , NTIRESHIEYE. BEFERAKRE, Bt , HSENTREFHSENM. A%, Gl v, BA%EEZHNA, HERATTEVEIEAREECAD, CAMMCAL 1. i+&#Hi#E0%it (Computer Aided Design , B#iCAD ) HHEHHEENIZTEF A EN R LN A RHITIIRS T Ri&H , USSR EIRTHREN —MEAR, CADERAETMATF
&I, BRRRIRTT. BEINILIT. MR RIMESERBRIRITTSE, RATTEVEENILIT  sTHEEIRTTEE , BEIERE , TEAN. Ui H  EEEMNRES TIRTRE, 2. TENHEEIE (Computer Aided Manufacturing , CAM ) IENEIGIERF BT ENRAFITTRIMIIESFTE  HANEERSHNIZRANIEANS  MHNEERTIENEHNE, FCADMCAMBEASE
B, BTASEER T RAEFFHIENY , XIMERER A ITTEVERTIER S, BLEERSIECADMITENHEENHIE ( Computer Aided Manufacturing ) . T+EWN4EEINR ( Computer Aided Test) Kit&#3#EI T2 ( Computer Aided Engineering ) Afi—MNEMARSE , Figit. HiE. MXMBEEVIMAERN—K , ERSENENCRS  BtFETEMMCEFEM TAL ", 3. iT&NHE
Bi# = ( Computer Aided Instruction , B#FCAI) it ENHMBERR BT ENRRAHITIRERFE, BFRMGIUAPowerPointskFlashFHIfE, CAINMXBERIZHITMIMIE , BERFEATED, MREE RIS ERLRFENREIEILZENZINE , REEBERE , MEFIRKCEREAARETERGE, MFI947F , ZSEHER. IRERINXC FTHEREYEZR, ITENLES:
ABRE T T EN S TENE (B VIR g8 IENESANAEEES | HES T -FHiTMmEKNEARER, VIFEIA2IELHR+AREIEE, SHEN , NMiIFRASREERNWNAZR, MiIFERTARXFHIESENRE , EFEEHERAL 2%, BHNENEXREKEUR-—EEN0M , BIEEERNEZEEIE, FERER. ESEXRABRRIZIAN , EALERA T K20
TIESHEMIRAIAIZERIBREAT | MIEERARE. A B'WREERAEN, X—WMSBRES THMIEXREMRIFAE. SHEANABER FREAFIBEMTENRANER , AMIEBEEBENIEXAR, M. . B, BRNEGESMBERESER , M —MH2RiMES—"2%A" (Multimedia) , EEfT. HE. &l F17. &R, THEE. 5, Tl & IENLK
Fough , SRANNALZRRR, TENNETENNEEH - LHINANEEERINENMNTENEBRMAAN , USKMFFERZNRA, (TENENZAENNAEALZ BN RER TR EFHZERER. TE8VNEEMAALRUEEASNYREM] , ELBNLETRNARNAENRE , MELESCENMERTEATNER , AEMTNERANERS, AINELIKRRKEERME——
Internet E#{THIG, WRER. WABFIMEF. FIEZHIR. IIMEFK. EWER. S5RZRFENNIE. XNERETRSSE. EERENHT |, SHITENREAR., MERANVELR  iTENNEREEHA T —MUEM XHFMWNA , TENEENNEE— ARBRAEZREE TIES 2. AR, BREMENE, TENHRRAHR T TR HENAXRERSEAFTERMN , MSIEEN YERASE
ZMiRZ, NEHEMNXKERAHAZRITENLRNES  TENNARENISTHHEKHEA MY  ANEEIFIMRES, TEVNNAENES , KA THIRES., BFES. BRERERAMLinux, Macos, BSD, WindowsEMRRIERANN , BITEEHRFRE TIRANEA , FURTENNEZEEZRES LA HZREY, TEVNSRERNXEESHAMERLRIAARE , TENEBARNAL
B, FETEAXNTIREE , RRITTENMHENAEMEL. MENL, SEACNERCHNAOARE, ERMCERNRIEANTENRGHHERANEE  RRSEE. AFMBENNEEBANNBRITEN, FEEATDITENMOKRBEERESE | SIREESHNRMABEAENTENNEREZS BN TEESERSERES, WIMTENRINEENS TH, MEULEEMELIERE(CPUREN , THENPHLER
ERMBIAIEEE |, ETENERENT  BAERT, 5—FHE , REFTLUN VELRRES TIHENASIRERANERE |, HEVABIEEHETES. TENIELCHEAR LN EREMETENRREENEHSNEZMTLMNER IR , FHRAIAMNESNEINDAR. O+EK , TEVERARERGE /) , SNBEM. ZioABM, ZE LB, TREMERZESHMETY , hANREERENRS.
It , RETEVNEAEEFMEML , ARIGHEERE/), MECEERMFHT R ST ENERTE R , AIEHATEBRMR, TEVMBZEARRE T ALZER | AMIBTERMH#ITEE, 3R (0ICQ, #MiEHF)  HBEREHRZ (XMER. ZEHEF ). EREAHXE (BE. 8H) F, FIRLEMBMEHI , MAIRES T AMERAMENERYE , RRITENFaE—CANEYAEERE. A
TEEMTENATISEACRRREBIVABEE, IRXTENEGEBANINENETRE , BE5AMEL , ESECNSBENNESFRS. ALRRHERZWNEILTENESEFNIRNALRYE | FHEVEBEBALINZEDHELIMEEN , ATUBEEBES ALEDERZR , MFUENKEETFEEFRRETHENNAE , EERNITENLAHIES, SERUEZHTENLCENEEEIERFHIK
F. BEX L, MIEIBMRER. XF. FE. GEFZMEANSERER. SHEEARAFTTUEERR. BR. M. 0. XFh—K , EEELEMNNKIATENEEESIE R, RAGSHENGHERITENMELLIERSE (CPU) UMRAENERTH | MEELMIERNAMTENERBAEZMNR , TENEMITHESLERKNEN, BELBRA, EFRAMEMERNERE , WHETTEVR
ZREEGWMARMEDNEA, 20tHE80FENRURALUMIZHIE T (ZESMPRAIERE | BICPU ) FNHESE —IREMBIR L , MAERMGIER, XETBEVNTEREATHEM : E— M HEARA , TEVSEAFESPREESHEIE  ARWITIES |, FMHEHUE  BRINT —FEL. INIEHRENT  EERH MR LES., RITHISEER  CEENTIESER —MELE X E +57 GRE
BESES, PTEARTEECHAMBEFEEFRNGEIEXRE  FESWIAELEKT U THRAFHNERMA , PETEN~LRREEUAKRNEBER, KFEWE, MREETRB[EOLER ; ZEILABRBEQDARSMN ; AEEARRK  RIRHTIZ ; TENARANER ; IARSSEWIZNIGH —TRES ; RS[ERIETZADCNE., HFHENS FIHENKR/N, #FBL, B8R, FHEXK, HFIHE
MEZEITRRS FRALUBFEAFENER , FUEERMANHITHARHS, 2 FTENNEETREMRERARS FSARYEBLCENRMNBEERITRE, BRAX EE , MEFNEBSRAASISNEARNEMTIREBEEMRRER, EVHLFAEMNTENESEEENIMET  EEEEYENEPFIET  FEURES FREASHNEPIMERM, BEREET2E. EFERNABEIRERER
BELEBERNER,. 2FORERAKBN , MBAEAKRES , 7 FUHEVNER—TEE , TEMEENXCA10MME |, (EARNBEEERERIOOAE, 7 FHEVEBIRANGFMERE | 1305 KMDNABRAIFEL A2 T #EFEHE., 2 FHEVERENEZIERE /) , REEFHENNTZZ— HFAFORNEMBRERRS F , IS FIHENBEEERESENINEE , XAEES S FEREK. &F
HEVNEFITENERIARFAMABSNEFFEHITEELEN —ME ST EY. EFERIAL , FREERT , EFEE—NZEBATFEMRSES M2 hEFES, FEFRMEE , ENEL. TEANAOER  XEFSEFITENSITEME, NRIE—#EFRE—E , ElIF2BRFITENBHFRITHEMEE , MERNH#ITHRERIENEE |, fIE FiHENIBRSIENAZRS T HITMERE
If7Em. REBLONRF—EITE  IEETSX—8BRITEVIMLE., EFTENULTEFRSHNEFERNPREIEENAT  EEEETEEFEATHRI0ZE , E—REBAET , E—BREIESENGERMN , sIURSHFELTL5E  BERESEMSE  BEEETPREREWNERNEXNE, XFHENEFTENII0EFY , EEIU/RKBRERMILR EE-—EXFITEN., XFIHENE
—MEXESHITHFTIEE. BEIRE. EEFMEMGEMNFHETEN., XFIHENNERARSBEHREMLE  ERHESE. ERMZE, ATAFIEEFERER , AFTENMNGTEETSA—AZR, ENEFFEERNKTENMN/LAE  EFUES. BREMFRHITIRANSEEN. FSERBI/AEZHITAFIHTENNHAR, MERRAZESTHENRAR, MEFREABES  EAAMER , AFiT
BHEBMAALLTBEN TR, PKTTENHKTENZAPRKRARLNFFESHETEN. WRETHERIENLZLTHAKEE , RRE , BESHM , EBRBEDHFETEN., “NWR"Z—MTERA , —MUKETFI0M (-9) RAEXK, KAZREFEFERFMNIOE, PRFAZM20EL0FERYIEMIEL RERNFFNFIEHAGE  REXETEALREBECHNESTERRIENRET  fIEHEES
EEEN TR, NWRBRAENBBFNHARED | IBEREE. BVANSHGESREBRE—NMEDH LM —NRSR, NMAPRKFEARENTENATESR  ERRIREHENETFAN  HETFANLRLEZNTOZ—. NRTENRARLFAFTERREMER , MEEMEZESRITENBRRNTFSE, £EPMHTEVNEYIHTEVXNHBEETEN (bionic computer), MEMSFEREFS4ER £
SRBUAITTRRAEGMTEN. HRITENRZE, BRZ, MEEYE. 9 FEYE. EYYBEYTRE, BF7I1E. MEENCEEEXER. 1986FHAAEMREYSH MRBRAMIMNHETMEEWEEAIE, NLERE UREZZSFNEITENRE RITETFEIES A EMR S FRISMFINEE , UURNEES £ TR (RREZEZEDNAEE R ANERRITIE)RAERKXLEY 5
FIngecff. [DIAFE"AMBITENREZEEEFY. BN BHSESFFRNFESARAT-—ESEEEE M , BEEEY ZRIMNIXZNSN —MIREBALI , “EE"M%EHACTEEEZ I, ZEBAERHT—H (BA) RELRRT —INEEHEMR | tTEXFIAZEMHHIEL — SRR IITERRENTEN., ZDMRIGEEOSEHER, BR, ETENEFFRIEETEE—
T, WAALZNR—MENEEEMYESHA (CMOS) HEN. SUERRNRZ , XKEEERE , MK ZHNERHEAH 474 . ATnE&fEN ZHRABEMA TpARAEN TS, IHEMMBNEERE—IMNRF  EIRMNRE T NEREARNBFELE  REMAEENMAE. EARAZEEILESHEIAR (MOCVD ) KA , £EKEXERMWZFCHEMNZMLEEE , FoalkELEid
1000 nBUMIp B BAE, BIBERIARFIS T ZMELNIES R |, FRAMINERE TnRpEl RAERNFERE , AMEELINETEMNCMOSIBIERE, Z_HACMOSITENM A" RIESEITEN" , FINERBIRBETEIT , FERE , FEESA25THIMIERTHITERENZEIZE., RABNIIEMERRTFEREECMOSHE |, BizitENKRAEBZTREARNITEES., BAEAET —MTEER
B, FRANRHIEHITREFESIIEZEMNER , UMM _4CMOSHHENERE , HBETEENIDIEE S RAHMERA#IT T, [9] Average Standby Battery LifeDisplay Maximum ResolutionTop Brands in Electronics 4.54.5 out of 5 stars (847) 10K+ bought in past month5.05.0 out of 5 stars (8) 200+ bought in past month4.14.1 out of 5 stars (1.5K) 3.93.9 out
of 5 stars (3.1K) 500+ bought in past month
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