(computer, parallel)

multitasking - (Or "multi-tasking", "multi-processing", "multiprogramming", "concurrency", "process scheduling") A technique used in an operating system for sharing a single processor between several independent jobs. The first multitasking operating systems were designed in the early 1960s.

Under "cooperative multitasking" the running task decides when to give up the CPU and under "pre-emptive multitasking" (probably more common) a system process called the "scheduler" suspends the currently running task after it has run for a fixed period known as a "time-slice". In both cases the scheduler is responsible for selecting the next task to run and (re)starting it.

The running task may relinquish control voluntarily even in a pre-emptive system if it is waiting for some external event. In either system a task may be suspended prematurely if a hardware interrupt occurs, especially if a higher priority task was waiting for this event and has therefore become runnable.

The scheduling algorithm used by the scheduler determines which task will run next. Some common examples are round-robin scheduling, priority scheduling, shortest job first and guaranteed scheduling.

Multitasking introduces overheads because the processor spends some time in choosing the next job to run and in saving and restoring tasks' state, but it reduces the worst-case time from job submission to completion compared with a simple batch system where each job must finish before the next one starts. Multitasking also means that while one task is waiting for some external event, the CPU to do useful work on other tasks.

A multitasking operating system should provide some degree of protection of one task from another to prevent tasks from interacting in unexpected ways such as accidentally modifying the contents of each other's memory areas.

The jobs in a multitasking system may belong to one or many users. This is distinct from parallel processing where one user runs several tasks on several processors. Time-sharing is almost synonymous but implies that there is more than one user.

Multithreading is a kind of multitasking with low overheads and no protection of tasks from each other, all threads share the same memory.

The ability to execute more than one task at the same time, a task being a program. The terms multitasking and multiprocessing are often used interchangeably, although multiprocessing implies that more than one CPU is involved. 

In multitasking, only one CPU is involved, but it switches from one program to another so quickly that it gives the appearance of executing all of the programs at the same time. 

There are two basic types of multitasking: preemptive and cooperative. In preemptive multitasking, the operating system parcels out CPU time slices to each program. In cooperative multitasking, each program can control the CPU for as long as it needs it. If a program is not using the CPU, however, it can allow another program to use it temporarily. OS/2, Windows 95, Windows NT, the Amiga operating system and UNIX use preemptive multitasking, whereas Microsoft Windows 3.x and the MultiFinder (for Macintosh computers) use cooperative multitasking. 

Multiprocessing

Apple's multiprocessing APIs provide support for both co-operatively scheduled tasks and preemptively scheduled tasks. The APIs allow applications to create symmetrically scheduled preemptive tasks that can be run on a single processor machine, and that take full advantage of multiple processors when they are installed.

REAL-TIME OPERATING SYSTEMS

This category includes operating systems designed substantially for the purpose of controlling and monitoring external activities with timing constraints. Because effective real-time support dominates the design of such systems, most OSs with real-time capabilities are listed here even if they could logically be placed in other categories as well. This includes large and small systems, and distributed real-time systems. 

Basic Realtime Monitor 

Realtime OS for the Phillips P-855 and P-860. Early 1970s. 

BLMX 

Board-level multitasking executive for National Semiconductor 8080 and Z-80 based CPU boards. Late 1970s [Zarella 1981, Rhodes 1981]. 

BSO/RTOS 

Small real-time OS for Z80, 6809, 8086, 68000. Boston Systems Office. Early 1980s [Mini-Micro 1986]. 

C Executive 

Memory-based real-time UNIX-like executive for the PDP-11 or VAX. Runs multiple C or Pascal Tasks. JMI Software Consultants. [Digital 1984]. 

CCP 

Communications Control Program. Limited OS for the IBM System/3. Early 1970s [Taylor 1981]. 

CTOS 

Real time, multitasking, multiprocessing OS for 8086 family. Convergent Technologies Inc. Early 1980s [Mini-Micro 1986]. 

CTRON 

Specification for a version of TRON for communication and network control. Late 1980s [Ohkubo et al 1987]. 

DES RT 

Real-time, Unix-like OS for 16-bit microprocessor families and Micro-Vax, DGC MV series. Destek Group [Mini-Micro 1985]. 

DMERT 

The Duplex Multiple Environment Real Time Operating System. An extension of MERT providing both real-time telecommunications support and general timesharing. Predecessor to RTR. Early 1980s [Grzelakowski et al 1983]. 

DSOS 

A skeleton for a real-time minicomputer OS on the TI-980A, using a structure of multiple layers. Early 1970s [Frailey 1975]. 

E4 

Real time OS for the Modular One. Early 1970s. 

EDX 

Event-Driven Executive. Interactive real-time operating system for the IBM System/7 and Series/1. Mid 1970s [Harrison et al 1981]. 

EIS-110 

Real-time executive for 8086. Electronic Information Systems. [Mini-Micro 1985]. 

Executive II 

Real-time disk operating system for the IBM 1710. Early 1960s [Harrison et al 1981]. 

FADOS 

Operating System for the Fast Amsterdam Multiprocessor (FAMP). A distributed, Real-time OS based on a network of M68000s with a UNIX host. Mid 1980s [Tuynman & Hertzberger 1986]. 

GEM 

Generalized Executive for Realtime Multiprocessor Applications. An experimental OS for robotics systems at Ohio State U. Mid 1980s [Schwann 1985]. 

iRMX 

Real time multitasking executive for Intel 8086 family CPUs. Intel Corp. Late 1970's [Zarella 1981, Tucker 1973]. 

ITRON 

Specification for an industrial version of TRON for embedded applications. Late 1980s [Monden 1987]. 

LABS/7 

A distributed real-time OS for laboratory control. [Raimondi 1976]. 

MERT 

Multiple Environment, Real Time OS based partly on Unix. Late 1970s [Lycklama & Bayer 1978]. 

MINI-EXEC 

A portable executive for 8-bit microcomputers. Early 1980s [Wicklund 1982]. 

MIRAGE 

Multitasking Real-time OS for 68000 series. 

MOSS 

Modular OS for the RCA SUMC Computer (Space Ultrareliable Modular Computer). A realtime OS designed to be modifiable. S&H Computing, Mid 1970s [Pruitt & Case 1975]. 

MROS-68K 

Small memory-resident OS for the Motorola 68000. Late 1970s [Pohjanpalo 1981]. 

MSP/7 

Modular System Program 7. Real-time OS for the IBM System/7. Early 1970s [Harrison et al 1981]. 

MSP 

Multitasking system Program. Real-time executive for 68000 and Z8000. Uses a "split onion" structure with access to all layers. Hemenway Corp., Early 1980s [Hemenway 1983]. 

MTK-II 

Small real-time kernel for Z80, 6502, 6800, 8086, 68000. United States Software Corp. Early 1980s [Mini-Micro 1986]. 

OS/32-ST and OS/32-MT 

Real time serial and multitasking operating systems for Interdata (later Perkin-Elmer) 7/16 and 7/32 minicomputers. Mid 1970s [Interdata 1974]. 

OS/700 

Realtime multiprogramming OS for Honeywell System 700. Early 1970s [Datapro 1974]. 

OS/RT 

Real-time OS kernel for a variety of CPUs. Destek Group. [Mini-Micro 1985]. 

p 

Time-sharing OS for laboratory automation. Late 1970s [Lindgard 1979]. 

PDOS 

Multiuser, multitasking, realtime OS for the 68000, and TI-9900 and 9905. Eyring Research [Roper 1984]. 

PORTX 

ROM-Based Real-time executive. Destek Group [Mini-Micro 1985]. 

pSOS 

Real-Time Memory-Based Kernel for 68000. Software Components [Mini-Micro 1985]. 

Reduced Core Monitor 

Minimum realtime executive for the CDC System 17. Early 1970s [Datapro 1974]. 

RMS09, RMS68K 

Real time operating system for 6809 and 68000 family. Motorola. Early 1980s [Mini-Micro 1985, 1986]. 

RMX-80, RMX-86 

Real-time OS for the 8080 & 8086. Intel Corp. Late 1970s [van der Linden & Wilson 1980]. 

RPS 

Real-time Programming System. Real-time interactive operating system for the IBM Series/1, based on MSP/7 and MPX/1800. Late 1970s [Harrison et al 1981]. 

RSX-11 

Realtime multitasking executive for DEC PDP-11. Based on RSX-15. Digital Equipment Corp. [Digital 1984, Cutler et al 1976]. 

RSX-15 

Real-time multitasking executive for DEC PDP-15. Digital Equipment Corp. [Krejci 1971]. 

RTE-I, RTE-II, RTE-III, RTE-IV 

Realtime Operating Systems for Hewlett-Packard HP 2000 series. Mid 1970s [Anzinger 1975, Averett 1975, Wong 1978]. 

RTE-6/VM 

Realtime virtual memory OS for dual HP1000s, featuring high reliability. Early 1980s [Serlin 1984]. 

RTE-A 

Realtime Executive for HP 1000 A-series. Early 1980s [Hartman 1984]. 

RTEX 

Realtime executive for Interdata minicomputers. Early 1970s [Datapro 1974]. 

RTMOS 

Realtime multiprogramming OS for GE computers. 

RTM8 

Realtime executive for the AMC 95/4000. Late 1970s [van der Linden & Wilson 1980]. 

RTMS 

Realtime multiprogramming OS for General Automation System 18/30. Early 1970s [Datapro 1974]. 

RTOS 

A Real-Time Disk OS for Interdata Minicomputers. Early 1970s [Datapro 1974]. 

RTOS 

Real time operating system for Data General Nova. Early 1970s [Datapro 1974]. 

RTOS 

A Real time executive with foreground/background processing for General Automation SPC-16. Early 1970s [Datapro 1974]. 

RTOS 

A Real time multiprogramming OS for Prime 100, 200, 300. Early 1970s [Datapro 1974]. 

RTOS-16 

A Real-Time OS for the Digico Micro-16V. Early 1970s [Purser & Jennings 1975]. 

RTOS/360 

A Real-Time OS for the IBM S/360, designed to support manned spacecraft. Late 1960s [Weiler et al 1970]. 

RTR 

Successor to DMERT for the AT&T 3B20 Duplex computer, featuring high reliability. Mid 1980s [Wallace & Barnes 1984]. 

RTTS 

Real Time Task Scheduler. OS for August Systems Can't Fail 300 with triple 8086s, featuring high reliability. Mid 1980s [Serlin 1984]. 

RTUX 

Real time OS based on Unix for 68000 based systems. Multiprocessing, multitasking, message driven. Emerge Systems, Early 1980s. 

RTX 

Realtime executive for General Automation System 18/30. Early 1970s [Datapro 1974]. 

RTX-16 

Realtime executive for General Automation SPC-16. Early 1970s [Datapro 1974]. 

RTX-16 

A Real-time OS for the Honeywell Series 16. Early 1970s. 

Rx 

Real time executive for the Texas Instruments TMS9900. Late 1970s [Zarella 1981]. 

SAX 

Real time OS for Mod Comp Computers. Early 1970s [Datapro 1974]. 

SIGMA 7 OS 

OS for the SDS Sigma 7 real-time data processing computer. Mid 1960s [Day & Krejci 1968]. 

SPHERE 

Real-time, ROM-based development system. Infosphere. [Mini-Micro 1985]. 

STARPLEX II 

Realtime OS for the Z80A. National Semiconductor [Mini-Micro 1985]. 

TRON 

The Real-Time Operating System Nucleus. Specification for a family of real-time operating systems and an associated CPU architecture. Developed at U. of Tokyo. Mid 1980s [Sakamura 1987a, 1987b]. 

USX 

Real-time development system for 8086, 68000. United States Software Corp. Early 1980s [Mini-Micro 1986]. 

VAXELN 

A Realtime object-oriented OS for the MicroVAX. Early 1980s [Heinen 1984]. 

VORTEX 

Omnitasking realtime executive for Varian minicomputers. Early 1970s [Datapro 1974]. 

VRTX 

Versatile Real Time Executive. Modular real-time OS, portable to various micro CPUs. Hunter & Ready. Early 1980s [Funck 1984, Foard 1986, Ready 1986]. 

Multiprocessing
Multiprocessing is running a system with more than one processor. The theory is of course that you can double performance by using two processors instead of one. And the reality of course is that it doesn't work this well, although multiprocessing can result in improved performance under certain conditions. In order to employ multiprocessing effectively, the computer system must have all of the following in place: 

· Motherboard Support: A motherboard capable of handling multiple processors. This means additional sockets or slots for the extra chips, and a chipset capable of handling the multiprocessing arrangement. 

· Processor Support: Processors that are capable of being used in a multiprocessing system. Not all are, and in fact some versions of the same processor are while others are not. 

· Operating System Support: An operating system that supports multiprocessing, such as Windows NT or one of the various flavors of UNIX. 

In addition, multiprocessing is most effective when used with application software designed specifically for it. Multiprocessing is managed by the operating system, which allocates different tasks to be performed by the various processors in the system. Applications designed for use in multiprocessing are said to be threaded, which means that they are broken into smaller routines that can be run independently. This allows the operating system to let these threads run on more than one processor simultaneously, which is how multiprocessing results in improved performance. If the application isn't designed this way, then it can't take advantage of multiple processors, although the operating system can still make use of the additional processor(s) if you use more than one application at a time (multitasking). 

Multiprocessing can be said to be either asymmetric or symmetric. The term refers to how the operating system divides tasks between the processors in the system. Asymmetric multiprocessing designates some processors to perform system tasks only, and others to run applications only. This is a rigid design that results in lost performance during those times when the computer needs to run many system tasks and no user tasks, or vice versa. Symmetric multiprocessing, often abbreviated SMP, allows either system or user tasks to run on any processor, which is more flexible and therefore leads to better performance. SMP is what most multiprocessing PC motherboards use.

In order for a processor to support multiprocessing, it must support a multiprocessing protocol, which dictates the way that the processors and chipset will talk to each other to implement SMP. Intel processors such as the Pentium and Pentium Pro, use an SMP protocol called APIC, and Intel chipsets that support multiprocessing (such as the 430HX, 440FX and 450GX/KX) are designed to work with these chips. APIC is a proprietary standard and Intel has patents in place that prevent AMD or Cyrix from implementing APIC, which means that even though AMD and Cyrix can make Intel-compatible processors, they cannot make them work in SMP configurations on standard Intel chipset motherboards. Intel has, thus far, the SMP market basically to itself.

AMD and Cyrix implement their own SMP standard, called OpenPIC, which is great except for the fact that there aren't any motherboards that implement it! It is hoped that at some point, a major chipset manufacturer will provide OpenPIC support, finally allowing SMP with AMD or Cyrix chips. Until such time, however, Intel chips are the only choice for those who want to multiprocess.

In addition, the Intel Pentium Pro or Pentium II are currently the best choices for multiprocessing because each chip has its own self-contained level 2 cache. In a system with more than one processor and level 2 cache on the motherboard, the processors must share the cache. Each new processor added to the system results in less cache per processor, which degrades performance. Each Pentium Pro or Pentium II however comes with its own level 2 cache, avoiding this problem and greatly improving performance, particularly on four-processor systems. For quad multiprocessing (four CPUs) the Pentium Pro is still the only option, despite its being several years old, because it is the only CPU for which a chipset is available that will support quad multiprocessing. Future chipsets will allow four or more Pentium IIs to be used in a system.

	Question 
	What is the difference between multithreading and multitasking? What about multiprogramming? Multiprocessing? 


Answer 
Multitasking is running multiple "heavyweight" processes (tasks) by a single OS. 

Multithreading is running multiple "lightweight" processes (threads of execution) in a single process / task / program. See What is the difference between a lightweight and a heavyweight process? for more detail on lightweight vs. heavyweight processes. 

Multiprogramming is essentially a synonym for multitasking (though multitasking connotes sharing more resources than just the CPU, and is the more popular term). 

Multiprocessing involves using multiple CPUs, either in the same (SMP) or different (MPP) host boxes, to run a program. See whatis.com for a good definition. 

Most Java implementations will split threads among different processors if they're running on an SMP box. 


Comments and alternative answers
MultiProgramming and MultiTasking is similar means...
ramasubbu narayanan, Oct 12, 2000  [replies:2]
MultiProgramming and MultiTasking is similar means several Programs running at Different Process areas (Memory locations). So communication between two process is difficult ie., by marshalling... 

MultiThreading runs in the Same Address Space and can communicate easily and it's light weight. 

Re: MultiProgramming and MultiTasking is similar means...
Simon Ablett PREMIUM, Sep 5, 2001
Multithreading is a specialised subset of multitasking. If I remember from college, multitasking does not necessarily mean seperate programs. Rather it refers to seperate processes each running concurrently. This could refer to a multithreaded process.

	Re: MultiProgramming and MultiTasking is similar means...
vysyaraju Ajay Raju, Apr 1, 2004

Multiprogramming is a method of running several different programs in a computer apparently at the same time.

Usually on a mainframe - the computer has a number of programs loaded into memory and the operating system switches quickly between them, processing a little bit of each one in turn. The high speed of the processor makes it seem like more than one program is being run at the same time.

On a PC it is usually called multitasking.


