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Introduction
Before the 1960’s, in the computer industry machines were mainly designed independent of one another.  Often a given machine was customized for a particular client’s needs.  A new trend began, however, in April of 1964 when IBM announced its work on the IBM-360 family of computer systems.  Aptly named, they wished to communicate the machines’ abilities to encompass customer’s needs from all angles.  This family of computers was very diverse, and included everything from minicomputers having around 24KB of memory to the “model 91” supercomputer which was commissioned for the North American Missile Defense System.  These machines were unique in that they all inherited the same set of machine level instructions, which was a brand new concept in the computing industry of the day.


While these systems were all related, they did not all make use of the same operating system.  The system we will expand on here is called IBM OS/360, and was used for the mid-range and higher end systems in the 360 family.  To begin, we will discuss the IBM 360 series of computers in order to better understand the environment in which the OS/360 was designed to function.

Functional Environment

OS/360 was designed to operate on the machines in the IBM System/360 series.  These systems would eventually establish 32 bits as the standard in computing.  In 1964 a detailed description of the architecture of the System/360 was published, written by Gene Amdahl, Fred Brooks, and G. A. Blaauw.  The paper discusses some of the major design objectives for these new systems as well as the most notable stages in the evolution of the 360.  Not only did these systems boast major technological improvements over their predecessors, but they also implemented several important systems concepts and developments.

For one thing, the systems were designed so that they would easily lend themselves to growth and to successor machines.  It was also taken into account that the systems would need a general method for using I/O devices that differed in data rate, access and function, as I/O devices directly influenced the system’s usefulness in certain applications, and it was their wish that these systems would be as versatile as possible when it came to running different kinds of applications.  The idea was for the 360 series to be more generally useful machines, marketable to businesses and consumers alike.  The development team set high goals for the systems’ ease of use and efficiency, however they also wanted to make sure that the functions they used would be consistent in machines designed for different tasks.  The ultimate goal was to develop machines that could manage commercial, scientific, real-time and/or other types of applications on the same system.

Timesharing was also an important issue in the 360 series computers.  The designers wanted to enable asynchronous operation of circuit, storage and input/output components with respect to each other, since the technologies for each tend to change frequently, along with their relative speeds and resource requirements.  Later on we will discuss how OS/360 made timesharing possible.

The first of the 360 series to be released was the model 40, and it hit the market about a year after the line of machines was announced.  It was described as a mid-range workhorse, and perhaps the most popular machine of the entire series.  A few other important machines in the 360 series included: the model 20 and model 25, the smallest machines in the series, which contained a subset of the larger instruction set and could not really support an operating system.  They were often used for specialized applications, and required a program to be loaded from binary punched cards at startup.  The model 67 was perhaps the most interesting in the series, and was the first to support virtual memory.  The original plan was for the 67 to utilize its own OS called TSS/360, however it was never functional enough to be released to the public.  The 67 ended up making use of a system called CP-67, which enabled the machine to simulate multiple machines of a variety of models.  This system turned out to be quite useful in developing later operating systems.  One other notable machine in the series was the model 85, which was the first to implement cache memory, and featured a few other technical improvements over former models including extended precision floating points and an optional I/O channel to speed up I/O processes.

While there were really 3 separate operating systems intended for use with the 360 series of computers, OS/360 was the predominant system and was meant to be suitable for nearly every machine in the family.  Now that we have an understanding of the systems on which OS/360 was used, we will take a more in-depth look at the operating system itself.

Beginning of OS/360 – PCP


Despite IBM’s intentions to design OS/360 as a single operating system for use throughout the entire family of computer systems, it was actually developed in three separate and distinct versions.  The difference between the three releases is best understood in terms of their combination of the 3 supervisor modes and 2 scheduler modes.  Although some quick mental arithmetic would suggest that 3 separate supervisor modes and 2 scheduler modes would yield 6 combinations, the designers found that 3 of the 6 combinations were particularly useful and built upon those.

The initial release of OS/360, referred to as the Principal Control Program (PCP), involved the combination of the level-1 supervisor and level-1 scheduler.  This system operated using stacked jobs and allowed for a single job to utilize the processor at a time.  Each of the jobs would run to completion, however in special cases an interrupt could be made and control would transfer to another program to perform its designated task.  This single process system was the standard for almost all operating systems prior to OS/360 (Pugh et al., 1991).  PCP ran in only 32KB of memory, and because only one process could run at a time, and the wait time for I/O processes is sometimes quite long, it was not a particularly efficient system.  Inside IBM this version was used primarily to develop the tools that would later run on the larger OS/360 versions, and accordingly, methods for a more efficient way of utilizing the processor were constantly being studied.  PCP did not see much practical use because machines that were too small to run the other versions of OS/360 would run IBM’s Disk Operating System.

In 1962, results of a multiprogramming experiment by IBM’s largest computer division were published showing that multiprogramming was a more efficient way of processing and could not be ignored (Pugh et al., 1991).  Therefore IBM always had in mind that multiprogramming was the direction in which OS/360 would eventually go.  The multiprogramming version of OS/360 was originally scheduled to follow six months after the release of PCP.

Multiprogramming and MFT


The next version of OS/360 was eventually released in 1966, though it was primarily meant to fill in the time gap between PCP and the delayed release of the third and final version.  It was referred to as Multiprogramming with a Fixed number of Tasks, or MFT.  MFT substituted the level-2 supervisor in order that messages from remote terminals could be processed concurrently with stacked jobs.  By combining the level-2 supervisor with the level-2 scheduler, MFT further supported multiprogramming with stacked, prioritized tasks where memory was divided into a fixed number of partitions.

The scheduler enabled the system to input jobs concurrently with program execution, established a job queue, and would initiate tasks as resources became available.  It also kept track of priorities in the queue.  The supervisor, which was basically the memory manager, was responsible for the partitioning of memory, and it provided for multiprogramming among tasks allotted to the different partitions.  The partitions were not necessarily all the same size, however each partition’s size was preset at the beginning of a job session, so they could not be dynamically allocated.  The system could run a single job in each partition all at the same time, however when a job was completed, the memory partition in which it was running would remain unavailable to processes running in other partitions.


Obviously the number of tasks that could run at a time was dependent on the size of the machine’s memory, and when MFT was first released it was limited to running a maximum of 4 tasks at a time.  As the system evolved it eventually allowed for up to 15 tasks to run simultaneously.  One of the greatest advantages of MFT was that it was a very stable system.  It was also highly useful when workloads could be separated into large and small tasks, because the small tasks would not have to compete with the larger tasks for processor time anywhere near as much as with PCP.


One consequence of this new multiprogramming capability was the issue of deadlock.  With PCP running only one process at a time, there was never any danger of two processes requesting the same resource at the same time.  However with multiple tasks being executed concurrently, it is inevitable that deadlock, the condition where two or more programs are stuck waiting for one another to finish, will occur.  The designers implemented 3 basic methods for dealing with this issue.  First, data set names were enqueued all at once on a job basis.  Second, devices, volumes and memory were allocated in order on a per-job-step basis.  And finally, whenever temporary file space caused deadlocks, the operator would intervene and kill one of the problematic processes.  Their approach consisted of a combination between deadlock prevention and detection/removal.

The Final Version – MVT


The third and final version of OS/360 was released in 1967, over a year later than the developers had originally projected.  The reasons for the delays were manifold.  Suffice it to say that quarrelling project managers, extensive testing, and the underestimation of their required efforts created an environment in which it was nearly impossible to meet their deadlines.  Despite these difficulties, however, the third version, entitled Multiprogramming with a Variable number of tasks (MVT), was a success.


This release incorporated the level-3 supervisor with the level-2 scheduler in order to support multitasking with dynamic memory allocation.  The supervisor managed the memory as one space, and partitions could be created or deleted at any time during execution.  The supervisor would also release each segment of memory for reallocation after its allotted task completed execution.  Therefore when any given task was running, the memory space assigned to it could grow or shrink as its execution progressed (within practical limits, of course).  To make MVT work, you were required to install the HASP job scheduler package, which would manage the job queue, assign each job one of a few different fixed partition sizes, and release one job at a time into the MVT scheduler’s queue.

The result was that MVT functioned similarly to MFT, the greatest advantage being that when necessary the system could make room for a very large job to utilize the entire machine’s memory store.  There was a downside to this version, however.  When executing small jobs with extended running times, the job would at some point be sitting in the middle of memory creating spaces above and below it that were too small for executing any of the jobs waiting in the queue.  This did not occur often enough to ruin the system’s efficiency, yet it did cause significant developmental issues.  The maximum number of tasks was again directly dependent on the size of the machine’s memory on which the system was running.  Because of all of the added features, MVT required 128KB of memory to run.

Moving Towards Timesharing


OS/360 was originally developed as a batch operating system.  Not long after its release were requests being made for interactive capability.  MVT was then extended to provide the capability for timesharing.  John McCarthy’s opening to a special lecture at MIT in 1962 summarized the interest and demand for a timesharing system:

“I am going to discuss the important trend in computer design toward time-sharing computer systems.  By a time-sharing system I shall mean one that interacts with many simultaneous users through a number of remote consoles. Such a system will look to each user like a large private computer.  The new applications that time sharing will make possible will be of as much additional benefit to science and management as resulted from the introduction of the stored-program digital computer.” (Pugh et al.,1991)


By 1964 IBM had planned or developed three experimental timesharing systems and MIT had done much work on its Compatible Time-Sharing System (CTSS).  In the designs of these systems such concepts as virtual memory and virtual machines, which would operate concurrently while being timeshared at different terminals, were explored (Pugh et al., 1991).


Although IBM and MIT had developed a close relationship at the time, the two institutions had opposing ideas about the issue of timesharing.  IBM believed that it was infeasible at the time to focus on designing architectures around timesharing in a market whose users saw little need for the capability.  At MIT the researchers were interested in revolutionizing computing with timeshared systems and needed a computer whose architecture could support it; mainly hardware features for dynamic address translation (Pugh et al., 1991).  As a result, MIT utilized GE’s 635 computer for their experiments in timesharing.  After IBM failed to gain support in timesharing experiments with their System/360 computer, IBM decided that the architecture favored by MIT was most efficient for timesharing.

In August 1965 the System/360 model 67 with address translation was released.  It was meant to utilize the Time-Sharing System, which was an Operating System meant to provide utility for timeshared operation (Pugh et al., 1991). TSS was released in October 1967 but because it was so expensive and was incompatible with OS/360 it was abandoned.  Instead a software release called Time Sharing Option (TSO) was designed to work for the OS/360 MVT version.  TSO was made to run in one region of memory and it provided the time-shared users an option of programming languages and other OS services.  IBM’s OS/360 MVT with TSO, along with Multiplexed Information and Computing Service (MULTICS), Michigan Terminal System (MTS), and Cambridge Monitor System (CMS) were among the first operating systems to utilize timesharing capabilities (Pugh et al., 1991).
Technical Advancements


TSO, which was released in 1971 and later became an integral part of the operating system, marked one of many significant technological advancements conceived by OS/360.  Multiprogramming was also a relatively new and unexplored concept at the time which was greatly advanced by IBM.  Furthermore, OS/360 was one of the very first operating systems to implement direct access storage devices.  The devices themselves were a type of magnetic disk, and as the name implies they enabled direct storage and access in memory.

Another noteworthy contribution of this operating system was the simplification of I/O operations.  Prior to the release of OS/360, even the professional programming community found I/O operations to be painful, repetitive, inconsistent and error-prone.  IBM improved I/O capabilities with data and telecommunications access methods, or TCAM.  TCAM enabled applications to access devices as if they were sequential files.

Another important advancement was the introduction of the Job Control Language, or JCL.  JCL was a scripting language used on the IBM Main Frame Systems to instruct the Job Entry Subsystem (that is, JES2 or JES3) on how to run a batch program or start a subsystem.  Using JCL, a user was able to control the execution of a program or procedure, request resources, and define input and/or output.  The Job Entry Subsystem 2 and 3 further enhanced JCL by supplying information to increase the efficiency of reading, scheduling, and printing jobs.  JCL is still in use today and the syntax is largely the same as it was when it was first used with OS/360.

Commercial and Economic Success


Clearly IBM’s OS/360 was a success from a technical standpoint.  And despite the many delays in its release, as well as the significant number of bugs in the system upon release, it still became a considerable commercial success due to its advanced technical capabilities.  Andris Padeges and Richard Case emphasized that the system’s success can be primarily attributed to a sound initial design, but also to the rescission of its definition, the care that had been taken to ensure that implementations met architectural specifications, and the procedures by which improvements had been managed (Gifford & Spector, 1987).  Commercial users needed decimal arithmetic, string-handling instructions, fast and asynchronous I/O, compilation which produced efficient object code, and excellent sort programs.  These users were doing linear regressions and factor analyses on market data and therefore also needed support for floating point and arrays (Radin, 1978).  They did not want to go out and have to purchase multiple operating systems and hardware just to help with fixing their problems.  If they did then the work would get done, but in a commercial/business setting the people who are working on these different platforms would not be able to share their applications because one platform is used for one thing, and another for something else.  This is where IBM jumped in and came to the conclusion to help out their customers and others by developing a single family product line of operating systems that would provide the satisfaction of what was needed from all these commercial workers.  The IBM OS/360 was what came out of this solution.  An evidence of OS/360’s commercial success is found in IBM’s newest operating system called z/OS, which is actually a direct descendant of the OS/360 and OS/390.  This operating system is currently in use, and it borrows a number of important features from its 360 ancestor.  For example, it supports the use of JCL.  
Similarly, OS/360 enjoyed great economic success.  In 1964, IBM made a “$5 Billion gamble” with this operating system according to Fortune Magazine.  Within four weeks IBM had 1,000 orders for the computers and associated peripherals. Two years later the company had amassed 9,000 orders (Goff, 1999).  IBM’s big gamble eventually paid off and the company witnessed not only the return of their $5 Billion, but a considerable profit as well.  IBM’s revolutionary 360 series further proved its impact on the industry when, only a few months after its release, other companies began to mimic their new architecture.  Eight months after the release of IBM’s System/360 line, RCA announced the release of a similar Spectra 70 Series.  In 1972 the Soviet Union and its European allies announced that production had begun on Ryad computers, which bore a striking resemblance to those of the 360 series.  To put this all into perspective, twenty-five years after the release of OS/360 and the System/360 line their architecture accounted for over half of the estimated $260 Billion value of larger computers installed worldwide (Pugh et al., 1991).

Summary


In retrospect, many of the members of the OS/360 development team would probably agree that the project was one that they would not want to have to repeat.  The dissentions that erupted and the considerable release setbacks throughout the developmental process are a testimony to the scope of the original design of the system.  IBM’s vision was to create a family of computers that would be useful to any and all users, whether they be large businesses and corporations or a normal John or Jane Doe.  The company knew that users needs included such principle functionality as decimal arithmetic, string-handling instructions, fast and asynchronous I/O, compilation which produced efficient object code, and excellent sort programs.  Each and every one of these needs had been met with the releases of PCP, MFT, MVT and TSO.  OS/360 was usable on a wide range of machines for a wide range of users.  In many ways it was exactly what we have come to embrace about operating systems today: versatility, efficiency, and of course revolutionary technology.  Few other systems can claim such a feat.  Perhaps one of the greatest compliments paid to this operating system was one we mentioned toward the very beginning.  OS/360, operating through an IBM model 91 Supercomputer, was the preferred choice in implementing the North American Missile Defense System.  Only a system that had proven its reliability through extensive testing and use could have achieved such accolade, and IBM’s OS/360 was exactly that.
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