Object Orientation in the Clouds Operating System

Richard J. LeBlanc, Jr. College of Computing Georgia Tech Atlanta, GA 30332-0280

The Clouds distributed operating system provides kernel-level support for large-grained objects. The system provides a global name space, so object operations can be invoked without the invoker having specific knowledge of an object’s location. Clouds supports objects as persistent virtual spaces. Since objects are passive, threads direct computations through these spaces. The current (second) version of Clouds is implemented in C++. The design of the new kernel, called Ra, draws significantly on the concepts of object orientation. Ra is a native, minimal kernel implemented for Sun-3/50’s and 60’s. As the nucleus of the Clouds system, the major function of Ra is to provide segment-based virtual memory management and short-term scheduling. Since Ra is minimal, it supports an extremely limited set of abstractions. Most of the operating system services are implemented on top of Ra using a scheme called systemobjects. Systems object provide the kinds of services typically associated with "system calls." System objects are distinct from user objects in that they are linked into the kernel address space. (Each user object is an independent, persistent address space.) This linking is currently static, but there is no conceptual reason preventing it from being dynamic. This feature allows the Clouds operating system to be highly modular and evolvable. The set of system objects, not the kernel, define the nature and the functionality of the operating system. Currently we have implemented the following system objects: These objects provide the buffers and synchronization support needed by the operating system in its low-level I/O functions. The buffer manager provides uniform buffers set up for packet level I/O. These buffers and associated data-structures can be hooked up to form a chain of processing structures that is used by low-level drivers, communication protocols and multiplexors and demultiplexors. The raw Ethernet driver provides basic packet communication services on an EtherNet. The RaTP protocol is implemented on top of the EtherNet driver to provide reliable connectionless message transaction service between hosts running Clouds and from Clouds hosts to Unix hosts. The network disk manager provides local disk support on machines without disks. This software runs on top of RaTP and communicates with one or more disk servers on Unix file-servers. The local operating system uses this as a disk driver. The swap manager runs on top of the network disk, providing paging over the network. The swapper is necessary both for managing memory when primary memory runs out, as well as for providing persistence for objects running under Clouds. Distributed Shared Memory services are built on top of the network disk. This service allows concurrent sharing of the same set of disks (or disk segments) by several hosts and provide one-copy coherence for the data being shared. This set of managers form the heart of the Clouds operating system. They provide support for user-level processes which are used to construct Clouds threads. They also provide invocation services, allowing threads to invoke object operations. An invocation can cause an object operation to execute on the local host (using DSM) or it can result in execution of the operation at the (possibly remote) site of the object through use of a standard remote invocation protocol. The I/O manager is a system object that masquerades as a user object. All user I/O on Clouds is performed as invocations on a terminal object. In reality, the calls on the terminal object are handled by the I/O manager, which runs a protocol to perform the requested I/O on a window on a Unix workstation. Since the Clouds system supports heavyweight, persistent objects, the question of how well it supports object-oriented programming arises. It is certainly not feasible to make all objects in a C++ program (or one in any other language) Clouds objects. Only more complex structures that need the persistence or distribution features provided by Clouds should be made into objects managed by the operating system. These heavyweight objects may themselves contain the more numerous objects defined at the programming language level. Two programming languages provide support for this two-level object scheme. Extensions to C++ and Eiffel have been designed and implemented using pre- and post-processsors. The resulting languages (called CC++ and Distributed Eiffel) allow a programmer to define particular objects as Clouds objects, meaning that they are persistent, globally addressable objects managed by the operating systems. Within such Clouds objects, a programmer can make normal use of smaller, language-level objects. A variety of example applications that take advantage of the persistence and distribution features of Clouds objects have been programmed with these languages.