Diverse workloads and a wide range of hardware
configurations compound the complexity of an operating
system’s memory management policies.
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The V AX-11/780, introduced in 1978, and the smaller The upper two bits of the virtual address divide the pro-
VAX-11/750, introduced in 1980, are Digital Equipment  cess address space into a number of functional regions or
Corporation’s  first implementations of the 32-bit spaces. Figure 1 shows the division of the address space
VAX-11 minicomputer architecture.! Eventually, there into system-wide and per-process segments. The high-
will be a family of VAX-11 minicomputers. The VAX-11
and its VAX/VMS operating system were designed to
provide extended address space and enhanced perfor-
mance for Digital’s PDP-11 customers. Built on Digital’s :
experience with a multitude of PDP-11 operating sys-
tems, VAX/VMS was intended to provide a single en- VIRTUAL PAGE NUMBER
vironment for all VAX-based applications, whether real-
time, timeshared (including program development), or
batch. In addition, VAX/ VMS had tooperateona f amily
of processors having different performance characteris-
tics and physical memory capacities ranging from 250K
bytes to more than 8M bytes. To meet the requirements
posed by these applications environments, the memory
management system had to be capable of adjusting to the PO (PROGRAM) REGION
changing demands characteristic of timesharing while
allowing the predictable performance required by real-
time and batch processes.

Memory management policies and decisions made in
the design and implementation of the first release of the
VAX/VMS operating system in 1978 reflected the con-
cerns of the developers. This article examines those con-
cerns and the mechanisms selected to deal with them. SYSTEM REGION

P1 (CONTROL) REGION

VAX-11 hardware

The basic entity in the VAX-11 system is the process.
Each process has a byte-addressable, 32-bit virtual ad-
dress space, which s divided into 512-byte pages. A 32-bit
virtual address contains a 21-bit virtual page number and

a 9-bit byte offset within the page. The page is the basic
unit of mapping and protection. Figure 1. VAX-11process virtual address (a)and virtual address space (b).
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