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 The loader writes the guest code and data into a region of memory holding the

guest’s memory image and loads the runtime code. Although the memory image

contains the guest’s application code as well as data, it is all data as far as the

runtime is concerned because source code is not directly executed. Rather, the

source code is used as input “data” to interpretation and/or binary translation

routines.

 The loader then turns control over to the initialization block, which allocates

memory space for the code cache and other tables used during the emulation

process. The initialization process also invokes the host OS to establish signal

handlers for all the trap conditions that can occur (at least those for which signals

are supported by the host OS). After initialization, the emulation process can

begin, typically using a range of emulation techniques in a staged manner.

 The emulation engine uses interpretation and/or binary translation to emulate the

guest instructions using the basic methods in . If binary translation is
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guest instructions using the basic methods in . If binary translation is

used as an emulation method, translated target code is held in a code cache. The

code cache, which is written by the translator, is an executable code area while

emulation is in progress. If emulation is performed via interpretation with a

predecoded intermediate form, the predecoded instructions are stored in a similar

cache structure.

 Because of the limited size of the code cache, the code cache manager is

responsible for deciding which translations should be flushed out of the cache to

make room for new translations as they are generated.

 A profile database contains dynamically collected program information that is

used to guide optimization during the translation process. The uses of profile

data, as well as optimization methods, are described in more detail in 

.

 As emulation proceeds and the guest program performs a system call, the OS call

emulator translates the OS call into an appropriate call (or calls) to the host OS

and then handles any associated information returned as a result of the call.

 The runtime must also handle traps that may occur as a result of executing either

an interpreter instruction or a translated instruction, and it must handle any

interrupts that are directed at the guest process. The runtime does this with the
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interrupts that are directed at the guest process. The runtime does this with the

exception emulator. In some cases, the exception emulator takes over when an

emulation-triggered trap causes an OS signal to be delivered to the runtime; in

other cases, emulation routines discover an exception condition and jump to the

exception emulator. An important aspect of runtime exception handling is

generating the correct, precise guest state (including program counter, register

values, and trap conditions) when an exception condition occurs.

Side tables, i.e., data structures generated as part of the translation process, are

used by the runtime as part of the overall emulation process. One important use

of side tables is in implementing a precise exception model with respect to the

source ISA. Other uses of side tables will be described as they are introduced.
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1. At the point of control transfer from emulating user instructions to the OS, the

guest state is equivalent to the host state, under the given state mapping. An

important consequence of this condition is that equivalent user-managed state

does not have to be maintained at an instruction granularity; it must only be

maintained at the granularity of OS control transfers. These are the only points

where the state may be made visible to the “outside world.” This allows for

substantial flexibility in the way that instruction emulation can be done. In

particular, translated target code can be reorganized and optimized substantially

—as long as the user-managed state is the same when control is transferred to the

OS or exception emulator.

    On the other hand, we make the conservative assumption that all the user-

managed state may be exposed to the outside world when the OS takes over, so

at that point in time all guest and corresponding host states are required to be

equivalent. For example, a system call that performs a file read or write may only

modify a specific portion of the guest process’s memory state, not all of it. Yet

we require that all the state be equivalent. To make less conservative assumptions

would require deep analysis of the underlying host OS to determine the portion

of the user-managed state that may be read or written by each of the host OS

system call or trap handlers. This may be straightforward in some cases, such as

file I/O, but in others it may not be. To avoid analysis of the host OS, we make

the conservative assumption that all the user-managed state may potentially be

accessed and must therefore be equivalent at the time of control transfers.

2. At the point of control transfer back to user instructions, the guest state (both

user managed and OS managed) is equivalent to host state, under the given

mapping. The combined runtime and host OS actions, which emulate the guest’s

native OS actions, should produce system behavior, as well as modifications to

the guest state (file contents, for example), that are equivalent to that for the

guest’s native platform. Here, an additional consideration is that for some OS

behavior, e.g., driving a graphics terminal or a network interface, the ordering of

operations must also be equivalent as well as the overall state changes observed

at the control transfer point.
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at the control transfer point.
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The overall structure of the address space, e.g., whether it is divided into

segments or is a flat, linear address space. For most of our discussion, we assume

a flat, linear address space because most current ABIs use a linear address space
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a flat, linear address space because most current ABIs use a linear address space

(although it may be further subdivided into a heap and stack, for example).

Techniques for virtualizing segmented memory can be built upon these linear

space techniques.

The access privilege types that are supported. Some ABIs support read, write,

execute (R, W, E) privileges, while others restrict their support to only R and W.

The protection/allocation granularity, i.e., the size of the smallest block of

memory that is allocated by the operating system and the granularity at which

protection privileges are maintained. In most systems the granularity of memory

allocation is the same as that for protection, even though, strictly speaking, they

need not be the same.
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1. A system call invoked by the application (via the runtime in this case) specifying

a page and the access privileges (read, write, execute, none) for the page.

2. A signal for a memory access fault that can be delivered to the runtime whenever

a memory access violates the privilege specified for the containing page.
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