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Abstract

This paper introduces the design philosophy and underlying principles
of WYKIWYG, a language to implement high performance network ser-
vices. A WYKIWYG compiler, unlike compilers for traditional languages,
is empowered with the knowledge of underlying OS mechanisms such as
task management, memory management, the device I/O interface etc.
generates code which is specifically optimized for these mechanisms, and
can even go as far as modifying or extending them in a controlled man-
ner. Preliminary experiments with manually compiled code show that
such code can improve the throughput of network services by up to an
order of magnitude.

1 Context

Over the decades, one of the primary goals of OS design has been to allow the
safe deployment of untrusted code. This strategy enables rapid deployment of
new application code while at the same time ensuring that anomalies resulting
from programming errors or malicious intent do not affect the system as a whole.
The most common implementation of this separation, which is commonly as-
sisted by modern processors, is to run untrusted applications in non-overlapping
virtual name spaces. In this way, application processes have separate virtual
memory address spaces, a separate set of file descriptors etc. which are distinct
from the name spaces in which critical OS code is implemented.

Although it yields powerful abstractions, this separation of user space from
kernel space has its disadvantages. Isolating applications using virtual spaces
not only interposes the overhead of mapping dilemmas [8] (the effort needed to
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reify generic behavior), but also closes OS mechanisms off to applications. Ap-
plications, thus, need to invoke OS mechanisms as atomic, immutable entities,
and can at best configure them using coarse grained policing interfaces. There
have been many efforts to build systems that allow applications to tune kernel
mechanisms to their needs to various degrees [5, 2, 13, 6, 1].

2 Our approach

In our approach, we use a strategy to push critical functionalities of applica-
tions into privileged kernel-space using a domain-specific language [4]. We are
defining a language named WYKIWYG (WYKI, henceforth), for writing net-
work services, which is designed to facilitate high performance network servers,
while at the same time being safe. The following paragraphs discuss its salient
features.

Fast servers with WYKI. A WYKI compiler is empowered with intimate
knowledge of OS mechanisms, and generates highly optimized code that blends
into these mechanisms by extending them to use platform-specific optimiza-
tions, bypassing interfaces and levels of abstraction when necessary, performing
domain-specific optimizations, etc.

Program safety with WYKI. Like many other Domain Specific Languages
(DSLs) [11, 9], WYKI is designed to be safe. WYKI-generated code is guar-
anteed to preserve certain program properties, such as termination, type safety
and memory safety, which make it possible to run WYKI-generated code as
privileged OS code.

OS consistency with WYKI. Since a WYKI compiler is OS-aware, the
code produced respects certain properties of the underlying OS mechanisms,
such as fairness. This maintains the consistency of underlying OS mechanisms,
and preserves the overall consistency of the OS.

3 Illustration by example

This section introduces select optimizations used in WYKI. These optimizations
are facilitated by domain specific knowledge of application behavior and the fact
that OS mechanisms are open and fully exposed to a WYKI compiler.

3.1 Memory management

WYKI is designed to use its domain-specific knowledge of service-level memory
management to optimize the allocation and use of memory. When possible, su-
perpages [7] are used as units of allocation for effective TLB utilization. Since



the superpage allocator in WYKI is application specific, it circumvents sev-
eral issues associated with using superpages [12], such as rapid fragmentation.
Application knowledge also enables more effective cache utilization.

3.2 Thread management

Most network servers are implemented using threads, in order to support con-
current sessions. The creation, scheduling and synchronization of threads carries
an overhead. WYKI optimizes away this overhead by doing away with threads
by collapsing them into language-level control structures. Properties associated
with threads, such as fairness and preemtability are imposed by the WYKI
compiler, in a cooperative spirit.

3.3 Socket management

Sockets are communications end-points that processes use to transfer data with
other processes (local or remote). The use of sockets not only results in over-
heads [3] but also entails signaling between the application and kernel, which
can be expensive [10]. WYKI generates code which collapses the sockets imple-
mentation, in much the same way as it collapses threads, by using program-level
conditionals and interacting with the kernel scheduler, instead of using high-level
mechanisms such as signals and system calls.

4 Conclusion and current position

WYKI is a domain-specific language used to implement safe in-kernel servers.
WYKI compilers are OS-specific, and use their intimate knowledge of under-
lying OS mechanisms to generate code, which is not only optimized itself, but
also optimizes these mechanisms by extending, altering, or in certain cases,
bypassing them. Preliminary experiments show that services produced using
such techniques are up to an order of magnitude faster than industry standard
implementations thereof.
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