» » = = » xRecently, driven by a huge in-
crease in dataset size, we’'ve witnessed the de-
velopment of various scalable software
infrastructures for massive data processing.
Several data-parallel programming models
have been proposed to solve domain-specific
applications. For example, MapReduce is
best at handling group-by-aggregation appli-
cations.> Hadoop (http://hadoop.apache.
org) provides a widely adopted open source
Java implementation of MapReduce. Dryad
is more general and flexible than MapRe-
duce, as it allows the execution of arbitrary
computation that can be expressed as a
directed acyclic graph (DAG).> However,
Dryad is not appropriate for applications
such as iterative jobs, nested parallelism,
and irregular parallelism.® All-Pairs, which
is used in biometrics, bioinformatics, and
data mining applications, aims to solve the
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improve pro-
grammers’ productivity. Future work might
identify new patterns from emerging classes
of applications and create other programming
abstractions for processing large volume of
data. Additionally, Patterson claims that
there would be more datacenter program-
ming languages if we consider MapReduce
as the first instruction of the ‘“datacenter
computer,”t+*2
Building a programming model from
scratch is demanding. First, distributed sys-
tem development usually requires sophisti-
cated expertise and thus has a high entry
barrier. For example, distributed systems
usually involve concurrency; however,
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passing. Messages are delivered to an actor’s
mailbox. An actor is not blocked when it
sends a message but is blocked if it calls the
receive() method. Message passing con-
currency is potentially more secure than shared
memory concurrency with locks, as accessing
an actor’s mailbox is race-free by design.

We implemented the actor model in a li-
brary, which considerably simplifies the devel-
opment of the overall system and ensures its
correct implementation. In the Transformer
library, we defined a Python base class with
built-in send() and receive() meth-
ods for intercomponent communication.
All Transformer components, except file re-
ceiver (which is a separate daemon) inherit
from the base class. Components are loosely
coupled through message passing instead of
tightly coupled, allowing further optimiza-
tion of individual components.

Because communication between the
master and slave nodes is frequent, we
adopted asynchronous network program-
ming for the message receiver to achieve
high concurrent network 1/0. To reduce net-
work overhead, the message sender further
compresses a serialized message before send-
ing it through a TCP socket.

Programming models

Because the controller is the only compo-
nent that programmers need to customize,
it's fairly easy to build a new programming
model; developers just need to write model-
specific code in the controller component.

We defined a Python base class in the
Transformer library, from which a custom-
ized controller component inherits. The base
class has three primary methods: send(),
receive(), and main(). The first two
methods are for interacting with the runtime.
Programmers write model-specific code by
overriding the main() method invocated
by the system. The Transformer library also
defines command message objects such
as RunTask and MoveData. Attributes
such as executable, invocation parameters,
and file path can be set by calling methods
defined in command message objects.

Our proposed approach differs from pre-
vious efforts in three ways.

First, with our approach, programmers
need only focus on high-level issues when

writing controller code, such as automatic
data partition, scheduling multiple task
instances on different machines, and fault re-
covery. Programmers do not need to deal
with low-level issues: concurrency, remote
procedure call, serialization, network pro-
gramming, and so forth.

Second, Transformer allows further ex-
tension and enables the implementation of
new features. For example, existing program-
ming models such as MapReduce and Dryad
adopt a backup task mechanism to alleviate
the straggler problem (degenerately slow
tasks).* This usually requires knowing the
progress status of running tasks. Although
the current implementation does not support
this feature, the worker can communicate
with the forked process using a named pipe
in the file system. With the pipe, a task can
report progress status to the worker, which
creates and forwards a TaskStatus re-
sponse to the supervisor. Thus, the controller
could receive periodic status updates for
tasks.

Third, from an engineering viewpoint,
the controller is clean and short and allows
further optimization with little effort. For ex-
ample, in our three reference implementa-
tions, we’ve written 800 lines of Python
code (controller codes) for data flow, 300
lines for MapReduce, and 100 lines for All-
Pairs. Additionally, several programmers
at Tencent have found it straightforward to
further optimize our implementation and
plan to build a production system with refer-
ence to our Transformer implementation.

Case study 1: Data-flow model

The first programming model we built is
a Dryad-like data flow. According to data-
flow principles, each application is modeled
as a DAG of operators interconnected
according to explicit declarations of data
dependencies.

A data-flow job consists of one or more
stages. Each stage corresponds to an element
in the basic execution plan. The stage topol-
ogy can be seen as a skeleton of the overall
job. Every task inhabiting a vertex is placed
in a stage of the data-flow graph. Tasks within
a stage are independent—in other words,
there is no data precedence constraint be-
tween them, and all tasks within a stage
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