
Bill Foote
Jill Chen
Ha Nguyen
Warner Bros. Advanced Digital Services

Systems Architecture
is not Network Topology:
Connecting the Consumer Device



Talk Outline

• Consumer Devices
– Why is studying Blu-ray interesting?

• What is Systems Architecture?
• Where should complexity live?
• Long live APIs!
• Case Studies
• How long will this be relevant?



Why is Blu-ray Interesting?

(to a software engineer)



Why is Blu-ray interesting?

There are a lot
of players

– Millions of
Blu-ray
players

– DVD is
ubiquitous



Why is Blu-ray interesting?

    Players connect to the Internet



Why is Blu-ray interesting?

They’re on
the best
screen in
the house

– best audio,
too!

– in a social
space



Why is Blu-ray interesting?

Consumer
players have
a slow CPU*
and limited
memory

(*) except game
     consoles



Why is Blu-ray interesting?

Debugging
tools are
limited



Why is Blu-ray interesting?

“Best Practices” from PC, mobile phone
don’t always apply.

“what are the scarce resources being
optimized?”



Why is Blu-ray interesting?

BUT, many lessons learned will continue
to apply in the living room and
elsewhere, for a long time to come.



What is Systems Architecture?



What is Systems Architecture?

“The conceptual design that defines the
structure and/or behavior of a system”
(Wikipedia)

“The fundamental organization of a system,
embodied in its components, their relationships
to each other and the environment, and the
principles governing its design and evolution.”
(ANSI-IEEE 1471-2000)



Network Topology
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System Architecture?
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System Architecture!
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Systems Architecture!
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Systems Architecture!
  “... principles governing its design and evolution”

• “Strenuously Avoid VFS updates”
– “Whenever practical, put business logic on the

server”
• “Minimize server round trips”

– a round trip costs 30-500 ms!
• “Push content to the CDN when possible”
• “In BD-J code, minimize the number of

classes, because class loading is slow”
• “Measure launch time performance,

particularly after initial disc boot”



Systems Architecture

A system’s architecture isn’t a diagram.

A diagram is just one view onto a portion
of a system’s architecture.



Systems Architecture

Conway’s Law:

“Any organization that designs a system
(defined broadly) will produce a design
whose structure is a copy of the
organization's communication structure.”

Conway, Melvin E. (April, 1968), "How do Committees Invent?", Datamation 14 (5): 28–31,
http://www.melconway.com/Home/Conways_Law.html



Where Should Complexity Live?



Where should complexity live?

Developing code that runs on a living
room device is expensive.



Where should complexity live?

Developing code that runs on a living
room device is expensive.

Really expensive.



Where should complexity live?

Developing code that runs on a living
room device is expensive.

Really expensive.

                                         Why?



Discussion of BD-J development
challenges



Where should complexity live?
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Where should complexity live?
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Where should complexity live?

BD-LiveTM Adapter
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Where should complexity live?
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Where should complexity live?

BD-LiveTM Adapter

My Service

Disc UI
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getting a list of services for your region

getRegion
(SOAP)

getServices(region)
(SOAP)

Service[] getMyServices()



Where should complexity live?

BD-LiveTM Adapter

My Service

Disc UI
CDN

JSP  server, using netty to do redirect to a URL
based on geo lookup

getting a list of services for your region

getServices
(URL)

URL redirect

binary list

Service[] getMyServices()



Long Live APIs!



Long live APIs!
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Long live APIs!
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Long live APIs!

An API can be
• Classes and Methods

– usually with rich data structures
• Attribute/Value pairs
• A network protocol (like SOAP or RMI)

... but ultimately, your customer needs
classes and methods anyway!



Case Study



Case Study: 50K of structured data
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Prototype Implementation
Adapter-centric Architecture
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Optimized Implementation
Adapter-centric Architecture

BD-LiveTM Adapter

My Service

Disc UI

XML source file
formatter
emit as JSON or binary

JSP  server

Internet

Developer
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Small adapter



Modularization Impedes Optimization?



blue       Open URL
cyan      Read XML
green     Unpack XML

magenta    Format XML
orange     Read JSON
pink       Unpack JSON

red        Read Binary



Open URL

if	
  (MyDirector.PROFILE)	
  {
	
  	
  	
  	
  token	
  =	
  Profile.startTimer(profileOpenURL,	
  TID);
}

URL	
  url	
  =	
  new	
  URL(
	
  	
  	
  	
  	
  	
  "http://hdcookbook.com/tmp/morte_darthur.xml");
InputStream	
  is	
  =	
  url.openStream();
Reader	
  r	
  =	
  new	
  InputStreamReader(
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  new	
  BufferedInputStream(is),	
  "UTF-­‐8");

if	
  (MyDirector.PROFILE)	
  {
	
  	
  	
  	
  Profile.stopTimer(token);
}



Open URL

start 0.0ms for 216.06499ms
start 4764.651ms for 51.204ms
start 5267.998ms for 42.6ms
start 5518.395ms for 43.239ms
start 9215.803ms for 43.903ms
start 9512.844ms for 39.125ms
    . . .



Read XML

if	
  (MyDirector.PROFILE)	
  {
	
  	
  	
  	
  token	
  =	
  Profile.startTimer(profileReadXML,	
  TID);
}

Parser	
  parser	
  =	
  new	
  Parser();
Element	
  e	
  =	
  parser.parse(r);
r.close();

if	
  (MyDirector.PROFILE)	
  {
	
  	
  	
  	
  Profile.stopTimer(token);
}



Read XML

start 218.234ms for 845.008ms
start 5563.4453ms for 262.75ms
start 9747.59ms for 277.831ms
start 13939.895ms for 252.868ms
start 17978.623ms for 279.3ms



Unpack XML

ArrayList	
  chapList	
  =	
  new	
  ArrayList();
visitXMLGraph(e,	
  chapList);



Unpack XML

start 1065.226ms for 15.522ms
start 5828.14ms for 33.351ms
start 10031.916ms for 7.358ms
start 14193.805ms for 7.583ms
start 18258.996ms for 4.635ms



Format XML

String	
  line	
  =	
  "";
for	
  (;;)	
  {	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  //	
  	
  build	
  line
	
  	
  	
  	
  int	
  pos	
  =	
  remaining.indexOf('	
  ',	
  1);
	
  	
  	
  	
  if	
  (pos	
  ==	
  -­‐1)	
  {
	
  	
  	
  	
  	
  	
  	
  	
  pos	
  =	
  remaining.length();
	
  	
  	
  	
  }
	
  	
  	
  	
  String	
  word	
  =	
  remaining.substring(0,	
  pos);
	
  	
  	
  	
  String	
  newLine	
  =	
  line	
  +	
  word;
	
  	
  	
  	
  if	
  (font.getStringWidth(newLine)	
  <	
  MAX_WIDTH)	
  {
	
  	
  	
  	
  	
  	
  	
  	
  line	
  =	
  newLine;
	
  	
  	
  	
  	
  	
  	
  	
  remaining	
  =	
  remaining.substring(pos);
	
  	
  	
  	
  ...



Format XML

start 1083.978ms for 3627.935ms
start 5872.732ms for 3341.481ms
start 10040.715ms for 3303.34ms
start 14202.37ms for 3268.1228ms
start 18264.861ms for 3290.157ms



Read JSON

	
  Object[]	
  book	
  =	
  (Object[])	
  JsonIO.readJSON(rdr);
	
  rdr.close();



Read JSON

start 4817.9453ms for 403.928ms
start 9261.314ms for 226.835ms
start 13388.146ms for 240.62099ms
start 17512.295ms for 224.661ms
start 21597.291ms for 228.325ms



Unpack JSON

Object[]	
  strings	
  =	
  (Object[])	
  book[0];
Object[]	
  text	
  =	
  (Object[])	
  book[1];
Object[]	
  font	
  =	
  (Object[])	
  book[2];
Chapter[]	
  result	
  =	
  new	
  Chapter[text.length];
for	
  (int	
  i	
  =	
  0;	
  i	
  <	
  result.length;	
  i++)	
  {
	
  	
  	
  	
  Chapter	
  chapter	
  =	
  new	
  Chapter();
	
  	
  	
  	
  result[i]	
  =	
  chapter;
	
  	
  	
  	
  Object[]	
  textI	
  =	
  (Object[])	
  text[i];
	
  	
  	
  	
  Object[]	
  fontI	
  =	
  (Object[])	
  font[i];
	
  	
  	
  	
  chapter.pages	
  =	
  new	
  Page[textI.length];
	
  	
  	
  	
  	
  	
  	
  	
  for	
  (int	
  j	
  =	
  0;	
  j	
  <	
  textI.length;	
  j++)	
  {



Unpack JSON

start 5223.747ms for 14.158ms
start 9489.905ms for 21.257ms
start 13637.909ms for 2.513ms
start 17738.334ms for 2.874ms
start 21826.746ms for 6.52ms



Read/Unpack Binary

String[]	
  strings	
  =
	
  	
  	
  	
  	
  	
  	
  	
  new	
  String[dis.readShort()	
  &	
  0xffff];
for	
  (int	
  i	
  =	
  0;	
  i	
  <	
  strings.length;	
  i++)	
  {
	
  	
  	
  	
  strings[i]	
  =	
  dis.readUTF();
}
Chapter[]	
  result
	
  	
  	
  	
  =	
  new	
  Chapter[dis.readShort()	
  &	
  0xffff];
for	
  (int	
  i	
  =	
  0;	
  i	
  <	
  result.length;	
  i++)	
  {
	
  	
  	
  	
  Chapter	
  chapter	
  =	
  new	
  Chapter();
	
  	
  	
  	
  result[i]	
  =	
  chapter;
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  .	
  .



Read/Unpack Binary

start 5314.043ms for 202.40099ms
start 9553.601ms for 150.18701ms
start 13734.05ms for 150.98499ms
start 17782.836ms for 149.66301ms
start 21876.705ms for 161.51901ms



The Winner is...

XML:  50 + 850 + 15 + 3625 = 4540 ms

JSON:  50 + 405 + 15           =   470 ms

Binary:  50 + 200                   =   250 ms



How Long Will This Be Relevant?



How long will this be relevant?



How long will this be relevant?



How long will this be relevant?

• Viewing the adapter in a connected
architecture as a first-class citizen
applies broadly
– mobile
– TV
– even PCs!



How long will this be relevant?
The Living Room Environment

• A box unifying Internet, Media and a TV
display a probably here to stay
– Today:  Cable STB, Blu-ray Player



How long will this be relevant?
The Living Room Environment

• Living room
devices are
cost-sensitive



How long will this be relevant?
The Living Room Environment

• Consumer
devices pose
debugging
challenges

– Standards, and
that pesky free
market

– h4k0rz



How long will this be relevant?
The Living Room Environment

• Living room devices are kept a long
time
– 7-15 years for Cable STB, DVD player



How long will this be relevant?
The Living Room

• Today, TV-connected devices are
about as fast as home computers were
15-25 years ago.



How long will this be relevant?
The Living Room

• Today, TV-connected devices are
about as fast as home computers were
15-25 years ago.

BOLD PREDICTION:
• In 15-25 years, the device connected to

the average TV may be as fast as
home computers are today.



Concluding Thoughts
What Shapes Systems?

• Human Behavior
• Market Forces
• Network Performance
• Hardware
• Software

– High-level Languages
– Structured Programming
– OO



Concluding Thoughts

• In the consumer space, good system
architecture is essential.

• Hardware will get faster, but unevenly.
• Systems design lessons outlive

particular hardware configurations
– In 2050, system architecture still won’t be

network topology!



Thank you.


