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Chapter 1. Objectives

Implement THINC Client for PDA in JAVA with full functionality. Based on THINC
protocol specification, it should handle all possible frame buffer, video, cursor, and
sound messages from the server. Moreover, it should send proper messages to the
server when an event from user occurs, such as mouse move and click, resize the

window and key press.

Chapter 2. Development Environment

2.1. For computer
CPU: Intel Pentium Mobile 1.73Ghz
Memory: 1GB
OS: Microsoft Windows XP Home edition Version 2002 Service Pack 2
Language: JAVA
JVM: Sun J2SE 1.5.0_08
IDE: Eclipse SDK version 3.2.0
Library used: PNG decoder(com.sixlegs.png)

2.2. For PDA
Model : DELL AXIM X51v
CPU: Intel PXA270 (StrongARM)
Memory: 49.43MB
OS: Microsoft Windows Mobile Version 5.0



Chapter 3. Why not PDA?

First of all, I couldn’t implement THINC Client for PDA in JAVA. In This Chapter I will

try to describe why I could not implement it, it what I have done.

3.1. Feasibility Study

I searched various areas to find the proper Java Virtual Machine for the PDA described
on Section 2. In JAVA, there are three platform specified by Java community. For PDA
and cell phone, Java Platform, Micro Edition (J2ME) is suitable to use. In J2ME, there

are profile and configuration, which described as below by Sun:

e Configuration. A J2ME configuration defines a minimum platform for a
“horizontal” class or family of devices, each with similar requirements on
total memory budget and processing power. A configuration defines the Java
language and virtual machine features and minimum libraries that a device
manufacturer or a content provider can expect to be available on all devices
of the same class.

o« Profile. A J2ME profile addresses the specific demands of a certain
“vertical” market segment or device category. The main goal for a profile is
to guarantee interoperability in a certain vertical device category or domain
by defining a standard Java platform for that market. Profiles may include

libraries that are far more device category specific that libraries provided in

a configuration. Profiles are implemented on top of a configuration.

Because configuration denotes the type of operated devices, I had to choose the
configuration between CLDC and CDC. Because CLDC denotes Limited devices such as
cell phone, it seems to choose CDC better. However, because Java Virtual Machine for
CDC has not completely configured and settled as such a good JVM package, choosing
CLDC seems like the only solution for J2ZME. The goal of CLDC is supporting limited

devices described below:

Connected, Limited Device Configuration (CLDC)
® 160 kB to 512 kB of total memory budget available for the Java platform
a 16-bit or 32-bit processor

® |low power consumption, often operating with battery power
® connectivity to some kind of network, often with a wireless, intermittent
® connection and with limited (often 9600 bps or less) bandwidth




There are various JVM which supports CLDC or CDC configuration. I described pros

and cons for each Java Virtual Machines on Table 1.

JVM name Publisher Advantage Disadvantage

Supports a lot of different | Commercial Product, No
environment such as | PNG library
J9 JVM IBM Windows  mobile, Pocket
Linux, etc. Supports both
CDC and CLDC.

CDC support for recent | No PNG library

CrEme NSICOM | version, Supports good AWT
interfaces
Most stable, made by Sun Not maintained anymore,
Personal Java Sun limited functionality, No

PNG and ZIP library

Haneta Almost Full J2SE support, | Unstable, Out of memory

Mysaifu ]
(Personal) | GPL licensed error
Good  support for PDA | Commercial for Additional
devices, PNG and ZIP | feature, such as PNG
SuperWaba
support library, Not following
Standard Java specification
Supporting Dell Axim X5 Commercial and does not
Jeode Esemertec providing SDK, No PNG
and ZIP library
Open Source JVM. Implementation 1s not
Open
Kaffe complete and contains
Source

bugs, Linux only

Table 1 Various JVM for PDA

To implement PDA version of THINC Client, It should supports PNG and ZIP library.
Because I do not have much time to make PNG and ZIP library from the scratch, I
cannot implement PDA version of THINC. If JVM supports those libraries, however, it
has some commercial license to pay about 100 dollars, which cost a lot. Even I can have
the money to buy them, there is no promise that I can complete implementation with
those Commercial JVM.

Because of that, I tried to use Mysaifu JVM, which is suitable to use PNG library from




J2SE. However, it did not work because of absurd out of memory error. Even I tried to
minimize the size of the code and memory occupancies, it did not work, still.

As a result, I couldn’t make any THINC client for PDA in JAVA. To make this, we have
to negotiate available compression library between client and server, which is slightly
different from current implementation of THINC. I will describe proposal of revised

THINC protocol on Chapter 8.

3.2. Not for PDA, but for J2SE

From the provided THINC Client source code in JAVA, It does not have any cache,
video, resize, and SSL implementation. Moreover, the color of image from network
seems to process improperly from the client. It seems like well object-oriented from
first draft, however, it does not maintained properly because it has hard-coded
handshaking stages, and improperly added PNG library features. It also does not have
any comments for next developer.

For that reason, I decided to rewrite the source code of THINC Client in JAVA, which
should be object-oriented, well-commented with full functionality. First of all, the
reason of improper image color is caused by ARGB format itself. Because Java
Bufferedlmage class prefers to use ABGR rather than RGBA or ARGB format from the
server, 1 had to make convert methods to convert RGBA and ARGB into ABGR pixel
format. Next, I redesigned the whole class diagram for THINC Client in JAVA. I
designed ThincHandler, ThincMsg, ThincMsgFlag and ThincVideoFormat classes, and
try to derive every class in THINC Client from those classes. Based on these classes, |
rewrote entire source code for speed of THINC Client and implemented Video, SSL,
resize and cache in new version of THINC Client. For detailed information about
redesign for THINC Client, I will explain in Chapter 5.

I also concentrated to add a comment for next developers. Because it is only one
semester project for me, there would be another student who will improve or make
another THINC Client for PDA or normal client version of JAVA. For that reason, it is

very important to add comments for maintaining the source code.



Chapter 4. Project Plan

In this chapter, I will describe what my project plan was, and what is changed as time

goes by.

4_.1. First Project Plan

Before I received the code, I thought it works properly. Because | set my first project

plan beyond of that assumption, it seems to be awkward for now. However, it is

described as Table 2.

Start from End to [ssues Description
Search the PDA version of JVM as many
1.Sep.06 16.Sep.06 Feasibility study )
as possible
o Test code for Network, Image in PDA
9.Sep.06 23.Sep.06 Feasibility study )
simulator
o Analyzing source code of THINC Client
17.Sep.06 | 30.Sep.06 Feasibility study )
in JAVA
o Analyze the THINC Protocol
17.Sep.06 | 30.Sep.06 | Feasibility study o
specification
1.0ct.06 16.0ct.06 PDA Assigning Assign the PDA
1.0ct.06 16.0ct.06 PDA Feasibility Find the PDA supported JVM
7.0ct.06 16.0ct.06 PDA Feasibility Test code for Network, Image in PDA
o Try to send some init messages to
11.0c¢t.06 16.0c¢t.06 PDA Feasibility
server
17.0ct.06 6.Nov.06 Class Design Class Design PDA Version of THINC
7.Nov.06 17.Nov.06 Implementation Implement PDA Version of THINC
10.Nov.06 | 20.Nov.06 Function Test Functional test for each messages
21.Nov.06 1.Dec.06 Integration Test Test with full functionality
7.Nov.06 10.Dec.06 Debugging Should be with function/integration test
10.Dec.06 | 13.Dec.06 Write a Report Write a final report
Preparing Make example case for presentation
10.Dec.06 | 15.Dec.06 )
presentation

Table 2 First draft of Project plan




4.2. Revised Project Plan

As soon as I found the source code is not working properly, I decided to maintain both
normal JAVA client and PDA client. Figure 2 is the revised version of my Project Plan,
which considers both PDA and normal client for JAVA. Bolded letter represents

refactoring issues for my revised Project Plan.

Start from End to [ssues Description

o Search the PDA version of JVM as many
1.Sep.06 16.Sep.06 Feasibility study )
as possible

o Test code for Network, Image in PDA
9.Sep.06 23.Sep.06 Feasibility study )
simulator

Analyzing source code of THINC Client

17.Sep.06 | 30.Sep.06 Feasibility study )
in JAVA

o Analyze the THINC Protocol
17.Sep.06 | 30.Sep.06 | Feasibility study o
specification

23.Sep.06 7.0ct.06 Refactoring Redesign THINC Client in JAVA

1.0ct.06 16.0ct.06 PDA Assigning Assign the PDA

1.0ct.06 16.0ct.06 PDA Feasibility Find the PDA supported JVM

7.0ct.06 16.0ct.06 PDA Feasibility Test code for Network, Image in PDA

Try to send some init messages to
11.0c¢t.06 16.0c¢t.06 PDA Feasibility

server
17.0ct.06 30.0ct.06 Class Design Class Design PDA Version of THINC
] Rewrite the source code of THINC Client
31.0ct.06 6.Nov.06 Refactoring
in JAVA

7.Nov.06 17.Nov.06 Implementation Implement PDA Version of THINC

10.Nov.06 | 20.Nov.06 Function Test Functional test for each messages

21.Nov.06 1.Dec.06 Integration Test Test with full functionality

7.Nov.06 10.Dec.06 Debugging Should be with function/integration test

10.Dec.06 | 13.Dec.06 Write a Report Write a final report

Preparing Make example case for presentation
10.Dec.06 | 15.Dec.06

presentation

Table 3 Revised draft of Project plan




4_3. Actual works

I followed my Project Plan until October except feasibility study for PDA. I tried to find
another way to implement PDA without PNG library. First I tried not to use PNG or ZIP
library for PDA version. I made some test code for that, however it didn’t work because
the server tells what compression algorithm will be used without any negotiation. Next I
tried to modify the open source of PNG library. Because it is totally based on standard
J2SE, I cannot modify it into J2ME version because of complexity. Last, I tried to make
my own PNG library from the specification from libpng.org. However, it failed because
it is too complicated to implement all options in PNG format. So the best way to do was
just keep doing normal client version with feasibility study for PDA.

Finally, I found mysaifu JVM which support almost every specification of J2SE. 1
thought I can maintain two versions (PDA version and normal version) with only one
code if I use those mysaifu JVM. I tested java swing components and JPanel
implementation of mysaifu JVM with some image. Moreover I tested socket operation by
using SocketChannel class in J2SE. However, when I try to draw initial frame buffer
onto the screen, mysaifu JVM causes the out of memory error.

The unimplemented feature of previous THINC Client in JAVA contributes to delay my
project progress. Because the resize and video stream messages were little bit different
from THINC Protocol specification I received, I have to figure out with the server side.
Even I did not test the sound because it is not configured well on the server side.
Basically, it is not a problem from maintainer; however, the sound seems like not
configured easily on the server side.

As a result, I could make THINC Client in JAVA, but not suitable for PDA. I think we
have to modify the handshaking stages in THINC Protocol to make THINC useful to
limited devices such as PDA. Based on my experiences, because J2ME does not have
good supported PNG or ZIP library currently available, it should be disabled by the

client side with negotiation.



Chapter 5. Design and Implementation

In this Chapter, I will explain the design of THINC Client in JAVA. First I will show the
entire class diagram for THINC Client, and then I will explain part by part including

what is revised.

5.1. Class Diagram

Figure 1, 2 and 3 are the Class diagram for final implementation of THINC Client, in
JAVA. Because its classes are more than 100, It cannot be shown in this document. I
attached <dia.jpg> for entire class diagram. If you have UML tool, you can see it by
opening < (default package).uml> file.

Figure 1 Class diagram for THINC Client in JAVA (part 1)
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Figure 2 Class diagram for THINC Client in JAVA (part 2)

Figure 3 Class diagram for THINC Client in JAVA (part 3)
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It seems that hard to understand. However, the entire structure for THINC Client in

JAVA does not hard as expected. Simple diagram to describe how it works is in Figure
4.

1. Recoanizes

Tvpa, flag

and length

0. Mezsages - ThineShsgFlag
frarm the server 2, Invokes process() 1 Tarmily
» |
Tnmvs:gHmclefJ. ThincShsg | 4. doeg SomMme
11 Send il lo the server 3. Invokes gethessage() family | g;;:;hrﬂmw
4. Mukes THING when it requires 1o get -
Heid additional messages rom
aader network, 5. Drmws or does =ome operations
By using melhods in
ThincCliemCanwas
10, Invokes B. Does some operation
puitessage() and
To send the imvokes send()
MEESE0e
i 7. Invokes
Th'g'cﬁ'm processd) ThincClientCanvas
il 6. Uzer Input
. Xy mouse movesclick,
resize, key input

Figure 4 how THINC Client in JAVA works?

When the message comes from the server, first ThincMsgHandler receives the
message and recognize the type, flag and length of the message. And then it passes the
control to proper ThincSMsg derived classes (call it ThincSMsg family in figure). When
ThincSMsg derived classes need to get more messages, it simply invokes getMessage
method in ThincMsgHandler class. If it has flags to process, it is processed by
ThincMsgFlag family. When it is ready to draw images on frame buffer, or modify the
information of the cursor, it calls various methods in ThincClientCanvas.

When user inputs valid events, it calls process method in proper ThincCMsg family by
ThincClientCanvas. In process method, it processes the event and get the information
from the event. Whenever ready to send, it invokes send method in ThincMsgHandler
class. And then ThincMsgHandler puts proper THINC header automatically then calls
putMessage method in ThincCMsg family to put proper message followed by. After
finished, it sends the message to the server.

Message for sound works similar. However, because there is no such ThincCMsg for
sound, ThincSoundHandler only handles the message from the server and yield the

control into proper ThincSMsg family.
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5.2. ThincHandler family

ThincHandler family is for handling all socket operation. It masks socket implementation
from ThincMsg family for easy implementation. Moreover, it also analyzes THINC
header from the message and yield the control to a proper ThincSMsg derived class. It
provides implemented methods for socket operation. Methods provided by ThincHandler

are:

createSocketChannel()  Creates socket connection
closeSocketChannel()  Closes socket connection
send() Send ThincCMsg family to the server
putThincHeader() Put THINC header to send (only used as private)

Primitive method for sending message (used when initial

sendBytes() )
handshake and in send() method)
getMessage() Get message from the network (used in ThincSMsg)
Primitive method for receiving message (used when initial
recvBytes() )
handshake and in getMessage() method)
getLastSent() Get THINC type of last sent

setSSLSocketChannel() Set socket as SSL mode

Only invoked when handshake for SSL is completed. (defined
handshakeCompleted() _
as private type)

Detailed Class diagram for ThincHandler is described in Figure 5.
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winterfaces
€3 ThinclnitFlag

EF mpP_GET: int

2 APP_LIST: int

3F mPP_SHARING: int

#F cacHE_SIZE int

¥ CURSOR: int

# ENCODER: int

W FBDATA: int

¥ FBINFO: int

2 KEEPALIVE: int

B WAX_INIT_SRRAY: int
F MOTOH: int

¥ NOVIDED: int

F oz int

T UNKNOWN: int

EF VIDEO: int

W VIDEO_CLIENT _FMTS: int
#F VIDEO_SERv_FMTS: int

=

& ThincMsglnitReplyHandler

s canvas: ThincClientCanvas
o currentHandShake: int

& DEFAULT_HANDSHAKE_ORDER: byte]]
o handler: ThincMsgHandler

o hd: ByteBuffer

o hsOrder: bytel]

& REPLY_SIZE int

o replyMessage: ThincSkisginitReply

o requestMessage: ThincCMsgnitReusst

& ThincMsginitReplyHendler(in te: ThincClient, in c: ThincCliertCanvas, in h: ThincMsgHandler)

| initMessage(in tc: ThincClient, in c: ThincClientCanyas)
@ sendhexiMessage()
@ starlt)

& ThincHandler

¢ eliert: ThineCliert

> iS50 boolean

o lastSent; byte

5F MAX_DIRECT_ALLOCATE: int

o recy: ByteBuffer

> e SocketChannel

o send ByleBuffer

o szHancshakeCompleted: boolean
& ssiSocket SSLSocket

3F THING_HEADERSIZE: int

& ThincHandlerin tc: ThincClisnt)

CloseSocketChannel(]

cresteSocketChannel(in host: String, in port: int): SocketChannel
getlastSent(): byte

getMessage(in size; int). ByteButier

handshakeCompleted(in event: HandshakeCompletedEvent)

9 ¢

[ -]

recvBiytes(in bb: ByteBuffer): int
send(in c: ThincChisg); int
sendBytes(in bb: ByteBuffer): int
selS5LSocket Channel()

ce o

@

pulThincHeader(in b: ByteBuffer, in type: byle, in flag: byte, in length: short)

¥ ThincSoundHandler

& FRST_MESSAGE_TYPE int

o he: ByteButter

i MaX_MESSAGE_TYPE: int

o serveriessage: ThincSMegSound
 TC_SMD_VERSION: byte]]

& ThineSoundHandler(in tc: ThincCliert)
| initMessage(]

@ ng

| sendStart()

& ThincMsgHandler

% canvas: ThinceCliertCanvas
3 flag byte

o hd ByleBufer

a inktHandler: ThincMsginitReplyHandler
a length short

o MAX_MESSAGE_TYFE int

5 serveriMessage: ThincShsy

1 type: bvte

ThincMsgaHandler(in tc: ThincCliert, in o ThincCliertCanyas)
getFlag(); int

getintHandiert): ThinchsointReplyHandier

getlength(): int

getSocketChannel(): SocketChannel

init()

initServerMessage()

send(in c: ThincCMsg): int

SetSEL()

startr)y

eceeooae,

=

2 eeQ

Figure 5 Class diagram for ThincHandler family

5.3. ThincMsg family

ThincMsg family consists of ThincCMsg family and ThincSMsg family. ThincCMsg
family is for send the message from the client; while ThincSMsg family is for receive
the message from the server. It provides abstract process() method for each derived

classes. Usage for that method is:

Processes the actual message in here. In case of ThincSMsg, it is
process() invoked by ThincMsgHandler. For ThincCMsg, it is invoked by

ThincClientCanvas, generally.
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5.3.1. ThincCMsg family
ThincCMsg family is for creating the message and sending it to the server. It provides
abstract messageSize(), putMessage(), getMsgType(), headerSize() and getFlag()

methods for each derived classes. Usage for each method is:

messageSize() Returns the total message size when it generates message.
putMessage() Put the message into the buffer to be sent.
Returns the type of message when ThincMsgHandler generates THINC
getMsgType()
header.
) Returns the header size of the message(not THINC header) when it
headerSize() o . )
required in ThincCMsglnitReply.
It is only for future implementation. It returns the flags when
getFlag() ThincMsgHandler generates THINC header. Currently it is set to O as

default.

Lists and works for each ThincCMsg family except ThincCMsglnitRequest are as
follows:
ThincCMsgEventKey Create the message from the key input of user

) Create the message from the mouse click/release of

ThincCMsgEventMouseButton
user
ThincCMsgEventMouseMove Create the message from the key move of user
ThincCMsglnitAuth Create the message from the id/password of user

ThincCMsglnitClientDone Create the message that handshake is done

ThincCMsglnitOK Create the message for ACK of client
ThincCMsglnitNotOK Create the message for NAK of client
ThincCMsgInitSecCaps Create the message for security capability of client
ThincCMsgResizeEvent Create the message for resize event of client
ThincCMsgResizeUpdate Create the message for resize update region of client

5.3.1.1. ThincCMsglnitRequest family

ThincCMsgInitRequest family is for creating the initial handshake request message and
sending it to the server. Because init request have additional header for its request, it is
much easier to make each class for each additional header.

Lists and works for each ThincCMsglnitRequest family are as follows:
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) ) ] Create the message for initial cache size
ThincCMsglnitRequestCacheSize
request
) ) Create the message for initial cursor
ThincCMsglnitRequestCursor
request
ThincCMsgInitRequestEncoder Create the message for encoder request
) ) Create the message for initial frame buffer
ThincCMsglnitRequestFBData
data request
) ) Create the message for initial frame buffer
ThincCMsglnitRequestFBInfo ) )
information request
ThincCMsgInitRequestNoVideo Create the message for supporting no video
ThincCMsgInitRequestVideo Create the message for supporting video
. _ . . Create the message for supported video
ThincCMsglnitRequestVideoClientFormat )
client format
Create the message for supported video

ThincCMsglnitRequestVideoServerFormat
server format request

5.3.2. ThincSMsg family

ThincSMsg family is for handling the message from the server and drawing frame buffer,
operating with cursor, and processing for video stream. It does not provide any method
for derived class because process() method in ThincMsg can handles server message

processing.

Lists and works for each ThincSMsg family except ThincSMsglnitReply are as follows:
ThincSMsgAck Handle the message for ACK from the server
ThincSMsgCursorChang Handle the message for cursor change from the server
e
ThincSMsgCursorColor Handle the message for changing cursor color from the
server

ThincSMsgCursorMove  Handle the message for cursor move from the server

ThincSMsgCursor Handle the message for cursor show/hide from the server
ShowHide
ThincSMsgFBCopy Handle the message for frame buffer copy from the server

o Handle the message for filling bitmap pixel to the frame
ThincSMsgFBFillBilevel
buffer from the server
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ThincSMsgFBFillGlyph

ThincSMsgFBFillPixMap

ThincSMsgFBFillSolid

ThincSMsgFBRawUpdat
e
ThincSMsglnitNotOK
ThincSMsglnitOK
ThincSMsglnitSecCaps

ThincSMsglnitSessCaps

ThincSMsgSoundClose
ThincSMsgSoundOpen
ThincSMsgSoundPlay
ThincSMsgVideoEnd

ThincSMsgVideoMove

ThincSMsgVideoNext

ThincSMsgVideoResize

ThincSMsgVideoScale
ThincSMsgVideoStart

Handle the message for filling glyph bitmap pixel to the
frame buffer from the server

Handle the message for filling pixmap pixel to the frame
buffer from the server

Handle the message for filling solid to the frame buffer from
the server

Handle the message for filling raw image to the frame buffer
from the server

Handle the message for NAK for handshake from the server
Handle the message for ACK for handshake from the server
Handle the message for security capability from the server
Handle the message for security capability ACK from the
server

Handle the message for sound stream close from the server
Handle the message for initial sound config from the server
Handle the message for playing sound from the server
Handle the message for video stream close from the server
Handle the message for moving the location of video from
the server

Handle the message for playing video from the server
Handle the message for resizing the size of video from the
server

Handle the message for video scaling from the server

Handle the message for video stream open from the server

5.3.2.1. ThincSMsglnitReply family

ThincSMsglnitReply family is for handling the initial handshake reply message and

sending it to the server. Because init request have additional header for its request, it is

much easier to make each class for each additional header.

Lists and works for each ThincSMsglnitReply family are as follows:

Handle the reply for initial cache size from the

ThincSMsglnitReplyCacheSize

ThincSMsglnitReplyCursor

server

Handle the reply for initial cursor information
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ThincSMsglnitReplyEncoder

ThincSMsglnitReplyFBData

ThincSMsglnitReplyFBInfo

ThincSMsglnitReplyNotOK

ThincSMsglnitReplyOK

ThincSMsglnitReplyUnknown

ThincSMsglnitReplyVideoServerFormat

5.4. ThincMsgFlag family

from the server

Handle the reply for encoder type from the
server

Handle the reply for initial frame buffer data
from the server

Handle the reply for initial frame buffer
information from the server

Handle the reply for initial request NAK from
the server

Handle the reply for initial request ACK from
the server

Handle the reply for initial request is unknown
from the server

Handle the reply for server video format from

the server

ThincMsgFlag family is for receiving message related to flag in THINC header. When

there is a flag in THINC header, the following message should contain some information

about flags before handling actual THINC messages. It is made for handling those

additional messages. It does not provide any method for derived class because it is too

vary to handle all flag types in one method. Detailed Class diagram for ThincMsgFlag

family described in Figure 6.
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«irterfaces

@ ThinchsgFlag

& ThincSMsgFlag

¥ ThincSMsgFlagResize

U DATA_MESSAGE_SIZE: int
& fh_inwerseRateHeight; float
& fh_inwerseRatevidth: float
 fh_rateHsight; float

& fh_ratewvicth: flost

o handler: ThincMsgHancler
& height: short

o isProceed: boolean

o isResized: hoolean

& nHeight: shart

o okt short

o width; short

& ThineSMsoFlagResize(in b ThinchsgHandier)
& getOriginal<(in = shart): short

& getOriginal(in y: short). short

& getRateHsighto): double

& getRatewidth(): double

& getResizedHeight(in y: short): short
& getResizedWidthiin x: short): short
& getResizedi(in x: sharty short

& getResized¥(in y: short). short

@ isProceed() boolean

& isResized(): boolsan

» process(in hasinformation: boolear)

@ ThincSMsgFlagFBZData

o decompressor: Inflster
5 hander: ThincMsgHandler
& hd: ByteButier

¥ MESSAGE_SIZE int
&F NONE: int

& PHG: int

o resutint: IntSutter

o state int

o unziped: byte[]

< usize: int

& 2L int

° ziped; byte]]

o zsize: int

o ThineShsgFlagFBZData(n h: ThinchsgHandler)
& getey int

© process) ntBuffer

| processPhG) IntBuffer

@ processZLIEC): IntBuffer

@ set(in flag: int): boolsan

|
& ThincSMsgFlagCache

& aDD_MESSAGE_SIZE: int

o canvas: ThincClientCanvas
F DaTA_MESSAGE_SIZE: int
o handler;: ThinchsgHandlesr

o hd. ByteButfer

o id int

o type: int

& ThincSMsgFlagCache(in h: ThincMsgHandler, in £ ThincClisntCanvas)

@ addCache(in target: Objsct)
® getCache(in type: int) Object
@ setCacheldin type: int)

& setResized(in oldWith int, in oldHeight: int, in newWidth: int, in newHeight: int)

Figure 6 Class diagram for ThincMsgFlag family

5.4. ThincVideoFormat family

ThincVideoFormat family is for handing video stream in THINC messages. Because
each video stream has there own video format to process, THINC Client should handle
each video stream differently. Currently it support YV12, UYVY and YUYZ2 format by
ThincVideoFormatYV12, ThincVideoFormatUYVY, and  ThincVideoFormatYUY2,
respectively. Detailed class diagram for ThincVideoFormat family is described in Figure

7.
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@ ThincVideoFormatYv12

& handler: ThincksgHandler
¥ MESSAGE_SIZE: int

4 yuy_uoffset int

A yuy_upitch: int

& yuy_voffset int

& ThincVideoFormat

3 cliertFormeats: intf]
& current: int

8 finalFormats: int[]
B WAX_FORMAT: int
o serverFormats: intf]
B Uvvy: int

W vz int

¥ vvizint

& getFormat(x int[]

cf‘ process(in width: int, in height: int, in size: int: IntButfer
& setFormat(in id: int)

B unsigned(in sro: bytel: short

< yuwToRghiin y: beyte, inou: byte, in v bytey int

@ ThincVideoFormatUYVy

& handler: ThinchsgHandler

¥ MESSAGE_SIZE: int

& pitch: int

OE ThincideoFormatldy™(in th: ThinchsgHandler)

@ process(in width: int, in height: int, in size: intY: IMButfer

@ ThincVideoFormatYlY2

& handler: ThinchsgHandier
¥ MESSAGE_SIZE int
& pitch: int

Oc ThincYiceoF ormeat Iy 2(in th ThinchsgHandler]
@ process(in width: int, in height: int, in size: int): IMBuffer

a yuv_wpitch: int
& yuv_yoffset, int
A yuv_ypitch: int

& ThinctideoFormatyy1 20in th: ThincMsgHandler)
@ process(in wicth: int, in height: int, in size: int): IntBuffer

Figure 7 Class diagram for ThincVideoFormat family

5.5. ThincClientCanvas

ThincClientCanvas is for drawing actual image to the screen, for cache handling and for
cursor handling. It masks complicated JWT Framework operation from ThincMsg family.
It generally derived from JPanel in standard JWT Frameworks which replaces Canvas in
AWT. Name of the class originated from Canvas in AWT and it works as expected. It
draws frame buffer onto the screen periodically and handles all information about
cursor, key input, mouse movement and cache for various image types. Detailed class

diagram is described in Figure 8.
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3 ThincClientCanvas

o alphaColorModel: Colorkodel
W BIT_cacHE int

a bgCursor: int

\8 bobCursor: byte]]

a bppirt

 CURSOR_NAME: String

a cache: Hashtablel]

a client: ThincClient

o cursor: MemorylmageSource
a cursorHot: Point

o

cursotimace: Image
cursorintArray: irt[]
depth: int

fhHeight: short
fhaictth: short
foCursor: int
fgbCursar: byte(]
frame: ThincFrame

o oo efa oo

a

handler: ThinchdsgHandler
heightCursor: int

W MG _CACHE: int

a zARGE: hoolzan

AF NUM_CACHE: int

F PiX_CACHE: int

o rawColorhacdel Colortoce!
o raywPizel MemoryimageSource
ravvPizelmage: Image
ravvPizelintArray: int[]
ramyPixelintBuffer; IntButter
o screenGraphics Graphics2D
a screenimage: Butferedimace
4F serialversionUID: lang

W TYPE_EMMAP: int

& TYPE_PNG: int

& TwPE_RAM: int

F TYPE_SCALED_BITMAP: int
U TYPE_SCALED_Raw: int

¥ TYPE_SCALED_TRAMSPARENT: int
¥ TYPE_TRANSPARENT: int

& TYPE_VIDEQ: int

o tile: Bufferedimage

o tileRect: Rectandgle
wickthCursor: int

o

o

o

a

a

d ThincClientCarvas(in tc: ThincClient)

@ argbToAbgr(in sro i) int

@ colorChangeCursar(in fg: int, in bo: int)

@ copyRegion(in = int, in sy int, inocke int, inody: ing, incsicthe int, in beight: int)
@ cresteBitMapimage(in imageArray: intf], in fok: bytel], in bab: bytel], in fo: int, in bg: int, in width: int)
@ cresteCachelin ime: int, in kit int, in pix: int)

m createColorbodel(in bpp: int, in depth; irt)

@ createCursor(in imageArray: irt[], in bb ByteButfer)

@ createCursor(in imageArray: int[], in ok byte(], inbak: byte(], in fo: int, in b int, in wickh; int)
@ createCursorin imageArray: int[], in fobe byte(], inbok: bytef])

@ createFrameBuffer(in w: shott, in b short, inbppe int, in depthe i)

@ drawFillRect(in x int, in v: int, in s int, in b int, in color: int)

@ draweFrameBuffer()

@ drawdmage(in bk IntButter, in x:int, in v int, in we int, inchoint, in type: int)

@ drawdmageScalediin bl ImtBuffer, in i, inyint, inoec int, in b int, in dst e int, in cdst_b: int, intype: int)
@ drawTile(in x: int, in o int, in wicth: int, in height: int)

@ getBpp(): int

@ getCachedin id: int, intype: inty Object

@ getFBHeight(): short

@ getFEWidth(): short

@ isFocusable(): boolean

@ iz0pague): boolean

@ moveThincCursar(in x: int, in y: int)

@ pairt(in g Graphics)

@ setCache(in cortents: Ohject, in ic: int, in type: int)

@ setFrame(in f: ThincFrame)

@ setFrameBuffer(in bb: int(])

@ setlistener()

@ setMsgHandler(in b ThinchsgHander)

@ setThincCursaor(in imageArray: imt[])

@ setThincCursor(in imageArray: irt[], in kot int, inhoty: int)

@ setThincCursor(in imagerray: int]], in hot:: int, in hoty: int, incee int, in b int)
@ setTiledin x int, in y: int, in width: int, in height: int, in pixels: int])

@ showThincCursor(in value: boolean)

@ update(in o Graphics)

Figure 8 Class diagram for ThincClientCanvas
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5.6. ThincFrame

ThincFrame is derived class from JFrame in standard JWT Frameworks which replaces
Frame in AWT. It contains ThincClientCanvas object and login window as Figure 9.
When user puts the login information to this, it passes the information to the ThincClient
class, and then ThincMsgHandler, ThincSoundHandler will use that information from

ThincClient class. Detailed class diagram is described in Figure 10.

@ ThincFrame

Authentication: JCheckBox
canyas: ThincCliertCanvas
client: ThincCliert

IC: JLabel

IDhame: JTexdField

Login: JEutton

=g JLabel

PASSWD: JLahel
Pazzwdhlame: JPasswordField
Part: JLabel

Porthlum: JTexdField

SEL: JCheckBox
=erialversionlID: long

=10] %]

Server hlade1d ncles.calumbia.edu | Port 20000

Authentication []SSsL

Server: JLabel

Serverhlame: JTexdField
ThincDesktopPane: JDesktopPane
ThincLoga: JLakel

nnnn:&:nnnnnnnnnnnn

USER ‘ana |

Login

ThincFrame(in cl: ThincClient)
gethzglabel(): JLabel

initGLIC

mouseClicked(in argl; MouseEvert)
mouseEntered(in argl: MouseEvent)
mouseExted(in argl: MouseEvent)
mousePreszed(in argl: MouseEwvent)
mouseReleased(in argl; MouseEvert)
setCanvas(in ca: ThincClientCanvas)
=setloging)

PASS ‘ |

Thinc Client for PDA (JAVA)

¢ @00 ¢ 6 O0m @ &

Figure 9 Login Window for THINC Figure 10 Class diagram for

ThincFrame

5.7. ThincClient

ThincClient is the class which contains main function. It also has various user and client
information including handshake information. Detailed class diagram is described in

Figure 11.
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@ ThincClient

F CLIENT_VERSION: byte]]

o canvas ThincCliertCanyas
F DEFAULT_HOST; String

F DEFALLT_ID: String

W DEFAULT_PASSWD: String
W DEFAULT_PORT: int

F DEFAULT_SEC_CAP: int
%F DEFAULT_SND_PORT: int
frame: ThincFrame

o

o

handier: ThincMsgHandler
host: String

id: String

izReady: boolean
passvwed: String

o port: int

F SEC_AUTH: int

W SEC_ENG int

o secCap: int

o

-]

o

o

o

zound: ThincSoundHandler

Thinc Client()

clozel)

getHost(): String
getld(): String
getPasswd() String
getPort): irt
getSecCapl): int
getSndPort(): int
mainiin args: Stringll)
setLoginProperty(in server: String, in port: int, in auth: hoolean, in ==k boolean, in id: String, in passwed: String)
setSecCaplin zec int)

0 Q000000606 0,

Figure 11 Class diagram for ThincClient
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Chapter 6. Lessons Learned

First of all, I was amazed that I can play some video stream via network by using
remote desktop environment. Because playing video has such a heavy network load, I
thought that anything cannot play video in remote desktop environment at the same time.
However, THINC does this very well by sending messages from low-level.

Moreover, I learned a lot of video related knowledge from that project. Because I did
not take Computer Graphics course in previous institution, I am not good for how video
works. (Even I know something about 3D graphics manipulation by Media processing
class, I did not know about 2D graphics and its displaying mechanism from the bottom).
By implementing THINC Client, I realize how video works by analyzing each messages
coming from the server.

However, I couldn’t implement PDA version of THINC Client because of lack of
supported library. Even Personal Profile in CDC in JZME supports almost all of
functionality of JAVA, I cannot get the PNG library for J2ME, which required to process
image resource from memory. By modifying standard PNG library for J2SE, I thought it
could be implemented with modified PNG library; however, it is too complicated to
modify all source code of PNG library suitable to JAVA.

In conclusion, it was good experience to increase my background knowledge for video.
Even I could not implement PDA version of THINC, It was enough to study the

mechanism of video.
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Chapter 7. Revising THINC Protocol

In this Chapter, I will introduce how to revise the THINC protocol so that client can be

implemented in limited device and for better performance. In each section of this

chapter, I will try to explain what should be revised and propose newly designed THINC

protocol.

7.1. Handshaking

The entire handshaking stage is as followed:

1
2
3
4
5.
6
7
8
9

10.
11.

Server sends its version string of THINC without header

Client replies with its version string of THINC without header

Server sends security capability such as Authentication and SSL availability
Client respond security capability

Server sends session security capability as an ACK or sends NAK.

If SSL is enabled, do some handshake for SSL.

If authentication is required, send authentication information to the server

If authentication information comes from client, server replies with ACK or NAK
Client requests various initialization options

Server replies client’s request.

Client sends done message when handshaking is done.

In client request, there is no absolute sequence of request. However, it seems that

there is preferred sequence defined by enum keyword in C structure.

typedef

enum {

T_REQ_FBINFO=T_REPLY_LAST /* basic framebuffer info */

, T_REQ_CURSOR /* cursor information and data */

, T_REQ_FBDATA /* contents of framebuffer */

, T_REQ_ENCODER /* how is image data encoded */

, T_REQ_CACHESZ /* size of various caches */

, T_REQ_VIDEO /* server supports video? */

, T_REQ_NOVIDEO /* client telling server that it
can"t support video (see below) */

, T_REQ_VIDEO_SERV_FMTS /* video formats supported by server */

, T_REQ_VIDEO_CLIENT_FMTS /* client informs server of its video
formats */

, T_REQ_KEEPALIVE /* client supports or not keepalives
does server support them? */

, T_REQ_APP_SHARING /* does the server support application

sharing? */
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, T_REQ_APP_LIST /* list of available applications */
, T_REQ_APP_GET /* request a particular application.

client may send this message
multiple times */

} thinc_clientReqgs

Table 4 prefered sequence of THINC handshaking

7.1.1. Revising encoder type in handshaking stage

Table 4 seems awkward because encoder type should be in front of frame buffer data

because frame buffer data contains a lot of compressed raw image. Even frame buffer

has its own flag for notifying what kind of encoding type is by using that, we can

eliminate those flag if encoder handshaking is in prior to frame buffer data handshaking.

So, I suggest making some sequence for each handshaking request, at least between

encoder and frame buffer data.

Moreover, because encoding type is only sent by the server, if there is no library for

PNG or ZIP compressed image, the client will not work because of the encoding type

from the server. For more flexibility, I suggest following negotiation algorithm for

encoding type.

First, new encoding stage looks like as followed:

1.

2
3.
4

Client sends request to the server to receive the server’s encoding type.
Server sends its available encoding type to the server

Client responds its available encoding type based on server’s type

Server decides to choose encoding type and send it to the server based on

client response.

New encoding protocol is designed in Table 5.

typedef struct thinc_regServEncoder_s {
t_req_head;
} thinc_reqgServEncoder;

#define T_REQ SERV_ENCODER_SIZE 0

typedef struct thinc_replyServEncoder_s {
t_reply_head;
int which :8; /* zlib, png, none. see below */
int reserved 124; /* reserved for future use */

} thinc_replyServEncoder

#define T_REPLY_SERV_ENCODER_SIZE 4

typedef struct thinc_requestClientEncoder_s {

t_req_head;
int which :8; /* zlib, png, none. see below */
int reserved 124; /* reserved for future use */

} thinc_replyClientEncoder

#define T_REPLY_ CLIENT_ENCODER_SIZE 4
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typedef struct thinc_replyClientEncoder_s {

t_req_head;
int which :8; /* zlib, png, none. see below */
int reserved 124; /* reserved for future use */

} thinc_replyClientEncoder

#define T_REPLY_CLIENT_ENCODER_SIZE 4

#define T_ENCODER_NONE 0x00

#define T_ENCODER_PNG 0x01

#define T_ENCODER_ZLIB 0x02

Table 5 Revised design of THINC encoder handshaking

7.1.2. Revising Cache size handshaking

Because cache consumes some memories, cache should be negotiable from the client
for limited devices. I proposed new cache size handshaking method because of that

purpose.

First, new cache size stage looks like as followed:
1. Client sends its mostly available(maximum) cache size to the server
2. Server responds prefer cache size based on client’s size.

3. Client sends ACK for server’s response.

New cache size negotiation protocol is designed in Table 6.

typedef struct thinc_regCacheSz_s {

t_req_head;

/* all cache sizes are in bits */
int img:8;

int bit:8;

int pix:8;

int reserved:8;

} thinc_reqCacheSz;
#define T_REQ_CACHESZ_SIZE 0
typedef struct thinc_replyCacheSz_s { // client sends OK or NotOK.

t_reply_head;
/* all cache sizes are in bits */

int img:8;
int bit:8;
int pix:8;
int reserved:8;

} thinc_replyCacheSz;

#define T _REPLY CACHESZ_SIZE 4

Table 6 Revised design of THINC cache size handshaking
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7.2. Frame Buffer operation

For frame buffer message incoming from server, it is so solidified that it seems nothing

will be changed. However, there is something I found to making easier implementation.

7.2.1. Flag option for frame buffer images

In Protocol specification of THINC, it says that each flag option is different for each
message. However, by unifying those flag to one we can more reusable code in client
side. Because the size of flag in THINC header is suitable to unify the flag, I propose
unifying flag option in Table 7 into Table 8.

/* flags */ /* order */
#define T_FB_RUPDATE_COMPRESSED 0x01 /* 3 */
#define T_FB_RUPDATE_RESIZED 0x02 /* 2 */
#define T_FB_RUPDATE_CACHED 0x04 /* 1 */
#define T_FB_RUPDATE_ADDCACHE 0x08 /* 1 *
#define T_FB_PFILL_RESIZED 0x01

#define T_FB_PIXMAP_CACHED 0x02

#define T_FB_PIXMAP_ADDCACHE 0x04

/* flags for glyph and bilevel */

#define T_FB_BITMAP_CACHED 0x01 /* 1 */
#define T_FB_BITMAP_ADDCACHE 0x02 /* 1 */
#define T_FB_BITMAP_RESIZED 0x04

Table 7 Previous design of THINC frame buffer flags

/* flags */ /* order */
#define T_FB_COMPRESSED 0x01 /* 3 */
#define T_FB_RESIZED 0x02 /* 2 */
#define T_FB_CACHED 0x04 /* 1 */

#define T_FB_ADDCACHE 0x08 /* 1>

Table 8 Revised design of THINC frame buffer flags

7.2.2. Resized frame buffer messages.

In resized frame buffer messages, the client should calculate the new coordination of
each message. However, because calculation result is not as same as different
implementation, I suggest that the server sends resized x, y, width rather than original
coordinates. Current implementation for each resized frame buffer operation is in Table
9.
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Copy
Pixmap
) Client should calculate resized x, v,
Solid
) width and height
Bitmap
Video
RawUpdate Client should calculate resized x and y

Table 9 resized calculation from THINC client

If everything in Table 9 is resized, the client could draw same image no matter what

kind of language the THINC client is implemented by.

7.4. Audio Stream

[ have not tested my audio because of lack of supporting server environment. However,
I heard that audio stream only have one uncompressed stream type. By adding another
compressed stream type for sound, the bandwidth for audio stream over the network
can be solved somehow. Even though it is only proposal and does not have specific
implementation of compressed stream type, it can be solved by adding one type
specifier in struct thinc_sndOpen. I propose some specifier(flags) for each type in struct

thinc_sndOpen in Table 9, which enables sound play in another type.

typedef struct thinc_sndOpen_s {

int type :8;
/* for synchronization */
int rate :16;
int bits :8;
int channels :8;
int endian :8;

char pad[2];
} thinc_sndOpen;

#define T_SND_OPEN_SIZE 6
/* flags in type*/

#define T_SND_TYPE_WAV  0x01
#define T_SND_TYPE_MP3  0x02

Table 10 Revising THINC sound
By using ACK or NAK messages provided by THINC Protocol, the client simply denies

or accepts following format. And then server tries to send same stream by using same

format, or we can make some negotiation stages just like handshake in THINC Client.
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Appendix B.

implementation note
for THINC Client 1n JAVA
(Javadoc for THINC Client)

Postscript: Because THINC Client has huge amount of javadoc, I attached Tree of the

javadoc only in here. You can see the entire javadoc in doc directory of source code.
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