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Agenda

 Fluxcapacity

 Technology

 Faster C# with Dynamic MSIL Generation

 Screensaver-based Distributed Processing

 Whiteboard from the Future

 “Jump to Conclusions”



Fluxcapacity

 Team

 Principles

 Startup Lessons



Team

 Jeff Powers

 MSE Intelligent Systems 2006

 BSE Electrical Engineering 2005

 Vikas Reddy

 BSE Computer Science & Engineering 2006

○ Minors: History, Math



(Some) Company Principles

 Innovate deeply.

 Routinely survey & apply research

 20% time

 Get your hands dirty.

 Be a renaissance man.

 Give back.

 Open source projects.



Innovate deeply: The 
importance of side projects

 Even for a small startup, this is how we 
make sure we keep innovating and 
avoid getting stuck.

 20% time  (really 70/20/10-time)
“Spend 70-percent of your time on the core 

business, 20 percent on related projects, and 
10-percent on unrelated new businesses. “

Eric Schmidt, Google CEO



Get your hands dirty

 We shun the concept of isolating your productivity to a 
small set of tasks that you’re already good at.

 Founding a startup requires you to learn how to be 
“okay” at a whole bunch of things.
 e.g. Pitching the idea, writing a business plan.

 With a tiny team, you’ll be miserable if nobody else 
understands your work.  It’s also hard to appreciate 
someone else’s work if you haven’t tried your hand at it.

 So, at least once, try every job.  Mess up a little.



Give back: Open Source

 We’re releasing the source for our JPEG 

library after this tech talk (few days).

 Surprising external interest levels.

 Lots of people want to resize before upload.

 Successful side-project.



Startup Lessons Learned

 Never have lunch with your lawyer.
 $300/hr @ 1.1 hours PLUS food.

 Share cab rides at conferences.
 Bonus if your cabmates have an expense account.

 Use buzzwords if you’re talking to business 
people.
 The social graph is so 2007. We’re talking web 3.0, 

with a sustainable platform and rich user 
experience.  We’re crowdsourcing and using the 
cloud, man.

 Corollary: 

○ Buzzwords are dumb. (Jeff’s opinion)



Our next team member: you?

 We’re tiny.
 Vikas and I converted half of our apartment into an 

office.

 Our HQ has actually moved across the country, 
consuming free rent as it moved (until NYC).

 We run on fumes.

 But we’re looking to grow, find up to two 
interns for the summer.  After you hear the 
talk, please talk with me after if this is 
interesting.  Want to have a stake in our 
company and risk more?  Let’s definitely talk!



Distributed Computing 
Screensaver

 Some tasks are very CPU intense.

 Purchasing servers 

 ~1 server per 100 users

 Too costly for many startups.

 Idea:

 Let our users share the work with us.

 CPU power grows linearly with user count (albeit 

at a low multiplicative factor).



Distributed Computing 
Screensaver

 User motivation

 A very cool visualization.

 Advanced services for free or at a discount.

 Company motivation

 We already have to distribute our work!  Why not 

spend a little more time to make it run on any

machine?



“Visualize”: Screensaver

VISUALIZE.SCR

Shell Core

Core v 1.0

Core v 1.1

Core v 1.2Latest

fluxcapacity.net/visualize

 Core is dynamically loaded at runtime and can be 

swapped without restarting the screensaver.

User’s Computer Our Servers



“Visualize”: Jobs

 Jobs:

 Cluster ID

 Dependency IDs

 Job ID

 When each core boots up, it gets randomly 

assigned a GUID.  On the server, GUIDs are 

assigned clusters randomly.

Dependencies can be 

cluster-specific for great 

cache hit rates.



Questions?

 Audience question 1: “How do you ensure user 
privacy isn’t compromised?”
 Simple: Never sent sensitive data to be processed.  This 

means significant pre-processing may need to take place, 
and some tasks will never be safe to distribute.   
Exception: a user’s machine could probably safely 
process that same user’s sensitive data. 

 Audience question 2: “How do you ensure nobody 
tampers with the results?”
 Hard to know! Here are some ideas we have:

○ Redundancy (multiple machines solve same problem)

○ Frequent core swaps (change-up encryption)

○ Also, we can monitor for aberrant behavior per-GUID.



Faster C# with Dynamic MSIL 
Generation

 December 2002:

 ECMA-335: MSIL becomes CIL

 CIL = Common Intermediate Language

CIL



Dynamic CIL

 Background

 What’s CIL?

○ CIL is an intermediate language that sits between 

high-level languages and native code.

○ When you compile a managed program, you're 

compiling it into CIL.

○ Platform-independent.

○ Stack-based.

○ Like Java’s bytecode.

○ Generally speaking, you don’t need to know or 

care that it exists.



What’s dynamic CIL?

 CIL that gets generated at runtime

(versus compile-time) is what I’m 

referring to as dynamic CIL.

 Why would you do this?

 Making a compiler.

 Want to make faster code.

○ How?



How could dynamic CIL be faster?

 Suppose you have access to data at 

runtime that you didn’t have at compile 

time.  If you had this at compile time, 

you could’ve optimized around that 

specific data.

 Example:

○ Vector distance function.

(Euclidean distance)



Code

int[] v = GetQueryFromUser();

int square(int x) { return x * x; }

// Finds the distance between v2 and query (v)

int sq_dist(int[] v2)

{

int sum = 0;

for (int i = 0; i < v.Length; i++)

sum += square(v[i] - v2[i]);

return sum;

}



 Demo:

Check out the C# implementation.

Download here.

Run: Search a pool of 15,000 vectors (350-

dimensions each) for the one closest to a 

query vector using this function.

http://fluxcapacity.net/wp-content/uploads/2008/3/DynamicCIL.zip


Code (2)

// Finds the distance between v2 and query (v)

int sq_dist ( int [] v2)

{

// SMALL PROBLEM: Only works for v = { 1 2 3 }

return square ( v2[ 0] - 1) +

square ( v2[ 1] - 2) +

square ( v2[ 2] - 3);

}

 We wrote the values of the query vector directly into the code!

 No more array lookups.

 We also removed the loop entirely

 No more checking the loop control variable.



But we don’t usually know 
data at compile time.

 Right, but in many cases, the same data 

gets used over and over at runtime.

 It might actually be worthwhile to 

compile a special function dynamically.



Dynamic CIL Examples

 High-dimensional neighbor search

○ CIL is stack-based instruction set:

ld. A Stack = A

ld.B Stack = A, B

add Stack = A+B

ret Stack = {}

○ Walkthrough

 iDCT computation



 Demo:

Check out the dynamic CIL version.

Run: Search the pool again.  Compare execution 

time.

Walkthrough.  Let’s write it again! (Didn’t actually 

do this during tech talk, because one guy was 

already sleeping at the time… J)



 Demo:

Let’s look at a richer function:

 The inverse Discrete Cosine Transform

 Download: FJCore’s DCT

Run: Performance comparison.

http://fluxcapacity.net/wp-content/uploads/2008/3/FJCore_DCT.zip
http://fluxcapacity.net/wp-content/uploads/2008/3/FJCore_DCT.zip
http://fluxcapacity.net/wp-content/uploads/2008/3/FJCore_DCT.zip


C# +

Dynamic CIL

C/C++

ASM

Maintainability/Portability/Readability
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C#

Python

Language Tradeoffs



Dynamic CIL Conclusions

 If you code has:

 Tight loops

 Major data re-use (a table of constants, a 

query vector)

 Has a lot of branching behavior dependent on 

relatively-static data

You might want to investigate dynamic CIL!



Thoughts for future languages

 Immutable

 Formalize the notion that some data is 

relatively static.  Let the JIT compiler do this 

dynamic code generation for us, but at the 

machine language level!

 Dynamic CIL: easy, pretty cool.

 Dynamic ASM: hard!, awesome.



Whiteboard from the Future

Watch this clip online.

http://www.youtube.com/watch?v=lATThFgiqBM&eurl=http://fluxcapacity.net/slides


Whiteboard from the Future

 Why?
 Our regular whiteboard “wasn’t gonna cut it.”

○ No further explanation necessary.

 Timeline

 Hardware
 Construction

 Software
 Wii Interface

 Calibration

 Features



Timeline

V1:

 March 20-23 (Thu-Sun)
 Designed.

 Ordered projector.

 Prototyped software.

 March 24 (Mon)
 Projector arrived, assembled system.

 March 25 (Tues)
 Debugged.  Made teaser video.

V2: was built in Ann Arbor since it isn’t easy to 
transport a mylar screen on the plane. 



Hardware: Construction

 Infrared Pen

 High-output IR LEDs

○ 1.2-1.6 VF

 Output power curve varies in this region
 LED burns out above this region

○ (AA battery ~ 1.625V)

○ Do not stick LED up to your eyeball in an 

attempt to widen the visible spectrum.



Hardware: Construction

 Infrared Pen
 Resistor, R=(VBATT - VF)/I

○ Saves your LED from premature death

 Switch

○ V1: Stateful on/off “eraser”

○ V2: Momentary tactile switch

 Case

○ V1: Cut apart clear CD case

○ V2: Airborne container

 Laptop



Hardware: Construction

 Wii Remote - $40
 Onboard camera with infrared filter

○ Only 128x96, but performs subpixel analysis and 
reports values as if it had a 1024x768 sensor.

○ Onboard point source tracking (4 pts)

○ Sampling rate: ~60/sec

 Bluetooth driver hell

 BenQ Projector - $700
 (800x600 projectors: $300)

 Rear-projection Screen
 V1: Mylar sheet - $4.50

 V2: Frosted glass - $35



V1

V2





Software

 Wii Remote Interface

 Bluetooth drivers

 Managed Wii Remote Library

○ Connects with HID subsystem



Software: Calibration

 Key Observation

 Planar quadrilaterals in 3D are imaged as 
quadrilaterals in 2D projective camera-space

 Projector image is a quadrilateral.

 Problem:
○ Find the quadrilateral (4 corners, 8 values) 

that corresponds to projector-space in camera 
(wiimote) space.

○ Or equivalently,
 Find the 8 values of the Homography that transforms 

between these two coordinate spaces.



Camera View



Calibration

 Demo



Software: Features

 Line Drawing

 Polygon Drawing

 Simplification algorithm

 Secret Feature Unveiled

 Gravity!

 Demo



Whiteboard: What’s next?

 Office ideas
 Gigantic ceiling-mounted guest signature book. 

 Detect work items that haven’t been finished yet, 
beep hourly until work is done.

 Features
 Better erase

○ Currently sucks.

○ Barely beats Etch a Sketch

 Multi-touch
○ Two pens

 Cheaper version of “Surface”

http://www.youtube.com/watch?v=CZrr7AZ9nCY


Whiteboard Question

 “Will you release the source code for the 

whiteboard?”

 Yes.  If you bug us about it.



“Jump To Conclusions”

Office Space (1999)



Game Status:

 Vaporware.



Thanks

 HKN for coordinating the event.



Questions?

Email us@fluxcapacity.net


