
微流體生物晶片設計自動化

Professor
Intelligent  Design  Automation  Laboratory

Department  of  Computer  Science
National  Tsing  Hua  University

Hsinchu,  Taiwan

Hans  Fischer  Fellow
Microfluidic  Design  Automation
Institute  of  Advanced  Study

TechnischeUniversität München
München,  Germany

何宗易

Tsung-­Yi  Ho



International  Collaborators
• Collaborators: 

– Prof. Bhargab Bhattacharya (Indian Statistical Institute)
– Prof. Philip Brisk (University of California at Riverside)
– Prof. Krishnendu Chakrabarty (Duke University)
– Prof. Steven Quake (Stanford University)
– Prof. Paul Pop (Technical University of Denmark) 
– Prof. Sudip Roy (Indian Institute of Technology Roorkee)
– Prof. Ulf Schlichtmann (Technical University of Munich)
– Prof. Rolf Dreschler (University of Bremen)
– Prof. Shigeru Yamashita (Ritsumeikan University)
– Prof. Hao Yu (Nanyang Technological University)

• Duke University’s Microfluidics Research Lab
• Stanford Microfluidics Foundry



Paradigm  Shift  in  Biochemistry

Complex  
Operations

Bulky  
Equipment

Skilled  
Technicians
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Chip-­scale  
integration
(lab-­on-­chip)
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Why  Biochips?

Small

High  
ThroughputAutomation
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Why  is  Biochemistry  Difficult?
A

B
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A + B
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Mixing

Reaction Separation
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Why  is  Biochemistry  Difficult?



7

By the way, what’s a biochip?
It’s a miniature disposable for an 

HTS - High-Throughput Screening -
(bio)analytical instrument

what does it do?
Essentially the same operations you did in high school

chemistry class: 
dispensing, 

mixing, 
detecting, 

discarding,-
just a lot cheaper and a lot faster than you did



Why do chips have to be small?
High-Throughput is why.  If you do 106 assays in 10µl format,
each time you do a reaction you’ll need 10 liters of reagents.

With the typical cost of biological reagents, even Big Pharma 
can’t afford this.

By the way, why High-Throughput?
• Because you need a lot of raw data for many applications  
• Because, with the currently available technology, to produce

raw data that would keep a CPU busy for a few minutes 
($0.1), you need a Ph.D. scientist and a couple of technicians 
for a month ($10,000)

How  much  does  the  
biological  reagent  cost?  



Cost  of  Biological  Reagents



Statistics  for  High  Throughput  Screening

• 15  billion  tests/year  in  10 years
• 90%  of  cost  and  95% of  time  today  is  associated  with  
sample  collection,  transport,  preparation

Mixing  Operation

Higher  throughput,  minimal  human  intervention,  smaller  sample/reagent  consumption,  higher  sensitivity

test  tube
continuous  microfluidics digital  microfluidics



Benefits  of  Microfluidics
• Economy  of  Scales

– Volume  reductions  by  several  orders  of  magnitude  over  
benchtop  experiments

– Extreme  cost  reduction  for  biological  experiments
– Rare  samples  (stem  cells)  can  be  studied  in  more  
detail

• Integration
– Thousands  of  complex  experiments  can  be  performed  
in  parallel

– Integration  with  solid  state  optics,  MEMS,  and  NEMS  
detectors

• Automation
– All  steps  can  be  fully  automated,  reducing  labor  costs

• Cheap  Mass-­production“The  microfluidic  device  market  will  grow  
swiftly,  from  $1.4B  in  2013  to  $5.7B  by  2018”.  
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Next  Generation  Sequencing  (NGS)

• Sequencing  the  human genome the  first  time cost  $3  billion
and  took  13  years  to  complete.  That  was  in  2003.  Eleven  years  
later,  next-­generation  sequencing  technology  has  brought  the  
single-­genome  price  close  to  $1,000  and  cut  the  time  to  days.

• So  far, Illumina leads  the  race.  In  January  2015,  the  San  Diego-­
based  firm  launched  its  HiSeq X  Ten  system  with  a  price  tag  of  
$10  million.  Consisting  of  10  ultra-­high-­throughput  sequencers,  
each  capable  of  generating  up  to  1.8  terabases of  data  in  less  
than  three  days,  the  system  can  sequence  about  18,000  human  
genomes  per  year.

13

Source:  NIH



Classification  of  Biochips
Biochips

Microarray

DNA  array Protein  array

Microfluidic  
biochips

Digital  
microfluidic  
biochips

Continuous
microfluidic
biochips

Passive (array)

Active (lab-on-chip, µ-TAS)
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Microarray
• DNA (or protein) microarray:  piece of glass, plastic or silicon 

substrate
• Pieces of DNA (or antibodies) are affixed on a microscopic array 
• Affixed DNA (or antibodies) are known as probes

NanoChip ® microarray 
from Nanogen 

http://www.nanogen.com

GeneChip ® DNAarray from 
Affymetrix 

http://www.affymetrix.com

DNA microarray from 
Infineon AG 

http://www.infineon.com
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§ Unified  Platform:  Integration of  multiple  processes/functions
§ Microchip:  A  microfluidic  network  fabricated  on  a  substrate  (glass,  
plastic,  quartz  etc.)

§ “Micro”fluidics:  At  least  one  characteristic  dimension  in  the  micron  
range  (1-­100  µm)

§ Miniaturization  of  biological  separation  and  assay  techniques
§ Applications:  Genomics/Proteomics;;  High-­throughput  screening  (HTS);;  
Drug  discovery;;  biodiagnostics;;  environmental;;  Defense  etc.    

i-STAT Biodiagnostic 
microsystem

From  http://www.istat.com http://w4.siemens.de

Siemens Environmental Systems’ 
Water Quality Analysis Chip

Microfluidic Biochip

Agilent’s Protein LabChip

http://www.agilent.com
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Continuous-­Flow  Microfluidic Biochips
• Many  microfluidic  technologies  today  are  based  on  
continuous  liquid  flow  through  fabricated  microchannels.

XeoChip  ®  microfluidic  biochip  from  
Xeotron:  http://www.xeotron.com

A  single-­use,  rigid,  plastic  microfluidic  
card  for  multiplexed  assays   from  Aclara  
Biosciences:  http://www.aclara.com



Microfluidic	
  Mixer

http://groups.csail.mit.edu/cag/biostream



Components
• Mixer
• Detector
• Filter
• Heater
• Separator
• Storage	
  Units
• Metering
• …

http://groups.csail.mit.edu/cag/biostream



Defects  in  Flow-­based  Microfluidics
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Application  to  Fabricated  Biochip:  I

A.  Wu  et  al.,  “Automated  Microfluidic  Chromatin  Immunoprecipitation from  
2,000  Cells,”  Lab  on  a  Chip,  vol.  9, 2009.
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Logic  Circuit  Model
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Test  Patterns  after  ATPG
30  test  patterns  and  fault-­free  response  for  (100%  fault  coverage)

23
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Demo  System

Pressure  Sensor  Array

Arduino

Arduino

Biochip under  Test
Solenoid  valve  array
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․ Digital  Microfluidic  Biochips
⎯ Droplets:  biological  sample  carrier;;  basic  units  to  perform  the  
laboratory  procedures  on  DMFBs

⎯ 2D  microfluidic  array:  set  of  electrodes  for  biological  reactions
⎯ Reservoirs/dispensing  ports:  for  droplet  generation
⎯ Optical  detectors:  detection  of  reaction  result

Digital  Microfluidic  Biochips  (DMFBs)

Schematic  view  of  a  DMFB  (Duke  Univ.)
Reservoirs/Dispensing  ports

Optical  detector

Droplets

Electrodes

2D  microfluidic  
array
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Droplet  Movement  on  DMFBs

Side view

Top view

Droplet

Bottom plate

Top plate

Ground 
electrode

Control 
electrodes 

(cells)
Hydrophobic 

insulation

Droplet Spacing

High voltage to generate an 
electric field

Reservoir/Dispensing port

Droplets

Control 
electrodes
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․ Droplet  movements  are  controlled   by  electrical  manipulation



28

Electrowetting
• Novel  microfluidic  platform  invented  at  Duke  University
• Droplet  actuation  is  achieved  through  an  effect  called  
electrowetting
⎯ Electrical  modulation  of  the  solid-­liquid  interfacial  tension

No  Potential
A  droplet  on  a  hydrophobic  
surface  originally  has  a  
large  contact  angle.

Applied  Potential
The  droplet’s  surface  energy  
increases,  which  results  in  a  
reduced  contact  angle.  The  
droplet  now  wets  the  surface.
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What  is  Digital  Microfluidics?

• Discretizing  the  bottom  electrode  into  multiple  electrodes,  we  can  
achieve  lateral  droplet  movement

Droplet  Transport  (Side  View)Note:  oil  is  typically  used  to  fill  between  the  
top  and  bottom  plates  to  prevent  evaporation.
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What  is  Digital  Microfluidics?

Transport
25  cm/s  flow  rates,  
order  of  magnitude  

higher  than  
continuous-­flow  

methods
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What  is  Digital  Microfluidics?

Splitting/Merging
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Demonstrations  of  Digital  Microfluidics

Droplet  Formation

Synchronization  of  many  droplets
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What  is  Digital  Microfluidics?

Mixing
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Advantages
• No  bulky  liquid  pumps  are  required

– Electrowetting  uses  microwatts  of  power
– Can  be  easily  battery  powered

• Standard  low-­cost  
fabrication  methods  can  be  
used
– Continuous-­flow  systems  
use  expensive  
lithographic  
techniques  to  create  
channels

– Digital  microfluidic  chips  
are  possible  using  solely  
PCB  processes

Droplet  Transport  on  PCB  (Isometric  View)



The  Need  of  CAD  Support

• Design  complexity  is  increased
– Large-­scale  bioassays
– Multiple  and  concurrent  bioassay  operations  on  a  biochip

1924:  “Multi-­core”  processing 1946:  ENIAC  I

Vacuum  Tube

1953:  Transistor  Computer

Transistor

1976:  Apple-­I

2013:  iPad  Air

Laboratory  Instruments Biochemical  Analyzer

Robotics
Cybersystem

Microfluidic  Biochip

Micro-­valve
Electrowetting on  Dielectric
Multilayer  Soft  Lithography

Microfluidic  Large  
Scale  Integration  (MLSI)

Agilent  LabChip

Computer-­Aided  Design  
(CAD)



Current  Design  Methodology
․ CAD  tools  are  in  their  infancy

⎯ Bottom-­up  design  methodology
⎯ Most  groups  use  Matlab or  AutoCAD
⎯ Limited  automation;;  every  line  drawn  by  hand;;  manual  control



Application  model:  from  this…
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the patient’s blood can signal organ damage or dysfunction prior to observable micro-
scopic cellular damages or other symptoms. Protocols for enzyme-kinetic measure-
ments of metabolites are suitable for droplet-based microfluidics implementation. The
feasibility of performing a colorimetric glucose assay on a digital microfluidic biochip
has been successfully demonstrated in experiments [6,31].

The glucose assay performed on the biochip is based on Trinder’s reaction, a
colorimetric enzyme-based method. The enzymatic reactions involved in the assay:

In the presence of glucose oxidase, glucose can be enzymatically oxidized to
gluconic acid and hydrogen peroxide. Then, in the presence of peroxidase, the
hydrogen peroxide reacts with 4-amino antipyrine (4-AAP) and N-ethyl-N-sulfo-
propyl-m-toluidine (TOPS) to form violet-colored quinoneimine, which has an
absorbance peak at 545 nm. Based on this colorimetric reaction, a complete glucose
assay can be performed following three steps, namely, transportation, mixing, and
optical detection, as shown in Figure 2.1. Sample droplets containing glucose and
reagent droplets containing glucose oxidase, peroxidase, 4-AAP, and TOPS are
dispensed into the microfluidic array from droplet reservoirs. They are then trans-
ported toward a mixer, where droplets of the sample and the reagent are mixed
together, and the enzymatic reaction happens during the mixing. A droplet of the
product is moved to the location of the optical detector. The optical detection is
performed using a green LED and a photodiode. The glucose concentration can be
detected from the absorbance, which is related to the concentration of colored
quinoneimine. Experiments have shown that the results from the digital microfluidic
biochip match well with the reference values obtained from conventional measure-
ments [6].

In addition to glucose assays, the detections of other metabolites such as lactate,
glutamate, and pyruvate in a digital microfluidic biochip have also been demonstrated
recently [6]. Furthermore these assays can be integrated together to form a multi-
plexed 

 

in vitro

 

 diagnostics on different human physiological fluids, which can be
performed concurrently on a microfluidic biochip.

 

FIGURE

 

 2.1

 

Photos of different steps of a glucose assay carried out on a digital microfluidic
biochip [6].

Glucose H O O Gluconic2 2
Glucose Oxidase+ + ⎯ →⎯⎯⎯⎯⎯ AAcid H O

2H O -AAP TOPS Qu

2 2

2 2
Peroxidase

+

+ + ⎯ →⎯⎯⎯4 iinoneimine H O2+ 4
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Glucose  assay  steps  on  the  
biochip
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Trinder’s reaction,  a  colorimetric  enzyme-­based  
method
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Digital Microfluidic Biochips
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The behavioral description of an example of a multiplexed 

 

in vitro

 

 diagnostics is
shown in Figure 2.2. Four types of human physiological fluids — plasma, serum,
urine, and saliva — are sampled and dispensed into the microfluidic biochip. Next,
each type of physiological fluid is assayed for glucose, lactate, pyruvate, or glutamate
measurement. For each enzymatic assay, the droplets containing the suitably mod-
ified reagents (e.g., glucose oxidase, peroxidase, 4-AAP, and TOPS for glucose
measurement) are dispensed into the microfluidic array from the relevant reservoirs.
The result of each type of bioassays can be detected using a dedicated optical
absorbance measurement device.

An abstract model of a bioassay behavior at the architectural level can be developed
in terms of operations and the dependencies between them. We use the sequencing
graph model from high-level synthesis [47]. We assume that there are a total of 

 

n

 

ops

 

operations. The sequencing graph is acyclic and polar. There are two vertices, called
source 
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0

 

 and sink 
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 that present the first and last no-operation task, where 
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 The details of these operations
and the resources that these operations use are as follows. (We assume that 

 

m

 

 types
of physiological fluids are assayed for 

 

n

 

 types of enzymatic measurements.)

 

2.2.2.1 Input Operations

 

These operations consists of the generation of the droplets of samples (
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) from the on-chip reservoir, which are then dispensed
into the microfluidic array. These operations are represented using the nodes shown in
Figure 2.3. There are 
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Assumption 1:

 

 We assume that the time required to generate and dispense droplets
from the reservoir is determined mainly by the system parameters, such as the aspect
ratio of the channel gap to electrode gap [58]. The properties of the fluid have little
impact on the operation time. This assumption has been verified by experimental data [58].

 

FIGURE 2.2

 

One example of multiplexed 

 

in vitro

 

 diagnostics.

Sample Reagent Enzymatic Assay

Plasma: S1 Glucose Measurement

Lactate Measurement

Pyruvate Measurement

Glutamate Measurement

R1

R2

R3

R4

Serum: S2

Urine: S3

Saliva: S4
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Several  such  reactions  assays   in  parallel:
“in-­vitro  diagnostics”  application

Reconfigurable  
architecture

2.1 Biochip Architecture 13

(a) Cell architecture (b) Biochip: array of cells

Figure 2.2: Biochip architecture

The change in the contact angle leads to a change in the wettability of the
droplet, which returns to its hydrophobic state when the voltage is removed.
If the voltage is applied to only one side of the droplet, the gradient in the
contact angle at the two edges of the liquid will cause a surface stress in the
direction of the applied voltage, leading to the movement of the droplet [43].
For example, turning off the middle control electrode and turning on the right
control electrode in Figure 2.2a will force the droplet to move to the right. To
avoid the unexpected mixing of liquids, fluidic constraints must be enforced,
ensuring that a minimum distance is kept between droplets executing on the
microfluidic array. Consider for example droplets d1 and d2 in Figure 2.3a. If
the two droplets are situated on adjacent electrodes (as shown in the figure),
they will tend to merge and form a single large droplet. If merging of the liquids
is to be avoided, a spacing of at least one electrode must be kept between the
two droplets, at any time. A similar situation is presented in Figure 2.3b,
where droplets d1 and d2 are to be transported in the directions shown by the
arrows. Let us consider that the electrodes denoted in the figure by c1 and c2

are activated. Since droplet d2 has two adjacent activated electrodes (c1 and c2)
it will not move significantly, resulting in a merging with droplet d1. In order to
avoid such a situation, there must be only one activated neighboring electrode
for each droplet on the microfluidic array.

A DMB is typically composed of an array of electrodes, together with reservoirs
for storing the samples and reagents. The architecture of the biochip proposed in
Figure 1.2 is optimized for the protocol specific to malaria detection, containing
a general bus used for transporting droplets between the different components
of the chip (e.g., reservoirs, mixer, detector). However, as biochips are expected

37



Application  model:  …to  this—a  graph

24 Biochip Architecture and System Model

Figure 2.8: Mixing Stage of the Polymerase Chain Reaction Assay

Figure 2.9: In-Vitro Diagnostics on Physiological Fluids

“in-­vitro  
diagnostics”
application

38



Architecture-­Level  Synthesis
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Sequencing
Graph

Microfluidic
Module Library

Design
Spec.

Architectural-Level
Synthesis

SchedulingResource Binding

O1

O2

Resource Area Time

Mixer 2x2-array 7

Mixer 1x3-array 4

LED 1x1 cell 10

Storage 1x1 cell N/A

O3

O4

O5

O6 Store
Dispense

Store

Mix
Mix

Detection

Operation Resource

O1 On-chip

O2 2x2-array

O3 1x1 cell

O4 LED

O5 1x3-array

O6 1x1 cell

Max. Area: 5x5 array

Max. Completion Time:
50 seconds

O1O3O6

O5

O2

O4



Physical-­Level  Synthesis
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SchedulingResource Binding

Operation Resource

O1 On-chip

O2 2x2-array

O3 1x1 cell

O4 LED

O5 1x3-array

O6 1x1 cell

Placement

O2 O1

O4 O5

O6 O3

Physical-Level
Synthesis

Routing

O2 O1

O4 O5

O6 O3

O1O3O6

O5

O2

O4

40
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Physical  Design:  Module  Placement
• Placement determines the locations of each module on the 

microfluidic array in order to optimize some design metrics 
• High dynamic reconfigurability: module placement à 3-D 

packing à modified 2-D packing

Reduction 
from 3-D 
placement to a 
modified 2-D 
placement 



Resulting  Placement  of  the  Protein  Assay

Volume  =  9x9x241  (10x10x400  fixed-­cube  constraint)



Physical  Design:  Droplet  Routing
• Droplet  routing

– Droplets  transportation  from  one  location  to  another  for  
reaction

• Difference  from  traditional  VLSI  routing
– Cells  can  be  temporally shared  by  droplets  -­ no  
permanent wires  on  a  biochip

– Droplet  routing  and  scheduling;;  scheduling is  to  
determine  droplets’  locations  at  each  time  step

– Unique  fluidic  properties  for  correct  droplet  movement

S TDi

S T

Droplet  Routing

VLSI  Routing



Routing  Constraints
• Fluidic  constraint

– For  the  correctness  of  droplet  transportation
– No  unexpected  mixing  among  droplets  of  different  samples
– Static and  dynamic fluidic  constraints

• Timing  constraint
– Maximum  transportation  time  of  droplets

Static fluidic  constraint

Minimum  
spacing

Dynamic fluidic  constraint

X

YT

44



Problem  Formulation
• Input:  A  netlist  of  n  droplets  D  =  {d1,  d2,…,  dn},  the  locations  of  m  
blockages  B  =  {b1,  b2,…,  bm},  and  the  timing  constraint  Tmax.

• Objective:  Route  all  droplets  from  their  sources  to  their  targets.
• Constraint:  Both  fluidic  and  timing  constraints  are  satisfied.

T3 S4 T2 S1

T1 S3

T6
S5

T5
T4 S2 S6

• Fluidic  constraint

• Timing  constraint

Minimum 
spacing

Static fluidic constraint Dynamic fluidic constraint

Blockage Source  of  droplet  i Target  of  droplet  iSi Ti
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Optimization  Goals  for  DMFBs
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Contamination  problem

Disjoint  routes

Routing  with  the  wash  droplet
S1

S2

T1

T2

2D  microfluidic  array

M

d1

d2

d1

d2

d1

d2

Dispensing  port

Reservoir  
port

W

Contamination  Problem
․ Contamination  problem

d1

d2

W

(1)  separately
(2)  simultaneously
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• Construction of the MCC flow network
– Four major phases in the MCC formulation

)0,4,1(

W3

W1

W2

W4

L  =  0
U  =  1
C  =  0

L  =  0
U  =  1

C  =  min-­cost  path

L  =  0
U  =  ∞

C  =  min-­cost  path

Source Sink

...

...

I O

I O

I O

I O

.  ..

Source Wash  droplets Contaminated  spots Waste  reservoir

Scheduling  Wash  Operations  by  Minimum  Cost  Circulation  
flow  network  (MCC)
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Co-­Design  for  DMFB  and  PCB  



Broadcast  Electrode  Addressing  Scheme
Droplet Spacing

High voltage to generate an electrical field

0 0 1 0 X X X

time

X 0 0 1 0 X X
X X 0 0 1 0 X
X X X 0 0 1 0
X X X X 0 0 1

Pin
Wire

External controller

Actuation 
sequence

0
0
X
X
X

0
0
X
X
X

1
0
0
1
0

1
0
0
1
0

0
1
0
0
1

0
1
0
0
1

7  pins  -­>  4  pins
Broadcast  addressing

Electrode
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Conduction wires 

Electrodes

Via

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

Control pins

1 2 3 1

4 5 6 7

2 10 9

8 4 5 8

1

Electrodes that share the 
same control pin

(a) Direct Addressing
Control pins: 16

(b) Broadcast addressing
Control pins: 10

Impacts  on  PCB  Routing



1 1

2 2

3 3

4 4

5 5

5 2

(a) Infeasible routing solution (b) Feasible routing solution

1 4

2 5

3
3

4 1

5 2

5
2

Impacts  on  PCB  Routing

5 control pins  



Chip-­level  design

Fluidic-­level  synthesis
Sequence  graph Scheduling   result Placement  &  droplet  routing

Used  electrodes Electrode  addressing Wire  routing

Fluidic-­level  synthesis
Chip-­level  design

Fluidic-­Level  Synthesis  vs.  Chip-­Level  Design  
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Chip  Sample  from  Advance  Liquid  Logic
  

Sample  
solution  
storage  
reservoirs  

Intermediate  
dilution  reservoir 

Target  solution  
generation  

Waste  handling  
reservoir    

Source    
reagent  

 Fabricated  Chip

Application  Platform

– Pitch:  1.5  mm;;  Height:  0.475  
mm;;  Actuation  voltage:  50  V

– Fabricated  on  PCB  board
– 1140  electrodes,  64  pins
– Applied  for  n-­plex  bioassay



Other  Successful  Collaborations

Biochip	
  for	
  sample	
  preparation	
  
(NugenTechnlogies,	
  Inc.)

Biochip	
  for	
  newborn	
  screening
(Advanced	
  Liquid	
  Logics,	
  Inc.)

Hemophilia

Protein  crystallization  chip



Chip  
Designers

Chip  Users

The  Biochip  
Ecosystem

Control  software
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CAREER-­‐DEVELOPMENT	
  LESSONS

• So,  you  are  a  researcher  or  engineer  climbing  
the  career  ladder
• Here  are  three  lessons  to  help  you  succeed



So,  the  rabbit  sat  on  the  ground  below  the              
crow,  and  rested.

LESSON	
  1
A  crow  was  sitting  on  a  tree,  doing  nothing  all  day.

A  small  rabbit  saw  the  crow,  and  asked  him,  
"Can  I  also  sit  like  you  and  do  nothing  all  day  
long?”
The  crow  answered:  "Sure,  why  not.”

All  of  a  sudden,  a  fox  appeared,  

Jumped  on  the  rabbit...  and  ate  it.



LESSON	
  1

Moral  of  the  story  is….

To  be  sitting  and  doing  nothing,
you  must  be  sitting  very,  very  high  up.



"I  would  love  to  be  able  to  get  to  the  top  of  that    tree,"  
sighed  the  turkey,  "but  I  haven't  got  the  energy.”

LESSON	
  2 A  turkey  was  chatting  with  a  bull.

"Well,  why  don't  you  nibble  on  some  of  my  droppings?"
replied  the  bull.  “They're  packed  with  nutrients."

The  turkey  pecked  at  a  lump  of  dung  and  found  that  it  gave  
him  enough  strength  to  reach  the  first  branch  of  the  tree.

The  next  day,  after  eating  more  dung,  he  reached    the  second  branch.
Finally  after  a  fortnight,  there  he  was  proudly  perched  at  the  top  of  
the  tree

Soon  he  was  spotted  by  a  farmer
Who  promptly  shot  the  turkey  out  of  the  tree.



LESSON	
  2

Moral  of  the  story:

Bulls**t  might  get  you  to  the  top,  
but  it  won't  keep  you  there.



LESSON	
  3 A  little  bird  was  flying  south  for  the  winter.

It  was  so  cold,  the  bird  froze  and  fell  to  the  ground  in  a  large  field.

While  it  was  lying  there,  
a  cow  came  by
and  dropped  some  
dung  on  it.

As  the  frozen  bird  lay  there  in  the  pile  of  cow  dung,  it  began  to  
realize  how  warm  it  was.  The  dung  was  actually  thawing  him  out!

He  lay  there  all  warm  and  happy,  and  soon  began  to  sing  for  joy.

A  passing  cat  heard  the  bird  singing  and  came  to  investigate.

Following  the  sound,  the  cat  discovered  the  bird  under  the  pile  
of  cow  dung,  and  promptly  dug  him  out  and  ate  him!

PURR....



LESSON	
  3

The  morals  of  this  story  are:

1)  Not  everyone  who  drops  s**t  on  you  is  your  enemy.
2)  Not  everyone  who  gets  you  out  of  s**t  is  your  friend.
3)  And  when  you're  in  deep  s**t,  keep  your  mouth  shut.


