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Abstract—Production test suites include a large number of 
redundant test patterns due to the inclusion of multiple test types 
with overlapping defect detection and the use of simple fault 
models for test generation. Identification and elimination of 
ineffective test patterns promises a significant reduction in test 
cost. This paper proposes a test framework that learns, without 
extensive data collection and at no additional test time, the 
effectiveness of individual test patterns during production testing 
by getting defect detection feedback from a dynamic test flow. 
The proposed technique is further capable of adapting to changes 
in the underlying defect mechanisms by tracking the defect 
detection trend of test patterns. 
 

I.  INTRODUCTION 
The number of test patterns and individual test pattern 

length continues to increase as the size of integrated circuits 
(IC) gets larger, boosting test time and consequently test cost. 
In addition to ever increasing circuit sizes, the need for new 
test types constitutes one of the main drivers of test cost 
increase. As the effectiveness of traditional test types such as 
stuck-at and IDDQ diminishes in DSM defect detection, the 
research community and industry alike are shifting their focus 
to new test types.  Various new fault models such as N-detect 
[1] and gate-exhaustive [2], numerous flavors of delay test 
methods such as timing-aware [3] and faster-than-at-speed 
[4,5] and defect-oriented test methods have been proposed to 
keep defective parts per million (DPPM) within acceptable 
limits. As manufacturing cost continues to shrink due to higher 
levels of integration and process scaling and as the test cost 
continues to rise due to the increase in circuit complexity and 
test types, test continues to increase its share of final 
production cost. Increasingly, semiconductor manufacturers 
are squeezed by the simultaneous demands of acceptable test 
cost and satisfactory DPPM levels.  

In structural digital logic testing, scan compression 
techniques have received a tremendous amount of attention in 
the last decade to reduce test cost. Numerous combinational 
and sequential scan compression methods have been proposed 
[6], commercialized by EDA vendors [7] and commonly used 
in industry ICs. Static and dynamic test cube compaction 
techniques [8] have been a standard component of ATPG tools 
for a long time and new techniques [9] continue to emerge at a 
slow pace. The test community has started to focus on test 

concurrency as a new dimension in test cost reduction, aiming 
at lowering the average test cost per chip [10]. Although 
compression levels in excess of hundredfold have been 
attained in recent years, the current level of compression fails 
to tame the ever increasing test cost, necessitating more 
advanced test cost reduction techniques as stated in the 
International Technology Roadmap for Semiconductors 
(ITRS) [10].     

As previously reported by industry and academic 
researchers [11, 12], a significant number of redundant 
patterns exist in the test sets, resulting in a substantial increase 
in test time yet at  no concomitant defect coverage benefit. The 
use of simplistic fault models such as stuck-at for test 
generation due to challenges in modeling and generating 
targeted tests for all possible defects is one of the reasons for 
the redundancy in the test sets. Inclusion of various test types 
such as stuck-at and IDDQ in the test set is another main 
driver of test pattern redundancy. Correlation models among 
different test types are typically lacking, resulting in a 
tremendous amount of overlap between the tests. For example, 
silicon defects detected by a particular stuck-at pattern may be 
alternatively detected by a combination of IDDQ tests, other 
stuck-at tests or a functional test.  New test types such as N-
detect and gate-exhaustive tests further exacerbate the issue by 
systematically adding redundancy into the test set in order to 
increase the probability of detection of actual silicon defects.  
Numerous experiments (DOE) have been reported in the past 
to analyze the effectiveness of various test types [13,14]. 
These experiments collect defect detection data for each test 
type on a sample of chips and results are typically reported in 
the format depicted in Fig. 1 [13]. The focus of these 
experiments predominantly has been the identification of the 
unique defects detected by each test type; the converse 
problem of the enormous defect detection overlap between test 
types has not as of yet received commensurate attention.  It is 
reported in [11] that redundant patterns constitute 70% to 90% 
of the test set, based on studies from major semiconductor 
companies. As the effectiveness of individual test types 
diminishes, necessitating in turn the addition of new test types, 
it can be expected that the redundancy in test sets will grow 
further. Test optimization by identifying and eliminating 
redundant test patterns promises a tremendous opportunity in 
test cost reduction. 



  

 
 

Fig. 1. Test type effectiveness 
 

The goal of testing is to provide coverage of real silicon 
defects despite simple fault models being used in test pattern 
generation. Since modeling and generating targeted tests 
efficiently for all defects is not feasible, we argue in this paper 
that actual defects should be empowered to decide on the 
optimal test pattern mixture, pruning ineffective test patterns 
in the process. Essentially, the silicon defect detection 
behavior of individual test patterns, not the test sets of 
different types, should be analyzed by collecting data during 
production testing to identify the defect coverage overlaps 
among all test patterns and subsequently to determine the 
optimal test mixture. To be able to make statistically relevant 
decisions, test pattern effectiveness analysis should be 
performed over a large set of chips. The data collection should 
not result in test time increase and the data should be 
maintained incrementally in a compact form. Additionally, 
defect mechanisms can change over the lifecycle of the 
product, resulting in the optimal test set for the current lot 
failing to be even a satisfactory test set for another lot of 
devices; therefore, the optimal test set should dynamically 
adapt to the defect mechanism shifts [12].  These goals can 
only be achieved by making real time analysis and decisions 
during production testing.  

In this paper, we propose a technique to learn the optimal 
test mixture dynamically during production test without 
incurring additional test cost. The test cost is kept at least 
constant by preserving the stop-at-first failure mechanism and 
actually even improved as the ordering of test patterns based 
on their effectiveness reduces the average test time for defect 
detection. Additionally, the proposed method monitors the 
defect behavior changes and adapts to the shifts in the defect 
mechanisms.  

Section II reviews the previously published work in this 
area. Dynamic learning of individual test vector effectiveness 
is presented in Section III. Ineffective test vector elimination 
and adaptivity to defect behavior changes are presented in 
Section IV. Section V discusses the experimental results in 
detail and conclusions are drawn in Section VI.  

II. PREVIOUS WORK 
Traditionally test flows are static, applying test patterns in a 

predefined order, with the test application stopping at the first 
failing test, thus reaping test time reductions for defective 
devices. DOEs for test effectiveness analysis override stop-at-
first-failure behavior, collecting pass/fail data for the full test 
set. Due to the large sample size required by individual test 

effectiveness analysis, stop-at-first-failure override can be 
prohibitively costly. Furthermore, defect mechanisms can 
change throughout the product life cycle, requiring adaptivity 
to the changes.  

A number of earlier pieces of work attack the optimal test 
pattern ordering problem by using complete pass/fail 
information for all patterns from a sample of devices. An 
efficient heuristic to determine the pattern order to reduce the 
average test time for defective devices is proposed in [15]. The 
effect of the ordering of test types on test cost is analyzed in 
[16] by utilizing SEMATECH data. A method that enables the 
prediction of the DPPM level for a test set of multiple test 
types is proposed in [19]. The resulting DPPM model can 
potentially be utilized to find a cost effective test set. These 
methods require costly pass/fail information collection for the 
full test set and, most importantly, they are not adaptive, 
instead presuming that the initial order remains effective 
throughout. 

Initial research in adaptive test development primarily 
exists in the parametric test domain [12, 17, 18]. Since 
parametric tests return a measurement, not only a pass or fail 
information as in digital tests, these methods perform 
correlation analysis based on parametric measurements from a 
sample of devices for each lot and adaptively select optimal 
parametric tests per lot. A method that adaptively changes test 
content based on failure mechanisms [20] was recently 
proposed. It requires defect diagnosis throughout the 
production lifecycle to understand defect types and change test 
patterns accordingly.    

III. TEST EFFECTIVENESS LEARNING THROUGH       
DYNAMIC TEST FLOW 

In order to learn the effectiveness of individual test patterns 
and adapt to the defect behavior shifts, we propose an 
interactive learning framework that utilizes real time defect 
detection information during production testing. To identify 
the optimal test set, the proposed method dynamically alters 
the test flow during test application to maximize the 
information available to a subsequent learning step while still 
stopping at first failure. Essentially, a dynamic test flow and a 
policy that decides on the order of test vectors work together 
in an interactive loop as depicted in Fig. 2. The order of test 
patterns is decided by the policy and the dynamic test flow 
applies the vectors in this particular order and feeds back the 
detection information to the policy.  The policy updates the 
pattern order based on the feedback and the process is 
repeated, learning in an interactive loop and converging to the 
optimal test pattern order.  The test flow stops at first failure 
and the data is maintained incrementally in a compact form.  
The benefit of this interactive learning process is twofold. 
Firstly, the test patterns are ordered based on their 
effectiveness, reducing the average test time for defective 
chips by detecting the failures early in test application. 
Secondly and most importantly, ineffective tests are 
pinpointed by sieving them to the end of test pattern sequence, 
introducing the possibility of eliminating these patterns as the 



 

 
 

test flow converges, thus substantially reducing test cost for 
both defective and defect-free devices.  

The learning framework relies on defect detection 
effectiveness information for each pattern to determine the 
pattern order. This particular information is captured by 
keeping track of past defect detection data by assigning scores 
to the patterns and the test pattern order is determined to 
maximize the information available despite the information-
gathering limitations of stopping at first failure. The details of 
scoring methods are presented in Section III.A and the test 
effectiveness learning algorithm is discussed in Section III.B. 
 
 

 
Fig. 2. Interactive learning loop 

 

A. Test Pattern Defect Detection Information 
The policy establishes a test pattern order by sorting the 

patterns based on the scores that are collected by each pattern. 
The first scoring method we propose, referred to as detection 
count scoring, maintains defect detection count for each 
pattern irrespective of the position in the test flow by assigning 
one additional credit to the test pattern that catches the current 
defective chip under test. However, since the ultimate goal is 
the optimization of total test time, the run time of each test 
should be taken into account, giving more credit to shorter 
tests. The proposed scoring method normalizes the scores of 
the patterns with respect to their test times, assigning weighted 
scores to the patterns based on their run time.   

If a pattern located late in the current order detects a defect 
that was missed by all vectors before it in the test flow, it is 
highly indicative of the fact that this particular pattern may be 
targeting a unique and hard-to-detect defect. To take 
advantage of this observation, the second scoring method we 
propose, referred to as detection time scoring, takes the 
position of the vectors into account by assigning the total test 
time elapsed up to the failing pattern as the additional score to 
this particular failing vector.  

Given that the ith test pattern, πi,  in the current test order 
detects the defective device and  that the test time of this 
particular pattern is testtime(πi), the score of the pattern is 
updated as  in equations  (1) and (2) for detection count and 
detection time scoring, respectively.  
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B. Test Effectiveness Identification 
The proposed learning framework constitutes an 

incremental optimization method, striving to converge to the 
optimal order. It is well known that greedy decision based 
incremental optimization methods frequently display 
convergence to local optimal solutions. Furthermore, the local 
optimal solution converged to may display significant 
sensitivity to the initial order of the vectors. Although the 
detection time scoring method is designed to make more 
drastic changes in the test order, the advantage some vectors 
receive due to their initial position in the test flow may prove 
difficult to overcome. Non-greedy decisions in addition to 
greedy ones are typically used in incremental optimization 
problems to surmount the stickiness of the local optimal 
solution.  

We adopt an approach, known as ε-greedy [21], wherein 
non-greedy decisions are executed with a probability of ε, with 
greedy decisions resorted to otherwise. In the proposed 
method, completely random test pattern orders are used 
initially and the scores are collected based on the scoring 
methods described above. Later, the ε-greedy phase starts and 
random pattern orders are selected with a probability of ε; 
otherwise, the patterns are greedily sorted based on the current 
scores. Upon termination of the ε-greedy phase, the test 
pattern order decisions are confined to being solely made 
greedily based on the scores. It is worth stressing that the 
proposed technique continues to collect scores regardless of 
whether it is a greedy or a non-greedy order throughout the 
production life cycle and always stops at the first failure.  
 
ε-greedy Pattern Effectiveness Learning: For a random 
ordering and ε-greedy phase sample sizes of Nran and Nε, 
respectively, with a non-greedy order selection probability of 
ε, the following steps are executed:  
 

1. Sort the test patterns in random order for the first Nran 
failing devices 

2. For the next Nε failing devices, either sort the test 
patterns randomly with a probability of ε, else sort 
them based on scores with a probability of 1- ε 

3. Sort the test patterns based on the scores for all 
subsequent devices 
 

The effectiveness of the various techniques proposed in 
this section is experimentally evaluated in section V and their 
performance compared.  

IV. ADAPTIVE TEST PATTERN OPTIMIZATION 
Learning of test effectiveness through the dynamic test flow 

presented in Section III not only reduces the average time to 
screen out defective devices by ordering the vectors based on 
their effectiveness but also enables the identification of  
ineffective vectors. Criteria based on defect detection 
information are needed to decide which vectors are redundant 
and eliminate these particular vectors during production 
testing, thus providing an opportunity for substantial test cost 
reduction. However, the underlying defect mechanisms may 
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change throughout the production life cycle [12], making test 
vector dropping a risky proposition. Therefore, the proposed 
method should also detect the defect behavior changes and 
take appropriate actions to keep test escape within the target 
levels. 

The proposed method iteratively learns to converge to the 
optimal order; yet the optimality of this order is predicated on 
past detection behavior. If and when the defect mechanism 
starts to shift, the order will start to change so as to converge 
to the new optimal test order. Based on this observation, we 
propose the use of the correlation of the different pattern 
orders as a method to monitor defect behavior changes and, 
additionally, to decide when the order can be deemed to have 
converged portending the pattern dropping phase. 

The test pattern order correlation metric used in our method 
is presented in Section IV.A. The utilization of the correlation 
to decide on test pattern ineffectiveness and defect behavior 
change is discussed in Sections IV.B.  

 

A. Test Pattern Order Correlation  
Since only the vector that detects the current faulty chip 

may move at consecutive test pattern orders in the proposed 
learning framework, the correlation between two consecutive 
orders will not vary significantly throughout the test 
application, providing inadequate information. Instead we 
compute the correlation between the pattern orders at the 
beginning and the end of a moving window of length, Wcoef, to 
sharpen the information content. This method allows us to 
track the correlation changes between the test pattern orders 
within a specified time frame. 

Spearman’s rank correlation coefficient as defined in (3)  
is used in the proposed method to measure the correlation of 
two different test pattern orders, wherein n is the number of 
patterns and dj is the difference of the ranks of the jth pattern 
in these two different test pattern orders. A rank correlation 
coefficient of 1 indicates full correlation while -1 indicates 
perfect inverse correlation.  
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Rank correlation coefficient, ρi, for the ith failing device: 
Given that  πi is the order of test patterns for the ith failing 
device and  Wcoef   is the length of the correlation distance,  ρi  
is the correlation coefficient computed by (3) between the 
pattern orders, πi  and πi-W coef . 
 

B. Ineffective Test Pattern Elimination and Adaptivity to 
Defect Mechanism Shifts 
The rank correlation coefficient, ρi, is monitored 

throughout the production life cycle and compared against the 
two different threshold values, τconv and τshift, to decide when 
the pattern order converges and when the defect behavior 
shifts after each failing chip. 

When the pattern order converges as the rank correlation 
coefficient, ρi, surpasses the convergence threshold, τconv, the 
ineffective vector elimination phase is initiated.  The 
ineffectiveness of vectors is determined by checking their 
defect detection history for the last Dinef devices. A last 
detection time (LDT) in addition to the score is maintained for 
each vector in the proposed method. A global counter (Tcur) is 
used which is increased by one for every defective device 
encountered during production test.  When a test pattern 
detects a defective device, the last detection time of this 
particular vector is updated by the value of the global counter. 
When the convergence condition (i.e., ρi > τconv) is satisfied, 
the vectors that have not detected any defects for a specified 
amount of time are dropped.  
 
Test pattern elimination criterion: A particular pattern is 
eliminated if the following condition is satisfied. 
 
      (ρi  > τconv)  and ((Tcur – LDT) > Dinef)                       (4) 
 

The rank correlation coefficient is continuously monitored. 
If the correlation coefficient falls below the defect behavior 
shift threshold (τshift) subsequent to a vector elimination, it is 
interpreted as a change in the underlying defect mechanism 
and all eliminated vectors are inserted to the tail end of the test 
flow. The resumption of test effectiveness learning delivers 
elimination of ineffective test vectors once again when the test 
pattern elimination criterion is satisfied.  
 
Defect mechanism shift detection criterion: All previously 
eliminated vectors are inserted back to the test flow if the 
following condition is satisfied. 
 

    (ρi  < τshift)                                        (5) 
 

Through the utilization of the techniques presented in this 
section, the proposed method continues to learn throughout the 
production life cycle by maintaining a small amount of data 
and the production test pattern set dynamically shrinks to 
eliminate ineffective vectors and expands to adapt to the shifts 
in  underlying defect mechanism.  

V. EXPERIMENTAL RESULTS 
As discussed in earlier sections, the proposed framework 

explores the overlap of the patterns from multiple test types in 
actual defect detection. Due to the absence of actual defect 
detection data, in our experimental setup, we use a sample set 
of most likely bridging faults as surrogates and stuck-at 
patterns as the test set. The comparison of various techniques 
we have proposed and the confirmation of the use of 
correlation for test pattern order convergence constitute the 
focus of the experiments. Since a single test and surrogate type 
are used in our experiment, the actual test cost reduction may 
vary based on real defect behavior and test types used in the 
production. Consequently, we focus on the comparison of the 
efficiency of various configurations instead of the level of 
reduction in test cost. 



 

 
 

An industrial design, consisting of 48,500 flip flops and 1.1 
million gates, is used in the experiments. 4,000 stuck-at scan 
vectors are generated by a commercial ATPG tool. The 
coupling report is utilized to select the sample set of most 
likely bridging candidates that are injected to the design as 
defects during the test effectiveness learning process. 

In the first set of experiments, the effect of ordering in the 
average defect detection time is analyzed. 4 different 
configurations as outlined below are compared against the 
static test flow.  
 
Config1: Detection count scoring is used. Order is consistently 
greedy based on the scores ( Nran =0, Nε =0 ). 
Config2: Detection time scoring is used. Order is consistently 
greedy based on the scores ( Nran =0, Nε =0 ).  
Config3: Detection count scoring is used. ε-greedy approach is 
applied with the following parameters: 

      Nran =10,000 , Nε =10,000 and ε=10% 
Config4: Detection time scoring is used. ε-greedy  approach is 
applied with the following parameters:  
                  Nran =10,000 , Nε =10,000 and ε=10% 
Static: Traditional static test flow with no pattern ordering. 
 

200,000 faults that are randomly selected from the sample 
set of bridging faults are injected to the design one at a time. 
The experiments start with a random test order. Since the 
proposed optimization framework aims at lowering the 
average test time to detect the defects, the trailing average of 
test time for the last 10,000 faults at each point during the 
testing is reported in Fig. 3. Since each pattern has the 
identical length in our experiments, the test time reported is 
proportional to the number of patterns applied. As can be seen, 
the test time for all 4 configurations quickly improves as the 
test pattern effectiveness is learned. The test time reduction 
trends for all configurations track each other quite closely, 
gradually converging to a stable level and significantly 
outperforming the static flow.  

 

 
 

Fig. 3: Average test time as test effectiveness is learned  

TABLE I.  TEST TIME IMPROVEMENT OVER STATIC TEST FLOW 

Method 
(Test Time) 

 
Config1 
(71.69) 

 
Config2 
(66.56) 

 
Config3 
(70.69) 

 
Config4 
(65.44) 

Static 
(243.721) 

 
3.4X 

 
3.66X 3.45X 3.72X 

 
The average test time for the last 10,000 faults and the 

improvement over the static test flow can be observed in Table 
1. A close examination of the results shows that detection time 
scoring (Config2 and Config4) delivers better results than 
detection count scoring (Config1 and Config3). Additionally, 
the ε-greedy method slightly exceeds the greedy version. The 
ε-greedy flow with detection time scoring (Config4) delivers 
the highest reduction in test time.    

Since the experiment indicates that ε-greedy with detection 
time scoring delivers the best results, the subsequent 
experimental results will only be reported for this 
configuration. The test pattern order rank correlation 
coefficient for this particular experiment is depicted in Fig. 4. 
The correlation distance, Wcoef, is set to 1000 when calculating 
the correlation. As can be seen, after the initial ε-greedy phase, 
the correlation between the pattern orders increases quickly 
and reaches up to the full correlation level.    

In the next set of experiments, the ineffective test vector 
elimination flow is evaluated.  The convergence threshold, 
τconv, for the rank correlation coefficient, ρi, is set to 0.9999 and 
the ineffectiveness limit, Dinef, is set to 100,000.  Fig. 4 depicts 
the change in the number of vectors throughout the testing. 
Once the test order converges and the ineffectiveness limit is 
reached, dynamic vector elimination is initiated and a steady 
drop in the number of vectors is observed. The number of 
vectors stabilizes around 1000 patterns, delivering a more than 
fourfold reduction from the original 4000 patterns in our 
particular experimental setup. 
 

 
 

Fig. 4. Test pattern order convergence 



  

 
 

Fig. 5. Effect of defect behavior change 
 

 

In the final set of experiments, the effect of defect behavior 
shift on the correlation is analyzed. The sample set of bridging 
faults is divided into two groups. Initially, faults from the first 
group are injected to the design and the test pattern 
effectiveness is learned based on this set of faults. 
Subsequently, fault injection from the second bridging fault 
set is used to model the change in the defect mechanism. The 
correlation coefficient throughout this process is plotted in 
Fig. 5, wherein the fault injection from the second set starts 
after the initial 150,000 faults. The rapid drop in the 
correlation when the defects start to change can be clearly 
seen, confirming the efficacy of our use of the correlation 
coefficient change to detect and adapt to the defect behavior 
shifts. After the rapid drop in the correlation, the pattern order 
again starts to converge for the new set of defects. 

VI. CONCLUSIONS 
Ever increasing test cost due to the increase in circuit 

complexity and additional new test types necessitates 
advanced test cost reduction techniques, going beyond the 
current state of the art methods.  In this paper, we propose an 
adaptive test framework that learns the effectiveness of the 
individual test patterns, ordering the vectors based on their 
effectiveness in defect detection and eliminating the redundant 
vectors to reduce the test cost significantly.  

In the proposed framework, a policy that decides on test 
pattern order interacts with a dynamic flow that applies the 
vectors in the order provided by the policy. An algorithm that 
utilizes the defect detection feedback provided by the dynamic 
flow to establish the optimal test order is presented. Rank 
correlation of the test pattern orders throughout production 
testing is monitored to identify when the test pattern order 
converges, leading to the elimination of ineffective vectors. 
Additionally, the variations in the rank correlation of test 
pattern orders are used as a trigger to identify the shifts in the 
defect mechanisms. The stop-at-first-fail mechanism is 
preserved and only a small amount of data is maintained, 

accentuating the practicality of the proposed approach. 
Experiments in an industry design show the effectiveness of 
the proposed algorithms.  

The proposed method not only reduces the average test time 
to detect the defective devices by ordering vectors based on 
their effectiveness but it also significantly reduces the test time 
for all devices by exposing and eliminating the ineffective 
vectors. The ever increasing test cost problem can be thus 
significantly ameliorated, reducing test’s overall contribution 
to final product cost and leading to an improved competitive 
position in the marketplace.  

REFERENCES 
 [1] S. C. Ma, P. Franco and E. J. McCluskey, “An experimental chip to 
evaluate test techniques experiment results”, Proc. Intl. Test Conf., 1995, pp. 
663-672. 
[2] K. Y. Cho, S. Mitra and E. J. McCluskey,  “Gate Exhaustive Testing”, 
Proc. Intl. Test Conf., 2005, pp. 1-7. 
[3] X. Lin, K. H. Tsai, C. Wang, M. Kassab, J. Rajski, T. Kobayashi, R. 
Klingenberg, Y. Sato, S. Hamada and T. Aikyo, “Timing-Aware ATPG for 
High Quality At-speed Testing of Small Delay Defects” , Proc. Asian Test 
Symp., 2006, pp. 139 – 146. 
[4] A. Uzzaman, M. Tegethoff, B. Li, K. McCauley, S. Hamada and Y. Sato, 
“Not all Delay Tests Are the Same - SDQL Model Shows True-Time”, Proc. 
Asian Test Symp., 2006, pp. 147-152.  
[5] P. Gillis, K. McCauley, F. Woytowich and A. Ferko, “Low Overhead 
Delay Testing of ASICs”, Proc. Intl. Test Conf., 2004, pp. 534-542. 
[6] N. A. Touba, “Survey of Test Vector Compression Techniques”, IEEE 
Design & Test of Computers, Vol. 23, No. 4, 2006, pp. 294 – 303.   
[7] J. Rajski, J. Tyszer, M. Kassab and N. Mukherjee, “Embedded 
Deterministic Test”, IEEE Trans. on Computer-Aided Design, Vol. 23, No. 5, 
May 2004, pp. 776-792. 
[8] M. Abramovici, M. A. Breuer and A. D. Friedman, “Digital Systems 
Testing & Testable Design”, Wiley-IEEE Press, 1994. 
[9] J. Geuzebroek, E. J. Marinissen, A. Majhi, A. Glowatz and F. Hapke, 
“Embedded multi-detect ATPG and Its Effect on the Detection of Unmodeled 
Defects”,  Proc. Intl. Test Conf., 2007, pp. 1-10. 
[10] http://www.itrs.net/ 
[11] F.-F. Ferhani, N. R. Saxena, E. J. McCluskey and P. Nigh, “How Many 
Test Patterns are Useless?”, Proc. VLSI Test Symp., 2008, pp. 23 – 28. 
[12] R. Madge, B. Benware, R. Turakhia, R.Daasch, C. Schuermyer and J. 
Ruffler, “In Search of the Optimum Test Set – Adaptive test methods for 
maximum defect Coverage and Lowest Test Cost”,  Proc. Intl. Test Conf., 
2004, pp. 203-212. 
[13] P. Maxwell, “The Design, Implementation and Analysis of Test 
Experiments”, Proc. Intl. Test Conf., 2006, pp. 1-9. 
[14] P. Nigh, W. Needham, K. Butler, P. Maxwell and R. Aitken, “An 
Experimental Study Comparing the Relative Effectiveness of Functional, 
Scan, IDDQ and Delay-Fault Testing”, Proc. VLSI Test Symp., 1997, pp. 
459-464. 
[15] W. Jiang and B. Vinnakota, “Defect-Oriented Test Scheduling”, IEEE 
Trans. on VLSI Systems, Vol. 9, No. 3, June 2001, pp. 427-438. 
 [16] K. M. Butler and J. Saxena, “An empirical study on the effects of test 
type ordering on overall test efficiency”, Proc. Intl. Test Conf., 2000, pp. 408 
– 416 
[17] S. Benner and O. Boroffice, “Optimal Production Test Times Through 
Adaptive Test Programming”, Proc. Intl. Test Conf., 2001, pp. 908-915. 
[18] M. Chen and A. Orailoglu, “Test Cost Minimization through Adaptive 
Test Development”, Proc. Intl. Conf. on Computer Design, 2008, pp. 234-239. 
[19] K. M. Butler, J. M. Carulli and J. Saxena, “Modeling Test Escape Rates 
As a Function of Multiple Coverages”, Proc. Intl. Test Conf., 2008, pp. 1-9 
[20] X. Yu, Y.-T. Lin, W.-C. Tam, O. Poku and R.D. Blanton, “Controlling 
DPPM through Volume Diagnosis”, Proc. VLSI Test Symp., 2009, pp. 134-
139. 
[21] R. S. Sutton and A.G. Barto, “Reinforcement Learning: An Introduction”, 
The MIT Press, 1998. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


