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Abstract

One of the main difficulties in post-silicon validation is the lim-
ited debug access bandwidth to internal signals. At the same
time, SoC devices often contain dedicated bus-based test ac-
cess mechanisms (TAMs) that are used to transfer test data be-
tween external testers and embedded cores. In this paper, we
propose to reuse these precious TAM resources for real-time
debug data transfer in post-silicon validation. This strategy
significantly increases debug bandwidth with negligible rout-
ing overhead. To support different TAM architectures and de-
bug scenarios, design for debug (DfD) structures are intro-
duced at both core test wrapper level and system level. Sim-
ulation results demonstrate the effectiveness of the proposed
approach at low DfD cost.

1 Introduction

Because of the high design complexity and the inaccurate
abstracted models used in pre-silicon design and verification
phases, today’s complex system-on-a-chip (SoC) designs usu-
ally need to go through one or more re-spins to become bug-
free [7], even though half of the system development effort is
allocated to verification tasks [12]. With the ever-shrinking
market window for integrated circuit (IC) product, a post-
silicon validation strategy that helps identifying bugs effec-
tively is of crucial importance.

Debugging silicon is an extremely complex process,
wherein the main difficulty lies in the limited visibility of the
circuit’s internal signals. A widely-adopted technique utilized
by the industry to mitigate this problem is to reuse the IEEE
Std. 1149.1 (JTAG) test access port to run, halt and step em-
bedded cores to observe whether the values in scan chains are
expected values [17]. This technique is able to effectively iden-
tify those easy-to-find bugs that leave “evidences” when the
SoC halts, but fails to find trickier bugs that manifest them-
selves only after a long time. Therefore, an emerging trend
for today’s complex SoC designs is to embed more design-for-
debug (DfD) structures on-chip and to monitor and trace in-
ternal signals during normal operation [2,4]. A large amount
of trace data, however, require sizeable bandwidth to transfer
and most today’s SoC debug architectures introduce dedicated

debug buses for this duty(e.g., [4,13]). The routing of these
debug buses inevitably causes significant DfD overhead to the
design.

At the same time, SoC designs often contain dedicated bus-
based test access mechanisms (TAMs) to deliver test stimuli
and responses between automatic test equipment (ATE) and
embedded cores [19]. For example, 140 TAM wires are fabri-
cated on-chip for a complex video-processing SoC device [6],
making all embedded cores visible to the external ATE. These
precious design-for-test (DfT) structures, however, are usually
left unused after manufacturing test. This is unfortunate be-
cause these TAM resources are able to provide a large commu-
nication bandwidth for internal signals.

Based on the above observation, in this paper, we propose
to reuse the existing TAMs for silicon debug data transfer. This
concept of reusing DfT structures for silicon debug is not new.
Rather, it is similar to the strategy to reuse scan chains to
“dump” data in post-silicon validation. The main difference
lies in the fact that we are using these TAMS to transfer trace
data at real-time. Because of this, we need to modify the design
of core test wrappers so that those to-be-observed signals in a
core can be traced out at functional mode through the wrap-
per. In addition, while different embedded cores connected to
the same TAM bus are accessed sequentially during testing, in
post-silicon validation, we may want to concurrently observe
signals inside these cores. Specific DfD structures are intro-
duced to address this issue as well in this work.

The remainder of this paper is organized as follows. Section
2 reviews related work in SoC test and debug infrastructure. In
Sections 3, we present an overview of the proposed debug data
transfer framework. Next, the newly-introduced DfD struc-
tures are introduced in Section 4. Section 5 then demonstrates
how to extend the proposed method to support multi-core de-
bug environments. Simulation results are presented in Section
6. Finally, Section 7 concludes this paper and describes some
future work.

2 Related Work

Manufacturing test and post-silicon validation are challeng-
ing problems for today’s complex SoC designs. A vast body of
research has been endeavored to address the above issues. We
briefly survey the related work in this section.
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Figure 2. Test Bus and TestRail Architectures

2.1 SoC Test Architectures

Zorian et al. [20] presented a conceptual architecture for
testing SoC devices, as illustrated in Fig. 1. The basic elements
of this SoC test infrastructure include: (i). test source and sink
that provide test stimuli and compare test responses (e.g., ex-
ternal ATE); (ii). test access mechanisms that transport test
data from the source to the core under test (CUT) and from the
CUT to the sink; (iii). core test wrapper that connects the core
terminals to the rest of the chip and to the TAM, isolating the
CUT from its environment during test.

The modular test architecture using bus-based TAMs, being
flexible and scalable, are widely used in industry designs. The
two most popular SoC test architectures, i.e., the Test Bus ar-
chitecture [16] and the TestRail architecture [10] are depicted
in Fig. 2. The number of TAM wires implemented on-chip
varies with different SoC designs. Generally speaking, wider
TAM width results in shorter testing time at a larger DfT area
and routing cost. Also, large SoC designs usually implement
more TAM wires on-chip to keep test cost under control. For
example, 140 TAM wires are introduced in the SoC design in
[6], which are able to provide a large communication band-
width to embedded cores.

2.2 SoC Post-Silicon Validation Architectures

While we expect embedded cores to work in a “plug-and-
play” fashion, a few “surprises” are often inevitably discov-
ered in first silicon and requires silicon debug to identify the
root causes [1]. Similar to the requirements for an efficient
SoC manufacturing test strategy, an effective SoC post-silicon
validation solution demands good controllability and observ-
ability of the design’s internal nodes. In fact, as diagnosing
an error is always much harder than detecting an error, silicon
debug requires to increase these capabilities to a much higher
level.
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Figure 3. Post-Silicon Debug Flow.

Basic postmortem debuggability can be provided by cap-
turing snapshots of the circuit’s internal sequential elements
through JTAG run-control interface and scan chains [9]. This
low-cost technique however is not enough for tracking tricky
bugs that manifest themselves after a long period of operation.
To tackle this problem, dedicated DfD structures that facilitate
to trace the circuit’s operations at real-time in normal func-
tional mode (e.g., the instruction flow of an embedded proces-
sor) are implemented in most modern SoC devices. In such
systems with tracing (e.g., [4, 11]), typically hardware triggers
are implemented to start and stop a trace process and filter the
information to be traced out.

Today’s SoC devices contain an increasing number of em-
bedded cores, and it is essential to debug the complex inter-
actions between multiple embedded processor cores and their
active peripherals. Several multi-core debug solutions have
been presented in the literature and adopted by the industry.
For example, in the ARM CoreSight debug architecture [4],
each ARM core is equipped with an embedded trace macrocell
(ETM) that captures the processor’s states [5]. The captured
information can be stored to a trace buffer or exported imme-
diately through a external trace port. Both require dedicated
trace bus to deliver debug data from every to-be-traced core.
With the ever-increasing SoC design complexity, the volume
of trace data is expected to increase to identify bugs effectively,
despite the use of cross-trigger and various trace qualification
techniques (e.g., [3, 8, 15]). Delivering such large volume of
debug data to the trace buffer or trace port requires a great
bandwidth. Consequently, the routing cost for dedicated trace
buses is quite high.

3 Overview of the Proposed Debug Data Trans-
fer Framework

Before introducing the technical details of our debug data
transfer framework with bus-based TAMs, let us examine the
post-silicon debug flow used in our solution first, as depicted
in Fig. 3. During the design phase, various DfD structures
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Figure 4. Proposed Debug Data Transfer Frame-
work with Bus-Based TAMs.

that support hardware triggers and core internal signals’ ob-
servation are implemented. The trigger mechanisms can be
simple triggers implemented with comparators and/or counters
(e.g., [18]), complex cross-trigger network (e.g., [4, 14, 15]) or
even reconfigurable trigger fabrics (e.g., [1]). The to-be-traced
signals embedded deeply inside a core can be brought to core
boundaries by either tapping through simple multiplexer-based
network (e.g., [1,17]) or packaging in a small first-in first-
out (FIFO) queue such as the ARM embedded trace macro-
cell [4]. During the post-silicon debug process, we first en-
able the aforementioned DfD structures and then put the sys-
tem into normal functional mode. Once a trigger condition is
hit, the traced signals are transferred along bus-based TAMs
to either an internal trace buffer or an external trace port. We
often need to change trigger conditions and/or trace different
signals during the silicon debug process. The above operations
are conducted through reconfigurations.

The SoC test infrastructures, however, are not designed to
support real-time debug data tracing at functional mode. We
need to insert some DfD structures to make this possible, as
shown in Fig. 4. First of all, the original test wrappers need
to be modified so that the traced signals can flow into TAMs in
normal functional mode. Secondly, trace buffers (if any) are at-
tached to every TAM bus to store debug data from cores under
debug. As there might be multiple embedded cores on a TAM
bus and they might send debug data at the same time, certain
mechanisms need to be designed to avoid data corruption.

It should be also pointed out that data transfer on TAMs are
controlled by a global test clock signal and its speed might be
slower than that of the functional cores. Similar to transferring
debug data on ARM trace buses [4], designers need to take this
into account when transporting trace data on TAMs.

4 Proposed DD Structures

The main objective of the proposed solution is to facilitate
real-time trace data transfer through TAM channel in func-
tional mode. To support this, the core test wrapper needs to be
modified so that the raw debug data can be written into inter-
nal trace memory or external trace port in appropriate format
in mission mode. If trace buffer is utilized, we also need to
design a proper trace buffer interface to deal with TAM with
various widths, as shown in this section.
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Figure 5. Modified Wrapper Design.

4.1 Modified Wrapper Design

From Fig. 5, it can be easily observed that we have intro-
duced a formatter and a debug MUX into the modified wrapper
to conduct its duty. The debug multiplexer is utilized to select
the data source of the TAM in mission mode. A new wrapper
instruction “WR_DEBUG” is introduced to enable real-time
debug data transfer for core under debug (CUD) at functional
mode, by controlling the debug MUX. That is, when this in-
struction is applied, the debug data coming out of debug output
unit will be sent onto TAM through the formatter. Otherwise,
the data in the bypass register will be delivered onto TAM.

The formatter is utilized to convert the raw debug data from
the CUD into a format suitable for transfer. As discussed ear-
lier, these debug data out of the CUD’s debug output unit (see
Fig. 5) can be signals directly tapped using a multiplexer-based
network (e.g., [1, 17]) or data stored in a FIFO (e.g., [4]). In our
debug data transfer framework, logic ‘0’ is put onto TAM when
no CUDs are sending data to the TAM (see Figure 6). Once
a CUD plans to send out debug data (e.g., hardware trigger is
hit), it will first send an identification tag (ID) which starts with
a logic ‘1’ so that the receiving side (e.g., trace buffer) is able
to identify the start of a debug data transfer. The length of this
trace process and the timestamp that the trace starts can be op-
tionally sent onto the TAM before the actual debug data is sent
out. In addition to the above, a complex formatter with a FIFO
itself can temporarily store the trace data and compress them
before sending them out, in order to increase the utilization rate
of the TAM for debug data transfer and avoid debug data data
loss.

0 tag > data 0

Figure 6. Debug Data Transfer on TAM.

There are some differences when we configure the wrapper
for Test Bus architecture and TestRail architecture, consider-
ing the case when only one core is permitted to occupy a TAM
(see Section 5 for the case when multiple cores send debug
data onto a TAM). In Test Bus architecture (see Fig. 2(a)), a
system-level multiplexer is used to select the core that con-
nects to TAM. Therefore, all cores can trace their debug data
simultaneously and it is this multiplexer controlled by debug
controller that determines which CUD can send debug data out
at a particular time. For TestRail architecture (see Fig. 2(b)),
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however, as the TAM connects all cores in a daisy chain man-
ner, only one core can be put in debug mode and send debug
data while the other cores should be put in normal functional
mode, in order to avoid data corruption because of contention.

4.2 Trace Buffer Interface Design

Fig. 7 illustrates the structure of the trace buffer interface for
the case when debug data is transferred to internal trace memo-
ries. Because the TAM width can be an arbitrary value different
from the trace memory bit-width, we also need a formatter to
conduct the matching. In addition, the formatter needs to de-
tect the start of debug data transfer by identifying the non-‘0’
ID with decoder module. The data length is stored into timer
and is used to count down the trace data to be written into the
memory.

In addition, we can also conduct debug data processing in-
side the trace buffer interface before writing them into the trace
memory. For example, temporal information can be introduced
and data compression can be conducted in the module of trace
data generator to facilitate debug efficiency.

5 Sharing TAM for Multi-Core Debug Data
Transfer

Since embedded cores communicate with each other during
normal operation, it is often necessary to debug the complex
interactions between multiple cores, especially for SoCs with
many embedded processors. In the proposed debug data trans-
fer framework, it is likely that some interacting cores connect
to the same TAM and send out debug data concurrently. This is
not a problem for Test Bus architecture because only one core
is allowed to send data onto TAM. However, for TestRail archi-
tecture, multiple cores are daisy chained in one TAM and the
debug data might get corrupted because of contention, if care is
not taken. We therefore introduce a “core masking” strategy to
tackle this problem. In order to support real multi-core debug
that sends data onto the TAM concurrently, we propose to split
the TAM into several sub-channels and these CUDs send data
to different sub-channel to achieve the above objective without
data corruption.

5.1 Core Masking for TestRail Architecture

Core masking strategy resolves the aforementioned debug
data corruption problem in TestRail architecture by allowing
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Figure 8. Sharing TAM for Debug Data Transfer
with Channel Split.

Mode Sell | Sel2 | Output[0..1] | Output[2..4]

Other 1 1 Test[0..1] Test[2..4]
Share (low-half) | 0 1 |Debug[0..1]| Test[2..4]
Share (high-half) | 1 0 Test[0..1] | Debug[2..4]

Debug 0 0 | Debug[0..1] | Debug|[2..4]

Table 1. Mux Control for the Channel Split Strat-
egy.

only one core to send debug data onto the TAM at a specific
time. Different from [4] that utilizes dedicated control signals
to control every core, we introduce a one-bit mask signal gen-
erated from a monitor module to connect to every CUD on the
same TAM. Because of the unidirectional characteristic of Tes-
tRail architecture, this monitor connects to the far end of this
TAM.

The core masking strategy works as follows. The monitor
unit keeps observing the activities on the TAM. Once it de-
tects a non-‘0’ ID signal (i.e., a transfer request), it will assert
the mask signal. For those cores that run normally and do not
transfer debug data onto the TAM, the debug multiplexer in
their wrappers (see Fig. 5) will select the data source from by-
pass register when detecting the assertion of the mask signal.

It should be noted that because a TAM goes through the
bypass in every core on the TAM, it is possible that when one
core’s ID arrives at the monitor, some other CUDs on the TAM
have also sent transfer requests. Debug data corruption will
inevitably occur in such case. Designers can reconfigure the
triggers in those CUDs to avoid this situation. A better solution
however is to let those CUDs to be able to actually send data
at the same time, as illustrated in the following “channel split”
method.

5.2 Channel Split

The “channel split” strategy is to divide the TAM into sev-
eral sub-channels so that every CUD that needs to send debug
data concurrently can occupy a sub-channel by itself. Appar-
ently, this capability is achieved under the condition that these
CUDs’ debug bandwidth requirements can be satisfied with the
sub-channels, and the formatters in their corresponding wrap-
pers need to be configured accordingly.

To apply this methodology in TestRail architecture, the de-
bug multiplexer inside the core wrapper (see Fig. 5) is replaced
by a multiplexor network. Fig. 8 presents an example in which
a 5-bit TAM is split into a 2-bit sub-channel and a 3-bit sub-
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Figure 9. Experimental Setup.

channel for debug data transfer. Here ‘Test input’ and ‘Debug
input’ are connected to bypass register and debug output unit
in the wrapper, respectively. By doing so, only part of the TAM
is occupied by this core since the other part goes through by-
pass register inside the wrapper. To make this happen, again,
we need to introduce extra wrapper instruction. By decoding
this instruction, the control signals for the multiplexor network
are set to appropriate values and an example is illustrated in
Table 1.

To apply this methodology in Test Bus architecture, in ad-
dition to the above modifications, the system-level multiplexer
(see Fig. 2(a)) needs to be expanded to connect the combined
sub-channels to the TAM while keeping its original exclusive
characteristics, controlled by the system debug controller.

While the above channel split method effectively supports
concurrent multi-core debug data transfer, it might not be
enough if the total debug bandwidth requirements exceed what
can be provided by the TAM. In such case, we might have to
add dedicated trace bus to resolve this issue.

6 Experimental Results

To verify the proposed debug data transfer framework, we
present simulation results for two debug scenarios for a hypo-
thetical SoC. This SoC uses a TestRail architecture and con-
tains two 8-bit wide TAMs, as shown in Fig. 9. Both TAMs
connect to an internal trace memory with 16-bit data bit-width.
We target on debugging Core 1 and Core 2 connected on TAM
and Core 3 on TAM,. The trace data bit-widths out of the de-
bug output unit for all these 3 cores are 16-bit.

In our first experiment, we present simulation results for
the “core masking” strategy. As shown in Fig. 10, af-
ter trigger request (trigger_corel) is activated from Core 1,
the corresponding debug data transfer operation starts, which
can be observed from the rising edge of write enable signal
(we_trace_RAM1) together with the increment of address sig-
nal (addr_trace_.RAM1). Debug data (dataout_trace_.RAMI)
are thus written into the trace memory on TAM;. It can be
also seen that the mask signal (mask) is asserted after detecting
this event. During the debug data transfer process for Core 1,
Core 2 has also detected a trigger hit (trigger_core2 gets as-
serted), but because of the asserted mask signal, Core 2 could
not send debug data onto TAM;| and we can see a constant
value 0x0040’ that is sent from core 1. Only after this transfer
process is finished, mask signal is de-asserted. Core 2 then oc-

Module Area

Experiment 1 || Experiment 2
Formatter (in wrapper) 380 289
Trace Buffer Interface 651 706
MUX (in wrapper) 160 151
Monitor 139

Table 2. DfD Area Cost.

cupies TAM and starts to transfer its debug data. It can be also
observed in Fig. 10 that, since TAM, is a separate channel, the
debug data transfer for Core 3 works independently.

Our second experiment is to validate the channel split
method applied on TAM, in which Core 1 and Core 2 share
the TAM wires by utilizing the lower half and the upper half
4-bits, respectively. It should be noted to accommodate the
bandwidth decrease in such case, the trace data from each de-
bug output unit and the the CUD formatter module is reduced
to 8 bits and 4 bits, respectively. As depicted in Fig. 11, after
trigger signal (trigger_corel) is asserted in Core 1, 16-bit data
(dataout_trace_RAM) is written into trace memory, in which
only half of it contains useful record information ‘0x41’ from
core 1. When the debug data transfer is also activated for Core
2 (trigger_ core2 gets asserted), the 16-bit data now contain
the debug data for both Core 1 and Core 2. As can be ob-
served in Fig. 11, the ‘ID’ signals for Core 1 (‘0x01”) and Core
2 (‘0x02’) are first written into trace memory before the actual
debug data.We can easily analyze the mixed debug data inside
the trace memory according to the following rules:

debug_data_corel = data_RAM[T : 0]

debug_data_core2 = data_ RAM|15 : 8]

Finally, in terms of DfD cost, Table 2 present the silicon
area of each newly-introduced DfD unit in the above two debug
strategies using a commercial synthesis tool. The DfD cost of
each core wrapper, trace buffer interface and monitor are all
in the hundreds of 2-input NAND gates range, which is quite
small. Considering the proposed technique saves the routing
cost for dedicated trace bus, the total DfD cost for SoC post-
silicon validation is significantly reduced.

7 Conclusion and Future Work

In this paper, we present a new silicon debug data transfer
framework by reusing existing on-chip TAM resources. We
propose to modify the design of core test wrappers so that core
internal signals can be traced out at functional mode. We also
describe two techniques that enable multiple cores to send de-
bug data to the same TAM. Simulation results show the correct
behavior of the proposed solutions.

Currently, the SoC test architecture design and optimization
focuses on test time reduction [19]. The resultant test architec-
ture thus may not be efficient in terms of debug data transfer.
In our future work, we plan to take the cores’ debug require-
ments into consideration during test architecture design so that
the TAM bandwidth utilization rate for debug can be enhanced.



¥ ok o U i i U g
& resel 1 /"y €&—Request from Core 2 is masked _ Deactivated after Core 1 transfer
debug_data_corel 0040 0000 10040 HIl)
debug_data_core2 0025 0. ¥00..00...400. 30.] §00..300... UDE):DW...ID.. J00...§00... J00.. ¥00...f0.1. {00...300... {00, {00, 0. )00 00... [00.. J00Tf0.]. 00,40,
\> tiager_core1 0 L] T '| 1 H \Response to Core 2 request
Q trigoer_core? o Aserted by Core 1 transfer reques ; | ; ,' ll P
& mask 5H ] [ Yi !
[l data_TaM1 o ili] HIBESSHEHEBISEEENEEEEIHEEE S HENENEEEG. BN
\> we_trace_FAk1 St I | | ]
addr_trace_Réb1 19 aa JO1_Jo2[J0% Jp4 Y05 Y0 J07 (J08 J09 J0a JO0b JOc [J0d 10 L fof 310 1 Y17 113
dataout_trace_RaM1 0000 G000 \00_yome0 [ V7 oM \_n_Jo.. xoo...xojfxnmrxon..
Q trigger_cored i} Debug data from Cone 1 L | 1 ]
debug_data_core3 00 Oam Address signal
Ep data_TAM2 oo 0o OO T Yo [ or trace[RAMT
\> we_trace_RAMZ2 St K
addi_trace_RAM2 O 0o Vo7 02 Y3 J0d Y05 (405 Y0 405 Y09 ¥0a (406 Yoc Jad i0e
dataout_trace_RaM2 0000 000d Pl J00... 30007 ¥ {0000
I — |
TAM channel 2 works independ
N TR N SR N RN Ry N R T N RN N RN RN L R NN R E RN FA R CR RN SRERA AR
ow 250 380 400 450 500 550 600
Curgar 1 Onz

Figure 10. Simulation Results for Core Masking Strategy.

¥ ok o L e L r e e m L r r rp ru i

\> reset 1 L [“— Transfer data from core 1 —# |<¢——| Transfer| data fro —»><«—Transfer data
debug_data_corel 4 00 /o : RN ; core 1|& core 2 ; from core 2
debug_data_care2 19 Oa | {0b) Oc Od O i} 110 w {11 12 13 14 18 16 17

> trigger_care] 0 < Rkquest from Juestirgm—wt | | M !

Q trigger_core? 1 Core 1 |Core 2 \\ _/I Mixpdldata ]
dataout_corel 0 i] T 07 7 W7 [T @7 @17 M M7 |0
dataout_core2 7 i R 210 i 2 T I T 9 I A I

 we_trace_RAM 1] T L TN Ll |
addr_trace RAM [1:] oo 01 102 K] 104 105 ‘IUB J07 108 103 I
dataout_trace_Ra 1500 D000 JogaT, o041 !U l 041 IINEN] 241 1300 I

-
Coref 0 —— Core2p+— T~
Mow Si0ms 00 ' vl v r b b b b L b e

Figure 11. Simulation Results for Channel Split Strategy.

8 Acknowledgements

The authors would like to thank Dr. Shan Tang from T3G
Technology Co., Ltd. for his insightful comments to this work.

References

(1]

[4]
[5]

(6]

[7]

(8]

[91

M. Abramovici, et al. A Reconfigurable Design-for-Debug Infrastruc-
ture for SoCs. In Proceedings ACM/IEEE Design Automation Confer-
ence (DAC), pages 7-12, 2006.

Altera Inc. Design Debugging Using the SignalTap II Embedded Logic
Analyzer. http://www.altera.com.

E. Anis and N. Nicolici. On Using Lossless Compresstion of Debug
Data in Embedded Logic Analysis. In Proceedings IEEE International
Test Conference (ITC), paper 18.3, 2007.

ARM Ltd. How CoreSight Technology Gets Higher Performance, More
Reliable Product to Market Quicker. http://www.arm.com.

ARM Ltd. Embedded Trace Macrocell Architecture Specification.
http://www.arm.com/.

S. K. Goel, et al. Test Infrastructure Design for the Nexperia™ Home
Platform PNX8550 System Chip. In Proceedings Design, Automation,
and Test in Europe (DATE) Designers Forum, pages 108—113, 2004.
A. B. Hopkins and K. D. McDonald-Maier. Debug Support for Com-
plex Systems On-chip: A Review. In IEE Proceedings, Computers and
Digital Techniques, pages 197-207, 2006.

A. B. T. Hopkins and K. D. McDonald-Maier. Trace Algorithms for
Deeply Integrated Complex and Hybrid SoCs. In NASA/ESA Confer-
ence on Adaptive Hardware and Systems, pages 641-646, 2007.

G. Rootselaar and B. Vermeulen. Silicon Debug: Scan Chains Alone
Are Not Enough. In Proceedings IEEE International Test Conference
(ITC), pages 892-902, 1999.

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

E. J . Marinissen, et al. A Structured And Scalable Mechanism for Test
Access to Embedded Reusable Cores. In Proceedings IEEE Interna-
tional Test Conference (ITC), pages 284-293, 1998.

MIPS Technologies Inc. EJTAG Trace Control Block Specification.
http://www.mips.com.

Semiconductor Industry Association (SIA). The International
Technology Roadmap for Semiconductors (ITRS): 2003 Edition.
http://public.itrs.net/Files/20031TRS/Home2003.htm, 2003.

N. Stollon, R. Leatherman, B. Ableidinger, and E. Edgar. Multi-Core
Embedded Debug for Structured ASIC Systems. http://www.fs2.com/.
S. Tang and Q. Xu. A Multi-Core Debug Platform for NoC-Based Sys-
tems. In Proceedings Design, Automation, and Test in Europe (DATE),
pages 870-875, 2007.

S. Tang and Q. Xu. In-band Cross-trigger Event Transmission for
Transaction-based Debug. In Proceedings Design, Automation, and Test
in Europe (DATE), pages 414—419, 2008.

P. Varma and S. Bhatia. A Structured Test Re-Use Methodology for
Core-Based System Chips. In Proceedings IEEE International Test
Conference (ITC), pages 294-302, 1998.

B. Vermeulen, T. Waayers, and S. Bakker. IEEE 1149.1-Compliant
Access Architecture for Multiple Core Debug on Digital System Chips.
In Proceedings IEEE International Test Conference (ITC), pages 55-63,
2002.

B. Vermeulen, T. Waayers, and S. K. Goel. Core-Based Scan Architec-
ture for Silicon Debug. In Proceedings IEEE International Test Confer-
ence (ITC), pp. 638-647, 2002.

Q. Xu and N. Nicolici. Resource-Constrained System-on-a-Chip Test:
A Survey. [EE Proceedings, Computers and Digital Techniques,
152(1):67-81, Jan. 2005.

Y. Zorian, E. J. Marinissen, and S. Dey. Testing Embedded-Core-Based
System Chips. IEEE Computer, 32(6):52—-60, June 1999.




<<
  /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 1.4
  /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


