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Abstract—This paper presents a fast and low cost on-line
scheme named Charka that analyzes short faults in channels
of octagon NoCs. Experimental results demonstrate that the
proposed scheme achieves 100% coverage metrics and its on-
line evaluation reveals compelling effect of these faults on system
performance. We observe that the proposed scheme is upto 9X
faster while packet latency is improved by 13.79–21.17% and
energy consumption is reduced by 17.57–24.97%. Further, the
test area overhead is reduced by 13–26% that shows 52–57.77%
improvement.

Keywords-channel short faults; design for manufacturability,
yield, reliability, and defect tolerance; on-line fault detection and
diagnosis; model effectiveness; on-line performance evaluation.

I. INTRODUCTION

With the advancements in VLSI technology, SoC designs

are seamlessly integrated with IP blocks. But, a bus-based
SoC system has failed to provide expected performance re-

quirements by several complex applications. A NoC in the

place has emerged as a new methodology that encompasses
networking paradigms and allows effective addition of storage

and functional blocks [1]. However, a NoC channel outlined
with a group of metallic wires is often susceptible to logic level

manufacturing faults e.g. shorts. A short fault whether intra-

or inter-channel [2], [3] when experienced in interswitch and
local channels, the issue of establishing a reliable connection

between sender and receiver in a network (NoC) becomes

a major concern. The network performance as a result is
influenced noticeably. Additionally, test time as a driving

factor may influence the performance when the channels are
in test mode.

Many researchers have shown their interests in testing short

faults in communication channels of a NoC-based architecture.
Cota et al. [4] have addressed pairwise shorts on channel-

wires in a 2 × 2 mesh neighborhood. Multiple applications
of the neighborhood in larger mesh NoC cover the fault.

Though, the model has achieved good fault coverage metrics

for meshes but fails for other topologies e.g. octagon. Then,
a test model discussed in [5] must be taken. The model

consequently leads to high test time. In on-line mode, Kakoee

et al. [6] have analyzed stuck-at faults (including pairwise
shorts) in interswitch channels of general NoCs. Though, the

model is scalable irrespective of NoCs but offers high test
time. Because, every router is selected sequentially to test its

channels. Bhowmik et al. [2] have proposed a time efficient

on-line test mechanism for channel-shorts. The model well

behaves in large-scale general NoCs but fails for smaller
network. Because, the model is based on selection of sixteen

nodes at a time and brings the test application on a smaller

NoC equivalent to an off-line mode application. Above all,
these modules are discussed with mesh NoCs. Therefore, an

efficient methodology must be devised that have a capability

of detecting and diagnosing channel-shorts in other NoCs e.g.
octagon [7] and is mandatory in design for manufacturability,

yield, reliability, and defect tolerance improvement.
This paper presents a cost effective and fast on-line scheme

named Charka that tests intra- and inter-channel short faults

in an octagon NoC (Figure 1). We consider the faults on data,

control, and handshake wires of interswitch and local channels.
The proposed scheme schedules the nodes (routers and their

dedicated cores) so that the channels in the NoC can be tested
in just few clocks. The NoC during testing is kept functional

except the channels of scheduled nodes under test.
We see that the experimental synthesis needs few logic gates

as hardware area overhead to implement the test algorithm and
fault simulation achieves 100% coverage metrics. The on-line

evaluation of the proposed scheme reveals deep insights on the
effect of these channel short faults on system performance. We

observe that the proposed scheme reduces the hardware area

overhead by 13–26% that shows 52–57.77% improvement and
is up to 9X faster. Simultaneously, average packet latency is

improved by 13.79–21.17% and energy consumed by a packet

flit is reduced by 17.57–24.97%.
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Fig. 1: General representation of an octagon network with nodes and n-bit channels.
The DW, CW, HW are data, control, and handshake wire sets respectively.

Rest of the paper is organized as follows. Proposed test

model is discussed in Section II. Section III provides sim-
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ulation results. Countering the prior models is shown in
Section IV. Section V concludes the paper.

II. PROPOSED WORK

In this section, we present our test model for intra- and inter-

channel short faults experienced in an octagon NoC. First, we
define the short fault model followed by test infrastructures.

Next, we discuss the test mechanism that exploits the walking-

one (W1) sequence to testify our channel-shorts. Finally, we
propose a node selection method to lower the test time.
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Fig. 2: Representation of intra- and inter-channel shorts with single/multiple
occurrences.

A. Short Fault Model

In this work, we consider shorts, one kind of logic level
manufacturing faults in channels of an octagon network. A

short is a state that is experienced by two or more channel-

wires because of their closeness. A short occurs in a group fg
of channel-wires. We term the fg as fault group. Short faults

are intra- and inter-channel types [2], [3] shown in Figures 2a
and 2b [8]. The symbol fspq represents a short between wires

lp, lq with fg instances in a channel. E.g. the wires l1, l2, l4, l8
(Figure 2a) are shorted together with fg = 4. As the fg
increases, occurrences of intra-channel shorts decrease. It is

observed that this short beyond fg > 4 is negligible. Further,

two channels in an NoC architecture are sufficiently separated.
The probability of inter-channel shorts is also negligible. We

thus realistically consider fg = 2, .., 5 for intra-channel shorts

and pairwise (fg = 2) inter-channel shorts at a node for the
analysis.

#S1 =
∑

fg=2,..,5

n!

fg!(n− fg)!
(1)

#S2 =
(8n)!

2!(8n− 2)!
(2)

#S =

⎧⎪⎨
⎪⎩

40×#S1

+

8×#S2

(3)

Each node in an octagon NoC shares 8 unidirectional
channels, each has n-bit width. So, a node shares 8n channel-

wires. Equations 1 and 2 define #S1 and #S2 as the size of

intra- and inter-channel shorts at an octagon node respectively.
An octagon network consists of 8 nodes and 40 unidirectional

channels. Then, total shorts #S modeled in the network is
equated in Equation 3. Our analysis of the shorts is with 16-

bit channels. Hence, #S1=274720, #S2=65024 i.e. #S=339744

short faults are modeled in our octagon NoC for testing.

B. Test Infrastructures for Channel Shorts

The proposed test algorithm implementation involves test
sequence generation, transmission, and response analysis. We

use the W1 sequences as test pattern set. The derived test
set is sufficient to detect all possible shorts in channels.

A test pattern generator (TPG) block generate raw W1 set

including header and trailer. These data set is segmented into
small packets. Each test packet is shifted in time by the TPG

block. The TPG at a core unicasts test packets. We add extra

circuits in the logic of router’s TPG. This integrated TPG
(I-TPG) multicasts test packets. The received test vectors as

test responses are analyzed by another block- test response

analyzer (TRA). A TRA block has two sub-blocks. One
block is called fault diagnosis module (FDM) that analyzes

test responses to diagnose shorts on channel-wires. Another
block is called TRA signal generator (TSG) that declares a

channel error- payload, misrouting, and dropping depending

upon diagnosis result from the FDM. Towards lowering the
test clocks and performance overhead these two blocks as a

test module (TM) like our early works including [8], [9] are

placed side by side in both router and core of every node in
the underlying octagon network. Figure 3 gives an abstract

view of a TM in a node.

Router

I−TPG TRA

FDM TSG

TPG TRA T
M

T
M

Core

Fig. 3: Basic test blocks embedded in
both core and router of a node.

TABLE I: Test packet organization for a
channel with data-width=2.

Payload
dw2 dw1

H 0 1 T
e 1 0 r
a 0 0 a
d 0 0 i
e 0 0 l
r 0 0 e

0 0 r
0 0

An octagon NoC-based communication system is a packet

switched network where two communication parties exchange
data in the form of packets. Every packet has header, payload,

and trailer flits. The header and trailer flits contain routing

information such as beginning of packet (bop), destination ad-
dress, end of packet (eop) and so on. We place W1 sequences

in these fields. The payload flits contain W1 sequences for

DWs. The test set must be accommodated with control in-
formation carried with header and trailer flits at the moment

to test CWs. Also, required W1 set is placed in handshake
information while testing HWs. Size of a test as well as normal

packet varies with the n, routing scheme, and so on. A packet
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with larger size is believed to be disadvantageous to NoC
performance. Each packet size contains four flits (2 payload,

1 header, 1 trailer flits) to evaluate our fault model. A typical

format of a test packet for data wires is provided in Table I.
The dw1, dw2 are first and second data-wires in a channel.

Since, every test flit is dedicated for a wire in a channel. For
an n = 16-bit channel, we need 16 test flits of W1 type. Then,

we need 8 test packets to address shorts in channels from a

node.

C. Testing Short Faults in Channels

Now, we discuss the test mechanism that involves detecting

and locating both intra- and inter-shorts in channels from a
node. The mechanism exercises test packets, each consists of

partial W1 set embedding with header and trailer flits like

as the wormhole switching does. The header and trailer are
necessarily applied. The payload follows the header and the

trailer follows the payload.

Similar to authors early works including [8], [9], the pro-
posed test mechanism for channels from a node is based on

shifting of test packets from the node by its TPG module

and analyzing the received test packets at the neighbors by
their TRA modules. The wires of a channel are tested in three

phases: DWs, CWs, and HWs. The first phase is accomplished
by loading sufficient W1 set into payload fields of the packets.

The short faults affecting CWs and HWs are handled one

after another by accommodating sufficient W1 sets in the
control (”bop” and ”eop”) and handshake (”ack” and ”val”)

information dedicated for these wire sets. Note that the TPG

at core of the node shifts test packets to its neighbor router over
the local channel. At the same time, I-TPG of router of the

node multicasts test packets on the channels from the router
to its connected core and neighbor routers. A test packet is

shifted from a node in a such a way that a underlying channel

at any time remains filled. To serve the purpose, logic of a
wire is set to ”1” while remaining wires in the channel are set

to ”0”. If a wire for example lp is shorted with another wire

lq in the channel, then the test bit ”1” sent on the lp is also
available on the lq. The TRA’s input port at a receiver over

the wires detects this short fault between these wires.

Alongside the detection of short faults among wires in
channels considered in a test mode, the location of the faults

on channel-wires that indicate the set of faulty wires in these

channels must be identified. The FDM of the TRA at a
receiver analyzes the incoming test flits i.e. received W1

sequences (responses) with predefined local test sets. The
FDM essentially verifies whether these responses correspond

to the local test flits, W1 set generated by the TPG/I-TPG at

the receiver. To diagnose the shorts in a channel i.e. identify
the faulty wires in the channel, the FDM performs the follow-

ing logical operations: XORing, ORing separately between a

response and its corresponding test flit. For instance consider
Figure 2a where the test bit ”1” is sent from the router Si on

the l1 in the form of test flit ”1000 0000”. Then, the TRA’s
input port at the receiver Sj has responses in the form ”1000

0000”, ”0100 0000”, ”0001 0000”, and ”0000 0001” over the

⊕

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

10000000

01000000

00010000

00000001

10000000

−−−−
01010001

(4)+

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

10000000

01000000

00010000

00000001

10000000

−−−−
11010001

(5)

Fig. 4: Meaning of TRA’s
2-bit signal.

Bits Error Type

00 No Error
01 Payload Error
10 Misrouting Error
11 Timeout Error

l1, l2, l4, l8. It shows that the transmitted bit is duplicated. Now,

the FDM of the TRA does the logical operations provided
in Equations 4 and 5. The former operation ensures that the

wires- l2, l4, l8 are shorted with the l1. The later operation
ensures shorted wires including the l1. Either of these results

is fed to the TRA’s TSG that generates a 2-bit signal to ensure

the type of error occurred in the channel. The meaning of
the signal bits is provided in Table 4. If the l1 is data- and

handshake-wire experienced a short, a payload error occurs

which later is manifested as packet duplication at system level.
Diagnosing shorts in control-wires results in packet misrouting

and dropping errors. Since a test packet is guided by header
and trailer flits, then shorts on CWs affect these flits. Thus,

packet header and trailer information get modified and are

analyzed by the TRA over the channel. During application, this
modified header will cause to transmission of the packet to a

unintended receiver resulting packet misrouting. Similarly, the

intended receiver may not get the ”eop” signal due to modified
trailer that results to packet dropping error.

D. Scheduling Nodes

We apply the proposed scheme in on-line mode where a

subset of channels is made under test and keep rest part
of underlying octagon network functional that may transmit

application packets. However, an application packet must wait

at a router which is at the moment engaged in testing a
channel and needs forwarding of the packet of course on the

channel. Major challenge is the selection of a subnet (a set of
channels connected by nodes) in test mode. A subnet selection

must involve in lowering the test cost (time) and performance

overhead. This task is referred as test scheduling. A test setup
of addressing shorts in channels of a subnet is treated as a test

configuration/round.

In the proposed test scheduling, we select four nodes from

the underlying octagon network that constructs a closed X-

shaped subnet. Such subnet is rotated in the clockwise or
anticlockwise direction that completes testing of channels of

the octagon network in just four test rounds (TRs). A test

round is accomplished in two test iterations (Tits). In first
iteration (Tit=1), all odd nodes initiate shifting of test packets

while the rest even nodes analyze the test responses. Similarly,
the even nodes send test packets and the neighbor odd nodes

analyze the received packets in the next iteration i.e. second

iteration (Tit=2). An odd/even node is found in [2].

The test algorithm is executed at a node and multiple nodes

are concurrently allowed to do so in a Tit. The test time Tit

needed in an iteration is therefore equal to the test time Tnode

at a node. Now, the Tnode as found in authors earlier works,

216 2017 Design, Automation and Test in Europe (DATE)



is the sum of time required for test set including header and
trailer generation labeled as Ttpg , test set organization into

packets labeled as Ttpo, test packet transmission labeled as

Ttpt, and test response analysis labeled as Ttra. Equation 6
defines the Tnode. Thus, Tsubnet, Tn/w, the time needed for

channels of a subnet and an octagon network can determined
in Equations 7, 8 respectively [8], [9].

Tnode = Ttpg + Ttpo + Ttpt + Ttra (6)

Tsubnet = 2Tnode (7)

Tn/w = 4Tsubnet (8)
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Fig. 5: Application of the proposed test mechanism at various test rounds in an
octagon network.

Figure 5 illustrates test application in a subnet denoted by

dotted region. The subnet is rotated here in the clockwise

direction. And, the application of the proposed test algo-
rithm by the odd/even nodes in first subnet i.e. at TR=1

is shown in Figure 6. Figures 6a and 6b illustrate the test

application at Tit=1 and Tit=2 respectively. In the TR=1,Tit=1,
the N1 ←− 〈S1, C1〉, N6 ←− 〈S6, C6〉 (Figure 6a) are

treated as odd nodes that transmit test packets over channels
(dotted arrows) to their neighbors even nodes where responses

are analyzed to detect and diagnose shorts. Similarly, the

N2 ←− 〈S2, C2〉, N5 ←− 〈S5, C5〉 (Figure 6b) treated as even
nodes transmit test packets over channels (dotted arrows) to

their neighbor odd nodes in the next iteration of the current

round i.e. TR=1, Tit=2.

III. RESULTS

The proposed test strategy is implemented on an octagon

NoC. The network consists of 8 routers, 8 cores, and 40
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Fig. 6: Scheduling test executions at odd/even nodes in an iteration.

channels. Each router is connected to a core via local channel

and three neighbor routers via interswitch channels. We con-
sider in this paper that each channel has width n = 16-bit.

Also, the n can be determined on the basis of application

type, traffic size in the network, and so on. The channels
with injected faults in a subnet (or test round) are placed

under test. The TPGs at one end of the channels generate,

organize, and transmit test packets. The TRAs at other end of
the channels analyze responses to detect and identify faulty

channel-wires. Experimental setup is built with Xilinx version
10.3 simulator and the Verilog is used to synthesize these

TPGs and TRAs. The size of these units are measured in terms
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TABLE II: Synthesis Results for the TM.

n TM Unit #LGs RASoC [10] Xpipe [11] Core

TPG-Core 118 7% 8% 2.5%
16 TRA-Core 84 5% 6% 1.5%

I-TPG 152 9% 11% 3%
TRA-Router 124 7% 8% 2%

Total 202-276 12-16% 14-19% 4-5%

of logic gates (LGs) that vary with channel width. Since few
W1 test sequences are used, these units take very little space

in routers and cores. Table II provides the synthesis results
of TPG and TRA (TM) units of a node for a 16-bit channel.

The space needed by a TM is measured with reference to

RASoC [10] and Xpipe [11] routers. Since, the size of a core
is much more than its router, the TM insists very little area

overhead on the core than a router.

A. Model Effectiveness

Considering the test time evaluation method discussed
in [2], [8], [9], each iteration needs 40 clocks (Ttpg =
5, Ttpo = 1, Ttpt = 32, Ttra = 2) to detect shorts in a channel
of n = 16-bit. Therefore, the Tn/w equals to 320 clocks. Our

fault injection followed by simulation campaigns are done in

the sequence of DWs, CWs, and HWs in a test round. Let
us consider the test application of TR=1 shown in Figure 5a

that shows 16 channels under test. In first fault simulation, we

assume the shorts exist in DWs. Then, #S1=25168, #S2=10224
i.e. #S=35392 are detected by transmitting sufficient W1 test

sequences and analyzing responses. In second fault simulation,
shorts are assumed to be on CWs and the fault region is ex-

tended to DWs. Additional W1 sequences are accommodated

in control information (”bop, eop” signals). The fault simula-
tion campaign detects #S1=55328, #S2=13944 i.e. #S=69272.

Finally, we consider shorts on HWs and now the fault region

is extended to both DWs and CWs. Therefore, extra W1
set is placed in the handshake communication information

(”val, ack” signals). The fault simulation detects #S1=109888,
#S2=18240 i.e. #S=128128. In the current test round, we

test 16 channels that achieve 40% link (channel) coverage

metric (LCM) [2], [3]. All modeled faults in channels in
the round are detected resulting 100% fault coverage metric

(FCM). However, the FCM is 37.71% at the network level i.e.

against total modeled faults. Diagnosis of modeled faults i.e.
fault simulation is carried out in ModelSim PE version 10.3c

simulator integrated with the Xilinx simulator and is resulted
as channel errors. We observe that our fault simulation detects

70.76%, 16.52%, and 12.72% as payload, misrouting, and

dropping error respectively which again cumulatively ensure
100% FCM. Similar fault simulations are repeated in other test

rounds by shifting the test application shown in Figures 5b

to 5d to detect and diagnose shorts in rest of the channels.
Thus, the LCM and FCM are achieved to 100%.

B. On-Line Performance Evaluation

When channels in the octagon network are non-faulty
then one can observe expected performance and application

data can reliably be transported over channels. However, the

performance can be visibly affected while one or multiple
channels in a routing path suffer from short faults. Subse-

quently, various system level failures are raised in the network.

These failures are manifested as channel errors. The proposed
test model (Charka) evaluates following three performance

metrics- throughput, latency, and power (energy) consumption.
A cycle-accurate Noxim [12] simulator with similar simulation

setup discussed in [2], [3], [8] is used for performance evalua-

tion. The octagon network is built using a 2×4 mesh network
where diagonally opposite routers are interconnected too.

Figure 7 demonstrates the on-line evaluation of the proposed

test model in a test round. In other words, we observe the
effect of channel shorts on the above mentioned performance

metrics on a test application in a round. The traffic in terms of
packet flits are determined in the network at different packet

injection rate (PIR). Corresponding received and dropped flits

are observed in the network. Note that the received flits sums
the original and duplicated flits. A fraction of injected traffic

is lost due to packet timeout fault. However, this fault is

enhanced when CWs that carry packet trailers are affected
by shorts. Generally 4–7% of injected traffic is lost due to

timeout. But, with faulty channels, this dropping is enhanced
to 10–16% [8], [9]. Consequently, the behavior of performance

metrics is changed.

IV. COUNTERING PRIOR MODELS

The proposed Charka-based test application counters a

number of existing test modules [2], [3], [4], [5], [6] at least in
terms of test clocks. Subsequently, the network performance is

improved especially to packet latency and energy consumption
by a packet flit. When we execute the test model proposed

in [5], we need Tit=24 i.e. Tn/w=2760 clocks to address the

channel shorts. One may consider the 2× 2 test configuration
discussed in [4] is equivalent to our test application in a

subnet. Though, the channels can be tested in 4 rounds but

the approach takes Tn/w= 1008 clocks to cover all modeled
shorts. The model discussed in [6] has addressed shorts in

interswitch channels only and is based on a sequentially router
selection method. The model takes Tit=16 and is completed

in Tn/w=1840 clocks. If the faults are to address in local

channels, then the Tn/w equals to 2432 clocks. However,
if the Charka is applied, it needs Tit=8 and the Tn/w=320

clocks. Therefore, the Charka seems to be 9X faster than

the above mentioned models. If the model discussed in [2]
is taken, the testing can be completed in Tit=2 and Tn/w=80

clocks but no application data are transmitted till the testing
is over. The test mode behaves like an off-line mode where

whole network remains busy in a test mode. For some critical

systems [13], freezing the whole system in a test mode is
not allowed. An application of the 2-hop model [3] offers

comparative lower test time over the previous models. The

model covers channels short faults by Tit=6 i.e. Tn/w=240
clocks. However, the test configuration (test setup in a subnet)

size varies with an iteration that compel to irregular resource
consumption incuring hardware and performance overheads.

Thus, the Charka successfully replaces the existing models.
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(a) Amount of packet flits sent in octagon network. (b) Amount of packet flits received in octagon network. (c) Amount of packet flits dropped in octagon network.

(d) Behavior of throughput in octagon network. (e) Behavior of packet latency in octagon network. (f) Behavior of energy consumed by packet flit.

Fig. 7: The on-line evaluation of various performance metrics for the Charka-based test application on an octagon network with 16-bit channel width.

Further, lowered test time improves packet latency and related

resource utilization. We observe that the proposed solution

improves packet latency by 13.79-21.17%. Consequently, the
energy consumed by a packet flit is reduced by 17.57–24.97%

on average as compared to the existing models. Beside the

above improvements, the Charka is better w.r.t area overhead
of the TM. For instance, a TM in the models [4], [5],

[6] take 25–45% area in a router while the component as

proposed in the Charka needs only 12–19% area. Then, the
proposed TM reduces 13–26% hardware area resulting 52–

57.77% improvement.

V. CONCLUSION

This paper has presented a low cost and fast on-line test

algorithm that addresses short faults in channels of an octagon
NoC and has deeply analyzed the effect of these faults on

common network performance metrics. The fault simulation

has resulted 100% coverage metrics. Also, the proposed model
might be selected as an alternative to a set of approaches in

analyzing channel shorts in the octagon NoC.
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ı. Cota, and M. Lubaszewski, “Improving the yield of noc-based
systems through fault diagnosis and adaptive routing,” J. Parallel Distrib.
Comput., vol. 71, no. 5, pp. 664–674, May 2011.

[6] M. Kakoee, V. Bertacco, and L. Benini, “At-speed distributed functional
testing to detect logic and delay faults in nocs,” Computers, IEEE
Transactions on, vol. 63, no. 3, pp. 703–717, March 2014.

[7] F. Karim, A. Nguyen, and S. Dey, “An interconnect architecture
for networking systems on chips,” IEEE Micro, vol. 22, no. 5, pp.
36–45, Sep. 2002. [Online]. Available: http://dx.doi.org/10.1109/MM.
2002.1044298

[8] B. Bhowmik, J. K. Deka, and S. Biswas, “Towards a scalable test
solution for the analysis of interconnect shorts in on-chip networks,” in
MASCOTS 2016 - 2016 IEEE 24th International Conference on Mod-
eling, Analysis, and Simulation of Computer and Telecommunication
Systems, Sep 2016.

[9] B. Biswajit, J. K. Deka, and S. Biswas, “An on-line test solution for
addressing interconnect shorts in on-chip networks,” in 2016 IEEE 22nd
International Symposium on On-Line Testing and Robust System Design
(IOLTS), July 2016, pp. 9–12.

[10] C. Zeferino, M. Kreutz, and A. Susin, “Rasoc: a router soft-core for
networks-on-chip,” in Design, Automation and Test in Europe Confer-
ence and Exhibition, 2004. Proceedings, vol. 3, Feb 2004, pp. 198–203
Vol.3.

[11] D. Bertozzi and L. Benini, “Xpipes: a network-on-chip architecture
for gigascale systems-on-chip,” Circuits and Systems Magazine, IEEE,
vol. 4, no. 2, pp. 18–31, 2004.

[12] V. Catania, A. Mineo, S. Monteleone, M. Palesi, and D. Patti, “Noxim:
An open, extensible and cycle-accurate network on chip simulator,”
in Application-specific Systems, Architectures and Processors (ASAP),
2015 IEEE 26th International Conference on. IEEE, 2015, pp. 162–
163.

[13] E. A. Rambo, A. Tschiene, J. Diemer, L. Ahrendts, and R. Ernst,
“Fmea-based analysis of a network-on-chip for mixed-critical systems,”
in 2014 Eighth IEEE/ACM International Symposium on Networks-on-
Chip (NoCS), Sept 2014, pp. 33–40.

2017 Design, Automation and Test in Europe (DATE) 219



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


