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ABSTRACT

As the technology shrinks, the power consumed by links
dominating the power consumed by routers. We can reduce
power consumed by links by using clock gating and data
encoding schemes. Clock gating is one method to reduce
switching power in NoC links and we can provide this at the
time of synthesis by using EDA tools. The data encoding
scheme exploits the wormhole switching techniques and
works on an end-to-end basis. That is, flits are encoded by the
network interface (NI) before they are injected in the network
and are decoded by the destination NI. This makes the scheme
transparent to the underlying network since the encoder and
decoder logic is integrated in the NI and no modification of
the routers architecture is required Data encoding schemes are
other techniques to reduce switching power in NoC links by
reducing self transition and coupling transition in links. In this
paper, we proposed data encoding scheme called self and
coupling driven bus invert (SCDBI). By using this method we
can reduce the switching power by 34.64% without any
significant degradation in area and performance.
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1. INTRODUCTION

As the number of IP cores integrated into a system on-chip
(SoC) increases, the role of the interconnection system
becomes more and more important because these are the
limiting factors for performance and power consumption in
current and next generation SoCs [2].In ultra deep submicron
silicon design is mainly dominated by interconnection issues.
As the number of cores increases, the total length of the
interconnection wires increases, resulting in long transmission
delay, larger area and higher power consumption. Another
problem is, the length of wires decreases with technology, in
turn, it will increase coupling capacitance, and the height of
the wire material increases resulting in greater fringe
capacitance [3]. In the multi core era, as the number of cores
increases significantly on SoC, the communication systems
also need to change to support the multi core communication
demands. NoC is the solution to scalability issues of future
many-cores systems and to achieve the performance,
reliability, and power requirements.
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The importance of interconnects in complex many -core chips
has outrun the importance of transistors as a dominant factor
of performance, power, cost, and reliability [6], [7]. There are
few other types of interconnect architectures like simple bus
architecture, point to point architecture and segmented bus
architecture etc. but NoC can only address the global
interconnect problems (like delay, power, noise, scalability,
reliability), system integration and productivity problem (i.e.
long designing problem), and emergence of chip
multiprocessors. NoC-based interconnect is formed by three
basic elements those are network interfaces (NIs), routers, and
links. As technology moves down, the power dissipated by the
routers and NIs is dominated by links. In this paper we have
focused on power dissipated by network links. The power
dissipation in links is due to switching activity (both self and
coupling) induced by subsequent data pattern traversing the
link [1]. Data encoding schemes are the best way to reduce
power dissipated by the network links by reducing the
switching activity in links. The basic idea is to encode the data
before traversing through links to reduce the switching
activity of the links [1]. In this proposal, the data is encoded
before transmission and is decoded at the destination. It is
transparent approach with respect to the NoC fabric as it does
not require modifications to router.

This proposal will reduces the power with the expense of
overhead (both in terms of power dissipation and silicon area)
due to the encoding and decoding logic integrated into the NI.
The rest of this paper is organized as follows. An overview of
the proposed data encoding scheme is presented in Section 2.
In Section 3, we perform a general quantitative analysis. The
proposed data encoding scheme i.e. SCDBI along with a
possible hardware implementation and its analysis is
presented in detail in Section 4. Synthesis and simulation have
shown in Section 5. Finally, in Section 6&7 we draw our
conclusion and discuss possible future developments.

2. OVERVIEW OF THE PROPOSAL

The general scheme of the proposed approach is depicted in
Fig. 1.
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Figure 1. General scheme of the proposed approach

As shown in Fig. 1, the NI is integrated with an encoder (E)
and a decoder (D) block. Encoder encodes all the outgoing
flits of the packets except header flit to minimize the power
dissipated by links in which the packet is traversed. The
header flit contains control information (destination address,
packet size, and so on) so no need to encode. Header flit
should be processed by the routers through the routing path.
In the same way, the incoming flits in the NI (with the
exception of the header flit) should be decoded by the decoder
block.

3. GENERAL QUANTITATIVE
ANALYSIS

In this section, the general model to quantify the power saving
is defined using an end-to-end data encoding technique as
sketched in Fig. 1.Then, impacts of several architectural and
communication-related parameters on power saving will be
analyzed .

Let us consider a packet of n + 1 flits

pkt = {by by, by b} @

b i i = eae
Where, s the header flit and b, i=123.n

body flits.

are the

Let us consider that a packet is transmitted from source

: PEg o .
processing element ( ) to destination processing element

PE
( d ) involving h hops (see Fig.1). And that packet will hop
through h links and will be processed by h + 1 routers (from

R
0 h ). The power dissipated to transmit the packet can
be expressed as

p(pkt) = 2(n +1)pyyy + (h+DpE T + (+Dp{) +h(n+1)p,
2

(H) p(B)
Where "R and "R the power dissipated by the router

when header flit and the body flit, respectively and PNI s
power dissipated by the network interface and P is power
dissipated by a

link to transmit a flit. Now, let us take the case in which the
NI encodes body flits of the packet before traversing through
links and decodes each received body flit at another end of
link. In this case, the power dissipated to transmit the packet
can be expressed as

A N
p(pkt) = 2pp; +2n ppy + (h+ P& + (h+)np{) +h(n+1)p,

©)
7AN

Where, PNl is the power dissipated by the NI integrated with
A

the encoder and decoder logic and PL is the power dissipated
to transmit an encoded flit over a link. Let us indicate with

PED the power contribution of the encoding/decoding logic.

A

We can approximate P asthe PN plus the overhead due
to the encoding/decoding logic

VAN
PNI = PNy TP
NI NI T PED @)
Substituting (4) in (3) we have
p(pkt) = 2pp +20(pyy + Ppy) + (h+DpS + (h+ D) + (n+1)h py

®)

The percentage reduction in power dissipation, PR when the
encoding technique is used is computed as
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PR =1 P(pkt) / P(pkt) (6)

4. PROPOSED ENCODING SCHEMES

In this section, we present self and Coupling Driven Bus
Invert (SCDBI) encoding scheme. Its goal is to reduce the
power dissipation in NoC links by reducing switching
activity. First, we will briefly analyze the different factors
involving in determining the power dissipated by a link.

4.1 Power Model

The dynamic power (short circuit+ switching power)
consumed by the interconnects and drivers is given by

2

Where Vdd is the supply voltage, Fek is the clock frequency,
s is the self capacitance (which includes the parallel-plate
capacitance and the fringe capacitance), i is the load
capacitance, and b is the coupling capacitance. To1 is the
average number of effective transitions per cycle for Cs and
Te is the average number of effective transitions per cycle for

c T .
C .We can compute 01 by counting the number of
0—>1 transitions in the links in two consecutive

e Te . . o
transmissions and € is by counting the correlated switching

among physically adjacent bus lines. Precisely, we can
differentiate four types of coupling transitions as follow. If
one line toggles while other stays unchanged then it is a Type
| transition. If one line switches from low to high while the
other switches from high to low a Type Il transition will
occur. A Type Il transition occurs when both lines switch
simultaneously. Finally, if both lines do not switch i.e. they
will be in a same state then it is said to be Type IV transition
is occurred. The effective switched capacitance is different for
different transition types. So, the coupling transition activity

T . . . .
C is a weighted sum of the different type of coupling
. I T
transition contributions. We can express € as

k k
Accordingto [2], 1 =1, ko =2,and 3= kg =0and here,

k. . .
Lis considered as reference for other types of transition. The

effective capacitance in Type |l transition is twice the
effective capacitance of Type | transition. We know that in
Type Il transition both signals will switched simultaneously,
Co . . .
C is not charged (here we consider that there is no
misalignment between the two transitions). Finally, in Type

IV transition there is no dynamic charge distribution over .
Based on this, (7) can be expressed as follow:
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In the next subsection, we present SCDBI encoding scheme,
its goal is to minimize transitions to minimize the switching
activity.

4.2 SCDBI
Lookingat (7) and (8) we have

p oc [T0—>1CS + (lel + k2T2 + k3T3 + k4T4)cC] (10)

The link power consumption if the data is inverted,

' 1

Where, T0—>1,T1, T2,T3 and "4 are the self transition
activity and the coupling transition activities of Types I, Il,
11, and IV, respectively, if the data is inverted before being
transmitted. We need to determine the relationship between
the coupling transition activities if the flit is transmitted as is
and with its bits inverted. Table I reports for each transition
type and how it mutates if the flit is inverted. Data are
organized as shown in table I. We can observe from Table |
that Type I transitions will remain as Type | transitions even if
the flit is inverted and Type Il and Type Il transitions will
changed to Type IV transitions if the flit is inverted. Type IV
transitions will mutates either in Type Il or Type Il
*

transitions. In particular, transitions indicated as 4 in the
table mutate in Type Il transitions whereas that indicated

**x

T . . .
with 4 mutate in Type Il transitions. In the same way, it is

T T,
simple to find tha  0—1="0-0_ we can express (12) as a

T * *xk
. T, T T T
functionof 1, 2,3 "4 and 4 as

P o [Tg_yCs + (kyTy +kpTy  +kaTy +kg(Ty +T3))cc]
(12)

If P> P then invert the data flits. Taking (10) and (12) and

kp=2 kz=kg =0

nd CC/CS:A"

according [2] k=1
we obtain the following invert condition:

*x
TO 1+ 8T2 > TO 0 T 8T4 (13)

In conclusion, the SCDBI encoding scheme simply inverts the
flit before its transmission if and only if the invert condition
(13) is satisfied.
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Table 1 How Transitions Mutate If Data Is Inverted

Time Normal Inverted
Type | Type |
t-1 060 00 11 11 00 00 11 11
t 01 10 01 10 10 01 10 01
Type ll Type IV
t-1 01 10 01 10
t 10 01 01 10
Type Il Type IV
t-1 00 11 00 11
t 11 00 00 11
Type IV Type Il and lll
t-1 00 11 01 10 00 11 01 10
t 060 11 01 10 11 00 10 01
T4** T4* T3 TZ

invert

1> Tol

0—

Do not invert

invert

Figure 2. Flowchart to evaluate the invert condition (13)

Consider w bits of the incoming body flits are indicated

. body flits are indicated with i ,i =012,..w-1 The
i=012,...w-—

with X , L Whereas the previously encoded extra bit is required to decide whether the received body flit
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has to be inverted (inv = 1) or left as is (inv = 0) at decoder
side. The first level of the encoder determines the transition

*x

type. The four input blocks T2 and T4 assert their output if

**

Y o> X X
YiYisd = %4145 5 T2 or o T4 transition, respectively.
T, T,
The two input blocks 921 and 00 assert their output if

Yi > Xijsq To1 ora T0_>0transition, respectively. Ones
counters and comparators are required to design SCDBI
encoder. This encoder designed by using equation (13) and
from figure2 [1].

5. SYNTHESIS REPORT

The encoder and the decoder had been designed in Verilog
HDL described at the RTL level, synthesized with cadence
RTL Compiler and mapped onto TSMC 45 nm technology
library. We have calculated the power consumed by Linear
Feedback Shift Register (LFSR) with and without using
SCDBI and those results are shown in table II. The power
saved by SCDBI is 34.64%. The impact on area is very less
and it is approximately 8%. The data is inverted whenever
SCDBI finds self transitions and coupling transitions in NoC
links and we can observe that in table 2.

Table 2
Power dissipation without SCDBI and with SCDBI

LFSR Power dissipation (uw)
Without SCDBI 439.472
With SCDBI 287.240

6. CONCLUSION

The power dissipated by the links of a NoC contribute
significant fraction of the total power budget [5]-[7]. In this
paper, we have proposed the use of data encoding techniques
as a viable way to reduce power dissipation in NoC links. The
SCDBI sc heme is transparent because they operate on an
end-to-end basis and no need to modify the router
architecture, only the NI is to be augmented with the encoder
and decoder. Although, it represents an overhead, does not
introduce a significant penalty both in terms of cost (i.e.,
silicon area) and latency. The simulation results and synthesis
results have shown that, by using the SCDBI encoding
scheme it is possible to reduce the power contribution of both
the self switching activity and the coupling switching activity
in inter-routers links. Precisely, as compared to a baseline
implementation in which no data encoding techniques are
used, a reduction of up to 34.64% of power dissipation has
been observed without any significant degradation in terms of
both performance and silicon area.
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7. FUTURE SCOPE

Network on Chip (NoC) is an emerging model to provide
communication on Multi Processor System on Chip (MPSoC-
contains multiple processors on a single chip). So the power
consumption is more. By integrating encoding logic to
Network Interface (NI-one part of NoC) power can be
decreased significantly without any significant overhead area
and overhead. Already, we have Bus Invert (BI), Coupling
Driven Bus Invert (CDBI) and other encoding schemes but Bl
reduces the power dissipation of links only if self transitions
exist and for CDBI, if coupling transitions exist so the power
saving is less than power saving by using SCDBI.
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