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Abstract—Structured ASIC has been introduced to bridge the
power, performance, area and design cost gaps between ASIC
and FPGA. As technology scales, leakage power consumption
becomes a serious problem. Among the leakage power reduction
techniques, power gating is commonly used to disconnect idle
logic blocks from power network to curtail sub-threshold
leakage. In this paper, we apply power gating to structured
ASICs for leakage power reduction. We present a power-gated
via-configurable logic block (PGVCLB) and a power gated design
flow mostly using existing standard cell design tools. We can
configure PGVCLBs in a design to implement fine-grained power
gating, coarse-grained/cluster-based power gating or even
distributed sleep transistor network (DSTN). With fine-grained
power gating, we can achieve 52% leakage reduction on average
with only 8% area and 17% delay overheads when compared to
the data obtained using a non-power-gated library.
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1. INTRODUCTION

Structured ASIC is a design style that can bridge the
performance, power, area, and design cost gaps between ASIC
and FPGA [1-7]. It contains arrays of via-configurable logic
blocks (VCLB) with prefabricated transistors and possibly
predefined yet via-configurable metal wires [8-17]. Its
engineering change order (ECO) cost is considerably smaller
than that for ASIC. Its ECO cost mainly involves customizing
a few relatively inexpensive via masks, each of which requires
far fewer shots than a metal-wire mask does. Its regular layout
structure also enables a higher and more predictable
manufacturing yield.

Many researches have been done to make structured ASIC
more viable. These researches mainly focus on exploring
VCLB architectures. Some of these researches also perform
routing architecture exploration using their own structured
ASIC routers [9,16,17]. However, to the best of our
knowledge, few researches have been done for low-power
structured ASICs although many power reduction techniques
for standard cell designs are around. These techniques include
multi-supply voltages, gate sizing, clocking gating, etc. for
taming dynamic power and multi-threshold voltages, power
gating, body-bias, gate length engineering, etc. for controlling
leakage power. Taylor and Schmit [18] propose a VCLB
architecture that employs dual supply voltages and gate sizing
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to reduce structured ASIC dynamic power. The VCLB is
comprised of three stages. The first stage has three input
buffers. Each buffer can be configured by vias into a level
convertor. The second stage is a 3-input lookup table that can
be configured to realize any three-variable logic function. The
third stage is comprised of an output driver which can be
configured into a driver of different drive classes. Although,
this VCLB by itself can curtail dynamic power, it has not been
used to create a cell library that can be employed by a logic
synthesis tool to synthesize a circuit. Nevertheless, the above
work has pioneered low-power structured ASIC. As transistor
feature size continues to shrink, controlling leakage power is
as important as curtailing dynamic power for many low-power
applications. Hence, it is necessary to develop methodologies
for controlling structured ASIC leakage power. Among
leakage power reduction techniques [19-28], power gating
[21-28] is one of the most effective methods. The main idea
behind power-gating is to serially connect a high-Vth sleep
transistor to a logic network and turn off the sleep transistor to
reduce sub-threshold leakage current while the logic network
is not active. Although this operation idea is simple, achieving
optimal power-gating is very challenging [23]. The main
problem is that it is hard to accurately assess the delay
implication due to voltage drop across a sleep transistor.
Hence, sleep transistors should be used under discretion. The
voltage drop across a sleep transistor is a function of sleep
transistor size and the current flowing through it. Given an
amount of delay budget, sleep transistors are sized based on
the current flow through it. Normally, we apply power gating
only to the logic gates on non-critical paths. The objective is to
maximize leakage reduction while minimizing sleep transistor
size under delay budget. Sizing sleep transistors in a standard
cell design is a difficult task [22]. It is even more challenging
for structured ASICs due to transistors being prefabricated
before logic and interconnect customization. In this paper, we
apply power gating to structured ASICs for leakage power
reduction. We present a power-gated via-configurable logic
block (PGVCLB) and a power gated design flow mostly using
existing standard cell design tools. The main features of
PGVCLB and our contributions are as follows.

® PGVCLB has a pair of equal-sized high-Vth pMOS
devices which can be configured by vias into sleep
transistors of different drive classes.



® We can configure PGVCLBs in a design to implement
fine-grained power gating, coarse-grained/cluster-based
power gating or even distributed sleep transistor network
(DSTN).

® We exploit an existing logic synthesis tool such as
Synopsys Design Compiler to implement fine-grained
power gating simply assigning a virtaul area to each cell
in the cell lbrary based on PGVCLB.

® With fine-grained power gating, we can achieve 52%
leakage reduction on average with only 8% area and 17%
delay overheads when compared to the data obtained
using a non-power-gated cell library.

The rest of this article is organized as follows. Section II
gives related background about power gating and via-
configurable structured ASICs. Section III presents our
PGVCLB. Section IV describes our power-gating design
methodology. Section V shows some experimental results.
Final section draws a conclusion and presents our future work.

II.  PRELIMNARY

A. Power Gating

Power-gating technique uses a high-Vth sleep transistor in
series with the pull-up and/or the pull-down of a low-Vth logic
block to reduce leakage power [19,20]. The sleep transistor
can be turned off when the low-Vth logic block is inactive,
thus resulting in a significant reduction of sub-threshold
leakage current. Figure 1 shows a sleep transistor used for
power gating. A sleep transistor can be a high-Vth nMOS or
pMOS transistor. A pMOS sleep transistor served as a header
switch connects the power network to virtual VDD. An nMOS
sleep transistor served as a footer switch connects the ground
network to virtual GND. Normally, either a header switch or a
footer switch is used to conserve area and reduce timing
penalty caused by voltage drop across sleep transistors. In this
work, we will consider only header switch. The logic network
in Figure 1 can be as simple as a logic gate. If it is a logic gate
in a standard cell library, we call it a power-gated cell. If the
power-gated cells in a standard cell design are used in an
isolated manner, i.e., their virtual VDDs are not connected, we
call this power gating approach fine-grained power gating. If a
sleep transistor is shared by a cluster of power-gated logic
cells, possibly located in close proximity, such kind of power
gating is called coarse-grained or cluster-based power gating.
If the virtual VDDs of power gated cells (clusters) in a design
are connected together, the sleep transistors of these power-
gated cells (clusters) are in fact form a transistor network. We
call such kind of power gating distributed sleep transistor
network (DSTN). The main idea of DSTN is to put together the
logic gates (clusters) whose peak currents do not occur at the
same time, or preferably which do not switch simultaneously,
so that the sleep transistors can be trimmed for saving area
[22]. Doing DSTN optimally in a standard cell design
environment is quite difficult. To the best of our
understanding, commercial tool like Cadence Encounter
Power System (EPS) adopts cluster-based power gating. EPS
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Figure 1. Power gating.

requires creating a power-gate library for power-gate cells.
The so-called power-gate cell, different from our power-gated
cell which is a logic cell with a sleep transistor, is simply a
sleep transistor. A power-gate cell conceptually and physically
is an inseparable entity so that making EPS work with DSTN
might be quite challenging. We hence will not consider using
EPS for our power gating design. However, to test our idea,
we will resort to fine-grained power gating. Nevertheless, our
PGVCLB will be designed also to facilitate cluster-based
power gating and DSTN.

Fine-grained power gating can be done during logic
synthesis. A logic synthesis tool should be designed to include
more power-gated cells on non-critical paths to trade slack for
leakage reduction. It normally needs to cooperate with a
timing analyzer to watch timing violations. To avoid
developing a logic synthesis tool and timing analyzer, we have
proposed a novel way to do fine-grained power gating using
an existing logic synthesis tool. This approach will be detailed
later.

B.  Via-Configurable Logic Blocks

There are various types of VCLBs. First, a VCLB can be
an FPGA-like look-up table (LUT). LUT-based VCLBs
proposed in [11] can be laid out in a way similar to standard
cells. The major problem of LUT-based VCLBs is that each
LUT should be accompanied by a flip-flop. If flip-flops are
not used as frequently as LUTs, the utilization of transistors in
VCLBs will be low. The second type of VCLB is based on
PLA structure [12]. PLA enables implementation of two-level
logic functions, but it still needs flip-flops for implementing a
sequential design. The third type of VCLBs [8,9,15] uses
series-parallel layout structures to realize either combinational
logic gates or flip-flops. Since our work is closely related to
this type of VCLB, especially the VCLB presented in [15], we
will give a more detailed look into it, which is designed to
support standard cell designs. Standard cell design style
enables simple power/ground (P/G) distribution. P/G buses
between adjacent cells can be abutted and P/G straps using
higher metal layers can be easily deployed to form a P/G
network. The main layout features of the VCLB in [15] are as
follows.

® M2 P/G lines are located at the top and bottom boundaries
so that VCLBs can be abutted seamlessly to form a cell row.



A cell row can be flipped with respect to X-axis so that row
abutment can be done to form wider P/G lines. This layout
feature also enables free deployment of M3 (or higher
layers) P/G straps above the core area.

e The VCLB has some M1 jumpers at both sides for inter
VCLB connections. These jumpers enable the composition
of multiple VCLBs to realize a more complex logic
function.

A standard cell enabling layout design is essential to the
establishment of a structured ASIC design flow mostly using
existing standard cell design tools. Since it is not required to
develop many new tools and purchase extra tools to establish
such a flow, we believe that a standard-cell-like structured
ASIC design flow will be instrumental to the adoption of
structured ASIC in industry.

III. POWER-GATED VCLB (PGVCLB)

To apply power-gating to structured ASICs, we extend the
VCLB proposed in [15] to include some via-configurable sleep
transistors (VCST). We call this VCLB power-gated VCLB
(PGVCLB). Figure 2 shows a stick diagram of PGVCLB. The
lower part (covering the region between GND and virtual VDD
(VVDD) of PGVCLB is similar to the VCLB proposed in [15]
and the upper part of PGVCLB is a VCST block. The VCST
block of PGVCLB has two equal-sized high-Vth pMOS
transistors, each serving as a header switch. Just like VCLB,
PGVCLB has a standard cell enabling layout design.

The two pMOS transistors in a VCST block can be
connected in parallel to form a single sleep transistor of larger
driving capability or each of them can be used independently
as a sleep transistor. Installing some vias between M1 and M2
wires in the dotted regions of a VCST block, we can configure
a PGVCLB into a logic cell without power gating (called
PGVCLBS0), with power gating using only one high-Vth
transistor (called PGVCLBS1), or with power gating using
both two high-Vth transistors (called PGVCLBS2). Clearly,
PGVCLBSO has the largest leakage but smallest delay
whereas PGVCLBS1 has the smallest leakage but largest
delay. PGVCLBS0, PGVCLBSI1, and PGVCLBS2 have the
same physical area if they implement the same logic function
of a certain driving class. For example, PGVCLBs in Figure 3
are configured to realize a PGVCLBS1, PGVCLBS2, and
PGVCLBSO0 of NAND2X1, respectively.

As just mentioned, the five dotted regions in VCST are the
places where vias can be installed to deploy a sleep transistor
in a PGVCLB. Installing vias in dotted regions 1 and 4 but
none of vias in regions 2, 3, and 5, the sleep transistor on the
left of Figure 2 is deployed (PGVCLBSI1). Vias installed in
region 1 connect the drain of the associated sleep transistor to
virtual VDD whereas vias installed in region 4 connect the
sleep control signal (SL) to the associated sleep transistor. Not
installing vias in region 2 prevents VDD from directly
connecting to virtual VDD. Similarly, installing vias in regions
3 and 5 but none of vias in regions 2, 1, and 4, the sleep
transistor on the right is deployed (PGVCLBS1). Installing
vias in regions 1, 4, 3, and 5 but none of vias in region 2, both
sleep transistors are deployed (PGVCLBS2). On the other
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Figure 3. PGVCLBSI (left) , PGVCLBS2, PGVCLBSO (right).

hand, installing vias only in region 2 but none of vias in
regions 1, 4, 3, and 5, both sleep transistors are not used
(PGVCLBSO0).

The VCST block of a PGVCLB has two via-configurable
jumpers E and W for connecting its virtual VDD to
neighboring PGVCLBEs. It also has a jumper N for connecting
its virtual VDD to the north. Such an arrangement serves two
purposes. First, these jumpers can be employed to implement a
cluster-based power gating and/or a DSTN by joining the
VCST blocks in different PGVCLBs, each of which
implements a logic function. Second, they can be used to
connect the virtual VDD rails of multiple PGVCLBs for
realizing a complicate logic function. Figure 4 shows such an
example where AOI211X4 gate employs two PGVCLB:s.
Virtual VDD rails of the two PGVCLBs are connected
together through the VVDD jumpers in order to connect their
sleep transistors together. Note that to avoid the explosive
combinations of sleep transistors, the sleep transistors in each
PGVCLB is used in concert with each other. That is to say, for
PGVCLBSO0, none of sleep transistors in each PGVCLB is
used; for PGVCLBS1 only one sleep transistor in each
PGVCLB is used; for PGVCLBS2 both sleep transistors in
each PGVCLB are used.

A flip-flop which employs three PGVCLBEs is also realized
using multiple PGVCLBs, but none of sleep transistors are
deployed, i.e., not power-gated. The reason is that we do not



want to use a retention circuit, incurring an area overhead, to
keep the state of a flip-flop.

In principle, we could have made the sleep transistors in a
VCST block more granular, i.e., more but smaller sleep
transistors in a VCST block. Doing-so could result in
explosive combinations of sleep transistors, which increase the
burden of creating a cell library considerably. For example,
just taking what we have now in a VCST block, we have three
choices of using sleep transistors. We also have four choices
of connecting virtual VDD rail to the neighboring PGVCLBs,
1.€., to the north, to the east, to the east and north, or not at all.
We hence end up with 12 layouts per logic cell. This is the
reason why we did not make the sleep transistors more
granular. Note that by the same reason there are four layouts
per sequential cell.

In addition to VCLB design, via-configurable routing
fabric is another important issue for structured ASICs. In this
work we will not employ any predefined routing fabrics.
However, our PGVCLB design and our power gating design
method presented in Section IV can also be applied to the case
with a predefined routing fabric.

IV. POWER-GATING DESIGN FLOW

Figure 5 shows a power-gating design flow mostly using
existing tools except logic packing and alignment. Logic
packing puts together two simple logic functions, each taking
a PGVCLB, into a single PGVCLB for saving more area.
Because of limitation on the use of sleep transistors, we can
pack two PGVCLBSO0’s, one PGVCLBSO with one
PGVCLBSI, or two PGVCLBS1’s. Alignment arranges the
placement output into an array of PGVCLBs.

We use an existing logic synthesis tool such as Synopsys
Design Compiler to implement fine-grained power gating. We
exploit a basic rule used by many logic synthesis tools, which
is that a logic synthesis tool would normally try to minimize
area while satisfying timing constraints of a circuit. This rule
stipulates that timing is a constraint whereas area is an
objective. Hence, a logic synthesis tool such as Design
Compiler would use as many small size logic gates as possible
on non-critical paths to minimize circuit area once timing
targets are met. Exploiting this basic property, we deliberately
give a power-gated logic gate a smaller area so that a logic
synthesis tool will automatically assign as many power-gated
logic gates (also slower logic gates) as possible to non-critical
paths. We call such an area virtual area. Virtual area instead
of physical area will be used for synthesizing a circuit. We use
the following formula to determine the virtual area of a power-
gated cell C with PGVCLBS#.

4,(C) = A(C)xdy(C)/d,(C), (1

where A(C) is the physical area of gate C (remembering that

PGVCLBSO0, PGVCLBSI1, and PGVCLBS2 of the same logic
gate have the same physical area). d,(C)is the delay of C

with PGVCLBSO0. d,(C) is the delay of C with PGVCLBSn

for n=0,1,2. Since delay of a gate depends on input slew,
output load, and output switching phase, we set the delay of a
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Figure 5. Power gating structured ASIC design flow.

TABLE L VIRTUAL AREAS OF NAND2X1
NAND2X1 Area (um’)  Delay(ns)  Leakage (pW/s)  Virtual area (um?)
PGVCLBS0 13.317 0.137 4347 13.317
PGVCLBS1 13.317 0.200 1161 9.167
PGVCLBS2 13.317 0.167 1401 10.968

gate equal to the average delay of rise and fall delays with a
median slew and a median load found in its associated delay
tables. The smaller the delay is, the larger the virtual area is.
TABLE 1 shows the virtual areas of NAND2X1. A logic
synthesis tool would use as many PGVCLBSI1’s as possible on
non-critical paths to minimize virtual area and thus minimize
leakage power. Note that we can also consider using leakage
data or combination of delay and leakage data to determine the
virtual area of PGVCLBSn. We employ (1) because we
concern delay more than leakage.

V. EXPERIMENTAL RESULT

We have implemented a cell library based on our PGVCLB
for evaluating our power gating design methodology. When
implemented using UMC 90nm process technology, our
PGVCLB has an area of 33.2928um’. The library consists of
1112 unpacked cells and 844 packed cells. Remember that we
have 12 layouts for a logic function of a particular drive class.
Power and timing data of each cell are characterized using
HSPICE. For the purpose of comparison, we synthesize some
ISCAS’89 and ITC’99 benchmarks using three cell libraries



based on UMC 90nm process technology. These three libraries
are our power-gated library (PGL), our non-power-gated
library (NGPL) based on the VCLB proposed in [15], and a
commercial yet non-structured standard cell library (STDL),
respectively. Synopsys Design Compiler is used for synthesis.
Cadence SOC Encounter is used for placement, routing, and
post-layout timing and power analysis. Core utilization is
90%. The same parameter settings such as power ring width,
core utilization, etc. are used to design chips regardless of
which library is used. The designs synthesized using PGL and
NPGL are routed with M3 up to M5 layer whereas those using
STDL are routed with M1 up to M5 layer.

Our experiments are carried out in a manner similar to the
one presented in [15]. First, we synthesize each circuit without
any timing requirements but aim only to minimize the area.
We then find the longest path delay for each circuit after the
circuit is routed. We call such a delay base delay. We then
perform logic synthesis for each circuit with clock period
specified as kxbase delay, ke K = {1, 0.9, 0.8, 0.65, 0.5,
0.35, 0.2, 0.1}. Placement, routing, and post-layout timing
analysis is performed as usual. Carrying out experiments in
this way is to see how far we can push the delay envelope of
the designs using each library.

TABLE II summarizes delay, area, and leakage data
obtained using PGL and STDL. The data in column “Delay
ratio” is calculated as follows.

Delay ratio =r_ni[? d; (PGL)/miI? d/(STDL) , (2
ie je :

where d;(PGL)is the longest path delay obtained using a
clock period of ixbase delay to synthesize a design with
PGL. d;(STDL) is defined similarly for STDL. Let pg/ and

stdl be the indices so that d ., (PGL) and d, (STDL) are the
smallest delays for d,(PGL) and d;(STDL) , respectively.

The data in column “Area ratio” is calculated as follows.
Area ratio = a e (PGL)/ aq (STDL), 3)

where a,,(PGL) is the area obtained with k= pgl .

ag; (STDL) is defined similarly. Leakage ratio is calculated in

the same way. If we push the delay envelope, the leakage
power of our PGL designs is on average 0.20 times that of the
STDL counterparts at the expense of 3.3 times delay and 5.3
times area. TABLE III is similar to Table II, but the data are
calculated in terms of the data obtained using NPGL. The
leakage power of our PGL designs is on average 0.48 times
that of the NPGL counterparts at the expense of 1.17 times
delay and 1.08 times area. As one can see, we achieve 52%
leakage reduction on average with only 8% area and 17%
delay overheads when compared to the data obtained using a
non-power-gated library.

TABLE IV is a comparison between NPGL and STDL. The
leakage power of designs using NPGL is on average 0.43
times that of the STDL counterparts at the expense of 2.89
times delay and 5.19 times area. The reason why the leakage
of the designs with NPGL is smaller than that with STDL is
just because the transistors used in the cells of NPGL are
smaller. Note that the transistors in the cells of NPGL are of
the same size as those of PGL.

TABLE V shows the sleep transistor (power gated cell)
usage for each design synthesized with PGL. As expected,
when delay is improved, the usage of power-gated cells is
reduced on average. However, the high percentage of power-
gated cells (slower cells) shows that our power gating method
presented in Section IV is effective. TABLE VI shows the
non-power-gated cell usage on the most critical path in a
design netlist created by Design Compiler. As one can see, as
delay target gets tighter, the percentage of non-power-gated
cells (faster cells) on the most critical path is increasing. The
high usage at the tightest delay constraint shows again that our
method presented in Section IV indeed is effective. One may
notice that the usage of non-power-gated cells on the most
critical path is normally not 100%. The reason is that the fall
delay of a power-gated cell is almost the same as that of a non-
power-gated cell. Remember that we employ a header switch
in a power-gated cell. Hence, if the most critical path delay is
dominated by fall transitions, a power-gated cell on it may be
replaced by a non-power-gated cell without increasing the
most critical path delay.

VI. CONCLUSIONS AND FUTURE WORK

We have designed a power-gated VCLB and hence a
power-gated cell library for via-configurable structured ASICs.
We also present a fine-grained power-gating design flow
mostly using standard cell design tools. The area in a power-
gated cell is assigned a value that enables an existing logic
synthesis tool to perform fine-grained power gating effectively.

TABLE IL DELAY, AREA AND LEAKAGE RATIO (PGL vs. STDL)
T Dela Area Leakage Delay * Delay *
Circuit ratigr ratio raltiog Leange Are);
$35932 2.14 6.15 0.31 0.66 13.13
$38417 2.70 5.71 0.32 0.86 15.42
s38584 343 6.96 0.32 1.08 23.86
b14 3.09 3.42 0.09 0.26 10.57
b15 235 6.20 0.23 0.55 14.59
b17 3.55 2.56 0.18 0.64 9.09
b18 3.99 6.71 0.15 0.61 26.75
b19 3.22 6.46 0.16 0.51 20.84
b20 4.11 5.15 0.16 0.67 21.18
b21 3.78 4.99 0.16 0.59 18.85
b22 3.94 4.04 0.12 0.47 15.94
Average 3.30 5.30 0.20 0.63 17.29
TABLE IIL DELAY, AREA AND LEAKAGE RATIOS (PGL vS. NGPL).
T Dela Area Leakage Delay * Delay *
Circuit ratigr ratio raltiog Leange Are);
$35932 1.14 1.07 0.75 0.86 1.22
$38417 1.19 1.08 0.69 0.82 1.28
$38584 1.33 1.24 0.58 0.76 1.64
b14 1.25 1.08 0.36 0.45 1.35
b15 0.80 1.14 0.65 0.52 0.92
b17 1.14 1.17 0.54 0.61 1.34
b18 1.20 1.15 0.31 0.37 1.38
b19 1.12 1.12 0.31 0.35 1.26
b20 1.19 0.89 0.36 0.43 1.06
b21 1.32 0.90 0.35 0.46 1.18
b22 1.20 1.00 0.35 0.43 1.20
Average 1.17 1.08 0.48 0.55 1.26




Experimental results show that we can achieve 52% leakage
reduction on average with only 8% area and 17% delay
overheads when compared to the data obtained using a non-
power-gated library.

In the future, we will study the problem of post-placement
fine-grained power gating for faster timing closure. We will
also explore cluster-based/coarse-grained power gating or
even DSTN for larger leakage saving.

TABLE IV. DELAY, AREA AND LEAKAGE RATIOS (NGPL vs. STDL).

— Dela; Area Leakage Delay * Delay *
Circuit ratig ratio ratiog Leange Are);
$35932 1.88 5.74 0.41 0.77 10.77
s38417 2.27 5.28 0.46 1.06 12.02
$38584 2.58 5.62 0.55 1.41 14.51

b14 2.47 3.15 0.24 0.59 7.80

b15 3.64 542 0.43 1.57 19.73

b17 3.12 4.85 0.40 1.25 15.11

b18 3.33 5.81 0.50 1.66 19.36

b19 2.87 5.79 0.51 1.48 16.60

b20 3.46 5.79 0.45 1.55 20.04

b21 2.87 5.57 0.44 1.27 15.97

b22 3.27 4.05 0.34 1.10 13.26
Average 2.89 5.19 0.43 1.25 15.02

TABLE V. POWER-GATED CELL USAGE (% ).
Circuit k=1 0.9 0.8 0.65 0.5 0.35 0.2 0.1
$35932 71 71 71 72 71 67 63 48
s38417 72 72 71 68 57 48 46 47
$38584 76 76 76 76 75 74 74 63
b14 95 91 81 82 85 80 71 51
b15 91 91 89 87 81 75 57 54
b17 91 91 90 89 85 78 63 60
b18 93 91 86 81 81 82 80 81
b19 93 92 90 83 82 83 82 82
b20 95 88 78 93 86 75 60 66
b21 95 89 78 93 85 73 59 66
b22 95 89 74 74 87 77 62 64
Average 88 86 80 82 80 74 65 62

TABLE VI NON-POWER-GATED CELL USAGE ON CRITICAL PATHS (%).

Circuit k=1 0.9 0.8 0.65 0.5 035 0.2 0.1
$35932 50 75 100 43 89 80 83 100
s38417 14 30 41 67 90 91 82 96
$38584 13 13 67 96 84 95 97 100
b14 39 83 82 77 71 70 85 88
b15 10 10 13 10 5 27 76 87
b17 9 6 6 6 6 58 65 87
b18 21 78 94 97 96 92 92 80
b19 2 15 67 97 84 87 79 83
b20 74 75 88 66 76 82 89 89
b21 61 90 83 23 79 80 86 83
b22 35 69 93 91 68 77 83 83
Average 30 49 67 61 68 76 83 89
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