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Abstract—Application-specific instruction set processor (ASIP) has

been considered as a good candidate for embedded system design in

the past decade. Major research effort has been devoted to customized

configuration and instruction set extension for performance improvement

with the area constraint. Recent research has taken power consumption

and energy efficiency as the second metric, which is critical for embedded

and portable devices. However, as the technology scales, power density

increases and hence thermal issue has emerged as another critical

concern in nanometer circuit designs. In this paper, we factor in the

thermal consideration during ASIP synthesis process, and explore the

relationship and trade-offs among three dimensions: performance, energy,

and temperature. Both the theoretical analysis and the real design

implementations of several example custom processors have demonstrated

the importance of thermal-aware ASIP synthesis. To the best of our

knowledge, this is the first thermal-aware design methodology for ASIPs.

I. INTRODUCTION

As technology scales, massive number of transistors are available
for systems-on-chip (SOC) designers. However, the gap between
the ability to design and verify a complex million-gate SOC chip
is widening. Application-specific instruction set processor (ASIP)
has emerged as a promising methodology that helps bridge the
gap [1], [2]. ASIP design tailors a processor for a specific application
domain by adding application-specific hardware extensions to a base
processor core, such that only the extensions need to be designed and
verified, reducing the turn-around time greatly. Since ASIP allows
designers to customize the instruction set architecture (ISA) and un-
derlying microarchitecture simultaneously for an application domain,
it can achieve both high flexibility offered by the base processor core
and high performance and energy efficiency offered by the dedicated
hardware extensions. We have seen many industrial successes in
ASIP design during the last several years, especially in the embedded
systems domain, such as Tensilica Xtensa processor [3], ARCtangent
processor [4], Jazz DSP [5], Altera Nios/NiosII [6], and Xilinx
MicroBlaze [7], to satisfy the demanding requirements of embedded
systems on performance, cost, power consumption, and turn-around
time. Early research mainly focused on performance improvement
under certain area constraint [1], [2]. As battery-powered embedded
systems are increasingly being used, power consumption and energy
efficiency have become another important design consideration. Sev-
eral recent research work has incorporated energy models in the
ASIP synthesis process to aid choosing the most energy-efficient
customized ISA [8]–[10].

Another design challenge as a result of technology scaling is the
increasing on-chip temperature. For example, when Intel Pentium 4
microprocessor scales from 180nm to 90nm, the power consumption
increases from 64W to 103W, while the area shrinks from 217 mm2

to 112 mm2, resulting in a power density increase by almost 4 times.
Increasing power density in modern high-performance VLSI circuits
directly translates into higher on-chip temperature. For example, the
hot spot in a modern chip might have a temperature beyond 100 oC,
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while the intra-chip temperature differentials can be larger than 10
to 20 oC.

Increasing on-chip temperature can have a dramatic negative
impact on circuit reliability, performance, and leakage power. At
sufficiently high temperatures, many failure mechanisms, such as
electromigration (EM), stress migration (SM), and time-dependent
dielectric (gate oxide) breakdown (TDDB), are significantly ac-
celerated, which lead to an overall degradation in reliability. A
recent experiment conducted by IBM [11] shows that the maximum
temperature reached by a 65 nm processor is 15 oC higher than that
reached by the same processor implemented in 180 nm. As a result,
the failure rate for a 65 nm processor is 316% higher than the failure
rate at 180 nm. Temperature can also have a dramatic impact on
circuit performance and power. For example, interconnect (Elmore)
delay increases approximately 5% and MOS current drive capability
decreases approximately 4% for every 10oC temperature increase,
which can cause transient faults due to timing violations [12]. The
leakage power increases exponentially with a temperature increase,
which in turn causes further temperature increase and might incur
the well-known thermal runaway problem [13]. As leakage power
is becoming a big portion of the total power consumption for sub-
100nm technology, the impact of increasing temperature on power
becomes more pronounced for nanometer SOC design.

Power-aware or energy-aware design alone may not be able to
address the temperature challenge, because power/energy dissipation
is spatially non-uniform across the chip and may vary over time.
In fact, many low-power techniques have insufficient impact on
chip temperature because they do not directly target the spatial
and temporal behavior of the operating temperature [14]. Therefore,
even though it is related to the power-aware design area, thermal-
aware design itself is a distinct and important research area, and has
attracted a lot of research efforts during the last several years. A lot
of researches have been conducted to analyze and simulate on-chip
thermal distribution, and automatically discover potential hot spots
and apply thermal-aware technique to alleviate such thermal effects.
At the architecture level, the thermal awareness has not been brought
into the ASIP design yet, which should have more opportunities to
pose larger impacts on the thermal distribution in later design stages.
Due to the close relationship between power density and thermal
distribution, it is very necessary and natural to take thermal effect as
the extra design metric in addition to energy efficiency for custom
instruction and hardware extension selection. Addressing thermal
concerns at higher level will lead to more efficient design in all the
design aspects.

In this paper, we demonstrate the various design considerations
and their relationship through realistic design examples. The major
contribution of this paper lies in that we address the importance
of thermal considerations in design and expand the ASIP synthesis
along the thermal aware design dimension, which may open up a
brand new paradigm for ASIP deign. At architecture level, custom
instruction and the corresponding custom hardware are selected in a
thermal-aware fashion, which will later affect the thermal distribution
at lower design levels. To the best of our knowledge, our analysis
and experiments are the first of its kind in incorporating the thermal
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consideration with energy efficiency and performance coherently for
ASIP synthesis.

The remainder of the paper is organized as follows. In Section II,
we introduce the related work on traditional ASIP design and custom
instruction synthesis techniques, and discuss current fronts on thermal
analysis. In Section III, we explore the relationship and trade-offs
among the three major design metrics for ASIPs. In Section IV, we
propose the design flow for thermal-aware ASIP synthesis. We take
concrete design examples to illustrate the importance and impact of
thermal aware custom instruction selection in Section V, followed by
experimental results in Section VI. Finally, we draw our conclusions
in Section VII.

II. RELATED WORK

The target of ASIP design is to tailor a processor for a spe-
cific application domain, with customizations done in various ways:
(1) for the basic processor core, configurable components include
the register file size and its data transfer ports [15], the cache
size/associativity/block size [16], interrupts handling mechanism, etc;
(2) for the hardware extensions, application-specific hardware com-
ponents are added in the datapath to boost performance, and the ISA
is augmented accordingly [1], [2]; (3) customized storage elements
are also analyzed to mitigate the data bandwidth limitation from
basic processor core [17]–[19]. For research on processor extensions,
different objectives have been taken into consideration in custom
instruction and hardware selection. Promising instruction patterns in
the target application are identified first, and various heuristics have
been employed to prune and explore the design space thoroughly and
efficiently for the best candidate instructions [2], [20]–[22]. Most of
these work emphasize on finding the performance-optimal solutions.
Later work, such as [8], [9], considers the importance of power
consumption and energy efficiency in portable embedded system
design, builds a power model and incorporates it in custom instruction
synthesis flow to select the most energy-efficient custom instructions.

Thermal-aware design techniques for electronic systems have
mainly focused on the board level or package level. Thermal aware
placement for standard cell ASIC design has also been investigated
for several years [12], [23]. We have seen an increasing interest
in the processor micro-architecture level thermal management [14],
[24], which employs dynamic thermal management (DTM) that uses
runtime knowledge of application behavior and current thermal status
of different function units to adjust instruction execution. By taking
advantage of recently developed architectural thermal models [14],
researchers have investigated thermal-aware design automation tools
and methodologies at both microarchitectural level and system
level [25], [26]. These tools and methodologies can help the designer
to explore the design space for trade-offs between temperature and
other design goals (such as performance and area).

In light of the growing importance of thermal concern in circuit
design, it is imperative to include the thermal awareness in the custom
instruction selection process, and address the relationship between the
thermal, performance, and energy efficiency.

III. ANALYSIS ON MULTI-DIMENSIONAL DESIGN

CONSIDERATIONS

Current research on ASIP synthesis mainly focuses on custom
instruction synthesis. There are three kinds of typical custom instruc-
tions for synthesis, including very-long-instruction-word (VLIW)
instruction, single-instruction-multiple-data (SIMD) or vector based
instruction, and operation fusion instruction [1].

• VLIW instructions. VLIW architecture contains multiple execu-
tion slots, which may be heterogeneous, for independent operations
to execute in parallel. It relies greatly on powerful compiler
support.

• SIMD instructions. SIMD targets at independent but identical
operations for different data, and only duplicates function units
for vector operands to accelerate program execution.

• Operation fusions. Operation fusion technique, which refers to
choosing a sequential operations and replacing them by a single
or multiple custom instructions to reduce the execution time, is
complementary to the above two techniques and has a broader
application, because VLIW and SIMD instructions are effective
only when the application has inherent instruction level parallelism
(ILP).

With appropriate custom instructions selected, the ISA is hence
extended, and the micro-architecture is augmented accordingly. Thus,
the performance, energy consumption and thermal effect of the
modified microprocessor will be strongly affected by the selected
custom instructions.

In this section, we first give a theoretical analysis on the relations
between the three metrics mentioned above. The analysis mainly
focuses on custom instructions synthesis based on fused operations
and addresses the constituent factors related to the custom instructions
that would affect those design metrics.

A. Performance v.s. Energy

While usually being considered together, energy efficiency and
power consumption represent different aspects of the circuit design.
In [8], the author has presented a detailed analysis of extensible
processor’s energy consumption by breaking the energy consump-
tion down to time-disjoint and space-disjoint components, and also
considered the “side effect” of signal bus sharing among different
components for better accuracy, as illustrated in Fig. 1. With custom
instructions included, the instruction-level model for energy con-
sumption increase is shown below:

ΔE = Ebc ∗ Nbi + (Ecus + Ecb) ∗ Nci − Nri ∗ Eri (1)

ΔPF = Nri − Nci (2)

where Nbi is the total number of common basic instructions in
both the original program and the custom program, Nci is the total
number of custom instruction executions, and Nri is the number
of original instructions replaced by this custom instruction. Ebc is
the spurious unit energy consumption of the custom functional units
due to the bus sharing effect when common basic instructions are
being executed, Ecb is that of the basic core function units when
custom instructions are being executed, Ecus is the average energy
consumption of custom function units for the custom instruction, and
Eri is the average energy consumption of the basic instructions being
replaced. The performance improvement is estimated by number of
the reduced instruction executions, using Equation (2). For most of
the time, when using custom instruction selection process such as
the ones described in [2], [22], energy consumption is reduced along
with the performance improvement, because the selected custom
instructions can reduce the number of instruction execution greatly,
and the spurious energy overhead does not dominate. If the clock
gating technique is applied and the bus sharing effect is removed,
the above energy increase equation can be changed into the following
format:

ΔE = (Ecus − Eri) ∗ Nci − Eri ∗ ΔPF (3)

Where we can see that the ΔE is related not only to the performance
improvement but also the average energy consumption difference be-
tween custom instruction and the original instructions being replaced
and the number of the custom instruction executed. Thus, possible
trade-offs between performance and energy can be achieved among
different custom instruction candidates by tuning the complexity of
custom instructions and hardware extensions.

In [9], a carefully constructed cost function is used to evaluate
custom instructions and can gear the design towards more energy
reduction or performance improvement.
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Fig. 1. Side effect in energy consumption due to data bus sharing

B. Performance v.s. Power

While energy saving usually comes along with performance im-
provement, there may be trade-off between power consumption and
performance. In [10], Tensilica gave a broad range of power reduction
techniques, such as sleeping mode, clock gating, and dynamic voltage
and frequency scaling, and evaluated the technology impact on power
reduction. In this work we focus on the effect of custom instruction
selection on power consumption. It can be evaluated by comparing
the power consumption for running custom instructions on custom
processor to that for running the base instructions replaced by the
custom instructions on the original processor. The power difference
can be calculated in Equation (4), assuming that power gating
technique is applied to remove the bus sharing effect.

ΔP = (Ecus − Eri/α)/Tinstr (4)

Where Ecus and Eri have been defined and used in Equation (1),
Tinstr is the clock cycle time, and α is the ratio of cycles needed
for the original processor to execute that base instruction group to
the cycles for the custom processor to finish the custom instructions
substitution. Normally α equals to the ratio of Nri/Nci when
assuming no multi-cycle instruction is involved. Most of time, Ecus

is larger than Eorig/α. With power gating technique, we assume
that the power consumptions for executing other common instructions
remain the same for both original processor and custom processor.
Thus, the power for the custom processor usually increase when
performance improves. However, in reality, clock-gating techniques
may introduce extra transistors which becomes a source of additional
leakage current and static power consumption. Currently this effect
is ignored.

C. Power v.s. Thermal Effect

Since the thermal effect is closely related to power density, the
distribution of power consumptions within the processor has to be
evaluated in detail for thermal-aware ASIP synthesis. Since circuit
modules are implemented based on standard cell library provided by
the manufacturer, the size of modules can be quickly estimated. The
power density of each component i can be drawn as Pdi = Pi/Si. As
thermal issue is an accumulated problem of power density distribution
along the time, it is reasonable to analyze the extreme case when
the custom instructions, i.e., the selected group of operations, are
frequently executed. This assumption also agrees with the basic
customization rule that a promising custom instruction candidate is
usually a frequently executed one. Since the power and size of the
component are not directly related with the performance, different
custom instruction candidates may have different trade-offs between
power/thermal issue and performance.

To keep a good balance between these design metrics afore-
mentioned, we will incorporate all the cost functions (including
performance, energy, and thermal) in the multi-objective synthesis
and evaluation process for ASIP.

IV. THERMAL-AWARE ASIP SYNTHESIS FLOW

We next present our overall design and evaluation flow for ASIP
synthesis along different dimensions in Fig. 2. It consists of a process

of ASIP synthesis (including software synthesis such as ISA exten-
sion and recompilation, and hardware generation), followed by power
simulations, thermal simulation, and thermal-aware floorplanning.
For a specific application, we first profile the application on a base
processor core, such as the MIPS-like PISA core configured for Sim-
pleScalar [27]. The “hot spots” in applications (the most frequently
executed groups of operations) are identified as custom instruction
candidates. With some custom instructions chosen to improve the
performance, the ISA is extended and the application is re-compiled
for the corresponding custom processor. Both the base PISA core
specification and the custom instructions description are fed to a ASIP
processor generator - ASIPmeister [28] to get the RTL description
of the custom processor. Based on the processor description and
re-targeted machine code, the power profile can be obtained from
RTL simulators - ModelSim [29] and PowerTheater [30]. Meanwhile,
logic synthesis is performed by Synopsys Design Compiler [31]
using the standard cell library for the custom processor. Finally,
with the power profile and the layout information, thermal analysis is
performed, and the on-chip thermal profile is fed to a thermal-aware
floorplanner to yield the best layout that results in the minimum
peak temperature while satisfying other floorplanning goals.In our
framework, a thermal-aware floorplanner similar to [32], [33] is used,
and the thermal analysis is performed by an enhanced version of the
widely used thermal estimation tool- HotSpot [14].
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Fig. 2. Design flow of ASIP synthesis, power simulation and thermal analysis

V. MULTI-DIMENSIONAL DESIGN SPACE EXPLORATION

With the design and evaluation flow proposed above, in this section,
we examine several realistic design examples selected from Tensilica
benchmarks [3] to demonstrate possible trade-offs or relationship
among the three design goals.

a) Example 1: performance, power, and thermal are all im-
proved.: Fig. 3 shows an example of 4× 8 byteswap operation,
which is widely used in bit permutation applications. Fig. 4 (a)
shows the original C program and (b) gives the assembly code of
the byteswap operation for the PISA architecture, which includes
13 base instructions in total. A custom function unit realizing the
same operation can be simply implemented using wires to switch
signals, as illustrated in Fig. 5. One custom instruction “btswp” is
added into the ISA, and the program is recompiled to use one such
custom instruction to replace the original 13 base instructions. Thus,
the number of instructions for one byteswap operation is reduced
by 12. With our test program doing 1000 word byteswap, the total
number of instruction execution cycles is reduced dramatically. The
detailed data is shown later in the experimental result section.

After the ASIP synthesis and power and thermal simulations for
both the original PISA core and the custom core, we find that
because the custom hardware “btshift” consumes very little power
when performing byteswap operations, the extension part does not
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Fig. 3. Byteswap operation

sll $2,$3,24
lw $4,16($fp)
sll $3,$4,8
li $4,0x00ff0000 
and     $3,$3,$4
or      $2,$2,$3
lw $4,16($fp)
srl $3,$4,8
andi $4,$3,0xff00
or      $2,$2,$4
lw $4,16($fp)
srl $3,$4,24
or      $2,$2,$3

BYTESWAP(unsigned s)
{

unsigned ss;
ss = (s<<24) | ((s<<8)&0xff0000) | 

((s>>8)&0xff00) | (s>>24);
return ss;

}

(a) (b)

sll $2,$3,24
lw $4,16($fp)
sll $3,$4,8
li $4,0x00ff0000 
and     $3,$3,$4
or      $2,$2,$3
lw $4,16($fp)
srl $3,$4,8
andi $4,$3,0xff00
or      $2,$2,$4
lw $4,16($fp)
srl $3,$4,24
or      $2,$2,$3

BYTESWAP(unsigned s)
{

unsigned ss;
ss = (s<<24) | ((s<<8)&0xff0000) | 

((s>>8)&0xff00) | (s>>24);
return ss;

}

(a) (b)
Fig. 4. Byteswap program (a) C code, (b) assembly code for PISA

create any hot spot on the chip. Meanwhile, as the custom hardware
offloads a lot of computation from the base core functional units,
less power is consumed in those components and thus the peak
temperature is reduced for both the clock gating and non-gating
modes. It is a good example to demonstrate that for certain custom
instructions, performance, power consumption, energy dissipation,
and peak temperature are all improved.

…… ……

…… ……

8 bits

8 bits

Fig. 5. Byteswap customized functional unit - btshift

b) Example 2: performance improves with negative impact on
power and little effect on thermal: The second example shows a
summation operation of four 16-bit subwords represented in two 32-
bit words, as shown in Fig. 6 (a). The assembly code to realize such an
operation in the PISA processor is shown in Fig. 6 (b). This operation
is intensively used in image processing field, e.g., image smoothing
algorithm. A typical custom instruction for computation speedup is
the fusion of operations ah+al+bh+bl, where ah and bh, al and bl,
represent the higher and lower bits of the two operands, respectively.
The custom hardware is composed by three 16-bit adders, as shown
in Fig. 7. The test program we chose runs the summation operations
for 1000 data. The detailed simulation results from PowerTheater
and HotSpot presented in Section VI show that the custom hardware
results in a noticeable power increase. However, it is not significant
enough to raise a hot spot and cause a considerable increase of the
peak temperature with the thermal-aware floorplanning.

c) Example 3: performance improves with negative impact on
both power and thermal: In some cases, the performance improve-
ment would have significant negative effect on other design metrics,

srl $3,$2,16
li $4,0x0000ffff 
and     $5,$2,$4
add     $2,$3,$5
srl $3,$6,16 
and     $5,$6,$4
add     $6,$3,$5
add     $2,$2,$6

a b

alah bh bl

+

result

(a) (b)

srl $3,$2,16
li $4,0x0000ffff 
and     $5,$2,$4
add     $2,$3,$5
srl $3,$6,16 
and     $5,$6,$4
add     $6,$3,$5
add     $2,$2,$6

a b

alah bh bl

+

result

(a) (b)
Fig. 6. Subaddtion example (a) operation, (b) assembly code for PISA

a b

+ +

+

Fig. 7. Subaddtion customized functional unit

such as power consumption, thermal distribution, etc. The third
example shows a determinant computation function for matrices,
given in Fig. 8. Two 32 bits operands represent four numbers in
a 2× 2 matrix, with ah, al for the first row and bh, bl the second
row. The determinant of the matrix is computed by ah×bl−al×bh.
The assembly code for the operation is shown in Fig. 9 (a). A custom
instruction can accelerate the operation greatly by grouping the two
multiplications and subtraction in one instruction. The hardware
implementation is depicted in Fig. 10 (a), and the assembly code
of using this custom instruction is shown in Fig. 9 (b). The power
profiling data with clock gating technique applied shows that the
average power of the custom processor increases when the function
is intensively performed. The thermal simulation in Section VI shows
that the custom hardware raises hot spot and increases the peak
temperature of the processor, as shown in Fig. 11 (a), because the
two simultaneous multiplications increase the power consumption
significantly, and power density of the custom hardware is increased
greatly as well.

ah  al

bh bl
M= |M|=ah*bl-al*bh

ah  al

bh bl
M= |M|=ah*bl-al*bh

Fig. 8. Determinant operation

srl $2,$2,16
li $4,0x0000ffff 
and     $3,$3,$4
mul $2,$2,$3
srl $5,$5,16 
and     $6,$6,$4
mul $5,$5,$6
sub     $2,$2,$5

det $2,$2,$3 sub_mul $4,$2,$3

sub_mul $3,$3,$2

sub         $2,$3,$4 

(a) (b) (c)
Fig. 9. Determinant assembly code for the base processor and two custom
processors

d) Example 4: reducing peak temperature at the expense of
less performance improvement: In last example, the performance
improvement is gained at the cost of peak temperature increase.
Next we consider another more economic custom instruction for
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Fig. 10. Determinant customized functional unit

the determinant computation, which only implements a subword
multiplication ah∗bl, as shown in Fig. 10 (b). The new assembly code
for the determinant computation using the new custom instructions
is shown in Fig. 9 (c), which reuses the custom hardware by two
custom instruction instances. The average power data listed in the
experimental result section shows that now the custom processor
consumes less average power than the implementation in Example
3, since only one multiplication is performed at each instruction.
Fig. 11 (b) shows the new thermal distribution. Custom hardware (in
the top middle) does not raise a hot spot in this case. By carefully
selecting custom instructions, we can reduce the peak temperature and
the power consumption at the cost of less performance improvement.

Fig. 11. Thermal distribution for determinant custom processors

VI. EXPERIMENTAL RESULTS

In this section, we have constructed a number of custom processors
for a set of benchmarks, and evaluated the custom programs running
on the custom processors in terms of performance, power, energy,
and thermal.

Table I and Table II give the detailed simulation results for the
three Tensilica benchmarks that we have used in Section V, for
the clock non-gating and gating mode respectively. The second
and third columns of the tables compare the performance of the
original processor and custom processor. The fourth to seven columns
compare the average power consumption and energy consumption.
The eighth and ninth columns compare the peak temperature for
both processors. We find that for benchmark byteswap, the custom
processor outperforms the original one in all the aspects, includ-
ing performance, average power, energy consumption, and peak
temperature. For benchmark subsum, the performance and energy
consumption improve, however, the custom processor consumes more
power and the peak temperature is a little bit higher than the original
processor (for the clock gating mode). For the two implementations
of matrix determinant computation, the peak temperature increases
more than 10oC. We also see trade-offs between performance and
power/thermal for the two implementations, where determinant

1 is better in performance, but consumer more power and reaches to
higher peak temperature than determinant 2.

Table III shows results for the custom instructions added for
the benchmarks, including the power consumption, size, and peak
temperature for the custom hardware. Only the custom hardware

for determinant 1 raises a hot spot - the temperature of the
custom hardware is the peak temperature of the whole processor chip
(104.1oC), as seen in the last column of Table II.

TABLE III
CUSTOM HARDWARE EXTENSION (WITH CLOCK GATING TECHNIQUE)

Bench- custom power size temperature

marks instr. (mW) (10−9m2) (oC)

byteswap btswp 8.2 7.6 69.9

subsum addsum 45 30 73.5

determinant 1 det 130 118 104.1

determinant 2 sub mul 56 50 91.1

Fig. 12 shows the detailed trade-offs between performance and
power consumption for the three examples with clock gating. For each
application, we have the original processor (denoted as “O” in the
figure) and the custom processor (denoted as “C”, or “C1” and “C2”
for determinant example). For all the benchmarks expect byteswap,
with custom instructions, the performance is improved, however
power consumption also increases. Fig. 13 shows performance versus
thermal with clock gating. It also shows that for some benchmarks,
custom instruction and hardware extension improve performance at
the cost of higher peak temperature. The comparison indicates that
the performance, energy, power, and thermal issue are not always
improved simultaneously when custom instructions are added. They
are affected by different factors in custom processor design and may
conflict with each other. An automatic ASIP synthesis flow should
include all the four metrics and the related cost functions should be
considered together for best custom instruction selection.

Fig. 12. Possible trade-off between performance and power consumption

Fig. 13. Possible trade-off between performance and thermal effect

VII. CONCLUSIONS

In this paper, we consider the thermal effect during ASIP synthesis,
and explore the relationship and possible trade-offs among three
design metrics: performance, energy, and temperature. We provide
theoretical analysis of the multi-dimension design considerations, and
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TABLE I
SIMULATION RESULT FOR DIFFERENT TESTBENCH -WITHOUT CLOCK GATING

Bench- # of executed cycles average power (W) energy consumption (mJ) peak temperature (oC)

marks original custom original custom original custom original custom

byteswap 40372 37399 1.87 1.72 150.0 129.2 79.2 74.9

subsum 35785 28715 1.59 1.63 114.2 93.7 75.8 80.4

determinant 1 44509 31403 1.66 1.99 147.8 125.4 115.0 123.9

determinant 2 44509 36454 1.66 1.87 147.8 136.9 115.0 117.4

TABLE II
SIMULATION RESULT FOR DIFFERENT TESTBENCH -WITH CLOCK GATING

Bench- # of executed cycles average power (W) energy consumption (mJ) peak temperature(oC)

marks original custom original custom original custom original custom

byteswap 40372 37399 1.23 0.86 98.9 61.6 74.1 71.5

subsum 35785 28715 0.83 0.89 58.2 51.5 73.9 75.1

determinant 1 44509 31403 1.02 1.28 91.3 80.2 98.5 104.1

determinant 2 44509 36454 1.02 1.19 91.3 86.8 98.5 99.6

validate the analysis through several realistic design implementations
of custom processors. The analysis and experimental results have
demonstrated the importance of thermal-aware ASIP synthesis. To
the best of our knowledge, this work is the first to fully analyze the
multiple aspects of ASIP design. We expect this work to enable our
future work on coherent multi-objective ASIP synthesis, incorporat-
ing the considerations on performance, energy efficiency, and thermal
effect.
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