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Data-parallel problems demand ever growing floating-point (FP) operations per
second under tight area- and energy-efficiency constraints. In this work, we present
Manticore, a general-purpose, ultraefficient chiplet-based architecture for data-
parallel FP workloads. We have manufactured a prototype of the chiplet’s
computational core in Globalfoundries 22FDX process and demonstrate more than 5x
improvement in energy efficiency on FP intensive workloads compared to CPUs and
GPUs. The compute capability at high energy and area efficiency is provided in “Snitch:
A tiny pseudo dual-issue processor for area and energy efficient execution of floating-
point intensive workloads,” IEEE Trans. Comput., containing eight small integer cores,
each controlling a large floating-point unit (FPU). The core supports two custom ISA
extensions: The SSRs extension elides explicit load and store instructions by encoding
them as register reads and writes (“Stream semantic registers: A lightweight RISC-V
ISA extension achieving full compute utilization in single-issue cores,” IEEE Trans.
Comput.). The floating-point repetition extension decouples the integer core from the
FPU allowing floating-point instructions to be issued independently. These two
extensions allow the single-issue core to minimize its instruction fetch bandwidth and
saturate the instruction bandwidth of the FPU, achieving FPU utilization above 90%,
with more than 40% of core area dedicated to the FPU.

Domains such as data analytics, machine
learning, and scientific computing are depen-
dent on increasing compute resources.3

Increasing technology node densities result in sys-
tems that are mainly limited by thermal design power
and the most feasible way to increase the amount of
active compute units is to design more energy-effi-
cient architectures. While many emerging architec-
tures,4 especially in the machine learning domain,
tradeoff floating-point (FP) precision for higher
throughput and efficiency, algorithms such as stencils
and linear differential equations require higher preci-
sion arithmetic. Domain-specific accelerators are a

prominent example for how to leverage specializa-
tion.5 Unfortunately, they are hard to adjust to algo-
rithmic changes and tied to a specific application
domain.

The trend in leading-edge general-purpose com-
puter architectures paints a similar picture on the
importance of increasing energy efficiency. Two prom-
inent examples of recent high-performance architec-
tures are Fujitsu’s A64FX6 and NVIDIA’s A100.7 Both
systems strive to control their 32 (A64FX) and 16
(A100) wide multilane SP (sp) data-path with as few
instructions as possible.

With the proposed Manticore system, we pursue a
similar goal. We achieve this goal by pairing a simple,
in-order, 32-bit RISC-V integer core with a large float-
ing-point unit (FPU). Two instruction set architecture
(ISA) extensions: SSRs and floating-point repetition
(FREP) make it possible for the single-issue integer
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core to saturate the bandwidth of its FPU, achieving
utilization higher than 90% for compute-bound kernels.

CHIPLET ARCHITECTURE
The proposed Manticore architecture consists of four
222-mm2 (14.9 x 14.9mm2) 22-nm chiplet dies on an inter-
poser. Using chiplets improves yield and reduces cost.
Each die has three short-range,multichannel, in-package
chip-to-chip links,8 one to each sibling. They are used for
interdie synchronization and chiplet-to-chiplet nonuni-
form memory access. Furthermore, each chiplet has
access to a private 8-GB high-bandwidthmemory (HBM).
The conceptual floorplan is depicted in Figure 1.

The chiplet (see Figure 2) contains four quadrants,
consisting of 32 clusters with eight cores each, which
results in 1024 cores for all four quadrants on a chiplet.
Furthermore, each chiplet contains four Ariane RV64GC
management cores9 an HBM (256 GB/s) controller, a
27MB of L2memory, and a 16x PCIe endpoint (31.5 GB/s)
for host communication, as shown in Figure 2.

The four Ariane management cores run a general-
purpose operating system such as Linux and manage
the Snitch clusters and program off-loading. The Man-
ticore chiplet has enough silicon area to support
27-MB on-chip shared L2 memory for critical data stor-
age such as neural network weights or stencil kernels.

Memory Hierarchy
Each quadranty (see Figure 3) is further subdivided into
multiple stages, in a tree-structure using an interconnect
tuned for burst-based direct memory transfer (DMA)
accesses. Four clusters share an instruction cache and
an uplink into the next stage. These four clusters have a
high aggregate bandwidth of 64 TB/s among each other
and can perform low-latency, high-bandwidth intraclus-
ter data transfers. As shown in Figure 3, clusters share

FIGURE 1. Conceptual floorplan of the package. Arrangement

of the chiplets and HBM on the interposer. Each chiplet has

its own, private, 8 GB HBM. Chiplets interconnect via die-to-

die serial links8.

FIGURE 2. Conceptual floorplan of an individual chiplet.

Arrangement of individual cluster quadrants, interconnects,

L2 memory, HBM2 controller, PCIe controller, and quad-core

Ariane RV64GC system.

FIGURE 3. Memory hierachy of the Manticore concept. Four

cluster form a quadrant and share an uplink into the next stage.

Four S1 quadrants form an S2 quadrant which share an uplink

to the next stage. Two S2 quadrant form an S3 quadrant. Four

S3 quadrants per chiplet share access to theHBMmemory.

yThe term quadrant is somewhat generic and does not neces-
sarily imply four members (cores or lower stage quadrants),
as the number of members can be adjusted to match the
available bandwidth into the next stage, as for example, in
stage three of our system
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the uplink into the next higher stage, the bandwidth to
the other S1 quadrants becomes smaller. Bandwidth is
subsequently thinned as four S1 quadrants share an
instruction cache and an uplink into the S2 quadrant
and two S2 quadrants share an uplink into the S3 quad-
rant. In the last stage of hierarchy 16� S3 quadrants,
distributed over four chiplets (nonuniform memory
access), share four HBMs with an aggregated peak
bandwidth of 1 TB/s. This bandwidth thinning scheme
allows us to have a very low diameter, low latency inter-
connect topology, which can sustainably saturate the
HBM bandwidth while being benign to floorplanning
and physical design. The interconnect also allows for a
very high cluster-to-cluster internal bandwidth,
through multiple stages, which by far exceeds the
bandwidth into the memory. With this model, we effi-
ciently support cluster-to-cluster traffic, while, at the
same time, fully loading thememory system.

Compute Cluster
The compute cluster consists of eight small, 22 kGE,
single-stage, 32-bit RISC-V processor cores1 (see
Figure 4). Each Snitch core contains a double-preci-
sion (DP) FPU, which can be used to compute one DP
fused multiply–add (FMA) operation or two SP FMA
per cycle. When running at 1 GHz, a cluster with eight
Snitch cores is able to compute 16 DP or 32 SP flop,
resulting in 4 TDPflop/s for the entire Manticore sys-
tem. All eight cores have elementwise, low latency,
access into 128-KiB tightly coupled and shared
scratchpad memory. Moreover, a DMA engine is in
charge of moving blocks of data into the scratchpad
memory over a 512-bit data bus. The cores are clocked

at 1 GHz, thus delivering more than 4 TDPflop/s peak
compute per chiplet.

With this architecture, we achieve a very high com-
pute/control ratio: 44% of the system consisting of
compute units, another 44% spent on the L1 memory
and just 12% of the area are spent on the control parts.

PROGRAMMING
We leverage two custom RISC-V ISA extensions to
achieve extremely high fp utilization and efficiency:
Xssr and Xfrep.

Stream Semantic Registers (Xssr)
SSRs2 offer a means to elide explicit load/store instruc-
tions in a program. This is achieved by giving a subset
of the processor core’s registers stream semantics.
When enabled, a read from such an SSRs is translated
in hardware into a load frommemory, and conversely, a
register write becomes a store to memory. Since an in-
order single-issue core can only execute a single
instruction every cycle, the presence of loads and
stores in a hot loop of the program diminishes FPU utili-
zation significantly. For example, consider a dot prod-
uct, which has to issue two loads from memory for
every FMA operation, as shown in Figure 5(a). In this
scenario, even if the loop is fully unrolled, we achieve at
most 33% FPU utilization. In theory, this allows the FPU
to be 100% utilized, and even a simple processor can
achieve>90% utilization inmany relevant kernels with-
out resorting to complex and energy-inefficient wide
issue superscalar or very long instruction word (VLIW)
architectures.2 SSRs offer a way to elide memory

FIGURE 4. Simplified block diagram of a Snitch-based compute

cluster. The core complex (CC) contains the integer core and

the FPU as well as necessary hardware for the SSRs and FREP.

The cluster contains eight core corplices, which share an

instruction cache and a tightly coupled data memory. A DMA

engines is used for efficient, bulk, datamovement.

FIGURE 5. Effect of SSRs and frep on the hot loop of a dot prod-

uct kernel. (a) Left: baseline simplified RISC-V implementation,

with address calculation and pointer increment omitted for

brevity. Right: SSRs implementation with memory loads

encoded as reads from stream registers; additional stream con-

figuration instructions required ahead of the loop. (b) Left:

implementation with loop bookkeeping using baseline RISC-V

instructions. Right: implementation with an frep hardware loop,

with all bookkeeping to occur implicitly in the hardware.
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accesses and address computation in hot loops, which
in many cases leaves no integer instructions in the
loop body.

Floating-Point Repetition (Xfrep)
The frep1 extension implements a FPU-only hardware
loop. Consider a dot product utilizing SSRs for example,
as shown in Figure 5(b). Besides the essential FMA oper-
ation running on the FPU, the loop only consists of a trip
count increment (addi) and a back branch (bne). This
loop can be replaced by a FREP instruction, which loops
a range of subsequent FP instructions (one in this case)
for a configurable number of times. The RISC-V ISA
makes the integration of such an extension very
straightforward as most instructions either operate
entirely on integer or entirely on FP registers. Only a
handful, such as comparisons ormoves between integer
and FP domains, exchange information from one
domain to the other. We leverage this separation and
insert a microloop sequence buffer of 16 instructions
between the Snitch core and the FPU. FREP instructions
configure this buffer to emit a range of buffered instruc-
tions multiple times into the FPU, which essentially
implements the hardware loop. Since this happens
entirely in the FPU subsystem outside of the Snitch
core, the core’s integer pipeline can run in parallel,
enabling a pseudo-dual-issue mode of operation that
would not be achievable with a traditional hardware
loop. This allows the core to perform nontrivial book-
keeping and address calculation while the FPU is run-
ning, without incurring a reduction of the FPUutilization.

Typical SSR/FREP Execution
As a concrete example, let us consider the matrix-vec-
tor multiplication operation shown in Figure 6(a). A
typical implementation leveraging Manticore’s SSRs
and FREP extensions is shown in Figure 6(b). The
address computation and memory accesses of A and
x are entirely performed by the SSRs ft0 and ft1. The
inner loop is implemented using an FREP instruction
and unrolled to compute four results in parallel in
order to avoid pipeline stalls due to FPU latency. The
outer loop is executed by the integer core. It stores
the results (fsd), implements loop bookkeeping (addi,
bltu), and initializes a (fmv.d).

As shown in Figure 6(c), the 16 instructions of the
assembly implementation are fetched and decoded
once by the integer pipeline of the processor core and
expand to 204 executed instructions in the FPU through
the use of FREP. This leaves 188 cycles for the integer
pipeline for other tasks, such as preparing the next loop
iteration or coordination of data movement. In case no
other work is required, the 16 instructions fetched over
204 cycles of execution amounts to roughly one instruc-
tion every 13 cycles, mitigating the vonNeumann bottle-
neck by reducing instruction fetch bandwidth by more
thanone order ofmagnitude. Since the FPU can execute
the loop iterations back-to-back and of the 204 instruc-
tions, 192 perform actual computation, this kernel can
achieve up to 94% FPU utilization.

Compilers can leverage these new instructions
through scalar evolution and loop analysis to detect
loops with the appropriate structure, and matching

FIGURE 6. Typical execution of a matrix-vector multiplication implementation leveraging the SSRs and frep extensions. The 16

instructions are fetched and decoded once by the integer pipeline of the processor core (b), and expanded to 204 executed

instructions in the fpu (c). (a) Reference C implementation with a square matrix A of fixed size 48. (b) Resulting assembly imple-

mentation as stored in the binary and fetched/decoded by the processor core. (c) Execution traces of the integer pipeline (left)

and the fp pipeline (right).
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against amenable address calculation, load and use
patterns as a peephole optimization. These facilities
are commonly provided as part of the existing com-
piler infrastructure in both GCC and LLVM.

PROTOTYPE
A 3 x 3-mm2 prototype containing the logic core of the
chiplet architecture was manufactured and character-
ized using the Globalfoundries 22FDX technology. The
prototype in Figure 7 contains three Snitch clusters
with eight cores (each configured with 8-KiB L1
instruction cache and 128-KiB L1 data memory orga-
nized in 32 banks), a dual-core Ariane (with 16-KiB L1
instruction cache and 32-KB data cache), 1.25-MiB L2
memory, and a 400-MHz, double data-rate, 2.56-GB/s,
digital-only chip-to-chip link.

SILICON PERFORMANCE
Efficiency
We measured the speed and power consumption of the
prototype silicon under representative workloads and
operating conditions. Figure 8 shows the DP per-

FIGURE 7. Floorplan of the prototype silicon. The two Ariane cores as well as the Snitch cluster have been designed hierar-

chically. The core’s follow a star-shaped layout around the shared instruction cache.

FIGURE 8. Compute performance, energy efficiency, speed,

and power consumption for different operating voltages.

Measured on the prototype silicon across eight sample dies.

Cores performing matrix multiplications, at 90% FPU utiliza-

tion. Performance and efficiency doubles across range.
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formance and energy efficiency achieved when execut-
ing parallel workloads on the 24 cores of our prototype
22-nm silicon, for different operating voltages. The chips
offer a wide range of operating points and choices for
performance/efficiency tradeoffs, which we leverage
through dynamic voltage and frequency scaling based
on the current workload’s operational intensity. This
allows us to essentially adjust the roofline of the system
to match the current workload. In high-performance
mode running over 1 GHz at 0.9V VDD, our architecture
achieves a peak performance of 54 GDPflop/s across 24
cores and a compute density of up to 20GDPflop/smm2,
which translates to 9.2 TDPflop/s across a full 4096
cores. Inmax-efficiencymode running at 0.5 GHz at 0.6 V
VDD, our architecture achieves an industry-leading effi-
ciency of 188 GDPflop/sW, while still delivering a respect-
able 25 GDPflop/s across 24 cores, which translates to
4.3 TDPflop/s across a full 4096 cores.

Roofline
To assess the performance of the manufactured sili-
con, we analyzed workloads from training steps of a
set of deep neural networks (DNNs). Figure 9 shows
the roofline plot of our architecture across a full train-
ing step. We estimate full-system performance based
on cycle-accurate simulation of a smaller instantiation
of the hardware, combined with an architectural
model of the full system and measured performance
characteristics of the prototype silicon. The compute-
bound convolution layers in the workload reach >80%
of the system’s peak performance, and the proximity
to the point of inflection of the roofline indicates a bal-
anced utilization of the hardware capabilities. The
memory-bound linear and pooling layers reach >90%

of the system’s peak bandwidth. Since DNN workloads
tend to be dominated by the convolution layers, the
overall performance, which considers all layers, is
almost identical to the convolution performance.
Overall we observe that the Manticore architecture is
very efficient at tracking the performance and band-
width roofline, with a detachment down to 5% for low
intensity and 14% for high-intensity optimized kernels.
The worst-case detachment of 34% from the roofline
is encountered in the intermediate region around the
point of inflection, where intuitively, the aggregate
bandwidth pressure on the L1 TCDM is highest due to
the DMA and the compute units both operating at
capacity and banking conflicts more frequently stall L1
memory accesses.

Applications
Figure 10 shows the SP energy efficiency achieved in a
DNN training step overall, and on the compute-bound
convolutions specifically, across a variety of networks,
and the industry-leading dp efficiency on linear alge-
bra. On sp DNN training workloads, Manticore’s actual
efficiency is competitive with the V100 GPU’s peak
efficiency and outperforms the Core i9-9900K CPU by
2� and the Neoverse N110 by 3�. On dp workloads,
Manticore outperforms a V100 GPU’s peak efficiency
by 6�, the N1 by 7�, the Celerity RISC-V CPU by 9�,
and the Core i9-9900K CPU by 15�. Our architecture

FIGURE 9. Performance roofline plot of DNN training work-

loads. We group convolutions and linear/pooling layers to

indicate performance in the compute- and memory-bound

regions, respectively. The Manticore architecture is very effi-

cient at tracking the performance and bandwidth roofline,

with a detachment down to 5% for low-intensity and 14% for

high-intensity optimized kernels.
FIGURE 10. Top: Estimated sp energy efficiency of a full DNN

training step, overall and specifically on the convolution

layers for the conceptual Manticore chiplet architecture. Bot-

tom: dp energy efficiency on linear algebra (assuming 90% of

peak performance); Manticore shown for maximum perfor-

mance and maximum efficiency operating points.
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achieves this despite these chips having a substantial
technology advantage due to their 7-, 12-, and 14-nm
FinFET processes. Regarding the A100 GPU, our initial
estimates based on data published by Nvidia7 suggest
that it achieves a 25% improvement on SP and DP
over the V100 in terms of speed at similar power con-
sumption. This indicates that Manticore has just 25%
lower efficiency on SP than A100, but outperforms it
on DP by 5�, despite the A100’s significant 7-nm Fin-
FET technology advantage. Manticore delivers signifi-
cantly higher peak FP performance than comparable
RISC-V architectures11 in 16 nm.

OVERALLWEOBSERVE THAT THE
MANTICORE ARCHITECTURE IS VERY
EFFICIENT AT TRACKING THE
PERFORMANCE AND BANDWIDTH
ROOFLINE, WITH A DETACHMENT
DOWN TO 5% FOR LOW INTENSITY
AND 14% FOR HIGH-INTENSITY
OPTIMIZED KERNELS.

ACKNOWLEDGMENTS
This work was supported by the European Union’s
H2020 program under Grant 826647 (European Pro-
cessor Initiative-EPI) and Grant 732631 (Open Trans-
precision Computing - “OPRECOMP”).

REFERENCES
1. F. Zaruba, F. Schuiki, T. Hoefler, and L. Benini, “Snitch: A

tiny pseudo dual-issue processor for area and energy

efficient execution of floating-point intensive

workloads,” IEEE Trans. Comput., to be published.

2. F. Schuiki, F. Zaruba, T. Hoefler, and L. Benini, “Stream

semantic registers: A lightweight RISC-V ISA extension

achieving full compute utilization in single-issue cores,”

IEEE Trans. Comput., to be published.

3. “AI and compute,” 2020. Accessed: Oct. 5, 2020. [Online].

Available: https://openai.com/blog/ai-and-compute/

4. N. P. Jouppi et al., “A domain-specific supercomputer for

training deep neural networks,”Commun. ACM, 2020.

5. A. Yang, “Deep learning training at scale spring crest

deep learning accelerator,” in Proc. Symp. High

Performance Chips, vol. 31, 2019.

6. T. Yoshida, “Fujitsu high performance CPU for the Post-

K Computer,” in Proc. Symp. High Performance Chips,

vol. 30, 2018.

7. Nvidia, “NVIDIA Ampere GA102 GPU Architecture - The

Ultimate Play,” 2020.

8. P. Vivet et al., “A 220GOPS 96-core processor with 6

chiplets 3D-stacked on an active interposer offering

0.6ns/mm latency, 3TBit/s/mm2 inter-chiplet

interconnects and 156mW/mm2@82% Peak-Efficiency

DC-DC Converters,” in Proc. IEEE Int. Conf. Solid-State

Circuits, 2020.

9. F. Zaruba and L. Benini, “The cost of application-class

processing: Energy and performance analysis of a

Linux-ready 1.7-GHz 64-bit RISC-V core in 22-nm FDSOI

Technology,” IEEE Trans. Very Large Scale Integr. (VLSI)

Syst., vol. 27, no. 11, pp. 2629–2640, Nov. 2019.

10. R. Christy et al., “A 3GHz Arm Neoverse N1 CPU in 7nm

FinFet for infrastructure applications,” in Proc. IEEE Int.

Conf. Solid-State Circuits, 2020.

11. S. Davidson et al., “The Celerity open-source 511-core

RISC-V tiered accelerator fabric: Fast architectures and

design methodologies for fast chips,” IEEE Micro, vol.

38, no. 2, pp. 30–41, Mar./Apr. 2018.

FLORIAN ZARUBA receiveda B.Sc. fromTUWien, Vienna, Aus-

tria, in 2014 andanM.Sc. in 2017 from the Swiss Federal Institute

of Technology Z€urich, Z€urich, Switzerland, where he is currently

working toward a Ph.D. with the Digital Circuits and Systems

group of Luca Benini. Contact him at zarubaf@iis.ee.ethz.ch.

FABIAN SCHUIKI received a B.Sc. and an M.Sc. in electrical

engineering in 2014 and 2016, respectively, from ETH

Z€urich, Z€urich, Switzerland, where he is currently working

toward a Ph.D. with the Digital Circuits and Systems group of

Luca Benini. Contact him at fschuiki@iis.ee.ethz.ch.

LUCA BENINI holds the Chair of Digital Circuits and Systems,

ETHZ and is Full Professor with the Universita di Bologna. He is

a Fellow of the ACM and a member of the Academia Europaea.

Contact him at lbenini@iis.ee.ethz.ch.

42 IEEE Micro March/April 2021

HOT CHIPS

Authorized licensed use limited to: ETH BIBLIOTHEK ZURICH. Downloaded on April 29,2021 at 15:16:05 UTC from IEEE Xplore.  Restrictions apply. 

https://openai.com/blog/ai-and-compute/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


