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!! T=6-"-T,)9/=9-:"./80)*+,"/)),=,+/:*+-"
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•! F6:"/")*+,"3E@A"*V":G,"-9Q,"I9=="-7=="

)*8-6.,"3E$"*V":G,"T*I,+^"
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•! +,D6),-"T*I,+"6-/K,"
•! ;./01,"8*:"/=="&\W"1,"T*I,+,D^B"
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!! W*"V6:6+,"-0-:,."I9=="1,"-98K=,U)*+,"
!! T/+/==,="T+*K+/..98K"I9=="1,",--,87/="

!! <:h-"8*:"i6-:"/1*6:"T,+V*+./8),"
!! 9:h-"/=-*"/1*6:",8,+K0"6-/K,"

!! <V"I,"D*8h:"-*=C,":G,".6=7)*+,")G/==,8K,R":G,8"8*"*:G,+"/DC/8),-"
I9=="./j,+^"
!! 6-,+"98:,+V/),-"
!! )01,+UTG0-9)/="-0-:,.-"
!! +*1*7)-"
!! K/.,-"
!! PPP"
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(=7./:,=0R"D,C,=*T,+-"-G*6=D"-:/+:":G98H98K"/1*6:"*)(6F#4>(?-)?6F#0(?#
*4,>60(?6"*V")*+,-"(,+"98":G,9+"/=K*+9:G.9)"D,C,=*T.,8:"/8D"D,T=*0.,8:"
T9T,=98,P ""
"
E1>$')Z<0-&06()3'51%5Y$-)F1#51""'()O1,"-)!5%'&Y'&%"++&')L"%<1&-&#C)f$W"

kG,"D9=,../"9-":G/:"/"10-3)#9)-=)(*03)"*V".9--9*8U)+97)/=",8:,+T+9-,"/TT=9)/7*8-"
I9=="8*:"ll/6:*./K9)/==0mm"+68"V/-:,+"*8".6=7U)*+,"-,+C,+-P"U(#V0=*F#70(5#+211#
0=*>0115#->(#61,+)-B"S,".6-:"./H,"9:"/-",/-0"/-"T*--91=,"V*+"/TT=9)/7*8-"
T+*K+/..,+-":*",#T=*9:":G,"=/:,-:"D,C,=*T.,8:-"98".6=7U)*+,E./80U)*+,"
/+)G9:,):6+,-R"IG9=,"-7=="./H98K"9:",/-0":*":/+K,:"V6:6+,";/8D"T,+G/T-"
68/87)9T/:,DB"G/+DI/+,"D,C,=*T.,8:-P "
"
3$,'5%G)f"&1$':()?5%")3'"+5:"1,)*&')3'&:0%,)a"8"-&Y6"1,)
g&#0")_$8")D&h>$'")

T9T,=98,P ""

E1>$')

kG,"D9=,../"9-":G/:"/" "*V".9--9*8U)+97)/=",8:,+T+9-,"/TT=9)/7*8-"
/6:*./K9)/==0mm"+68"V/-:,+"*8".6=7U)*+,"-,+C,+-P"U(#V0=*F#70(5#+211#

kG,"D9=,../"9-":G/:"/"

"
kG,"e`fi"9.T*+:/8:")G/==,8K,"98"&*.T6:,+"a)9,8),"
;<8:,=B"

0=*>0115#->(#61,+)-B

"*V".9--9*8U)+97)/=",8:,+T+9-,"/TT=9)/7*8-"
I9=="8*:"ll/6:*./K9)/==0mm"+68"V/-:,+"*8".6=7U)*+,"-,+C,+-P"U(#V0=*F#70(5#+211#
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"
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!! W*:"T*+78K"/"-,o6,87/="/=K*+9:G."98:*"/";9==UD,[8,DB"T/+/==,="D*./98"
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!! &*8)6++,8)0"9-"/"T+*K+/..98K"/1-:+/)7*8"
!! kG,"5::(&57."*V"98D,T,8D,8:":G+,/D-"*V",#,)67*8"

!! '/+/==,=9-."9-"/"G/+DI/+,"/+:,V/):"
!! kG,"!"%:5->"*V":G+,/D-",#,)678K"/:":G,"-/.,"7.,"

!! &*8)6++,8)0"9-"/1*6:"1+,/H98K"/"T+*K+/."D*I8"98:*"-,T/+/:,"689:-"*V"
)*.T6:/7*8";)*8),T:6/=B"

!! '/+/==,=9-."9-"/1*6:"./H98K":G98K-"G/TT,8"/:":G,"-/.,"7.,";T+/)7)/=B"

!! \"T/+/==,="T+*K+/."G/-"-$7(&%./&*7!*65::57.&"*V"21C":G+,/D-"
!! \")*8)6++,8:"T+*K+/."G/-"/"V,I"<0#"":G+,/D-"
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!! a:/+:"1*j*.U6T"
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!! kG98H"/1*6:":G,"3ELLFg`)*V"T/+/==,=9-."
!! ,PKP"./T;+,D6),BR":/-H"V/+.R"T/+/==,="-,/+)GR"T/+/==,=")*.T=,7*8R"PPP"

!! DLgB;LBgF":G,")*.T*8,8:-"98:*"/"T/+/==,="T+*K+/."
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!! gFDLgB;LBgF"9V"8,),--/+0^";/=-*"6-98K"+,V/):*+98KB"
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'+*[=98K"
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<8:,="
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cq"
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E7/"*

PPP"
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!! >9KGU=,C,="/1-:+/):"T/j,+8-"*V")*..*8"T/+/==,="/=K*+9:G.-"
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!! S,")/8")*8-:+6):"/"=1,6>-)";/H/"/"V>*>-)B":*")/T:6+,"-*.,"
)*.T6:/7*8R",PKP"98"'/+/==,=">/-H,==O"

"1+9)H"r"PPP"sU"/8",#T+,--9*8":*",C/=6/:,"98"T/+/==,="Ut"
"
" "UU"8*I"+68"1+9)H"98"T/+/==,="6-98K":G,"T/+")*8-:+6):"

"T/+"1+9)H""sU":G,"./98")*.T6:/7*8"Ut"
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#
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!! S,")/8")*8-:+6):"/"=1,6>-)";/H/"/"V>*>-)B":*")/T:6+,"-*.,"
)*.T6:/7*8R",PKP"98"'/+/==,=">/-H,==O"

"1+9)H"r"PPP"sU"/8",#T+,--9*8":*",C/=6/:,"98"T/+/==,="Ut"
"
" "UU"8*I"+68"1+9)H"98"T/+/==,="6-98K":G,"T/+")*8-:+6):"

"T/+"1+9)H""sU":G,"./98")*.T6:/7*8"Ut"

$$#

<8"/"-:+9):"=/8K6/K,";5+=/8KR"a)/=/R"PPPBR"0*6")/8"-9.T=0":6+8"/"
1+9)H"98:*"/"V68)7*8PPP"
#

#:-2=.#Z[#\#BBB#
#90-#PV>(#:-2=.Q##BBB#
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!! ]234)-Y,-?)-#V>(=M,(6#)/8")/T:6+,"T/+/==,="T/j,+8-"

"UU"I/+898KO"T9DK98U5+=/8K"V*==*I-"
"T/+./T"c"_MuM-`"r"T/+";c"MB";T/+./T"c"M-B"
"T/+./T"c"_`"r"_`"

"
"UU"169=D":G,"1+9)H-"
"1+9)H-"<8T6:"r"T/+./T"./H,1+9)H"<8T6:"

!! kG,-,"V68)7*8-"/+,"*v,8")/==,D"6.)1)*,(6#P<>--05#C,1)F#TSJSQ"

$%#
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!! aH,=,:*8-"9.T=,.,8:"-T,)9[)"T/+/==,="T/j,+8-"
!! '=6KK/1=,":,.T=/:,-"

!! DG"-"9-"/"8,I";\W?"ZWen^B"aH,=,:*8"=91+/+0"98"5+=/8K"
!! ./TR"V/+.R"+,D6),R"T9T,=98,R"V,,D1/)H"
!! 98-:/87/:,D"6-98K"+G"-M:&)

!! I(::>*J"&-%K:"*

!! E)aDf)*&')Y$'$--"-5+6)

OutputItems = skel:do(Skeleton, InputItems).

$&#

GjTOEE-H,=PI,,1=0P)*."

GjT-OEEK9:G61P)*.E'/+/'G+/-,E-H,="
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!! 5/)G"-:/K,"*V":G,"T9T,=98,")/8"1,",#,)6:,D"98"T/+/==,="
!! kG,"98T6:"/8D"*6:T6:"/+,"-:+,/.-"

skel:do([{pipe,[Skel1, Skel2,..,SkelN]}], Inputs).

" $'#

Pipe

Tn · · · T1 T �
n · · · T �

1

{pipe, [Skel1, Skel2, · · · , Skeln]}

Skel1 Skel2 Skeln
· · ·

Inc = {seq , fun (X) -> X+1 end},

Double = {seq , fun (X) -> X*2 end},

skel:run({pipe , [Inc , Double]},

[1,2,3,4,5,6]).

% -> [4,6,8,10,12,14]
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!! 5/)G"I*+H,+"9-",#,)6:,D"98"T/+/==,="
!! \"19:"=9H,"/"3U-:/K,"T9T,=98,"

"

skel:do([{farm, Skel, M}], Inputs).

$I#

Farm

Tn · · · T1 T �
n · · · T �

1

...

Skel2

Skel1

{farm, Skel, M}

SkelM

Inc = {seq , fun(X)-> X+1 end},

skel:run({farm , Inc , 3},

[1,2,3,4,5,6]).

% -> [2,5,3,6,4,7]
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Map

Tn · · · T1 T �
n · · · T �

1

{map, Skel, Decomp, Recomp}

...

Skel2

Skelm

Skel1

Decomp Recomp

Inc = {seq , fun(X)-> X+1 end},

skel:run({map , Inc ,

fun erlang:tuple_to_list /1,

fun erlang:list_to_tuple /1},

[{1,2},{3,4}]).

% -> [{2,3},{4,5}]

skel:do([{map, Skel, Decomp, Recomp}], 
Inputs).    
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%X#

"
ant_colony(FName, Num_Ants, Num_Iters, NWs) -> 
    {Num_Jobs, Process_Time, Weight, Deadline, Tau} = binary_init(FName), 
    Task = {Num_Jobs, Process_Time, Weight, Deadline, Tau, Num_Iters}, 
    ChunkSize = calculate_chunk_size(Num_Ants div 64, NWs), 
    InputList = create_input_list(ChunkSizes, 64, Task), 
    Pipe = {pipe, [{map, [{func, fun(X) ->     
                          lists:map(fun find_solution/1, X) end}], 
                    fun(X) -> X end, 
                    fun(X) -> X end}, 
                   {func, fun(X) -> pickbest_update (NWs, ChunkSize, X) end}]}, 
    Feedback = {feedback, [Pipe], fun(X) -> ant_feedback(X) end}, 
    skel:do([Feedback], [InputList]).)

"
"



3$'$3<'$+")3'&A"%,)?5+5&1)

<897/="'+*K+/."

<D,87V0"&*.T*8,8:-"

'/+/==,=9-/1=,"'+*K+/."

],V/):*+98K"

'/+/==,="'+*K+/."

'/j,+8-" ],V/):*+98K"]6=,-"

',+V*+./8),"<8V*"

],V/):*+98K"'/j,+8-"

&ww"
;c/-:c=*IB"

5+=/8K" L"

',+V*+./8),"<8V*"

?08/.9)"
],UJ/TT98K"

a:/7)"
J/TT98K"

Fb"%02&1)&1)9","'&#"1"&0+)
9$':>$'")3-$o&'6)

',+V*+./8),"<8V*"

?08/.9)"
],UJ/TT98K"

Fb"%02&1)&1)9","'&#"1"&0+)

a:/7)"
J/TT98K"

95#<)f"8"-)

f&>)f"8"-)

T#

&*.T9=/7*8"

J/)G98,"
e,/+898K"

&'("

4'("

&'("

4'("

Fa'R"./T],D6),R"
c/+.R"PPP"



g"*$%,&'51#)

!! ],V/):*+98K"%<$1#"+):G,"
+,'0%,0'")&*":G,"+&0'%")%&:""
!! 6-98K"I,==UD,[8,D"+6=,-"
!! 6)72Y0>*,70M=0115#>(?)-#

9-,3-077)-#3>2?0(=)"
"
"
"
"
"
"
"
"
"

Review



g"*$%,&'51#M)/$'6)O1,'&:0%2&1)

%&#

c/+."

S1 � S2 ⌘ Pipe(S1, S2) pipe seq
Map(S1 � S2, d, r) ⌘ Map(S1, d, r) �Map(S2, d, r) map fission/fusion
S ⌘ Farm(S) farm intro/elim
Map(F, d, r) ⌘ Pipe(Decomp(d)), Farm(F ), Recomp(r)) data2stream
S1 ⌘ Map(S

0
1, d, r) map intro/elim

Figure 3.3: Some Standard Skeleton Equivalences

The following describes each of the patterns in turn:

• a MAP is made up of three OPERATIONs: a worker, a partitioner, and a
combiner, followed by an INPUT;

• a SEQ is made up of a single OPERATION denoting the sequential compu-
tation to be performed, followed by an INPUT;

• a FARM is made up of a single OPERATON denoting the working, an INPUT
and the number of workers (NW); and,

• a PIPE is made up of at least one OPERATION denoting each stage of the
pipeline, followed by an INPUT.

Each pattern has an IDENT attribute, allowing other patterns to reference it. This
flattens the XML structure instead of nesting, providing a structure that is easier to
read and reason about. Finally, an OPERATION is either a COMPONENT (describ-
ing the module, name and language for a unit of computation) or another pattern
(described by a reference to the pattern’s identifier).

3.2 Language-Independent Rewrite Rules

In this section we introduce a number of language-independent skeleton rewrite
rules that will be used to motivate the refactoring rules given in the remainder of
the chapter. Figure 3.3 shows four well-known equivalences. Here Pipe, � and
Map refer to the skeletons for parallel pipeline, function composition and parallel
map, respectively, S denotes any skeleton, and Seq(e) denotes that e is a sequential
computation. All skeletons work over streams. Decomp and Recomp are primi-
tive operations that work over non-streaming inputs. d and r are simple functions
that specify a decomposition (d :: a ! [b]), and a recomposition (r :: [b] ! a),
as with the Partition and Combine functions above. Working from left to
right in these equivalences introduces parallelism, while working from right to left
reduces parallelism. Reading from left to right, we can therefore interpret the rules
as follows:
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[ writeImage(convertMerge(readImage(X))) 
|| X <- Images() ]

readImage({In1, in2, out) ->
…
{ Image1, Image2, out}.

convertImage({Image1, Image2, out}) ->
Image1P = whiteScreen(Image1),
Image2P = mergeImages(Image1, Image2),
{Image2P, out}.

writeImage({Image, Out}) -> …

"
"
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Figure 3. Refactored Use Case Results in FastFlow

code and simply points the refactoring tool towards them. The
actual parallelisation is then performed by the refactoring tool,
supervised by the programmer. This can give significant sav-
ings in effort, of about one order of magnitude. This is achieved
without major performance losses: as desired, the speedups
achieved with the refactoring tool are approximately the same
as for full-scale manual implementations by an expert. In
future we expect to develop this work in a number of new
directions, including adding advanced performance models to
the refactoring process, thus allowing the user to accurately
predict the parallel performance from applying a particular
refactoring with a specified number of threads. This may be
particularly useful when porting the applications to different
architectures, including adding refactoring support for GPU
programming in OpenCl. Also, once sufficient automisation
of the refactoring tool is achieved, the best parametrisation
regarding parallel efficiency can be determined via optimisa-
tion, further facilitating this approach. In addition, we also
plan to implement more skeletons, particularly in the field of
computer alegbra and physics, and demonstrate the refactoring
approach with these new skeletons on a wide range of realistic
applications. This will add to the evidence that our approach is
general, usable and scalable. Finally, we intend to investigate
the limits of scalability that we have obvserved for some of our
use-cases, aiming to determine whether the limits are hardware
artefacts or algorithmic.
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figure. The convolution is defined as a two stage pipeline (k),
with the first stage being a farm (�) that generates the images
(G), and the second stage is a farm that filters the images (F ).
In the convolution, the maximum speedup obtained from the
refactored version is 6.59 with 2 workers in the first farm and
8 workers in the second farm. There are also three workers
for each pipeline stage, (two for the farm stages, and one for
the initial streaming stage), plus threads for the load balancers
in the farm, giving a total of 15 threads. Here, the nature of
the application may limit the scalability. The second stage of
the pipeline dominates the computation: the first stage takes
on average 0.6 seconds and the second stage takes around
7 seconds to process one image, resulting in a substantial
bottleneck in the second stage.

The Ant Colony Optimisation scales linearly to give a
speedup of 7.29 using 8 farm workers, after which the per-
formance starts to drop noticeably. We observe only relatively
modest speedups (between 3 and 4) with more than 12 farm
workers. The Ant Colony Optimisation is quite a memory-
intense application, and all of the farm workers need to access
a large amount of shared data (processing times, deadlines
and weights of jobs, together with ⌧ matrix), especially since
we are considering instances where the number of jobs to be
scheduled is large. We suspect that the drop in performance
is due to expensive memory accesses for those farm workers
that are placed on remote cores (i.e., not in the same processor
package). The fact that the decrease in performance occurs at
about 10 farm workers confirms this: this is exactly the point
where not all of the farm workers can be placed on cores from
one package3. However, more testing is needed to precisely
pinpoint the reasons for the drop in performance.

For the BasicN2 use case (shown in Listing 4 in the
right column), the refactored version achieves a speedup of
21.2 with 24 threads. The application scales well, with near
linear speedups (up to 11.15 with 12 threads). After 12
threads, the speedups decrease slightly, most likely because the
refactored code dynamically allocates memory for the tasks
during the computation, resulting in some small overhead.
FastFlow also reserves two workers: one worker for the load
balancer and one for the farm skeleton, so the maximum
speedup achievable with 24 threads is only 21.2. BasicN2
gives scalable speedups due to its data-parallel structure, where
each task is independent, and the main computation over each
task dominates the computation. In Listing 4, we also show
the manually parallelised version in FastFlow, which achieves
comparable speedups of 22.68 with 24 threads. The manual
refactored code achieves slightly better speedups due to the
fact that only one FastFlow farm is introduced in the code.
However, in the refactored version, due to the refactoring tool’s
limitation, we introduce two FastFlow farms with an addition
synchronisation point between them. The refactoring tool does
not yet have provision to merge two routines into one, which
can be achieved by an experienced C++ programmer.

The Graphical Lasso use case gives a scalable speedup of
9.8, for 16 cores, and stagnates afterwards. This is similar to
manually ported FastFlow code, and to results obtained with
an OpenMP port (where we achieved a maximum speedup of
11.3 on 16 cores). Although the tasks parallelised here are, in
principle, independent, we expected significant deviation from

3FastFlow reserves some cores for load balancing, the farm emitter/collector.

Man.Time Refac. Time LOC Intro.
Convolution 3 days 3 hours 58
Ant Colony 1 day 1 hour 32

BasicN2 5 days 5 hours 40
Graphical Lasso 15 hours 2 hours 53

Figure 3. Approximate manual implementation time of use-cases vs.
refactoring time with lines of code introduced by refactoring tool

linear scaling for higher numbers of cores, because of cache
synchronisation (disjunct but interleaving memory regions are
updated in the tasks), and an uneven size combined with a
limited number of tasks (48). At the end of the computation,
some cores will wait idly for the completion of remaining
tasks. Consequently, the observed performance matched our
expectations, providing considerable speedup with a small
investment in manual code changes.

Table 3 shows approximate porting metrics for each use
case, with the time taken to implement the manual parallel
FastFlow implementation by an expert, the time to parallelise
the sequential version using the refactoring tool, and the
lines of code introduced by the refactoring tool. Clearly the
refactoring tool gives an enormous saving in effort over the
manual implementation of the FastFlow code.

V. RELATED WORK

Refactoring has a long history, with early work in the field
being described by Partsch and Steinbruggen in 1983 [16], and
Mens and Tourwé producing a survey of refactoring tools and
techniques in 2004 [15]. The first refactoring tool system was
the fold/unfold system of Burstall and Darlington [7] which
was intended to transform recursively defined functions. There
has so far been only a limited amount of work on refactoring
for parallelism [12]. We have previously [13] used Template
Haskell [17] with explicit cost models to derive automatic
farm skeletons for Eden [14]. Unlike the approach presented
here, Template-Haskell is compile-time, meaning that the
programmer cannot continue to develop and maintain his/her
program after the skeleton derivation has taken place. In [2],
we introduced a parallel refactoring methodology for Erlang
programs, demonstrating a refactoring tool that introduces and
tunes parallelism for Skeletons in Erlang. Unlike the work
presented here, the technique is limited to Erlang is demon-
strated on a small and limited set of examples, and we did
not evaluate reductions in development time. Other work on
parallel refactoring has mostly considered loop parallelisation
in Fortran [19] and Java [10]. However, these approaches are
limited to concrete and fairly simple structural changes (such
as loop unrolling) rather than applying high-level pattern-based
rewrites as we have described here. We have recently extended
HaRe, the Haskell refactorer [5], to deal with a limited
number of parallel refactorings [6]. This work allows Haskell
programmers to introduce data and task parallelism using small
structural refactoring steps. However, it does not use pattern-
based rewriting or cost-based direction, as discussed here. A
preliminary proposal for a language-independent refactoring
tool was presented in [3], for assisting programmers with in-
troducing and tuning parallelism. However, that work focused
on building a refactoring tool supporting multiple languages
and paradigms, rather than on refactorings that introduce and
tune parallelism using algorithm skeletons, as in this paper.
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iter = fun(NCPU, NGPU) ->
 Map = {map, [{seq, fun(X) -> het_map:het_dispatcher(
                              fun(Y) -> nbody_cpu(Y,Particles,0.0001) end,
                              fun(Y) -> nbody_gpu(Y,Particles,0.0001) end,
                              X) end}],
           fun(X) -> het_map:het_split(fun split/2,X,NCPU,NGPU) end,
           fun combine/1},
  Results = skel:do([Map],[Particles]),
  Result.
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{ok,Program} = clu:build_source(E, Source), 

{ok,Kernel} = cl:create_kernel(Program, 
"imageMergeKernel"), 
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!! aI9v"G/-"[+-:U)=/--"V68)7*8-";/8D")/8"-6TT*+:"V6:6+,-B"

S'#



3$'$3<'$+")3$'$--"-);rr)g"*$%,&'51#)

!! <8:,K+/:,D"98:*"5)=9T-,"
!! a6TT*+:-"V6=="&ww;33B"-:/8D/+D"
!! (-,-"-:+*8K=0"G0K9,89)")*.T*8,8:-"

!! V68)7*8/=",8)/T-6=/7*8";)=*-6+,-B"

!! k+/8-V,+-"*6+"V68)7*8/="9D,/-":*"&ww"

SI#



/0',<"')g"$:51#)

;<'5+)='&>1V)9$1+P_&-*#$1#)f&5:-)$1:)7"851)9$66&1:)
]3$'$/&'651#)/&'651#)3$'$--"-)9$+G"--)3'&#'$6+)0+51#)`&8"-)g"*$%,&'51#)L"%<15\0"+^)
D!712**LMNN*O!"./&*5.*I(.1H7.%:*D!7=!%665.=*;OID<)*P%/!5/)*F#%5.)*P%>*LMNN*

9"1'5\0")/"''"5'&()a$85:);$+,'&()?-$:565')@$1A5%)$1:)7"851)9$66&1:)
]g"Y"$21#)95+,&'CM)Fb"%02&1)g"Y-$C)*&')3$'$--"-)9$+G"--)3'&#'$6+^)
D!712*LMNL*O!"./&*5.*I(.1H7.%:*D!7=!%665.=*;OID<)*F-*A./!"0&)*QR)*S(."*LMNL*

;<'5+)='&>1V)!$'%&)a$1"-04&()7"851)9$66&1:()3","')75-Y$,'5%G)$1:)D$6)F--5&,)
];&+,Pa5'"%,":)g"*$%,&'51#)*&')3$'$--"-)F'-$1#)3'&#'$6+^)
O7*%##"%!*5.*T.-"!.%H7.%:*S7(!.%:*79*D%!%::":*D!7=!%665.=)*LMNU*

@&<1)!%;$--()!"<:5)Z&-5()?-$:565')@$1A5%();<'5+)='&>1)$1:)7"851)9$66&1:)
]B+51#)!$%<51")f"$'151#),&)a"'58")!$YY51#+)*&')9","'&#"1"&0+)3$'$--"-);&6Y0,$2&1+^)
LMNV*T???*E7.=!"&&*7.*?47:(H7.%!>*E76#(H.=2*

\-H".,"V*+")*T9,-^"
J/80":,)G89)/="
+,-6=:-"/=-*"*8":G,"
'/+/'G+/-,"I,1"-9:,O"
V-))#V,-#?,+(1,0?;#



/01:":)WC)

•! g"3<'$+")NFB)9IJIJS()g"*$%,&'51#)3$'$--"-)9","'&#"1"&0+)D&h>$'")
n)$)D&h>$'")F1#51""'51#)EYY'&$%<())
!! à@PdJR"!A3dU!A3$"

•! 3$'$3<'$+")NFB)/3RS()3$4"'1+)*&')<","'&#"1"&0+)60-2%&'"())
!! à2P!JR"!A33U!A32"

"
•! D;OF1%")NFB)/3cS()Z'5:s;-&0:s!0-2%&'")%&&':51$2&1)

•! à@P!JR"!AAdU!A3!"
"

•! E:8$1%")NFB)/3RS()!0-2%&'")+,'"$651#)
•! à!PNJR"!A3AU!A3@"

•! 93;PZE3)NF3Dg;S()f"#$%C)+C+,"6)&1),<&0+$1:+)&*)%&'"+)
•! â3P%JR"!A3AU!A32"
"

•! LE;fFM)F0'&Y"$1);&+,)E%2&1)&1)L5651#)E1$-C+5+)
•! à@AAgR"!A32U!A3N"

SS#



g"3<'$+")3'&A"%,Mg"*$%,&'51#)3$'$--"-)9","'&#"1"&0+)D&h>$'")
n)$)D&h>$'")F1#51""'51#)EYY'&$%<)NO;LPcUUIXKS())IJHKPIJHQ()TXVK!)W0:#",)
)
Q)3$',1"'+()c)F0'&Y"$1)%&01,'5"+)

)B7()DY$51()O,$-C()E0+,'5$()901#$'C()O+'$"-)
)
;&&':51$,":)WC)[G<+,$1:'">+*
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3$'$3<'$+")`"":+)i&0d)

•! '=,/-,"i*98"*6+"./9=98K"=9-:"
/8D"G,=T"K+*I"*6+"6-,+")*..689:0"
!! 8,I-"9:,.-"
!! /)),--":*"V+,,"D,C,=*T.,8:"-*vI/+,"
!! )G/:":*":G,"D,C,=*T,+-"
!! V+,,"D,C,=*T,+"I*+H-G*T-"
!! 16K":+/)H98K"/8D"[#98K"
!! k**=-"V*+"1*:G"5+=/8K"/8D"&ww"

•! a61-)+91,"/:"

•! S,h+,"/=-*"=**H98K"V*+"*T,8"-*6+),"
D,C,=*T,+-PPP"

T"T#

GjT-OEE./9=./8P)-P-:U/8D+,I-P/)P6HE./9=./8E"
=9-78V*ET/+/TG+/-,U8,I-"
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