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How to Use DEGAS for Application and 
Machine Challenges at Exascale 
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ndarray<double, 3, global> gridB = bArrays[i, j, k]; 
… 
gridA.async_copy(gridB.shrink(1)); 
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Fig. 2: Memory layout options in tilearrays

tile or resides in another tile in the memory. We are still
investigating this memory layout option.

IV. CODE EXAMPLE

The code snippet in Listing 1 shows an example to illustrate
how a tilearray is built in TiDA using the syntax of our
Fortran library. Line 1-2 declares two variables with type
mtilearray and tilearray. lo and hi are integer vectors
defining the low end and high end of the index space.
tilesizes is an integer vector for the tile sizes, which can
be set dynamically. Line 8 initializes the tilearr with the
index space and chops the space defined by lo and hi into
tiles based on the tilesizes and creates an array of mtiles.
Line 9 builds a tilearray, allocates its space based on the
memory layout provided, sets the depth of ghost zone, and
associates the layout of the tiles with the mtilearray. Finally,
destroy in Line 12 and 13 frees the data structures.
1 type(mtilearray) :: tilearr
2 type(tilearray) :: A
3
4 integer :: lo(2)
5 integer :: hi(2)
6 integer :: tilesizes(2)
7 ...
8 call tida_init(tilearr, lo, hi, tilesizes)
9 call tida_build(A, tilearr, numghosts, LOG)

10 ...
11
12 call tida_destroy(tilearr)
13 call tida_destroy(A)

Listing 1: Building a TiDA array using mtilearray and
tilearray

Listing 2 shows an example usage of a TiDA array. In Line
5, ntiles returns the number of tiles in tilearr and the do-
loop iterates over them. In Line 7, dataptr returns the pointer
to the data for a given tile no. Line 9 and 10 get the lower and
upper bounds of the tile tl. Line 12 and 13 are the elements
loops that iterate over the data points within a tab.

TiDA does not modify the original loop bodies but
introduces tiling loops and new bounds for the element
loops. This property brings a great advantage in terms of
programming effort because TiDA extensions can be easily
added to the existing source codes. At the language level, we
would like to decouple the loop traversal mechanism from
the loop body and implement the loop body as a lambda

function, which will not require any modifications in the loop
body. By decoupling, a TiDA compiler can generate different
traversal mechanisms for the loops.

1 type(tile) :: tl
2 integer :: tileno, tlo(2), thi(2), i, j
3 double precision, pointer :: ptrA(:,:)
4
5 do tileno=1, ntiles(tilearr)
6
7 ptrA => dataptr(A, tileno)
8 tl = get_tile(tilearr, tileno)
9 tlo = get_lwb(tl)

10 thi = get_upb(tl)
11
12 do j=tlo(2),thi(2) !element loop 1
13 do i=tlo(1), thi(1) !element loop 2
14 !loop body
15 ptrA(i,j) = do_something(i,j)
16 end do
17 end do
18
19 end do !end of tile loop

Listing 2: Operations on TiDA arrays

V. PRELIMINARY RESULTS

To demonstrate the early performance of TiDA, we used
the CNS code2, developed by the Exascale Combustion Co-
design Center. CNS is a combustion proxy application that
integrates the compressible Navier Stokes equations assuming
constant transport. Figure 3 shows the speedup over the serial
and untiled implementation for the CNS code. The results are
obtained on Intel Westmere3 using a single socket containing
6 cores and running two hardware threads. TiDA-logical
and TiDA-isolated indicate two memory layouts supported in
TiDA. Using 12 threads on a 1923 problem, both the logical
and isolated tiles outperform the OpenMP implementation
by 20% and 32% perspectively. While OpenMP parallelizes
only the outmost loop, TiDA divides the domain into smaller
subdomains, each of which fits into cache, thus reduces data
movement. Even though the current performance improve-
ments are modest, the results are encouraging.

2CNS is available for download at the ExaCT co-design center’s website.
3Intel Xeon X5680, 12MB cache/socket
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10 ...
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12 call tida_destroy(tilearr)
13 call tida_destroy(A)

Listing 1: Building a TiDA array using mtilearray and
tilearray

Listing 2 shows an example usage of a TiDA array. In Line
5, ntiles returns the number of tiles in tilearr and the do-
loop iterates over them. In Line 7, dataptr returns the pointer
to the data for a given tile no. Line 9 and 10 get the lower and
upper bounds of the tile tl. Line 12 and 13 are the elements
loops that iterate over the data points within a tab.

TiDA does not modify the original loop bodies but
introduces tiling loops and new bounds for the element
loops. This property brings a great advantage in terms of
programming effort because TiDA extensions can be easily
added to the existing source codes. At the language level, we
would like to decouple the loop traversal mechanism from
the loop body and implement the loop body as a lambda

function, which will not require any modifications in the loop
body. By decoupling, a TiDA compiler can generate different
traversal mechanisms for the loops.

1 type(tile) :: tl
2 integer :: tileno, tlo(2), thi(2), i, j
3 double precision, pointer :: ptrA(:,:)
4
5 do tileno=1, ntiles(tilearr)
6
7 ptrA => dataptr(A, tileno)
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9 tlo = get_lwb(tl)
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16 end do
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To demonstrate the early performance of TiDA, we used
the CNS code2, developed by the Exascale Combustion Co-
design Center. CNS is a combustion proxy application that
integrates the compressible Navier Stokes equations assuming
constant transport. Figure 3 shows the speedup over the serial
and untiled implementation for the CNS code. The results are
obtained on Intel Westmere3 using a single socket containing
6 cores and running two hardware threads. TiDA-logical
and TiDA-isolated indicate two memory layouts supported in
TiDA. Using 12 threads on a 1923 problem, both the logical
and isolated tiles outperform the OpenMP implementation
by 20% and 32% perspectively. While OpenMP parallelizes
only the outmost loop, TiDA divides the domain into smaller
subdomains, each of which fits into cache, thus reduces data
movement. Even though the current performance improve-
ments are modest, the results are encouraging.

2CNS is available for download at the ExaCT co-design center’s website.
3Intel Xeon X5680, 12MB cache/socket

do j=tlo(2),thi(2) !element loop 1
do i=tlo(1), thi(1) !element loop 2

!loop body
ptrA(i,j) = do_something(i,j)

end do
end do

do tileno=1, ntiles(tilearr)
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void finish_spmd(std::function <void()>
lambda) {

// Start finish scope
allocate_finish_object ();
// Execute the lambda containing
// asynchronous tasks.
lambda ();
// Loop until no more pending tasks
// at global scope (both local and
// remote)
while(true) {

// Pop and execute tasks from out_deque
while(true) {

void* task = pop_out_deque ();
if(task == NULL) break;
else {

// Execute lambda function in the task.
// This lambda contains UPC ++ calls ,
// details in Figure 7 and 8.
async_wrapper(lambda ); // see Figure 6

} // end else
} // end while

// Send and receive remote tasks in
// UPC ++ queue
void* incoming_remoteTask = advance_upcxx ();
if(incoming_remoteTask != NULL) {

// Wrap it as local async which will
// push this task to in_deque
async ([=]() {

// Call UPC ++ library to execute this task.
execute_upcxx(incoming_remoteTask );

}); // end async
} // end if
tasks_count = incoming_tasks - (outgoing_tasks

+ total_local_pending_tasks );
// Find total global pending tasks
allreduce (& tasks_count ,

&global_tasks_count , SUM);
if(global_tasks_count ==0) break;

} // end while
// end finish scope
free_finish_object ();

} // end finish_spmd

Figure 10: Runtime implementation of finish_spmd

(a) SampleSort

(b) L U L ESH (number of total place required to be a perfect
cube by application)

Figure 11: Weak scaling performance using HabaneroUPC++
and varying number of work-stealing worker threads per
place.
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Performance Analysis and Optimizations of NWChem

• High-performance 
computational chemistry code 
! Flagship DOE chemistry software 
! Developed at PNNL, LBL 

• 60K downloads world wide 

• 200-250 scientific application 
publications per year 

• Over 6M LoC, 25K files 

• Internal tasking model, memory 
management, and application 
checkpoint/restart. 

• Execution on 100K+ processors

2

NWChem

credit:nwchem-sw.org
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NWChem was written in the early 1990s, has 25k files and 6m

lines of fortran. It contains its own internal tasking model, memory

management, and application checkpoint/restart.
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•! K5#&1++:*+/&(39%61.&+.;*(:"19<&19&-%)88#9*(&6*6#)3&
–! <*)!41*402-j!,)!+1+25(!*002-*>2)![52+!2@150*66,):!-2++=),-*>2)!!
–! &20=>2)'!S+1+25(!-2)/C5*,)14T!022j*81*4!
!

some edges omitted 



"#$%&'!"()*+,-!#.*/-*01!$023*0!%4451//!&6*-1!

7,15*5-8,-*0!952:5*++,):!
;2410/!

<2++=),-*>2)?%@2,4,):!
A,35*5,1/!*)4!<2+6,015/!
%4*6>@1!2*3'4/5#)$.46."
B)C152615*301!D=)>+1/!
A,:8CE1,:8C!F)1?&,414!

<2++=),-*>2)!
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%4*6>@1!2*3'4/5#)$.46."
B)C152615*301!D=)>+1/!B)C152615*301!D=)>+1/!

01+89.8#9&19&):986*+/&5;#&#59+&N6%19EFOe&



"#$%&'!"()*+,-!#.*/-*01!$023*0!%4451//!&6*-1!
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7,15*5-8,-*0!952:5*++,):!
;2410/!

<2++=),-*>2)?%@2,4,):!
A,35*5,1/!*)4!<2+6,015/!
%4*6>@1!"2+*,)?&61-,]-!
B)C152615*301!D=)>+1/!
A,:8CE1,:8C!F)1?&,414!

<2++=),-*>2)!



;*-8,)1!<8*001):1!^P'!;*)(-251!L241/!

•! K5#\+1(*(&6*++%<*&-%++19<&E*f<fA&
+*9(4)*.*1Z*&19&@7GF&

–! <2=601/!4*C*!C5*)/[15a/()-852),e*>2)k!
/2+1>+1/!E8*C!(2=!E*)C!

•! !"#$%"&%(()*++&+-%.*&(*.#:-"*+&
+39.;)#91P%8#9&

–! o15(!0,:8CE1,:8C!H2\1)!=/14!=)415!V?/,414I!
–! 9*(![25!E8*C!(2=!)114p !!

•! M12;&6%93&.#)*+A&5%92&2#&%Z#1(&
$#g"*9*.H&>)#6/&

–! A*5:1!/2\E*51!/C*-j!2)!P!HA_I!-251!
–! <52//?+2410!-2/C![52+!8(35,4!H;9BMOI!

%(()*++&

6*++%<*&1(&

(%2%&-%3"#%(&

(%2%&-%3"#%(&

#9*\+1(*(&-:2&6*++%<*&

25#\+1(*(&6*++%<*&

9*25#)H&
&192*)>%.*&

6*6#)3&

;#+2&
C7B&
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SU[[[&

SQ[[[&

SW[[[&

SR[[[&

h%
9(
5
1(
2;
&E@

h4
+F
&

@+<f&+1P*&

h*)H*"*3&B7C&
C)%3&B7C&
C)%3&@7G&



;*-8,)1!<8*001):1!^V'!9$%&!2)!*!<8,6q!

•! ^?%+.%"*&9#(*+&6%3&9#2&$*&.%.;*&.#;*)*92/&(#6%19+&#>&.#;*)*9.*&
•! 7!',&"*++#9/&(#9c2&.%.;*&)*6#2*&Z%":*+&E2)1Z1%""3&.#;*)*92F&

–! D1+2C1!*--1//1/!42!8*@1!C2!S/11T!-*-81k!3=C!)2C!*00!-251/!
•! @7G&Xf[/&&Kh0&192*)\9#(*I&"*++&"1H*"3&2;*&)1<;2&6#(*"&512;19&9#(*+&

18 

@7Gi7:2E.#9+2&Z#1(&j#)1<19i%(()A&192&#)1<19i.#:92A&&
&@7Gi0%2%23-*&#)1<19i(%2%23-*A&192&2%)<*2i)%9HA&&
&@7Gi'192&2%)<*2i(1+-A&192&2%)<*2i.#:92A&&
&@7Gi0%2%23-*&2%)<*2i(%2%23-*A&@7GiM19&519F&

Z#1(&:-.i6*6-:2E+;%)*(&Z#1(&j(+2A&.#9+2&Z#1(&j+).A&+1P*i2&9FI&&

j-&k&lI&&&&l&k&%m1nI&&&
K5*)/0*C1/!C2'!

o&!

^?-"1.12&6*6#)3&"*Z*"+&E"#.%"&+2#)*&%9(&op='@F&5*""&+:12*(&2#&NZ*)8.%"O&7!',&



"#$%&'!"()*+,-!#.*/-*01!$023*0!%4451//!&6*-1!

7,15*5-8,-*0!952:5*++,):!
;2410/!

<2++=),-*>2)?%@2,4,):!
A,35*5,1/!*)4!<2+6,015/!
%4*6>@1!B)C152615*301!

D=)>+1/!
A,:8CE1,:8C!F)1?&,414!

<2++=),-*>2)!
C#66:91.%8#9\%Z#1(19<&%"<#)12;6+&<*9*)%"1P*(&2#&
.#6-1"*)+A&%9(&.#66:91.%8#9&#-861P%8#9+&19&7!',&
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;*-8,)1!<8*001):1!^X'!<2++=),-*>2)!,/!#.61)/,@1!

•! @%93&%"<#)12;6+&;%Z*&-)#Z%$"3\#-86%"&Z%)1%92+&
–! A,)1*5!*0:135*N!41)/1!*)4!/6*5/1!
–! ",51-C!L?324(!*)4!)2E!d?324(!
!

•! !*9*)%"1P*&2#&.#6-1"*)+&
–! ;10025?<5=++1(!41+2W4!
!!!!!,)!-2+6,015![25!;*C;=0!
–! K8125(!31,):!:1)15*0,e14!
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DEGAS 

K8+!H<85,/CN"1++10Nd),:8CN&-*)02)Nm10,-jI'!J25!*)(!652:5*+!C8*C!S/+100/!0,j1T!)1/C14!0226/N!
*--1//,):!*55*(/!E,C8!/=3/-5,6C/!C8*C!*51!0,)1*5![=)->2)/!2[!C81!0226!,)4,-1/!

! !!!!!!!!!!!!!!!^E254/r+2@14!s!!!t!H^,C15*>2)/a;1I!!
!!!!! !!!!!!!!!!!!!!!!!!!!!![25!/2+1!1!E1!-*)!41C15+,)1!

K8+!H<a"ada&amI'!G)415!/2+1!*//=+6>2)/N!E1!-*)!41C15+,)1!C81!26>+*0!>01/!/,e1/!=6!C2!
-2)/C*)C![*-C25/!

91)625)!d2*)*)C*j220!
*)4!dc!m10,-j!



•! G&5%+&;#-19<&2;*+*&5#:"(&<#&%5%3A&%9(&2;*3&+8""&61<;2A&$:2&6*%95;1"*l&
•! C#(*&<*9*)%8#9&#-8#9+/&.#6-1"*)A&0,aA&%99#2%8#9+Al&

–! "#$%&!<K511!=/1/!9(C82)!,)C52/61->2)!2)!%&K/!H`2,)C!E,C8!%&9BD#I!
–! "2+*,)?&61-,]-!<2+6,015!=/1/!AAo;![25!-241!:1)15*>2)!

•! ':2#6%8.&-*)>#)6%9.*&2:919<&2#&)*%.;&&"1612+&E:+*+&J-*9K:9*)F&

;*-8,)1!<8*001):1!^U'!%--1015*C25/!
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7*54E*51!a!F615*>):!&(/C1+!

[HI!

7*54E*51!a!F615*>):!&(/C1+!

ic8HI!

"&#A!<2+6,015!"&#A!<2+6,015!

c-!

In
te

rp
re

te
r &#gBK&!

J5*+1E25j!

Application or kernel 

c/2!

--a04!

-*-81!

c6(!
S[[&2)1%"+&EqU&+*.4*%.;F/&

h*+2&^9*)<3/&SfQS&+*.A&XRfX&r#:"*+&
h*+2&K16*/&SfSW&+*.A&VXfR&r#:"*+&

DEGAS 



K2E*54/!&8,\!<*0-=0=/!,)!&#gBK&!

•! M#)H19<&2#5%)(&U9(&E$*+1(*&0\K^CF&,;1s&C%".:":+&0,a&
•! 71*.*+&+#&>%)/&

–! %55*(/!,)!G9<MM!
–! L1E!26>+,e*>2)![5*+1E25j!H<C511I!3(!;c!"5,/-200!
–! <=551)C0(!,+601+1)C14!6*5C!2[!79$;$!31)-8+*5j!,)!/C1)-,0!"&A!
–! FC815!51/=0C/!2)!/,+6015!/C1)-,0/![52+!%&9BD#!-200*325*C25/!

22 

500.1 1 10

1000

0.1

1

10

100

Arithmetic Intensity

G
FL

O
PS

Bandwidth = 28.8 GB/s

Peak GFLOPS = 652.8

Unfused Kernel

NVIDIA GeForce GT 650M

Fused Kernel

78% of Peak 82.5 % of Peak

6

0

1

2

3

4

5

Size of input

Sp
ee

du
p

256 512 1024 2048 4096

3 Fused Kernels3 Fused Kernels
4 Fused Kernels

2 Fused Kernels

Speedup of Kernel Fusion For Stencils



"#$%&'!"()*+,-!#.*/-*01!$023*0!%4451//!&6*-1!

7,15*5-8,-*0!952:5*++,):!
;2410/!

<2++=),-*>2)?%@2,4,):!
A,35*5,1/!*)4!<2+6,015/!
%4*6>@1!B)C152615*301!

D=)>+1/!
A,:8CE1,:8C!F)1?&,414!

<2++=),-*>2)!
C#66:91.%8#9\%Z#1(19<&%"<#)12;6+&<*9*)%"1P*(&2#&
.#6-1"*)+A&%9(&.#66:91.%8#9&#-861P%8#9+&19&7!',&
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=*+1"1*9.*&19&%&01+2)1$:2*(&^?%+.%"*&!',&

24 

•! Resilience strategy: System to Application, GAS-specific 
-! Affinity-aware BLCR at NODE-level 
-! Consistency coordination at RUNTIME-level 
-! Containment domains at APP/LIB-level 

•! Recent progress 
–! GAS-specific CDs (semantics and interfaces, e.g UPC++ API) 
–! Affinity-aware BLCR prototyped  ! 50% speedup! 
–! Consistency coordination designed 

•! Sane, scalable resilience! 

Default BLCR 
Affinity-Aware BLCR 

C#92%196*92&(#6%19+&!',&+*6%98.+&
•!&C5,-C!@/!D10*.14!
•!D10*.14!
?!<2++c!A2:/!!
?!"161)41)-,1/!
?!"*C*!1.-8*):1!@/c!
!!%-C=*0!-2++c!
!



DEGAS Programming Components"

25 

<2++=),-*>2)!L241!
D=)>+1/!

"2+*,)?!
&61-,]-!!
D1/,0,1)-1!

"2+*,)?&61-,]-!!
<2++=),-*>2)?%@2,4,):!
<241!$1)15*C25/!

9$%&!"*C*!&C5=-C=51/! %4*6>@1!&-814=0,):!&C5=-C=51/!

7,15*5-8,-*0!9$%&!E,C8!B)C152615*3,0,C(!*)4!"()*+,-!&-814=0,):!*/!L11414!

G9<MM!

7*3*?
)152!

$%&L1C?
#O!

F<D!
D=)>+1/!

9$%&?2)?
*?<8,6!

;9B!!!M!
G9<MM!

G9<MM!
M!!F61);9!

G9<MM!
M!"%$/!

G9<MM!
M!K*/ju!

",/C5,3=C14!"*C*!&C5=-C=51/!
H%55*(/N!7*/8!K*301/N!$5*68/N!1C-cI!

"2+*,)?&61-,]-!D=)>+1!&C5=-C=51/!
H"%$/N!K*/ju/N!1C-cI!

&#gBK&! 9$%&!<2)C*,)?
+1)C!"2+*,)/!

9$%&!
iA<D!

G9<MM!
M!!F61)%<<!

D*+?
3=C*)! ;9B!

;*)(-251!*)4!;=0>-251!)241/!E,C8!/-5*C-86*4!
+1+25(!*)4!0,+,C14!-*-81?-28151)-1!
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B)C15-2))1-C!

O9B!



•! o*5&-)#<)%6619<&.#9+2):.2+&%9(&16-"*6*92%8#9&2*.;91_:*+&
2)%9+18#9&>)#6&)*+*%).;&2#&-)#(:.8#9&$%+*(&#9/&
–! "1+2)/C5*C14!*660,-*>2)!)114!*)4![1*/,3,0,C(!H615[25+*)-1NRI!

•! =*+*%).;&-)#Z1(*+&)1+H&2#"*)%9.*&%9(&:-+1(*&-#2*98%"&

;*)*:14!",/-2@15(!,)!"#$%&!

26 DEGAS Overview 

G9<MM!
;=0>?",+!$5,4/!

K1*+/!!
&-814=0,):!&C5=-C=51/!!

"*C*!/C5=-C=51/!

<2++=),-*>2)?
26>+*0!-2+6,015/!

"%$!/-814=015/!

$%&L1C!

o*5&-)#<)%6619<&.#9+2):.2+&%9(&16-"*6*92%8#9&2*.;91_:*+&

;9BN!
F61)vN!BaFN!

1C-c!

26>+*0!-2+6,015/!26>+*0!-2+6,015/!26>+*0!-2+6,015/!26>+*0!-2+6,015/!
<2)C*,)+1)C!
"2+*,)/!"2+*,)/!

"&?<2+6,015/!
H&#gBK&I!H&#gBK&I!H&#gBK&I!H&#gBK&I!

&-814=015/N!"*C*!
/C5=-C=51/NR!

7)#(:.8#9&,2%.H&

%=C2C=),):!&1*5-8!

$9!<2+6,015/!

J9<#19<&=*+*%).;&

iA<D!

3(,+=O%A)
@9A%.)<$'++.)
QW%(I=(%&.)
Q<@.))Z23.)
@">P=#"(.))
"(O)9#$%&)
Z6#",-)"(O)
%[#%&("+)
W&9\%,#A)



•! '&N$%(O&6%.;19*&.%9&2:)9&*%+3&-)#$"*6+&2#&%&;%)(&#9*+&
–! ;=/C!31!1)2=:8!C2!2@15E810+!02-*0,C(!*4@*)C*:1/!2[!*!H/1+,I/C*>-!
–! i*4!C8,):/!8*661)!31CE11)!)241/k!1*/,15!C2!].!H02*4!3*0*)-1I!E,C8,)!!

K5#&)*%+#9%$"*&%--)#%.;*+&2#&1))*<:"%)123&19&;%)(5%)*&4&%--"1.%8#9+/&
•! ^?-#+*&%""&-%)%""*"1+6&19&%&0'!&E512;&%""&+39.;)#91P%8#9&%9(&
.#66:91.%8#9&#9&*(<*+FI&5)12*&N6%--*)O&#>&+#6*&H19(&
–! ;*j1!4()*+,-!1.1-=>2)!C81!41[*=0C!*)4!,)[15!02-*0,C(!/C5=-C=51!

•! 7)#Z1(*&N%$+2)%.2O&;1*)%).;1.%"&6#(*"&#>&6%.;19*+&%9(&"*2&-)#<)%66*)+&
5)12*&2#&2;*6&
–! Fw15!4()*+,-!/-814=0,):!a!02*4!3*0*)-,):!*/!26>2)/!

K5#&)*%+#9%$"*&%--)#%.;*+&2#&%).;12*.2:)%"&9#(*&(1Z*)+123/&
•! t:""&]*(<*(&.#6-1"*)&
•! ,6%""&.#6-1"*)&&E6%3$*F&
&
'&<##(&<)%(:%2*&+2:(*92&.%9&6%H*&%93&-)#<)%6619<&6#(*"&"##H&<##(&

<2++1)C/!
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•! L#5&%)*&-)#<)%6619<&6#(*"+&(1`*)*98%2*(&>)#6&-)#<)%6619<&*9Z1)#96*92+&
%9(&5;%2&)#"*+&2#&2;*3&+*)Z*&2;%2&%)*&(1+89.2&$:2&6:2:%""3&+:--#)89<e&
–! 952:5*++,):!1)@,52)+1)C!:1)15*00(!,)-0=41/!C220/k!C8,/!,/!)2C!*!E100?*--16C14!

4,/>)->2)!/2!)2C!,+625C*)C!C2![2-=/!2)!
–! <01*50(!C220/!*51!,+625C*)C!

•! M;%2&%)*&2;*&H*3&9*5&%$+2)%.8#9+&>#)&-%)%""*"1+6&2;%2&2;*&.#66:9123&6:+2&
%(#-2&2#&+:..**(&%2&*?%+.%"*e&L#5&+;#:"(&-%)%""*"1+6&$*&1(*98d*(&%9(&
.#9.:))*9.3&6%9%<*(&19&2;*+*&6#(*"+e&
–! %3/C5*->2)!2[![=C=51!/(/C1+/!

•! ')*&2;*)*&&$)*%H2;)#:<;+&19&-)#<)%6619<&6#(*"+&%9(&*9Z1)#96*92+&2;%2&5*&
+;#:"(&*?-"#)*A&19&%((18#9&2#&.#989:*(&19.)*6*92%"&16-)#Z*6*92+&2#&*?1+89<&
#9*+e&
–! <2+6,015/'!7,:8!5,/jN!8,:8!51E*54![25!6524=->@,C(!*)4!615[25+*)-1!
–! "&A/'!+*)(!-2+6*),1/!*51!/=6625>):!C81,5!2E)!0*):=*:1/!H*)4!-2+6,015/IN!,)-0=4,):!

"&A/!
–! J=00!C*/j?3*/14!+2410/!

•! M;%2&%)*&2;*&6#+2&-)#61+19<&1(*%+&>#)&-)#<)%6619<&%$+2)%.8#9+&2#&)*-)*+*92&
(%2%&%9(&12+&(1+2)1$:8#9&%.)#++&2;*&"%2*)%"&%9(&;1*)%).;1.%"&6*6#)3&+2):.2:)*+e&
–! 79$%&!

uf%!
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•! L#5&+;#:"(&7@4^&)*-)*+*92&-*)+1+2*92&#$r*.2+&%9(&2;*&+2#)%<*&+3+2*6&2#&
-)#<)%66*)+e&
–! <2)C*,)+1)C!42+*,)/'!8,15*5-8,-*0!+2410!C8*C!-*)!31!C*,02514!C!2!*660,-*>2)!

)114/!
•! ')*&2;*)*&199#Z%8Z*&1(*%+&>#)&192*<)%89<&)*+1"1*9.*&%9(&(*$:<<19<&192#&2;*&

-)#<)%6619<&6#(*"e&
–! &11!<25@1x1!652`1-C!2)!516524=-,301!-2+6=C*>2)/!
–! K220/!C2!41C1-C!5*-1/N!*)4!!

•! @%93&%--"1.%8#9&2*%6+&%)*&$*<19919<&2#&*?-"#)*&2%+H\$%+*(&%9(&(%2%\
()1Z*9&-)#<)%6619<&6#(*"+f&&')*&2;*)*&.#66#9&%$+2)%.8#9+&%9(&H*3&
>*%2:)*+e&&L#5&(#&2;*3&(1`*)e&
–! m1/'!#.60,-C!"%$/!*)4!,+60,-,C!"%$/!
–! K*/j/!C8*C!5=)?C2?-2+601>2)!E,C82=C!/()-852),e*>2)!25!-2++=),-*>2)!@/!

+251!:1)15*0!C*/j/!HE,C8!@*5,2=/!C(61/!2[!-2++a/()-8!*002E14I!
•! ')*&2;*)*&"*++#9+&2#&$*&"*%)9*(&>)#6&#2;*)&.#66:918*+&2;%2&5*&.%9&%--"3e&

–! ;*)(!-2+6*),1/!*51!3=,04,):!C81,5!2E)!"&A/!25!1@1)!2E)!:1)15*0!6=562/1!
0*):=*:1/k!"F#!*/!*!8204!8*/!C81!*3,0,C(!C2!42!C8*C!E,C8!/=y-,1)C!-2++,C+1)C!
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