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í Ë Ëa·ðôDËDï Ëa·öõLÊDõ
Ê Ë Ëa·ðùDõaí Ëa·ðñKíTñ
ï Ë Ëa·ðù6ÊDþ Ëa·ð÷6÷Kí
ñ Ë Ëa·ðùDõ6Ë Ëa·öùaíT÷
í:Ë Ë Ëa·ðù6ÊDõ Ëa·öùDï|ñ
ÊDË Ë Ëa·ò÷eùDï Ëa·öù6Ë6Ë
í:Ë í Ëa·ò÷eùDï Ëa·öù6Ë6ù
í:Ë Ê Ëa·ò÷DñDõ Ëa·ð÷6÷Kí
í:Ë õ Ëa·ò÷DÊDõ Ëa·ð÷eïLõ
í:Ë ï Ëa·ðôDþLñ Ëa·ð÷Kí:ù
í:Ë ñ Ëa·ðô6÷6Ê Ëa·öô6þ6ù
í:Ë í:Ë Ëa·òñeù6ù Ëa·öôLÊeï
í:Ë ÊDË Ëa·öï6ù6Ë Ëa·ðñeïLõ
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ô Ëa·öùDïLõ Ëa·öùL÷DË
÷ Ëa·öùDï|÷ Ëa·öù6ù6ù
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í Ëa·ðôeïzí Ëa·ðþKí6í
Ê Ëa·ò÷eõ6þ Ëa·ðþDõ6Ë
õ Ëa·ðùKí:ù Ëa·ðþ6Êeï
ï Ëa·ðùeïLô Ëa·ðþKíT÷
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õ Ëa·ò÷D÷Dþ Ëa·ðþDõaí
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ñ Ëa·ðù6÷Dù Ëa·ðþKí:ù
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Ê Ëa·öôDï6ï Ëa·öôDïzí Ëa·öô6Ë6ô Ëa·öôLÊDþ
õ Ëa·ð÷6÷Dþ Ëa·ð÷eïLô Ëa·ð÷Dõ6þ Ëa·ð÷6Ê6÷
ï ËK·ðù6õDþ Ëa·ðù6ÊDõ Ëa·öù6ËLñ Ëa·ð÷Dù6ù
ñ ËK·ðùL÷eù Ëa·ðù6ñ6ñ Ëa·öù6õLÊ Ëa·öùLÊ6Ê
ô ËK·ðùL÷D÷ Ëa·ðù6ñeï Ëa·öù6õ6ù Ëa·öùLÊeï
÷ Ëa·öù6ô6þ Ëa·öùLñKí Ëa·öù6õ6õ Ëa·öùLÊDõ
ù Ëa·öù6ô6Ë Ëa·öùDï6ï Ëa·öùLÊDþ Ëa·öùaí:ô
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í Ëa·öùL÷Dõ Ëa·öù6þDï ËK·ðùL÷eþ Ëa·öù6ôLñ
Ê Ëa·öþ6õDï Ëa·öþLÊ6ñ ËK·ðþaíJù Ëa·öþaí:õ
õ Ëa·öþ6õaí Ëa·öþLÊDõ ËK·ðþaí:ñ Ëa·öþaí6í
ï Ëa·öþLÊDô Ëa·öþaí:ô ËK·ðþ6ËDù Ëa·öù6þ6þ
ñ Ëa·öþaí:ù Ëa·öþ6Ë6ô ËK·ðù6þDô Ëa·öù6ù6þ
ô Ëa·öþ6ËL÷ Ëa·öù6þLñ ËK·ðù6ù6ñ Ëa·öùL÷6ñ
÷ Ëa·öù6þLñ Ëa·öù6ùLñ ËK·ðùL÷eõ Ëa·öù6ô6ô
ù Ëa·öù6ùLñ Ëa·öùL÷eï ËK·ðù6ôeï Ëa·öùLñ6ñ
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í Ëa·öôLñKí Ëa·öô6õ6ô ËK·ðô6õ6Ê Ëa·öôaíT÷ Ëa·ðô6ÊKí ËK·ðôaí�ï
Ê Ëa·ð÷6ñDþ Ëa·ð÷DõL÷ ËK·ò÷eïLñ Ëa·ð÷KíTñ Ëa·ò÷eËLÊ ËK·ðô6ùDË
õ Ëa·öù6Ë6ù Ëa·ð÷6÷Dþ ËK·ò÷DôKí Ëa·ð÷DõDï Ëa·ò÷Pí:ù ËK·ò÷DËKí
ï Ëa·ð÷DþDï Ëa·ð÷DôLÊ ËK·ò÷Dõ6÷ Ëa·ð÷KíTñ Ëa·ðôDþL÷ ËK·ðôL÷D÷
ñ Ëa·ð÷Dõ6ù Ëa·ð÷Kí:õ ËK·ðô6þDË Ëa·öôL÷DË Ëa·ðô6ñ6Ê ËK·ðô6õeï
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í Ëa·öþLÊeï Ëa·ð÷6ÊDþ ËK·ðô6þDõ Ëa·öôL÷DË Ëa·ðô6÷Dô ËK·ðô6ôeï
Ê Ëa·öù6ùDï Ëa·ð÷6÷DË ËK·ò÷6ñeõ Ëa·ð÷DõL÷ Ëa·ò÷DÊ6ñ ËK·ò÷DËDù
õ Ëa·öù6õ6Ë Ëa·ð÷DôLÊ ËK·ò÷DõDþ Ëa·ð÷KíTÊ Ëa·ðôDþL÷ ËK·ðôL÷eË
ï Ëa·ð÷Dô6ù Ëa·ð÷6ÊDË ËK·ðô6þDË Ëa·öô6ôLÊ Ëa·ðôeïLË ËK·ðôaí:ñ
ñ Ëa·ð÷DË6ô Ëa·öô6ô6ô ËK·ðô6õeï Ëa·öô6Ë6ô Ëa·òñeù6õ ËK·òñDôKí
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í Ëa·ð÷Dþ6õ Ëa·ð÷6÷Dõ ËK·ò÷DþDõ Ëa·ð÷Dþ6õ Ëa·ðù6Ê6÷ ËK·ðùaíJõ
Ê Ëa·ð÷6ñDô Ëa·ð÷DôLÊ ËK·ò÷Dô6÷ Ëa·ð÷Dù6ù Ëa·ò÷D÷Dô ËK·ò÷6÷DÊ
õ Ëa·ð÷6ÊDù Ëa·ð÷KíT÷ ËK·ò÷6Êeþ Ëa·ð÷6ÊDô Ëa·ò÷DÊKí ËK·ò÷6Êeù
ï Ëa·ð÷DËaí Ëa·öô6þ6õ ËK·ðô6ùDþ Ëa·öô6ùLñ Ëa·ðôDù6ù ËK·ðô6ùeï
ñ Ëa·öôLñDõ Ëa·öôLñDË ËK·ðôDï6ô Ëa·öôDï|÷ Ëa·ðôeïLô ËK·ðô6õDþ
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í Ëa·öþ6Ë6ù Ëa·öþ6Ëaí ËK·ðþ6ËDõ Ëa·öþ6ËLÊ Ëa·ðþDËDï ËK·ðù6þDþ
Ê Ëa·öù6õLÊ Ëa·öùLÊDþ ËK·ðùLÊeþ Ëa·öùLÊ6÷ Ëa·ðù6Ê6Ê ËK·ðùLÊeË
õ Ëa·ð÷6÷Kí Ëa·ð÷Dô6þ ËK·ò÷6÷eË Ëa·ð÷Dô6ô Ëa·ò÷eôDï ËK·ò÷DôDË
ï Ëa·ð÷KíT÷ Ëa·ð÷Kí:ô ËK·ò÷Kí:ñ Ëa·ð÷KíTÊ Ëa·ò÷eË6ù ËK·ò÷DËDô
ñ Ëa·öô6ô6ô Ëa·öô6ôDï ËK·ðô6ôDõ Ëa·öôLñDþ Ëa·ðô6ñ6ñ ËK·ðôLñDÊ
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í Ëa·ðñeï|Ê Ëa·ðñDôDï ËK·òñDô6Ê Ëa·ðñDô6Ë
Ê Ëa·öôLñeï Ëa·öô6Ëaí ËK·òñDþDõ Ëa·ðñDùLÊ
õ Ëa·ð÷6ÊDþ Ëa·öôL÷6÷ ËK·ðôLñeþ Ëa·öô6õ6ô
ï Ëa·ð÷DþLÊ Ëa·ð÷eï6ï ËK·ò÷6ÊPí Ëa·öô6þLÊ
ñ Ëa·öù6õDï Ëa·ð÷Dþaí ËK·ò÷DôDË Ëa·ð÷Dõ6ù
ô Ëa·öùDïLô Ëa·öù6Ë6ô ËK·ò÷Dù6Ê Ëa·ð÷Dô6õ
÷ Ëa·öù6õ6ô Ëa·öù6ËLñ ËK·ò÷DùDô Ëa·ð÷Dô6ù
ù Ëa·öùLÊDõ Ëa·öù6Ë6Ë ËK·ò÷Dù6Ê Ëa·ð÷DôLÊ
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í Ëa·ð÷DþLñ Ëa·ð÷Dþ6ù ËK·ò÷DþDõ Ëa·ð÷DùL÷
Ê Ëa·öùLñDõ Ëa·öùDï|Ê ËK·ðù6õDô Ëa·öùLÊDù
õ Ëa·öù6ô6õ Ëa·öùLñDô ËK·ðùDïDï Ëa·öùDïLõ
ï Ëa·öùL÷Kí Ëa·öùLñ6Ê ËK·ðùDï6ô Ëa·öù6õLñ
ñ Ëa·öù6ôaí Ëa·öùDïLô ËK·ðù6õDõ Ëa·öùLÊ6Ê
ô Ëa·öùLñDË Ëa·öù6õ6õ ËK·ðùLÊPí Ëa·öù6ËL÷
÷ Ëa·öù6õLñ Ëa·öùLÊDË ËK·ðù6Ë6÷ Ëa·ð÷Dþ6õ
ù Ëa·öùLÊDõ Ëa·öù6ËL÷ ËK·ò÷DþDõ Ëa·ð÷Dùaí
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í Ëa·öùL÷eï Ëa·öù6õ6þ ËK·ðùaí:Ê Ëa·ð÷DþLÊ Ëa·ò÷eù6õ
Ê Ëa·öù6ô6õ Ëa·öùDïLù ËK·ðùLÊeù Ëa·öùaí:ô Ëa·ðùDË6õ
õ Ëa·öùLÊDô Ëa·öùaí:õ ËK·ò÷DþDô Ëa·ð÷6÷Dþ Ëa·ò÷eô6ù
ï Ëa·ð÷DþL÷ Ëa·ð÷DùDï ËK·ò÷Dôeï Ëa·ð÷6ñDË Ëa·ò÷eõ6ù
ñ Ëa·ð÷Dô6õ Ëa·ð÷eïLù ËK·ò÷Dõ6Ê Ëa·ð÷Kí:þ Ëa·ò÷eË6ù
ô Ëa·ð÷6Ê6÷ Ëa·ð÷Kí:ô ËK·ò÷DËKí Ëa·öô6ù6þ Ëa·ðô6÷6÷
÷ Ëa·öô6þDï Ëa·öô6ù6õ ËK·ðôL÷eË Ëa·öôLñDù Ëa·ðôeï|÷
ù Ëa·öô6ô6õ Ëa·öôLñDõ ËK·ðôDï6Ë Ëa·öôLÊDþ Ëa·ðôKí:þ
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í Ëa·öþDïLù Ëa·öþLÊ6ñ ËK·ðþaí:Ê Ëa·öþ6Ë6Ë Ëa·ðùDþ6Ë
Ê Ëa·öù6ùDï Ëa·öù6ôDï ËK·ðùDï6ô Ëa·öùLÊDþ Ëa·ðùKíTñ
õ Ëa·öù6õL÷ Ëa·öùaí:õ ËK·ò÷Dþ6Ê Ëa·ð÷6÷Dõ Ëa·ò÷Dñ6÷
ï Ëa·ð÷DþDï Ëa·ð÷6÷DË ËK·ò÷eïL÷ Ëa·ð÷6ÊDù Ëa·ò÷PíTÊ
ñ Ëa·ð÷6ñ6ñ Ëa·ð÷Dõ6Ë ËK·ò÷DËDù Ëa·öô6þ6Ë Ëa·ðô6÷Dõ
ô Ëa·ð÷Kí:ù Ëa·öô6þDï ËK·ðôL÷eõ Ëa·öôLñ6ñ Ëa·ðôDõL÷
÷ Ëa·öô6ù6õ Ëa·öô6ô6Ë ËK·ðô6õDþ Ëa·öôLÊKí Ëa·ðôDËLñ
ù Ëa·öôLñDË Ëa·öôLÊDù ËK·ðô6ËDù Ëa·ðñDþaí Ëa·òñD÷6ñ

�L�)(Ò. ß ã10¿é8�T�\(kj ä
Ô2�z¢©�+¢©�£�D�z�D¤��z���£���D���º�£�z¢©�-��¤���� ¤��N¯jz°z·hgº�����D� �î§6��¤���ôDþLÌ��6��¤¦�a¢¨�2±z���D�z�-�)·

!Ò¢©¤��z�6ªa¤����e¤������G¤¦¢¨�D�HD
ÊDþ



�z¢¨�j¤¦¶©���)² �D«C�SUîË �D«C��U{í Ê õ ï
í Ëa·öù6ùaí Ëa·öùDïLù ËK·ðùLÊDÊ Ëa·öù6Ë6Ë Ëa·ò÷eþ6ù
Ê Ëa·öùL÷6Ê Ëa·öùLñDþ ËK·ðùDïaí Ëa·öù6õaí Ëa·ðù6Ê6Ê
õ Ëa·öù6õLñ Ëa·öùLÊ6÷ ËK·ðùaí:Ê Ëa·ð÷Dþ6ù Ëa·ò÷eù6ù
ï Ëa·öù6Ë6þ Ëa·ð÷Dþ6ù ËK·ò÷DùKí Ëa·ð÷6÷Kí Ëa·ò÷eô6õ
ñ Ëa·ð÷6÷6÷ Ëa·ð÷Dô6ô ËK·ò÷6ñDñ Ëa·ð÷eï6ï Ëa·ò÷eõ6õ
ô Ëa·ð÷eï|÷ Ëa·ð÷Dõ6þ ËK·ò÷6Êeù Ëa·ð÷KíT÷ Ëa·ò÷eË6ù
÷ Ëa·ð÷6ÊDË Ëa·ð÷Kí6í ËK·ò÷DËKí Ëa·öô6þaí Ëa·ðôDùLÊ
ù Ëa·öô6þ6õ Ëa·öô6ùLñ ËK·ðôL÷eô Ëa·öô6ôL÷ Ëa·ðô6ñDù
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í Ëa·öþLÊ6÷ Ëa·öù6ùaí ËK·ðùDï6ô Ëa·öùaíT÷ Ëa·ò÷eþDï
Ê Ëa·öù6ù6ù Ëa·öùLñ6Ê ËK·ðù6õKí Ëa·öùaí:õ Ëa·ðùDËaí
õ Ëa·öùDïLþ Ëa·öùaí:þ ËK·ðù6ËDË Ëa·ð÷Dù6õ Ëa·ò÷eô6ù
ï Ëa·öùaíTÊ Ëa·ð÷Dù6ù ËK·ò÷6÷Pí Ëa·ð÷6ñDõ Ëa·ò÷eõ6þ
ñ Ëa·ð÷6÷6÷ Ëa·ð÷6ñ6÷ ËK·ò÷eïaí Ëa·ð÷6Êeï Ëa·ò÷eË6ù
ô Ëa·ð÷eïLô Ëa·ð÷6ÊDù ËK·ò÷Kí�ï Ëa·öô6þ6ô Ëa·ðôDùLÊ
÷ Ëa·ð÷KíT÷ Ëa·ð÷DËaí ËK·ðô6ù6÷ Ëa·öôL÷Kí Ëa·ðô6ñDù
ù Ëa·öô6ù6þ Ëa·öôL÷6ñ ËK·ðô6ô6Ê Ëa·öôDï|÷ Ëa·ðôDõLñ
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Ê Ëa·ð÷Dõ6Ë Ëa·öô6þaí ËK·ðôaíJõ Ëa·ðñDùLñ Ëa·ðôDË6õ
õ Ëa·ð÷eï|÷ Ëa·ð÷eï6ï ËK·ðôDï6õ Ëa·öôaí6í Ëa·ðô6ÊKí
ï Ëa·ð÷DùDï Ëa·ð÷6ñeï ËK·ðô6ô6÷ Ëa·öô6õL÷ Ëa·ðôeïzí
ñ Ëa·öù6Ë6ô Ëa·ð÷Dùaí ËK·ò÷DËDË Ëa·öô6ô6ù Ëa·ðôDù6þ
ô Ëa·öùaí:ù Ëa·öù6Ë6ô ËK·ò÷6ÊeË Ëa·ð÷Kí:õ Ëa·ò÷eË6ô
÷ Ëa·öù6õ6ô Ëa·öùLÊDõ ËK·ò÷Dô6Ê Ëa·ð÷DõL÷ Ëa·ò÷eõ6ô
ù Ëa·öùDïLþ Ëa·öùDïLù ËK·ò÷6÷eþ Ëa·ð÷Dô6ù Ëa·ò÷DñDô
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Abstract

Most dynamic branch predictors use control flow history for making predictions. We investigate the
alternative of adding certain data values to the prediction process. A preliminary study of hard-to-predict
branches suggests two heuristics for selecting data values that may be useful for increasing branch predic-
tion accuracy. The first is to use a data value tested by the branch itself. The second is to use data values
tested by the loop-terminating branch enclosing the branch to be predicted.

We consider a gshare-like predictor structure which exclusive-ORs data value information together
with the PC and global branch history when indexing a prediction table. This predictor is designed to use
older, committed data values in order to accommodate delays in generating data values. Because the use of
data values can cause degraded performance for some branches, profiling is used to select a subset of the
branches to be predicted with data values.

Execution-driven simulations using interference-free tables show that the overall performance
improvement is relatively small, but a few frequently-executed individual branches benefit considerably,
yielding a 25 to 50% reduction in miss rate. A second study with bounded tables reveals that interference
eliminates the improvement gained by using data values for most benchmarks. Refining the branch
profiling process helps solve this interference problem, however relative improvements are not as good as
those with interference-free tables. When comparing the two heuristics for selecting data values, we find
that using values tested by the branch subsumes the use of the value tested by the enclosing loop’s branch;
hence, the simpler heuristic of using tested values may be adequate by itself.

1. Introduction

Branch prediction has been studied at great length, and a wide variety of dynamic branch predictors

have been proposed [YEH93, PAN92, CHA95, YEH91, JUA98]. Virtually all predictors proposed to date

use control flow history, usually past branch outcomes, as the basis for making predictions. Some use local

branch history [SMI81] (the history of the branch being predicted); others use global history [PAN92,

CHA95] (the history of other branches); some use combinations of the histories [KES98, MCF93, YEH93,

YEH91]. The goal in this work has been to select some set of history bits and combine them so that predic-

tion accuracy is improved.

Generally, history bits are selected so they correlate well with the branch being predicted, and the

history bits are combined in ways intended to reduce interference due to aliasing in prediction tables

[MIC97, MCF93, CHA96, SPR97]. Refinements include hybrid predictors which select among multiple

predictors depending on which best matches the branch being predicted [CHA95, KES98, MCF93,
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YEH93, YEH91], and more recently, dynamic history length predictors that search for the proper global

history length at runtime [JUA98].

Despite these refinements, common sense says that not all mispredictions are caused by failure to

combine just the right branch history bits or by interference. There are some branches that will be

mispredicted regardless of the branch history bits used even when there is no interference. On the other

hand, it is unlikely that all such mispredicted branches are fundamentally unpredictable (a precise

definition of "fundamentally unpredictable" is admittedly elusive; we only use the term in an intuitive sense

here). In particular, there may be other information besides control flow history that may aid in branch

prediction. This study considers a new form of information to predict branches -- program data values.

1.1. A Search for a Better Predictor

As a way of improving branch predictors, we first looked at specific branches that are hard to predict

using a conventional branch predictor (gshare [MCF93]). We studied these branches in isolation, looking

at their specific program context, and tried to evaluate their predictability in an intuitive way. Examining

each specific branch, we tried to invent a special predictor that only had to be a accurate for that particular

branch. We found that in many cases, we could devise good, simple predictors by using certain selected

data values as inputs to the prediction process.

We identified two common causes for mispredictions using conventional predictors, and, conse-

quently, two simple heuristics for identifying data values that could be used to improve the prediction pro-

cess. A summary of the two causes for mispredictions follow.

"Loss of Information" in reducing tested values to a single branch outcome A branch instruction per-

forms a many-to-one mapping on its input data, and information is lost by considering only branch out-

comes1.

ßTßTßàßTßTßTßTßàßTßTßTßTßTßàßTßTßTßTßàßTßTßTßTßTßàßTßTßTßTßàßTßTßTßTßTß
1We use the MIPS instruction set, and consider a SET instruction that feeds a branch to be part of the branch. When we speak

of an input value of such a branch, we are actually referring to an input value to the SET instruction.

2
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For example, consider the following value stream for variable X.

X: 3 2 1 0 2 1 0 3 2 1 0 1 0 2 1 0 1 0

If the branch is testing for X==0, the corresponding branch outcome stream follows.

B: N N N T N N T N N N T N T N N T N T

There is no immediately apparent pattern in this sequence of branch outcomes, and it could be relatively

difficult to predict. However, the original stream of X values have an obvious pattern: The sequence

repeatedly starts at a value and counts down to zero. If a predictor has access to the value sequence, then

whenever a non-0 appears, the predictor can immediately predict the point where a 0 eventually will occur.

For example if a 1 is observed, then the next time the branch executes, it should be predicted taken. How-

ever, if the predictor only looks at the branch outcomes, then this information is lost; in effect all the non-0s

are reduced to not taken and all 0s are reduced to taken by the branch evaluation process. A branch with

just this behavior was observed in gcc. A similar effect was noted in [SAZ98] as a common source for loss

of data predictability.

Loss of control flow "context" A motivation for using global branch history is that a given branch may be

correlated with earlier branches in the instruction stream. These earlier branches, as summarized in the

global history, provide a context for making the prediction. However, the global history context is not

necessarily easily identifiable. Some programs follow paths with different numbers of dynamic branches

separating executions of two correlated branches. The bit in the global history that refers to a specific static

instruction shifts around, so that this global context becomes blurred or completely obscured. Consider the

following loop from gcc.

1 for ( hash=0 ; hash < NBUCKETS ; hash++ )
2 for ( p = table[hash] ; p ; p = p->next )
3 {
4 if ( p->exp->code != REG ) continue;
5 . . misc code . .
6 }

This code loops through a hash table, following short linked lists that emanate from the hash buckets (the

table[i]). In gcc, this data structure changes slowly over time. Between passes through the outer loop,

perhaps four of the 32 linked lists will change. Hence, if a predictor could determine the value of i, indicat-

ing the context, it could predict that particular list search accurately. For example, if entry table[i] has 3

3
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elements in its linked list, the branch pattern for the test of ‘‘p’’ (line #2) will be T T T N. If the predictor

somehow knew it was working on entry table[i], it would be able to predict the repeating pattern of local

branch outcomes, as long as that one list did not change.

A typical history-based branch predictor would guess which list it is working on by looking at global

branch history. If the predictor for the branch on line #2 could synchronize on the outer loop branch, it

could accurately determine the context (provided the global history register were long enough). In this

example, however, even a very long global history register will not help because other dynamic branches

are mixed into the global history register with the loop branch, and there is a variable number of these

dynamic branches due to the small changes in the overall data structure. For example, if a list node were

deleted from table[i-1], then a predictor looking at the global history would lose its place with respect to

the outer loop and not know when the search of table[i] begins. This context problem also affects line #4,

where p->exp->code is tested. The data hanging off each linked list element is relatively constant and

would be predictable, as long as the context (value of i, or p) were known.

If a predictor could use the value tested by the loop-closing branch as an input, then an accurate context

could be established. For the particular section of code shown above, we found that this approach cut the

misprediction rate roughly in half.

Our conclusion from the initial study was that data values could help branch prediction. Further-

more, we identified two specific classes of data values that should be considered for aiding the prediction

process: the input value that the branch itself tests (referred to as the tested value), and the value tested by

the branch terminating the innermost enclosing loop of the branch being predicted (referred to as the loop

value).

1.2. Other Related Work

Besides the branch prediction studies cited above, there is other related work directed toward the

same branch prediction problems we are attempting to solve.

Mahkle and Natarajan [MAH96] used a software-based approach for applying data values to branch

prediction. An execution profile is used by the compiler to generate branch-specific prediction functions in

software, and the results are applied to hardware predictors at runtime.

4
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Branch anticipation [FAR98] is similar to our work in that it carefully targets and evaluates specific

difficult to predict branches. Instead of trying to further improve a branch’s prediction accuracy, however,

anticipation attempts to use data value regularity and predictability to execute the branch ahead of the rest

of the execution stream. The resulting early resolution of the branch reduces misprediction penalties.

The work in [NAI95] does not use data values, but it does attempt to provide more accurate "con-

text" for making branch predictions. Rather than using branch outcomes, control path information (e.g.

sequences of branch PC’s) is used for predicting branches. This provides better program context for the

predictor, and for certain branches shows performance improvements.

1.3. Paper Overview

In Section 2, we discuss issues related to branch predictors that use data values as inputs and describe

the structure of branch predictors we use in our study. In Section 3, we describe the performance evalua-

tion methodology used in the paper. In Section 4, we use a cycle-level simulator to determine the potential

of branch prediction using data values. Prediction tables are large and free of aliasing, but the timing of

data value updates is accurately modeled. In Section 5, we consider more realistic fixed-size tables with

aliasing. Both Sections 4 and 5 compare predictors using data values with equivalently-sized gshare pred-

ictors. In Section 6, we draw conclusions and discuss possibilities for future research.

2. Constructing Branch Predictors that Use Data Values

First, we briefly describe two issues that affect the construction and use of branch predictors that use

data values as inputs.

Acquiring the data values We have observed that a branch’s tested values are useful for predicting the

branch’s outcome. An apparent flaw in this approach is that the value will often not be ready at the time

the branch is fetched and therefore can not be used for prediction. The prediction process typically runs

well ahead of computation, and several instances of the static instruction producing the tested value may be

pending when the value is needed for branch prediction. To solve this problem, we use the most recent

known-correct (committed) data value and concatenate a count of the number of outstanding updates to

that value. In other words, we use an older data value combined with the number of expected updates as an

approximation of the data value we are really interested in. The count is used to prediction ahead from the

5
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most recent known value to the current position in the sequence. For instance, in the example in Section

1.1, if the data value for X is 2, and the count is two, then current value of X to be tested by a current

branch is expected to be 0. If the value is part of a repeating sequence, then this approximation should be

reasonably accurate.

Interference in the prediction table Interference due to aliasing is a problem in conventional branch pred-

ictors, and injecting data values into the process can potentially make interference much worse. For exam-

ple, consider a simple loop of length 1000. Predicting the loop-terminating branch is very easy. But, if we

combine the value of the loop counter, which ranges from 1 to 1000, into an index hashing function, the

branch will now be spread across as many as 1000 different table entries. Prediction accuracy will

decrease because the learning time will increase and added interference will hurt both this branch and oth-

ers. This means it is important to select only certain branches for prediction with data values. Conse-

quently, we use profiling to select the branches which benefit from prediction using data values; data values

are only used for those branches.

2.1. Branch Predictor Design

The predictor implementation we propose is in Fig. 1. It contains a set of prediction registers

(PREGs) one corresponding to each architected register. Each PREG contains a recently committed value

(VALUE) for the corresponding architected register, concatenated with a count (CNT) of the number of
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Fig. 1. A branch predictor that combines the program counter, global
history, and data value information.
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pending updates to the register. In Section 5 we show that three bits are sufficient for the CNT field.

A branch instruction accesses the PREG table with the designator of a register whose value has been

determined to be useful for prediction (this will depend on the heuristic and is explained later in this sec-

tion). For the addressed PREG, the VALUE and CNT fields are read out, and these bits are selectively

exclusive-ORed with some low order PC bits and global history bits (similar to gshare [MCF93]). We use

the notation Ppp_Ggg_Vvv_Ccc_size to describe such a predictor. pp is the number of PC bits, gg the

number of global branch history bits, vv the number of VALUE bits, and cc the number of CNT bits

exclusive-ORed together to generate the index. Our baseline predictor is P17_G12_V00_C00_128K; we

use 17 PC bits and 12 global history bits. The 17-bit result of the hash function is used to access a table of

128K 2-bit saturating counters which provide the prediction in the conventional way [SMI83].

The prediction table size is larger than is used in current microprocessors, but we chose to use large

prediction tables to allow for improvements in future processor designs.

The selection of the VALUE and CNT fields is enabled by a flag in the branch instruction that is set

by a tagging/profiling process described later. If the enable is not active, then a conventional gshare hash is

used; if it is active, then the VALUE and CNT fields are also included.

2.2. Multiple Branch Values

The predictor only provides for one entry to be read from the PREG file, and branch instructions typ-

ically have two operands. Due to features in the MIPS instruction set and compilers, however, most MIPS

branch instructions compare a register value with an immediate operand, typically zero. Hence, when the

tested value heuristic is used, only the non-immediate branch operand is useful for improving branch pred-

iction. Our current implementation reads only the PREG corresponding to first operand when a branch

instruction is encountered. The Table 1 shows the fraction of branches where the second operands is zero.

In addition to these, some of the remaining two source branch instructions may be comparing to an

immediate value other than zero. These percentages are high, but not overwhelmingly so. In future work,

we will consider methods that use both branch operands (in a way similar to the way we handle SET

instructions discussed below.)

7
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Table 1. Dynamic branches with the second operand zero.è8è8è8èLè8è8è8è8èLè8è8è8è8èLè8è8è8èLè8è8è8è8èLè8è8è8è8èLè8è8è8è8è
Benchmark % Dynamic Branchesé8é8é8éLé8é8é8é8éLé8é8é8é8éLé8é8é8éLé8é8é8é8éLé8é8é8é8éLé8é8é8é8é
COMPRESS 77
GCC 65
GO 46
IJPEG 92
LI 70ê8ê8ê8êLê8ê8ê8ê8êLê8ê8ê8ê8êLê8ê8ê8êLê8ê8ê8ê8êLê8ê8ê8ê8êLê8ê8ê8ê8êëë
ëë
ëë
ë

ëë
ëë
ëë
ë

ëë
ëë
ëë
ë

2.3. SET Instructions

One reason that branches often test an immediate value is that the MIPS instruction set uses a SET

instruction to compare two values, and the one/zero result is later tested by a branch instruction comparing

for (in)-equality with zero. Clearly, when this happens, the predictor should use values input to the SET

instruction rather than the branch. To implement this, when a SET instruction is executed, the zero/one

result is not stored in the PREG VALUE field. Rather, the two input architectural register operands of the

SET instruction are subtracted, and this value is used to update the PREG in place of the comparison result.

Hence, we form a composite of the two tested values for future use. The PREG count field is handled nor-

mally. When the subsequent branch is predicted, the branch predictor will use this composite value as a

matter of course.

2.4. Instruction Tagging

As noted earlier, not all branches should be predicted using a data value; only branches whose per-

formance improves should be selected to use data values. To implement selective use of value information

and to implement the two value selection heuristics, we assume that instructions can be tagged. The tag

values are set by profiling software and analysis of binaries and serve as inputs to the prediction hardware.

For our study, using instruction tagging was the the most straightforward approach for passing profile

information into the prediction process; of course, in a real implementation other methods are possible. For

the two heuristics, we now list the tag values that are assigned, and their meaning.

Tagging for the tested value heuristic

-- Instructions that produce tested values to be used for prediction are tagged. These are the instructions
that should update the PREG associated with their architectural result register.

-- Branch instructions are tagged to indicate if a PREG should be used when accessing the predictor. The
PREG corresponding to the 1st register operand of the branch is used.

8
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Tagging for the loop value heuristic

-- Instructions that produce values used by a branch that terminates an enclosing loop are tagged. These
instructions should update the PREG corresponding to their result register. These instructions only need to
be tagged if a branch enclosed by the loop will uses the updated PREG.

-- Branch instructions are tagged to indicate that a PREG should be used as input to the predictor. For the
loop heuristic, this tag also has to indicate which PREG should be used, because it is not necessarily
specified as an operand by the branch instruction being predicted; rather, the PREG corresponding to the
loop value tested by the enclosing loop branch should be accessed.

When an instruction tagged to update a PREG is fetched and decoded, the count field of the PREG is

incremented, reflecting another outstanding update to the value field. If the instruction is squashed due to a

misprediction the count must decremented. When the instruction commits, the PREG value is updated with

value produced by the instruction and the count is decremented.

3. Simulation Methodology

3.1. Simulator

To study PREG-based prediction we augmented the SimpleScalar [BUR97] cycle-level out-of-order

simulator. Detailed timing simulation is essential for studies that use data values for prediction because the

timing of data value availability is a very important consideration. Below we list the features of the aggres-

sive superscalar model used for this study.

Issue width: 8-way out-of-order
Load/store: 4 instructions per cycle
Issue queue: 64 Instructions deep
Minimum misprediction penalty: 8 cycles
Branch Target Buffer: 16K Entry, 4-way set associative
Return Address Stack: 16 Entry
L1 I-Cache: 64KB, 16byte lines, 2 way set assoc., LRU
L1 D-Cache: 64KB, 16byte lines, 2 way set assoc., LRU
L2 Cache: 1MB, 16byte lines, 4 way set assoc., LRU, 10 cycle latency
Memory: 120 cycle latency

3.2. Benchmarks

Five of the more difficult-to-predict SPEC95 benchmarks were simulated. All were simulated for

200M instructions, except for go, which completed at 132M instructions. Reduced input data sets were

used to make the execution profile more complete for 200M instruction simulations. The benchmarks are

documented in Table 2. The Branch Working Set is the number of static branches that account for 90 per-
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cent of the dynamic branches. The misprediction rate and instructions per cycle (IPC) are given for a

gshare predictor using 12 bits of global branch history with a 128K entry (256K bit) table.

3.3. Profiling and Tagging

To support our simulations studies to follow, we implemented an idealized profiling method and

methods for tagging instructions. For each of the two heuristics studied, we first simulated each benchmark

program using data values to predict all branches. These runs use interference-free prediction tables

(described in the next section). Then, those static branches whose prediction showed improvement were

tagged in the binary to enable the use of data information for their prediction in later simulation runs.

We used the same data for profiling as for the simulation experiments; however, as we shall see, the

branches responsible for overall performance benefit tended to be a static few branches that individually

show major improvements, and therefore appear to be fundamentally more predictable when using data

values.

For tagging instructions, we implemented the following methods.

Tagging Method for Tested Value Heuristic

During the profiling phase described above, a list is generated containing all the static instructions that pro-

duce values consumed by a branch instruction or a SET instruction feeding a branch. The instructions in

this list are tagged as instructions that update PREG entries.

Tagging Method for Loop Value Heuristic

The program binary is analyzed to determine for each branch instruction, the branch instruction which ter-

minates its innermost enclosing loop. The register tested by the loop branch is used to tag the enclosed

branch under consideration. To find enclosing loop branches, a list of starting addresses of all procedures

Table 2. Benchmark CharacteristicsíLíLíLí8íLíLíLí8íLíLíLí8íLíLíLíLí8íLíLíLí8íLíLíLíLí8íLíLíLí8íLíLíLí8íLíLíLíLí8íLíLíLí8íLíLíLí8íLíLíLíLí8íLíLíLí8íLíLíLíLí8íLíLíLí8íLíLíLí8íLíLíLíLí8íLíLíLí8íLí
Benchmark Input Branch 128K entry gshare, 12-bit history

Working Set Mispredict Rate (%) IPCîLîLîLî8îLîLîLî8îLîLîLî8îLîLîLîLî8îLîLîLî8îLîLîLîLî8îLîLîLî8îLîLîLî8îLîLîLîLî8îLîLîLî8îLîLîLî8îLîLîLîLî8îLîLîLî8îLîLîLîLî8îLîLîLî8îLîLîLî8îLîLîLîLî8îLîLîLî8îLî
compress 400000 e 26 10.1 1.40
gcc ref/input/gcc.i 3126 7.4 1.29
go 9 9 1092 12.7 1.20
ijpeg test/input/specmun.ppm 84 7.5 3.53
li queen.lsp 63 3.3 3.15ïLïLïLï8ïLïLïLï8ïLïLïLï8ïLïLïLïLï8ïLïLïLï8ïLïLïLïLï8ïLïLïLï8ïLïLïLï8ïLïLïLïLï8ïLïLïLï8ïLïLïLï8ïLïLïLïLï8ïLïLïLï8ïLïLïLïLï8ïLïLïLï8ïLïLïLï8ïLïLïLïLï8ïLïLïLï8ïLïððð
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is extracted from the binary. For each branch in each procedure ("branch A"), an enclosing branch is said

to exist if there is a backward branch in the same procedure, coming after branch A, whose target is

sequentially before the address of branch A. Although there may be multiple enclosing branches, only the

first one found is reported for tagging. In the case of nested enclosing loops, this will be the innermost one.

Overall, this process is straightforward, and the details are omitted for brevity.

4. Interference-Free Prediction

To determine the overall potential of using data values for branch prediction, we first used an

interference-free variation of the proposed branch predictor. This predictor is illustrated in Fig. 2. The full

PC of the branch, the PREG, and a 16-bit global branch history are concatenated to form a direct index into

a table of 2-bit counters. No hashing is necessary; the simulated table is large enough to assign a separate

2-bit counter to all patterns that occur.

For comparing performance, we use an interference-free gselect predictor [MCF93] that uses the full

PC of the branch concatenated with 16 bits of global history. Table 3 compares the results for the two

interference-free prediction methods. For each method, performance in both misprediction percentage and
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Fig. 2. Interference-free version of branch predictor using data values.
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instructions per cycle (IPC) are given. The tested value heuristic outperforms the loop value heuristic in

almost every case (except go where the difference is small), so we show only the improvement of the tested

value heuristic over gselect in the last two columns. The ijpeg benchmark improves misprediction rate by

23 percent and overall performance by 4.5 percent. However, considering all the benchmarks, improve-

ments are relatively modest.

Table 3. Performance with interference-free predictor tablesñòñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñLñ8ñ8ñ8ñLñ8ñ8ñ
Benchmark gselect PREG 16_16_06 Improvement (%)

16-bit Test Loop Loop heuristic
heuristic heuristic vs. gselectóòó8ó8óLó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8óLó8ó8ó8óLó8ó8ó

Miss % IPC Miss % IPC Miss % IPC Miss % IPCôòô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ôLô8ô8ô8ôLô8ô8ô
COMPRESS 8.4 1.45 7.8 1.50 8.1 1.50 6.7 2.8
GCC 4.4 1.39 4.1 1.40 4.3 1.40 8.2 0.6
GO 8.8 1.27 8.4 1.27 8.3 1.27 4.3 0.2
IJPEG 7.1 3.57 5.4 3.73 5.9 3.70 23.1 4.5
LI 3.1 3.18 2.6 3.26 2.9 3.21 15.5 2.6õòõ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õLõ8õ8õ8õLõ8õ8õööö
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ööö
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öö
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To get a clearer picture of the potential of using data values for branch prediction, we focussed our atten-

tion on those branches whose prediction accuracy is improved. Table 4 summarizes the static branches that

account for 90% of the overall performance improvement. For example, we observe that in compress, four

static branches account for 90% of the observed improvement, and the average miss rate for these four

branches is reduced from 9.2 percent down to 6.2 percent; i.e. about a third of the mispredictions are elim-

inated. Furthermore, these four static branches account for only 15.4 percent of the overall branch working

set (see Table 2). The most dramatic example is the li benchmark, where 3 static branches account for

90% of the improvement, and on average their miss rate is cut in half -- from 18% down to 8.9%.

These results indicate that using data values can potentially provide very large performance improve-

ments, but only for certain static branches. We take this as a promising sign -- our benchmark sample was

confined to SPEC benchmarks; there may be other programs which have higher percentages of static

branches that can benefit from using data values for branch prediction. These results also reinforce the

need to focus PREG prediction on specific problem branches.

12

å á



Table 4. Static branches yielding 90% of performance improvement÷ ÷L÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷L÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷L÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷L÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷8÷L÷
Benchmark Number % of gselect PREG

Working Set Miss Rate (%) Miss Rate (%)ø øLø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8øLø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8øLø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8øLø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8ø8øLø
COMPRESS 4 15.4 9.2 6.9
GCC 123 3.9 7.7 4.2
GO 19 1.7 12.0 9.0
IJPEG 20 23.8 11.8 7.8
LI 3 4.8 18.0 8.9ù ùLù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ùLù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ùLù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ùLù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ù8ùLùúúú
úú
úú
úú

úúú
úú
úú
úú

úúú
úú
úú
úú

úúú
úú
úú
úú

úúú
úú
úú
úú

úúú
úú
úú
úú

PREG branch prediction is based indirectly on predicting the data values the branch depends on.

That is, an older, committed data value plus the pending count is used as a de facto prediction of the real

data value that is not yet available. To get an idea of how accurate these "stand-in" values are, we used

them to predict the value they represent -- the value actually tested by the branch. In the simulator, we

implemented a data value predictor alongside the branch predictor. This data value predictor was only

used to collect data, and did not affect the simulations. Each time we predicted a branch in the simulation,

we also predicted the data value the branch was testing, by using the PREG VALUE and CNT to index an

interference-free data value prediction table.

The results in Table 5 indicate that an improved data value prediction scheme is needed to lower

branch miss rates. Column 1 shows the misprediction rate for the data value predictor. Compared with

other studies [SAZ97] these results are not exceptional. Columns 2 through 4 show the direct effect data

value prediction has on branch prediction. For comparison, Column 2 shows the misprediction rate for all

PREG predicted branches. Column 3 demonstrates the the misprediction rate is low, less than 1.5% for all

benchmarks but go, when the data value is correctly predicted. However when data value is mispredicted

(Column 4), the branch prediction is, in essence, based on faulty information and suffers greatly. The final

column shows that 82.9 to 96.2% of the remaining branch mispredictions for PREG predicted branches are

correlated with data value mispredictions. Improved data value prediction has the potential to reduce these

misses, greatly increasing the effectiveness of PREG prediction.

According to [SAZ97], a context predictor containing sequences of data values should aid prediction.

However, in our scheme this could be hampered when multiple instructions updating the same PREG. In

this case, additional context values are likely to come from instructions related to other branches, unrelated

to this branch, and only weakly improve the context. This situation occurs often when SET instructions are
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Table 5. Correlation of data prediction and branch predictionû ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8û8ûSû8ûSû8û8ûSû8û8ûSû8û8ûSû8û8û
Data Value Branch Mispredict Rate (%) % Mispredicts

Benchmark Mispredict Value Prediction Value Prediction correlated w/
Rate (%) All Branches Correct Incorrect Value Mispredictü üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8üSü8üSü8ü8üSü8ü8üSü8ü8üSü8ü8ü

COMPRESS 49.4 8.0 0.6 15.0 96.2
GCC 12.9 4.5 0.8 28.9 82.9
GO 39.7 9.0 3.5 17.3 76.4
IJPEG 27.7 7.5 1.0 24.6 90.6
LI 36.3 6.6 1.4 15.9 86.9ý ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ýSý8ý8ýSý8ý8ýSý8ý8ýSý8ý8ýþþþ
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used to evaluate the branch condition. The compiler that compiled the benchmarks, gcc, tends to use

integer register $2 as a temporary register for the results of set instructions. Thus most SET instructions

update a single PREG, PREG $2, and most branches are using SET instructions. More research is needed

to improve this case.

Finally, we considered the range of CNT values. In the previous simulations we used six bits for the

CNT value. We find that three bits are sufficient. Fig. 3 shows a histogram of the six bit count values

dynamically encountered by PREG predicted branches. The results shown are for compress. All other

benchmarks have similar or smaller CNT values. The CNT value rarely ranges above 7, and never above

15.
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Fig. 3. Values taken by CNT field in PREG entries.
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5. Prediction Tables with Interference

Our second set of simulations uses the predictor proposed in Fig. 1 to explore the effects of interfer-

ence. In accordance with [JUA98, SEC96], we found that, in general, gshare predictors should use fewer

bits of global history than the number of bits used to index the table. We chose a table with 128K 2-bit

counters, and found that 12 or so bits of global history will give good performance. Table 6 shows the

results.

Table 6. Performance with table interference� �����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
Benchmark GSHARE PREG 12_08_03 PREG 12_08_03 w/ Threshold Filter Improvement

12-bit Test Loop Test Loop Tested v. GSHARE
Miss IPC Miss IPC Miss IPC Miss IPC Miss IPC Miss IPC� �����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

COMPRESS 10.13 1.40 8.78 1.44 10.13 1.40 8.78 1.44 10.13 1.40 13.33 2.92
GCC 7.42 1.29 8.00 1.27 7.67 1.29 7.42 1.29 7.44 1.29 0.0 0.0
GO 12.7 1.20 13.9 1.18 13.3 1.19 13.4 1.19 13.06 1.19 -5.1 -0.9
IJPEG 7.52 3.53 6.87 3.58 7.51 3.53 6.77 3.59 7.52 3.53 9.97 1.75
LI 3.33 3.15 3.41 3.13 3.18 3.18 3.18 3.16 3.18 3.18 4.5 0.33� ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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The initial results (columns 3 and 4) indicate that PREG prediction increased the amount of interfer-

ence in the bounded table to the point where performance no longer improved. To solve this problem, we

filtered more tightly the branches for which PREG prediction was enabled. Rather then taking any branch

for which there was an improvement, however slight, we placed a threshold on the amount of improvement

required. For each branch PREG prediction was enabled only if profiling indicated it would eliminate

0.02% or more of the total mispredictions in the benchmark. This made definite improvements in the

misprediction rate. Table 6 shows the improvement in misprediction rate and IPC between tested value

with filtering, and gshare. All benchmarks improved, except for gcc, which broke even, and go, which still

becomes worse.

We also notice that the loop value heuristic never performs as well as the tested value heuristic. We

expected combining the two heuristics, selecting the best heuristic for each branch, to further increase per-

formance. However, we obtained poor results using tables with interference. To understand why, we

returned again to interference-free predictor tables. Table 7 shows these results.
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Table 7. Performance with Combined Heuristics�����������������������������������������������������������������������������������������������������������������������
G12_V08_C03 no inter. Improvement

Test Loop Combined Combined
Benchmark heuristic heuristic vs. Test�����������������������������������������������������������������������������������������������������������������������
COMPRESS 8.7 10.1 8.7 0.0
GCC 4.2 4.5 4.1 1.4
GO 9.0 9.3 8.8 1.9
IJPEG 5.8 6.7 5.8 0.9
LI 3.1 3.1 2.9 5.8	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	�	




























































































Combining the two heuristics did provide a slight improvement with unbounded tables, but increased

interference in bounded tables swamped the improvement. Examining individual branches, we could find

few branches where both the loop value heuristic did well and the tested value heuristic did poorly. Table

7 shows the number of static branches for which the loop value heuristic eliminated more mispredicts than

the tested value heuristic by at least 0.02% of the total mispredicts. The tested value heuristic appears to

subsume the loop value heuristic for all benchmarks, except perhaps LI.

6. Conclusions

The bottom line is that by using the proposed prediction method based on data values significant

improvements are possible for certain branches, but overall improvements are modest. The success we

have had on certain previously difficult branches is tantalizing, and this motivates us to further study.

We have only scratched the surface of possible predictor designs. This study started with the simple

gshare predictor, and made relatively small modifications. The variety of possible hashing functions have

only been lightly examined, and a wide array of interference-reduction techniques developed for branch

predictors [MIC97, MCF93, CHA96, SPR97] have not yet been applied, even though interference is an

important aspect in of data-value based predictors.

Because the loop value heuristic is subsumed by the tested value heuristic, our future research will

focus on variations of the tested value heuristic. Possibly, prediction could be based on values generated

farther up the dependency chain from the branch, rather then the value directly tested. This research will

be driven by re-examining individual branches still not helped by PREG prediction.

The results also indicate that PREGs need to be handled better. A general solution for branches with

two input values needs to be developed. Also, a tighter connection should be maintained between the

instruction producing the value and the branch using the value for prediction. The cross-talk caused by
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multiple instructions updating a single PREG hampers branch prediction. Eliminating this cross-talk would

enable contexts to contain sequences of data values. This should improve the data prediction rate [SAZ97],

which should aid the prediction process.

This initial study has left us confident that continued innovations will produce improved overall

results. Using data values provides a new direction for increased branch prediction accuracy, but much

additional research remains.
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+,+-+,+/.,Z¡254-6,687�9;:,:,<-:-=�:CI1>@?A=-6CB@DE=F?G0C<-Z,`=-6CBLDG=F?G0C<,H-T:,:,<,:1=�:,>,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,TCIf:-U�6�RC9yXCQ-:@[ Z�\L]GX16CHL[G0Ch,\L]_XCQq:L[EZ,\:,:,<,:1=�:,>,>L?gd Z,Zq0Pc-hF]s:LDG0Pcfej?kM,4PO-Q17-R,4�K,7,9-B,S,TCIf>-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:CIf:VM,4CO-Q-7-R,4,K,7�9-B,S-T-B,:-U:,:,<,:1=�:,h,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T-=-:-U�6�RC9yXCQ-:@[ Z�\L]GX,710j[ <�\@]GX16Pc�[ Z-:,\:,:,<,:1=�:,h,>L?gd 0C`-H,h,ZF]s:LDG0C:qej?kM,4PO-Q17-R,4�K,7,9-B,S,T-=->-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:CIf:VM,4CO-Q-7-R,4,K,7�9-B,S-T-B,:-U=-6CBLDG=F?G0C<,H->:,:,<,:1=�:,7,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,K1:-UV7,K,KCWlX�7q0j[ <�\L]_X�n,B�o-p@[ :,\L]�X-6-0F[_0CT-\:,:,<,:1=�:,7,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,K1>-UV¥,7-Rw:,:,<-:,7,H,h,:YMCo-B�2fp,Q-B-|CJ,o1p�25|C9q7CIqR,B1U=-6CBLDG=F?G0C<,Z-`:,:,<,:1=�:CI1:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,B1:-UV7,K,KCWlX�7-:L[ c,\L]_X�n,B�o-p@[ :,\L]�X-6�:@[_0C`-\+,+8:,:,<,:1=�:CI1>L?gd Z,<,h,h-:,:F]i0jD `�cfej?kM,4PO-Q17-R,4�K,7,9-B,S,T,B1>-UlI,O1B;X�7,:@[ c,\L]GX,n,B�o-pL[E:�\@]E:1:,<-:�I1J,Jq:VM,4CO-Q-7-R,4,K,7�9-B,S-T-Z,:-U

�3¦



=-6CBLDG=F?G0C<,Z-<:,:,<,:1=�:-=�:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�Jq:-UV7,K,K-4CWYX-6CZL[G0�>�\L]GX-6�ZL[G0C>�\^] c:,:,<,:1=�:-=�>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�Jq>-UV7,K,K-4CWYX-6,0j[G0�T�\L]GX-6-0j[G0CT�\^]_0:,:,<,:1=�:,K,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,>,:1:-U�6�RC914/XCQ1:L[ Z�\L]_X-6,0j[G0�T�\@]EHf0:,:,<,:1=�:,K,>L?gd H,:-H�c-hF]s:LDG0Chqej?kM,4PO-Q17-R,4�K,7,9-B,S,>,:1>-UlI,O1B;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:�I1J-B1:VM,4CO-Q-7-R,4,K,7�9-B,S-Tq0C:-U=-6CBLDG=F?G0C<�c1Z:,:,<,:1=�:,B,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,>10,:-UV¥8:-:,<,:-=�Z-<,:lM,4PO1Q-7-R,4�K-7�9-B,S,h->-:-U=-6CBLDG=F?G0C<�c1<:,:,<,:1=�:,B,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,>10,>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GX�n,B,o-pL[ :�\^]E<,c
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�<,Z,`�\u,u,u-u d_=-6CBLDE=1e0C<q0Pc@? ���,x-�,�1|C�,�-�,�1|C�,x1�-|��q���(d r17�o-K-|�o-B��q6�|-4POq|�917�IqR-BF]8o-B���O1pqe5�0C<q0C<L?0C<q0C`L? J-p�o�dG4w�8o-B���O1p;S;05�348M8BCO1K,o-B���O1pL�A4�S,S1e0C<q0CTL? �0C<q0C>L? 4POq|�9-7CIqR�B~} �8�,x v �1|��,�,�,�1|��,x-�-|,�q�P��d r17�o1K-|Co-B��f6�|,4POq|,9-7�IfR,BF]/4-e5�0C<q0ChL? ���,x-�,�1|C�,�-�,�1|C�,xq�-|C�5�P��d r17�o-K1|Co-B��q6,|,4POq|,9-7�IqR-BF]/4-e5�0C<-Z,:L? K,B-R,B�9-B-|Co1B��1|�B,m,Wq4CQ�dG4-ej�0C<-Z10j? o-B��q|C914,=C�^[E4C\-S,S@�0C<-Z,ZL? �0C<-Z,HL?0C<-Z�c@? 4CJ�dG4POq|�9-7CIqR�Bqe0C<-Z,<L? J-p�o�d r1716�rl�w:F��r1716PryM��,���q���,x,� v �3r1716�rqS,S1e+-0C<-Z,`L? J-p�o�d �y�89-7CIqR,BL[ r1716Pr-\L�A�@���;��O1B�t,9qe0C<-Z,TL?��0C<-Z,>L? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0C<-Z,hL?0C<-H,:L? 4CJ�dE��x,�q|��-�C�,x(d � u U,B�t��fe�� ���,x1�0C<-H10j? },}��,x-�,�1��d � u U,B�t��fe;U,�8�1�C� v �1|C  v x��-�1�-|C�-x-�f� v �-x-�qe0C<-H,ZL? =�pCO-914CO,W1BF�0C<-H,HL?0C<-H�c@? 9,o-B,��O1p;�8�,x-���1��d � u U�B�t,�fe5�0C<-H,<L? 9-BCOqK�o-B���Oqp0C<-H,`L? �A9,o-B,��O1pyS8�,�,�,�q|C�,x-���q�,|C�,�,x1� v d 9,o-B,��O1pF]¡�,x,�1|C¢1���,xzd � u U�B�t��fe-e5�0C<-H,TL? 4CJ�d 9-BCOqK�o-B���OqpYU�o-B���O1p/£-£89,o1B���O1pyM8BCO1K�o1B���O1p1e0C<-H,>L? o-B�25p�Q-B-|CJ-o-p�25|C917CIfR�B d �^]¤rq716�rfe5�
+,+-+,+/.,H¡254-6,687�9;:,:,<-:CI-J-B,>@?A=-6CB@DE=F?G0C<-Z,`:,:,<,:�I-J-7,>L?gd 0CT-H,<�cL]s:LDG0,0-ej?kM,4PO-Q17-R,4�K,7,9-B,S,`,K1>-UlI1B,m;XC9,c^[G0CZ�\L]_X�n,B�o-p@[ :,\L]_:,:-<-:1=�Z1<,:�M,4PO-Q-71R,4�K,7�91B,S,h,>,:qU=-6CBLDG=F?G0C<,Z-<:,:,<,:�I-J�I1:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,`,B1:-UV7,K,KCWlX-6-0j[G0CT�\@]GX�n,B�o1pL[E:�\^]GX,n-B,o-p^[ :�\:,:,<,:�I-J�I1>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,`,B1>-UV7,K,K-4CWYX-6C`L[ Z-Z�\L]GX�n-B�o-pL[ :-\L]G<-Z:,:,<,:�I-J1=�:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,`�Jq:-UaRPWq4/X-6C<@[ Z10P\L]Ec-:,h,h:,:,<,:�I-J1=�>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,`�Jq>-UV7,K,K-4CWYX-6C<L[ Zq0P\L]GX-6�<L[ Z10P\^] u 0�T-T,>1>:,:,<,:�I-J-K,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,:1:-UaRPWq4/X-6CZ@[G0C>�\L]Ec-:,h,h:,:,<,:�I-J-K,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,:1>-UV7,K,K-4CWYX-6CZL[G0�>�\L]GX-6�ZL[G0C>�\^]_0�`-T-`,>=-6CBLDG=F?G0C<,Z-`:,:,<,:�I-J-B,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T10,:-UaRCb;X�7,:L[ c-\L]E:FdGX16CZL[G0,>�\fe+,+8:,:,<,:�I-J-B,>L?gd 0Ch,`10�T,`F]i0jD Z�cfej?kM,4PO-Q17-R,4�K,7,9-B,S,T10,>-UlI1B,m;X�7,:@[ c,\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:-=-:VM,4CO-Q-7-R,4,K,7�9-B,S-T,J-:-U=-6CBLDG=F?G0C<,H-::,:,<,:�I-J,J-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,Z1:-UaRCb;XCQq0j[ H,\L]E:FdGX,7,:L[ c1\qe=-6CBLDG=F?G0C<,Z->:,:,<,:�I-J,J->L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,Z1>-UaRCb;X-6C:L[G0�`�\L] cLd_X�7,:L[Ec,\fe=-6CBLDG=F?G0C<,H-::,:,<,:1=�:,:,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,H1:-UaRPr,WlXCQ-:@[ Z�\L]E:LdGXCQq0j[EH�\fe:,:,<,:1=�:,:,>L?gd H10CZ,Z-H,:F]i0jD h,Tqej?kM,4PO-Q17-R,4�K,7,9-B,S,T,H1>-UlI,O1B;XCQ-:@[ Z�\L]GX16C`L[ Z,Z,\L]G:,:1<,:1=,:�I1:�M,4PO1Q-7-R,4�K-7�9-B,S,T-B-:-U:,:,<,:1=�:10C:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�cq:-UaRCb;X�710j[ <,\L] cLdGX�Qq0j[ H-\qe:,:,<,:1=�:10C>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�cq>-U�6�RC914/XCQ1:L[ Z�\L]_X�710j[ <,\L]G`�c
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�<,Z,`�\u,u,u-u d_=-6CBLDE=1e0C<q0Pc@? ���,x-�,�1|C�,�-�,�1|C�,x1�-|��q���(d r17�o-K-|�o-B��q6�|-4POq|�917�IqR-BF]8o-B���O1pqe5�0C<q0C<L?0C<q0C`L? J-p�o�dG4w�8o-B���O1p;S;05�348M8BCO1K,o-B���O1pL�A4�S,S1e0C<q0CTL? �0C<q0C>L? 4POq|�9-7CIqR�B~} �8�,x v �1|��,�,�,�1|��,x-�-|,�q�P��d r17�o1K-|Co-B��f6�|,4POq|,9-7�IfR,BF]/4-e5�0C<q0ChL? ���,x-�,�1|C�,�-�,�1|C�,xq�-|C�5�P��d r17�o-K1|Co-B��q6,|,4POq|,9-7�IqR-BF]/4-e5�0C<-Z,:L? K,B-R,B�9-B-|Co1B��1|�B,m,Wq4CQ�dG4-ej�0C<-Z10j? o-B��q|C914,=C�^[E4C\-S,S@�0C<-Z,ZL? �0C<-Z,HL?0C<-Z�c@? 4CJ�dG4POq|�9-7CIqR�Bqe0C<-Z,<L? J-p�o�d r1716�rl�w:F��r1716PryM��,���q���,x,� v �3r1716�rqS,S1e+-0C<-Z,`L? J-p�o�d �y�89-7CIqR,BL[ r1716Pr-\L�A�@���;��O1B�t,9qe0C<-Z,TL?��0C<-Z,>L? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0C<-Z,hL?0C<-H,:L? 4CJ�dE��x,�q|��-�C�,x(d � u U,B�t��fe�� ���,x1�0C<-H10j? },}��,x-�,�1��d � u U,B�t��fe;U,�8�1�C� v �1|C  v x��-�1�-|C�-x-�f� v �-x-�qe0C<-H,ZL? =�pCO-914CO,W1BF�0C<-H,HL?0C<-H�c@? 9,o-B,��O1p;�8�,x-���1��d � u U�B�t,�fe5�0C<-H,<L? 9-BCOqK�o-B���Oqp0C<-H,`L? �A9,o-B,��O1pyS8�,�,�,�q|C�,x-���q�,|C�,�,x1� v d 9,o-B,��O1pF]¡�,x,�1|C¢1���,xzd � u U�B�t��fe-e5�0C<-H,TL? 4CJ�d 9-BCOqK�o-B���OqpYU�o-B���O1p/£-£89,o1B���O1pyM8BCO1K�o1B���O1p1e0C<-H,>L? o-B�25p�Q-B-|CJ-o-p�25|C917CIfR�B d �^]¤rq716�rfe5�
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+,+-+,+/.�cA254-6,687�9;:,:,<-:-=�hCI1>@?A=-6CB@DE=F?G0CTq0,0:,:,<,:1=�h,>,>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,<->1UY7-K,K-4PWYX-6�ZL[G0C>�\@]GX-6CZL[_0C>�\@]�0�`,T1`,>=-6CBLDG=F?G0CT,:-T:,:,<,:1=�h,h,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,`-:1UVR�b;X,7,:L[ c,\@]E:FdGX-6�ZL[G0C>-\qe:,:,<,:1=�h,h,>L?gd T,:-T,H,HF]s:LD c-<qej?kM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,`->1UyIqB,m;X�7,:L[ c-\L]GX�n,B,o-pL[ :-\L]E:-:-<-:-=-7,K-:�M,4PO1Q-7-R,4�K-7�9-B-|CJ1p�oq|,=-7-R,R-S,H-7,:qU=-6CBLDG=F?G0CT10-0:,:,<,:1=�h,7,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,T-:1UVR�b;X,710j[ <�\@]E:FdGX�7-:L[ c,\5e=-6CBLDG=F?G0CT,:-h:,:,<,:1=�h,7,>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,T->1UVR�b;X16,0j[G0CT,\L] cLdGX,7,:L[ c1\qe=-6CBLDG=F?G0CT10-0:,:,<,:1=�hCI1:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,>-:1UVRCr,WlXCQ-:L[ Z,\L]E:FdGX,710j[ <-\qe+,+8:,:,<,:1=�hCI1>L?gd 0,0CT�c1h,ZF]�:LD T�cfej?kM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,>->1UyI-O1B;XCQ-:L[ Z,\L]GX-6C<@[ Z10P\^]E:,:-<-:1=�7q=�:�M,4PO-Q-71R,4�K,7�91B-|CJ-p-o1|-=�7qR,R�S1H,h-:-U:,:,<,:1=�h-=�:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,h-:1UVR�b;X�Qq0j[ H�\@] cLdGX�7q0j[ <�\5e:,:,<,:1=�h-=�>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,h->1Ua6,RC914;XCQ-:@[ Z�\L]GX�Qq0j[ H�\@]E`�c:,:,<,:1=�h,K,:L?gd Z10�>,H,ZF]s:LDG0Pcfej?kM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,7-:1UyIqB,m;XCQ-:L[ Z,\L]GX�n,B,o-pL[ :-\L]E:-:-<-:-=-7-=,:�M,4PO1Q-7-R,4�K-7�9-B-|CJ1p�oq|,=-7-R,R-S,H-h,:qU=-6CBLDG=F?G0CT10�`:,:,<,:1=�h,K,>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z,7->1UVR�b;X�Q-:L[ Z�\@]E:FdGX�7q0j[ <�\5e:,:,<,:1=�h,B,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1ZCIq:1Ua6,R,R/XCQ-:L[ Z,\L]GXCQ-:@[ Z�\L]_:�tq0�::,:,<,:1=�h,B,>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1ZCIq>1Ua6Co-7;XCQ-:L[ Z,\L]GXCQ-:@[ Z�\L]_:�tq0�>:,:,<,:1=�h�J-:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z-=,:1Ua6,R,R/XCQ-:L[ Z,\L]GXCQ-:@[ Z�\L]_:�t-Z:,:,<,:1=�h�J->L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ-p-o1|-=,71R,R�S1Z-=,>1UY7-K,KCWYXCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]GX-6Cc^[EZ,:-\
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�T10,0P\u,u,u-u d_=-6CBLDE=1e0C`-h,hL? �0CT-:,:L?0CT-:10j?s§,+;��Ow9,r1B;=�716CBwb�r1B,o-B/b-B�r17�Q-BwO1p/=�7-R-R u =,R�p�I,I1B�o-B-Klrq7�o-Kwo-B��1416P9-B�oq6l4PO/9�r1B0CT-:,ZL? 9-7CIqR�BL]3b-B87,o-B/K,pCO1BLD¨�C9�r1B�o-b14-6CBF]w6�=�7COy9,r1Bw9-7CIqR�B/7COqK8o1B�2fp�Q-B;7�O-©0CT-:,HL? BCO-9,o,©/9�rq7�9yp�Q-B�oqR�7C�f6/7/=�7-R-R u =,R�p�I,I1B�o-B-KYo1B��14-6P91B�o@Dª+,§0CT-:�c@?0CT-:,<L?s4CJ�dG4POq|C917CIqR�B1e0CT-:,`L? J-p,o�d r1716�rl�w:F�¤r1716�rlM��,���1���-x,� v �¡r1716�r1S-S1e0CT-:,TL? J-p�o�d �;��917CIqR�BL[ r1716�r-\@�¡�@���;�¡O1B,t,9qe0CT-:,>L?��0CT-:,hL? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0CTq0C:L?+-0CTq0,0j? 4CJ�dE��x,�q|��-�C�,x(d � u U,B�t��fe�� ���,x1�0CTq0CZL? },}��,x-�,�1��d � u U,B�t��fe;U,�8�1�C� v �1|C  v x��-�1�-|C�-x-�f� v �-x-�qe0CTq0CHL? =�pCO-914CO,W1BF�0CTq0Pc@?0CTq0C<L? o-B��,O1p/���,x1���1��d � u U�B�t��fej�0CTq0C`L? BCO1K,o-B���O1pl��o-B,��O1p;SA�-�,�,�1|C�-x-���1�,|��,�,x1� v dEo-B���O1pL]¡��x,�1|�¢1�C�,xzd � u U�B�t,�fe,e5�0CTq0CTL?0CTq0C>L? J-p�o�dG4w�8o-B���O1pL�¡48M8BCO1K�o1B���O1pF�84�S,S1e0CTq0ChL? 4CJadE�,x v �1|��,�,�,�1|��,x-�-|,�q�C��d o-B,�q6�|,4PO1Q-7-R,4�K-7�91B,Kq|PI1©q|-=�7-R1Rj]/4-e,e0CT-Z,:L? �0CT-Z10j?«o1B�2fp�Q-B1|CJ,o-p�2j|C9-7CI5R�B d �@]�r1716�r5e5�0CT-Z,ZL?¬I1o-B,7��L�0CT-Z,HL? �
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+,+-+,+/.,Z,HA254-6-6�7,9w:,:-<,:-=�:,Z-:L?A=-6�BLDE=F?G0�<,H,::,:,<,:�I-J-B,>L?gd 0Ch,`10�T,`F]i0jD Z�cfej?kM,4PO-Q17-R,4�K,7,9-B,S,T10,>-UlI1B,m;X�7,:@[ c,\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:-=-:VM,4CO-Q-7-R,4,K,7�9-B,S-T,J-:-U=-6CBLDG=F?G0C<,H-::,:,<,:�I-J,J-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,Z1:-UaRCb;XCQq0j[ H,\L]E:FdGX,7,:L[ c1\qe=-6CBLDG=F?G0C<,Z->:,:,<,:�I-J,J->L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,Z1>-UaRCb;X-6C:L[G0�`�\L] cLd_X�7,:L[Ec,\fe=-6CBLDG=F?G0C<,H-::,:,<,:1=�:,:,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,H1:-UaRPr,WlXCQ-:@[ Z�\L]E:LdGXCQq0j[EH�\fe:,:,<,:1=�:,:,>L?gd H10CZ,Z-H,:F]i0jD h,Tqej?kM,4PO-Q17-R,4�K,7,9-B,S,T,H1>-UlI,O1B;XCQ-:@[ Z�\L]GX16C`L[ Z,Z,\L]G:,:1<,:1=,:�I1:�M,4PO1Q-7-R,4�K-7�9-B,S,T-B-:-U:,:,<,:1=�:10C:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�cq:-UaRCb;X�710j[ <,\L] cLdGX�Qq0j[ H-\qe:,:,<,:1=�:10C>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�cq>-U�6�RC914/XCQ1:L[ Z�\L]_X�710j[ <,\L]G`�c+,+8:,:,<,:1=�:,Z,:L?gd <,h-:10ChF]s:LD H,Tqej?kM,4PO-Q17-R,4�K,7,9-B,S,T,<1:-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:CIf:VM,4CO-Q-7-R,4,K,7�9-B,S-T-B,:-U=-6CBLDG=F?G0C<,H-<:,:,<,:1=�:,Z,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,<1>-UaRCb;XCQ-:L[ Z,\L]E:FdGX�Qq0j[ H-\qe:,:,<,:1=�:,H,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,`1:-U�6�R,R/XCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]E:,tq0,::,:,<,:1=�:,H,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,`1>-U�6Po-7;XCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]E:,tq0,>:,:,<,:1=�:�c-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,T1:-U�6�R,R/XCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]E:,t-Z:,:,<,:1=�:�c->L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,T1>-UV7,K,KCWlXCQ1:L[ Z�\L]_XCQ-:L[ Z,\L]_X-6,<L[EZq0C\:,:,<,:1=�:,<,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,>1:-UaRCb;XCQq0j[ H,\L]E:FdGX�Q-:L[ Z-\qe:,:,<,:1=�:,<,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,>1>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GXCQq0F[ H�\L]EH:,:,<,:1=�:,`,:L?gd H�cq05]¯:LD :,:qej?kM,4PO-Q17-R,4�K,7,9-B,S,T,h1:-UlI-�-B,n;XCQ1:L[ Z�\L]G:,:,<,:-=,:,T-:�M,4PO1Q-7-R,4�K-7�9-B,S,T-7,:1U
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�<,H,:�\u,u,u-u d_=-6CBLDE=1e0C<q0C>L? 4POq|�9-7CIqR�B~} �8�,x v �1|��,�,�,�1|��,x-�-|,�q�P��d r17�o1K-|Co-B��f6�|,4POq|,9-7�IfR,BF]/4-e5�0C<q0ChL? ���,x-�,�1|C�,�-�,�1|C�,xq�-|C�5�P��d r17�o-K1|Co-B��q6,|,4POq|,9-7�IqR-BF]/4-e5�0C<-Z,:L? K,B-R,B�9-B-|Co1B��1|�B,m,Wq4CQ�dG4-ej�0C<-Z10j? o-B��q|C914,=C�^[E4C\-S,S@�0C<-Z,ZL? �0C<-Z,HL?0C<-Z�c@? 4CJ�dG4POq|�9-7CIqR�Bqe0C<-Z,<L? J-p�o�d r1716�rl�w:F��r1716PryM��,���q���,x,� v �3r1716�rqS,S1e0C<-Z,`L? J-p�o�d �y�89-7CIqR,BL[ r1716Pr-\L�A�@���;��O1B�t,9qe0C<-Z,TL?��0C<-Z,>L? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0C<-Z,hL?+-0C<-H,:L? 4CJ�dE��x,�q|��-�C�,x(d � u U,B�t��fe�� ���,x1�0C<-H10j? },}��,x-�,�1��d � u U,B�t��fe;U,�8�1�C� v �1|C  v x��-�1�-|C�-x-�f� v �-x-�qe0C<-H,ZL? =�pCO-914CO,W1BF�0C<-H,HL?0C<-H�c@? 9,o-B,��O1p;�8�,x-���1��d � u U�B�t,�fe5�0C<-H,<L? 9-BCOqK�o-B���Oqp0C<-H,`L? �A9,o-B,��O1pyS8�,�,�,�q|C�,x-���q�,|C�,�,x1� v d 9,o-B,��O1pF]¡�,x,�1|C¢1���,xzd � u U�B�t��fe-e5�0C<-H,TL? 4CJ�d 9-BCOqK�o-B���OqpYU�o-B���O1p/£-£89,o1B���O1pyM8BCO1K�o1B���O1p1e0C<-H,>L? o-B�25p�Q-B-|CJ-o-p�25|C917CIfR�B d �^]¤rq716�rfe5�0C<-H,hL?��0C<,c-:L?��0C<,cq0j?0C<,c-ZL? o-B�9�W1o�O@�
+,+-+,+/.,Z�c�254-6-6�7,9w:,:-<,:,K,H,`->L?A=-6�BLDE=F?G0�h�c-h:,:,<,:-K,H,Z,>L? ?NM,=�7COqpCOq|Pr17q6�r1S�c-h1>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GXCQq0F[ H�\L] u c-T:,:,<,:-K,H,H,:L? ?NM,=�7COqpCOq|Pr17q6�r1S�c-71:-U�6�RC914CWYXCQ-:L[ Z,\L]GXCQ-:@[ Z�\L]EZ
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:,:,<,:-K,H,H,>L?gd <,T,HF]¯:LD :,:qej?kM,=�7COqpCOq|Pr17q6�r1S�c-71>-UlI,O1B;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:-K-H,`1:VM,=,7CO1pCOq|Cr1716�r1S,c1K,:-U:,:,<,:-K,H�c-:L? ?NM,=�7COqpCOq|Pr17q6�r1S�c�If:-UaRPr,WlXCQq0F[ H�\L]E:LdGX�7,:L[ c,\fe:,:,<,:-K,H�c->L? ?NM,=�7COqpCOq|Pr17q6�r1S�c�If>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GX�n,B,o-pL[ :�\^]E<-::,:,<,:-K,H,<,:L?gd 0�:10PcL]s:LD :10-ej?kM,=�7COqpCOq|Pr17q6�r1S�c1=-:-UlI1B,m;XCQq0F[ H�\L]GX�Q-:L[ Z�\@]E:-:,<1:,K-H-`-:�M,=�7COqpCOq|Pr17q6�r1S�c-K-:1U:,:,<,:-K,H,<,>L?gd 0,0CHF]¯:LD :,:qej?kM,=�7COqpCOq|Pr17q6�r1S�c1=->-UlI,O1B;XCQq0F[ H�\L]GX16C`L[ Z,Z,\L]G:,:1<,:-K-H-`,>�M,=�7�O1pCOq|Prq716�r1S�c1K->-U=-6CBLDG=F?G0Ch�c-c:,:,<,:-K,H,`,:L? ?NM,=�7COqpCOq|Pr17q6�r1S�c-K1:-UV7,K,KCWlX�7q0j[ <�\L]_X�n,B�o-p@[ :,\L]�X�7-:@[ c,\=-6CBLDG=F?G0Ch�c1h+,+8:,:,<,:-K,H,`,>L?gd <,`-T,`105]s:LD H,`qej?kM,=�7COqpCOq|Pr17q6�r1S�c-K1>-UlI1B,m;X-6Pc^[ Z,:�\L]_X-6C<L[ Zq0P\@]E:1:,<-:1=�J-:1>VM,=,7CO1pCOq|Cr1716�r1S-T->-U=-6CBLDG=F?G0Ch,<,c:,:,<,:-K,H,T,:L? ?NM,=�7COqpCOq|Pr17q6�r1S�c-B1:-UV7,K,KCWlX�7-:L[ c,\L]_X�n,B�o-p@[ :,\L]�X�7q0F[E<�\:,:,<,:-K,H,T,>L? ?NM,=�7COqpCOq|Pr17q6�r1S�c-B1>-UV7,K,KCWlX�7q0j[ <�\L]_X�n,B�o-p@[ :,\L]�X�n-B,o1pL[G:�\:,:,<,:-K,H,>,:L? ?NM,=�7COqpCOq|Pr17q6�r1S�c,Jq:-UV¥,7-Rw:,:,<-:-=�B,h,:YM,=�7CO1p�Oq|Pr1716PrqU:,:,<,:-K,H,>,>L? ?NM,=�7COqpCOq|Pr17q6�r1S�c,Jq>-UV7,K,KCWlX-6-0j[G0CT�\@]GX-6,0j[_0CT,\L]�XCQ1:@[EZ�\=-6CBLDG=F?G0Ch,<-<:,:,<,:-K,H,h,:L? ?NM,=�7COqpCOq|Pr17q6�r1S,<,:1:-UV¥8:-:,<,:,K,<-:,:lM,=�7�O1pCOq|Prq716�r1S,`-T-:-U=-6CBLDG=F?G0Ch,<-`:,:,<,:-K,H,h,>L? ?NM,=�7COqpCOq|Pr17q6�r1S,<,:1>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GX�n,B,o-pL[ :�\^]E`-h
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�h�c-h�\u,u,u-u d_=-6CBLDE=1e0Ch-H,TL? 71684CJ/b-B�b1B�o-Bwr1716Prq4PO-�;9�rqB/=,pCOf6P9-7�O-9L]86,4POq=�B/b-B8b14,R-RAIqB/=,p�21�17�oq4PO-�0Ch-H,>L? 9�r17�9/b-7,©@D�+,§0Ch-H,hL? 4CJ�d 9-B�2 � �/:8£,£/��x,�1|��1�C�,xzd 91B�2jew�,�8�,x-�0Ch,c-:L? £,£/�,x-�,�1�,|,½C� ´ |C·,�,�f�P�q|C �d �-x-���1��d 91B�2je,e0Ch,cq0j? £,£;m�9,©q|_2fp,K,B@[ o-B��1|,m�9-©@[E�,x1�,�q�(d 9-B�2FeP\,\y�,�/��x,�q|C¢1�C�,x{d 9-B�2je0Ch,c-ZL? £,£�d 9-BP2j0w�8m,9,©1|,=�p�Of6P9@[ o1B��1|�m-9,©@[ �-x1���f�{dE9-B�2jeP\-\qe�� �w:0Ch,c-HL? £,£;�-�C� v �,�,�,�q|C {d 91B�2j0,e,e0Ch,c,c@? 9-B�2l��9-BP2j05�0Ch,c-<L?0Ch,c-`L? §,+/�PJwb-B/7�o-B/7CI1pCW19w91pwK-p�9�rqB/R,716P9/o-B-=PW1oq6�4CQ-BV=�7-R,R0Ch,c-TL? O1B,B,K-B,K;7�9/9�rq4-6wR�B,Q-B-Rj]¡=Prq7CO-�-By4C9y4PO19-p;4C9-B�o-7,914�pCO^D0Ch,c->L? ��rq4-6�J�W-Oq=C914�p�OÇ4-68=�7-R-R�B,KyBCOqpCW-��ry9-p�I1Bwb-p�o-9�rl4C9@D�+,§+-0Ch,c-hL? 4CJ�dG48�,�/:1e0Ch-<,:L? �0Ch-<10j? t/��9-BP2��0Ch-<,ZL? �-p�91p/o-BC�1B,7,9L�0Ch-<,HL? �0Ch-<�c@? r1716Pr;S-�w=�7�O1pCOq|Prq716�r(dE9-B�2�]k:1ej�0Ch-<,<L?��0Ch-<,`L? B-R-6CB;4CJ�d JC2q9@[E4C\y�-��² x@²Ge0Ch-<,TL?«J1p�o�dE¥8�w:F�N¥wM�¹,·,x1���,x,�zdEtL]k4-e5�3¥,S,S1e0Ch-<,>L? r1716Pr;S-�w=�7�O1pCOq|Prq716�r(dE¹,·,x-��x-¹, {d t@]N4j]3¥1ej]N:qe5�0Ch-<,hL? B-R-6CB;4CJ�d JC2q9@[E4C\y�-��²_6j²Ge0Ch-`,:L?��0Ch-`10j? o-B��q4-6P9-B�oV=Pr17�oy+P�y�A¹ v �,��d tL]k4-ej�
+,+-+,+/.,Z,<A254-6-6�7,9w:,:-<,:,K,`CIq>L?A=-6�BLDE=F? Z-:,H,:=-6CBLDG=F? Z,:,Z,c:,:,<,:-K,`,>,>L?gd <,:-T�c-ZF]s:LD H,Zqej?kM�B�t��f|�B,mCWq4�Q1|P�1S,T1>-UlI,O1B;X-6,0F[G0CT�\L]_X-6C:L[G0�`�\@]E:1:,<-:-K-`,h1>VM�B,t��q|�B,m�Wq4CQ1|P�qS->,>-U:,:,<,:-K,`,h,:L?gd Z,T-Z,>,HF]s:LDG0CTqej?kM�B�t��f|�B,mCWq4�Q1|P�1S,>1:-UlI1B,m;X-6CT@[ Z,H�\L]_X�n,B�o-p@[ :,\L]_:,:-<-:-K,B17,:�M�B�t��q|,B,mCWq4CQq|P�1S,>,h1:-U=-6CBLDG=F? Z,:,Z-`:,:,<,:-K,`,h,>L?gd H105]¯:LD :,:qej?kM�B�t��f|�B,mCWq4�Q1|P�1S,>1>-UlI1B,m;X-6,0F[G0CT�\L]_X�n,B�o-p@[ :,\L]_:,:-<-:-K,h1h,>�M�B�t��q|,B,mCWq4CQq|P�1S,H,>1>-U:,:,<,:-K,`,7,:L?gd 0CZ,TF]¯:LD :,:qej?kM�B�t��f|�B,mCWq4�Q1|P�1S,h1:-UlI1B,m;X-6C:@[G0C`�\L]_X�n,B�o-p@[ :,\L]_:,:-<-:-K,h1h,>�M�B�t��q|,B,mCWq4CQq|P�1S,H,>1>-U=-6CBLDG=F? Z,:,Z-h:,:,<,:-K,`,7,>L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S,h1>-UaRPr,WlX-6CZ@[G0C>�\L]G:FdGX-6,0F[G0�T�\5e=-6CBLDG=F? Z,:,H-::,:,<,:-K,`CI1:L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S,71:-UaRPr,WlXCQ-:@[ Z�\L]E:LdGX-6C:L[_0C`,\qe+,+8:,:,<,:-K,`CI1>L?gd <�c1h,H,<F]s:LD H,<qej?kM�B�t��f|�B,mCWq4�Q1|P�1S,71>-UlI1B,m;X-6CZ@[G0C>�\L]_XCQ-:L[ Z,\L]G:,:1<,:-K-h,c-:�M�B�t,�q|�B,mCWf4CQ1|P�1S-H-H,:-U=-6CBLDG=F? Z,:,H-Z:,:,<,:-K,`-=�:L?gd >-T,:,HF]s:LD :,<qej?kM�B�t��f|�B,mCWq4�Q1|P�1SCIf:-UlI1B,m;X-6C`@[ Z,Z�\L]_X�n,B�o-p@[ :,\L]_:,:-<-:-K,K-c->�M�B�t��q|,B,mCWq4CQq|P�1S,T,H1>-U=-6CBLDG=F? Z,:,H-T:,:,<,:-K,`-=�>L? ?NM�B�t��f|�B,mCWq4�Q1|P�1SCIf>-UaRPr,WlXCQq0F[ H�\L]E:LdGX-6,0j[_0CT,\qe:,:,<,:-K,`,K,:L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S-=-:-UV7,K,K-4CWYXCQ-:L[ Z,\L]GXCQq0F[ H�\L] u <,>:,:,<,:-K,`,K,>L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S-=->-U�6�RC914CWYXCQ-:L[ Z,\L]GXCQ-:@[ Z�\L]EZ:,:,<,:-K,`,B,:L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S,K1:-UlI,O1B;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:-K-T,Z1:VM�B,t��q|�B,m�Wq4CQ1|P�qSq0,0C:qU:,:,<,:-K,`,B,>L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S,K1>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GXCQq0F[ H�\L] u c-T:,:,<,:-K,`�J-:L? ?NM�B�t��f|�B,mCWq4�Q1|P�1S,B1:-U�6�RC914CWYXCQ-:L[ Z,\L]GXCQ-:@[ Z�\L]EZ
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[ Z-:,H,:�\u,u,u-u d_=-6CBLDE=1eZ,:q0C>L?o-B��14-6C9-B�oY4PO19;4F]N¥L�Z,:q0ChL?o-B��14-6C9-B�olBCO-WC2Yo,9,t1|-=�p,K,Bl=,p,K,BF�Z,:-Z,:L?o-B��14-6C9-B�oY=Prq7�ol+CJP2q9@�Z,:-Z10j?Z,:-Z,ZL?s§,+8�-p�9-BL?34C9y4-684POq=,p�o,o-B-=�9l9-pw716,6�W�2fB;7COyB�t��-o1B16,6�4�p�Oa4-6�B,mCWq4�Q-7-R�BCO19l9-p;4C9q6�B-RCJZ,:-Z,HL? 4CJ8·-�,�q�P�,�-�,xY4-6AO1pCOqn,B�o-pLD³+,§Z,:-Z�c@?s4CJ�d tw�-��©w£,£z� Q-7-R-4�K,7�9-BqeZ,:-Z,<L? o-B,9�W-o�OV05�Z,:-Z,`L?s4CJ�d tw�-�8:z},}�©w�-�8:1eZ,:-Z,TL? o-B,9�W-o�Oyt/�,�w©L�Z,:-Z,>L?Z,:-Z,hL?s=�p,K,B/�w��x,�1|��1�C�,x{dEtqe5�+�Z,:-H,:L?s4CJ�dG=�p,K,B�� �/��x-�1|��-�C�-xzd ©qe,eZ,:-H10j? �Z,:-H,ZL? 4CJ�d1� B,mCWq7-R,|CQ-71RPW1B161eZ,:-H,HL?«o1B�9�W-o�Ol:L�Z,:-H�c@?Z,:-H,<L? §,+/�PJ/¹/4-6�7/=�pCOf6P917CO-9l7COqK ´ 4-6�7�o1B��14-6P91B�oYp�owQ14,=,B8Q1B�oq6C7F]39,r1B�©82f7�©wI1B

¶k¶



Z,:-H,`L?¯B,mCWq4CQ17-R�BCO-9^D¨Â1Bwp�OqRC©wr17�Q-Bw9-pwQ-71R,4�K,7�91Bl4CJ ´ 4-687�o-B��14-6C9-B�o@D�+,§Z,:-H,TL? 4CJ�dE�-�C� v �,�,�,�1|� (d tfeA£-£w��x-�1|��-�C�-xzd ©qe8�,�w�,x-�Z,:-H,>L? £,£w�,x-���q�,|,½C� ´ |C·,�,�q���1|C �d �,x1���1��d ©fe,eZ,:-H,hL? £,£/��x,�1|�¢1�C�,xzdE©qe8�,�8m,9,©1|_2fp-K,BL[ o-B,�1|�m,9-©^[ �1x-�,�1�(d ©feP\,\Z,:,c-:L? £,£wo,9,t1|,B,mCW17-R-|P� dEtL]�m,9,©1|,=�p�Of6P9@[ o1B��1|,m,9-©@[E�,x1���f�(d ©qeP\,\feZ,:,cq0j? £,£�d1��Q-7-R,4�K-7�9-B�}-}±o-B,�1|,4POq|�9-7CIqR�B@[ �,x1�,�q�(d ©qeP\;�,�wo-B,�1|C914,=��@[ �,x-�,�1�zdE©qeP\qe,eZ,:,c-ZL?«o1B�9�W-o�OV0j�
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+,+-+,+/.,Z,TA254-6-6�7,9w:,:-<,Z,:�J-B->L?A=-6�BLDE=F? Tq0CT,T:,:,<,Z-:�J-h,>L?gd h10C<F]¯:LD :10-ej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S�Jq:-UlI1B,m;X-6Pc@[EZ,:�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�J,Iq:aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S10C:->1U:,:,<,Z-:�J-7,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S�Jq>-UaRPI;X�Q-:L[ Z�\@]EH,TFdGX16C:L[_0�`,\qe:,:,<,Z-:�J-7,>L?gd 0�H,<�cL]s:LD :10-ej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,:,:1UlI,O1B/XCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�Jq=,>aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S10CZ-:1U:,:,<,Z-:�J�I1:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,:,>1UaRCb;X�7,:L[ c,\L]E:Fd_X-6C:L[G0�`,\qe:,:,<,Z-:�J�I1>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S1010C:1UV¥,7-R8:,:,<-:,B,T,K,>VM,=-6CB1|Co,9,t1|,7,K,K�o1|�Q17�o14-B16,|C�fU:,:,<,Z-:�J1=�:L?gd H,<105]¯:LD :,:qej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S1010C>1UlI1B,m/XCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�J1B-:aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S10CH->1U:,:,<,Z-:�J1=�>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,Z,:1UV7,K,K�WyX,7,:L[ c,\@]GX�n,B�o1pL[ :�\^]GX16C:^[G0�`,\:,:,<,Z-:�J-K,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,Z,>1UV7,K,K�WyX,710j[ <�\@]GX�n,B�o1pL[ :�\^]GX16,0L[G0�T,\:,:,<,Z-:�J-K,>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,H,:1UV¥,7-R8:,:,<-:,7,H,h,:VMCo-B�25p�Q-B-|CJ-o-p�25|C917�IqR�BqU:,:,<,Z-:�J-B,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,H,>1UV7,K,K�WyX16C:L[G0C`,\L]GX�n,B,o-pL[ :-\L]_X-6,ZL[_0�>,\+,+8:,:,<,Z-:�J-B,>L?gd <,H-h,:,TF]s:LD H�cfej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10�c-:1UlI,O1B/X-6C:@[G0C`�\L]_X�n,B�o-p@[E:�\^]E:-:,<1Z,:,J1T->aM,4PO-Q-71R,4�K,7�91B-|CJ,oqp�2j|,=1R�p�I-IqB�o56CS,K-:1U:,:,<,Z-:�J,J-:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10�c->1UV7,K,K14PWlX-6CHL[G0�h�\L]GX-6�HL[G0Ch-\L]Ec:,:,<,Z-:�J,J->L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,<,:1UV7,K,K14PWlX-6,0j[G0�T�\L]GX-6-0j[G0CT-\L]�0:,:,<,Zq0C:,:,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,<,>1U�6�RC9q4wX�Q-:L[ Z�\@]GX-6,0j[_0CT�\L]_H10:,:,<,Zq0C:,:,>L?gd cf0Ch,`F]s:LD :,Hqej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,`,:1UlI,O1B/XCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�J1`->aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S-=�:1U=-6CBLDG=F? T10CT-h:,:,<,Zq0C:10C:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,`,>1UaRCb;XCQ-:L[EZ�\L]E:Fd_X-6CTL[ Z-H,\qe:,:,<,Zq0C:10C>L?gd 0C<�cL]¯:LD :,:qej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,T,:1UlI-�-B-n/X�Q-:L[ Z�\@]E:,:,<,Zq0C:,T,:�M,4PO1Q-7-R,4�K-7�9-B-|CJ-o1p�2F|,=-R�p,I,I1B-oq6�S10-=�>1U=-6CBLDG=F? T10C>q0:,:,<,Zq0C:,Z,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,T,>1UaRCb;XCQq0j[EH�\L] u Z-Z,>,:,:Fd_X����®[ Z->�\5e
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+,+-+,+/.103254-6,687�9;:,:,<-:,B,`,`,:@?A=-6CB@DE=F? Z,H-H,T=-6CBLDG=F? Z,H,H-`:,:,<,:-B,`,Z,:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qSq0�B,>-UV7,K-K-4PWYX-6CH@[G0Ch�\L]_XCQq0j[ H,\@] u 0:,:,<,:-B,`,Z,>L?gd 0CT,<F]¯:LD :10-ej?kMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qSq0CJ-:-UlIqR�9-nyX-6CHL[_0Ch�\L]E:-:,<,:,B,T-T-:�MCo-B�J1B�oq6�|C91p-|_2fB�2j|C�1S,H1H,>1U:,:,<,:-B,`,H,:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qSq0CJ->-U�6�R-RwX�Q-:L[ Z�\@]GX-6CHL[_0Ch�\@]G:,t-Z:,:,<,:-B,`,H,>L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-:,:-UV7,K-KCWYX-6,0j[_0CT�\L]GX�Q-:L[ Z�\@]_X-6,<L[ Zq0C\:,:,<,:-B,`�c-:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-:,>-UV7,K-KCWYX-6CZL[_0C>�\L]GX16CHL[G0Ch,\@]GX-7,:L[ c-\:,:,<,:-B,`�c->L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Zq0C:-UV7,K-KCWYX-6C>L[EH,:�\L]GX,n,B�o-pL[E:,\L]�X�7,:@[ c-\=-6CBLDG=F? Z,H,H-T:,:,<,:-B,`,<,:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Zq0C>-UaRPIlXCQ1:L[ Z�\L]G:FdGX-6CZ@[G0C>,\fe:,:,<,:-B,`,<,>L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-Z,:-UV7,K-K-4PWYXC9-:@[ >�\L]GX,n,B�o-pL[E:,\L]P0C:10+,+8:,:,<,:-B,`,`,:L?gd H,Z->,Z,`F]sZLD :,:qej?kMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-Z,>-UlI,OqB/X�Q-:L[ Z�\@]GXC9-:L[E>�\L]G:-:-<,:1B,`CIq:�MCo1B�J-B�oq6,|C9-p-|_25B�25|C�qS-Z,T1>-U=-6CBLDG=F? Z,H,H-h:,:,<,:-B,`,`,>L?gd <-Z,T,HF]s:LD H,Zqej?kMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-H,:-UlI1B-m/X16CZL[G0C>,\L]GX-6C>@[ H,:,\@]G:,:1<,:,B,c-J1>�MCo-B�J1B�oq6�|C91p-|_2fB�2j|C�1Sq=�:1U=-6CBLDG=F? Z,H�c1<:,:,<,:-B,`,T,:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-H,>-UaRCbyX�7-:L[ c,\L]EcLdGX-6,0F[G0CT,\fe:,:,<,:-B,`,T,>L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z,c-:-UV7,K-KCWYX�710j[E<�\L]GX�n-B�o-pL[ :,\@]GXq6Pc@[EZ-:,\:,:,<,:-B,`,>,:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z,c->-UV7,K-KCWYX�7,ZL[E`�\L]GX�n-B�o-pL[ :,\@]GXq6C`L[EZ-Z,\:,:,<,:-B,`,>,>L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-<,:-UV7,K-KCWYX�7,HL[ET�\L]GX�n-B�o-pL[ :,\@]GXq6CTL[EZ-H,\:,:,<,:-B,`,h,:L? ?NMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-<,>-UV¥,71R8:-:,<,:,B�c1H,>lMCo-B,J-B�oq6�|�9-p-|_2fBP2j|P�5U:,:,<,:-B,`,h,>L?gd 0j]°:LD :,:qej?kMCo-B�J1B�oq6�|C91p-|_2fB�2F|P�qS-Z-`,:-UlI1B-m/X�Q-:L[ Z�\@]GX�n,B�o1pL[ :,\@]G:,:1<,:,B-T-<-:�MCo-B�J1B�oq6�|C91p-|_2fB�2j|C�1S1H10�>-U
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[ Z-H,H,T�\u,u,u-u d_=-6CBLDE=1eZ,H-Z,<L?��PJ/9�r1B�I1716CB;7,K-K�o-B16,6�B16/7�o-B8O1p,9/B-mCW17-Rj]39,r1B�o-By4-6AO1p/=Pr17�Oq=�BZ,H-Z,`L?¯p�J/9�r1B¡2fB�2fp�o-©l7,K,K�o1B16,6CB16y=�pCO-J1R-4,=C914PO1�@D¾+,§Z,H-Z,TL? 4CJ�d1�¤o,9,t1|�B-mCW17-R,|C�(d 2q©,I1716CBF]¡I1716CBqe,eZ,H-Z,>L?«o1B�9�W-o�Ol:L�Z,H-Z,hL?Z,H-H,:L? o-B�9�W1o�Ow2q©-BCOqKyUw6P917�o,9;£,£A2q©q6P917�o,9YM8BCO1KF�Z,H-H10j? �Z,H-H,ZL?Z,H-H,HL?s§,+8¹8K,p,Bq6�O1p�9�2f7�91=Cr@]A6Cp89,o,©y4C9q6/6�W,IqB�t��-o-Bq6,6�4�pCO56FD¾+,§Z,H-H�c@?Z,H-H,<L?JP2q9;�8�,x,�1|C�,�-¹1|��-�C�-¢,�,��dG=�p,K-B1e5�Z,H-H,`L?J-p�o�dG48�8��x-�1|C�,�,¹q|C�,x,�-�,�,��dG=�p,K,Bqe u 05�k4wU��w:F�k4 u,u e+�Z,H-H,TL? 4CJ�d JP2f9@[E4C\l�-��²EBL²GeZ,H-H,>L? �Z,H-H,hL?¨4�JadG48�,�/:1eZ,H,c-:L? �Z,H,cq0j? t8�8¹,x,¹, �d t@]N:qe5�Z,H,c-ZL? �-p�9-pwo-BC�qB,7�9L�Z,H,c-HL? �Z,H,c,c@?�B1R-6CBZ,H,c-<L? 4CJ�d o-B�J1B�oq6�|C91p-|_2fB�2F|P�~d ¹,x,¹- �d tL]k4-e5]¤I1716CBL]A6P9-7�o,9@]kBCO1K1e,eZ,H,c-`L? o-B�9�W-o,OV05�Z,H,c-TL? �Z,H,c->L? B-R16CB;4CJ�d JP2q9@[G4C\l�,��² x@²GeZ,H,c-hL? �
+,+-+,+/.,Z¡254-6,687�9;:,:,<-Z,:�J-B,>@?A=-6CB@DE=F? T10�T,T:,:,<,Z-:�J-h,>L?gd H,Z,ZF]¯:LD :,Zqej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S�Jq:-UlI1B,m;X-6Pc@[EZ,:�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�J,Iq:aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S10C:->1U:,:,<,Z-:�J-7,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S�Jq>-UaRPI;X�Q-:L[ Z�\@]EH,TFdGX16C:L[_0�`,\qe:,:,<,Z-:�J-7,>L?gd H,:,:F]¯:LD :,Zqej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,:,:1UlI,O1B/XCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�Jq=,>aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S10CZ-:1U:,:,<,Z-:�J�I1:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,:,>1UaRCb;X�7,:L[ c,\L]E:Fd_X-6C:L[G0�`,\qe:,:,<,Z-:�J�I1>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S1010C:1UV¥,7-R8:,:,<-:,B,T,K,>VM,=-6CB1|Co,9,t1|,7,K,K�o1|�Q17�o14-B16,|C�fU:,:,<,Z-:�J1=�:L?gd H,h,HF]¯:LD :,Zqej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S1010C>1UlI1B,m/XCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�J1B-:aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S10CH->1U:,:,<,Z-:�J1=�>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,Z,:1UV7,K,K�WyX,7,:L[ c,\@]GX�n,B�o1pL[ :�\^]GX16C:^[G0�`,\:,:,<,Z-:�J-K,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,Z,>1UV7,K,K�WyX,710j[ <�\@]GX�n,B�o1pL[ :�\^]GX16,0L[G0�T,\:,:,<,Z-:�J-K,>L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,H,:1UV¥,7-R8:,:,<-:,7,H,h,:VMCo-B�25p�Q-B-|CJ-o-p�25|C917�IqR�BqU:,:,<,Z-:�J-B,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,H,>1UV7,K,K�WyX16C:L[G0C`,\L]GX�n,B,o-pL[ :-\L]_X-6,ZL[_0�>,\+,+8:,:,<,Z-:�J-B,>L?gd Z,>-<,T,:F]Ð0jD T�cfej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10�c-:1UlI,O1B/X-6C:@[G0C`�\L]_X�n,B�o-p@[E:�\^]E:-:,<1Z,:,J1T->aM,4PO-Q-71R,4�K,7�91B-|CJ,oqp�2j|,=1R�p�I-IqB�o56CS,K-:1U:,:,<,Z-:�J,J-:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10�c->1UV7,K,K14PWlX-6CHL[G0�h�\L]GX-6�HL[G0Ch-\L]Ec
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:,:,<,Z-:�J,J->L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,<,:1UV7,K,K14PWlX-6,0j[G0�T�\L]GX-6-0j[G0CT-\L]�0:,:,<,Zq0C:,:,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,<,>1U�6�RC9q4wX�Q-:L[ Z�\@]GX-6,0j[_0CT�\L]_H10:,:,<,Zq0C:,:,>L?gd 0�`,>105]s:LDG0C:qej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,`,:1UlI,O1B/XCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_:,:-<,Z1:�J1`->aM-4PO-Q-7-R-4�K,7�9-B1|CJ,o-pC25|-=,R-pCI-IqB,oq6,S-=�:1U=-6CBLDG=F? T10CT-h:,:,<,Zq0C:10C:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,`,>1UaRCb;XCQ-:L[EZ�\L]E:Fd_X-6CTL[ Z-H,\qe:,:,<,Zq0C:10C>L?gd 0CHF]¯:LD :,:qej?kM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,T,:1UlI-�-B-n/X�Q-:L[ Z�\@]E:,:,<,Zq0C:,T,:�M,4PO1Q-7-R,4�K-7�9-B-|CJ-o1p�2F|,=-R�p,I,I1B-oq6�S10-=�>1U=-6CBLDG=F? T10C>q0:,:,<,Zq0C:,Z,:L? ?NM,4PO-Q17-R,4�K,7,9-B-|CJ,oqp�2j|-=-R�pCI1I1B,of6�S10,T,>1UaRCb;XCQq0j[EH�\L] u Z-Z,>,:,:Fd_X����®[ Z->�\5e
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[ Tq0CT,T�\u,u,u-u d_=-6CBLDE=1eT10�`,<L? 6C7�©q4PO-�;b�rq4-=Pry�14PO1Kq6�p,JA25B�2fp�o,©;o1B�J-B�o-B�Oq=�B16821Wf6P9/I1B/4PO-Q17-R,4�K,7,9-B,KLDT10�`,`L? ¹;4-6¡9,r1B8�17�9,9-B,o�OYp�Jw9�r1B;4POf6PO^D�+,§T10�`,TL?T10�`,>L?¡6P9-7,914,=wQ-p-4,KT10�`,hL?k4PO-Q17-R,4�K,7,9-B-|CJ,o1pP25|1=,R,pCI1I1B�o56zdEbL]NtqeT10�T,:L? 6P9,o�Wq=�9;b,o14C9-B1|�K,7�9-7V+CbL�T10�T10j? o,9,twtL�T10�T,ZL?3�T10�T,HL?s§,+;�PJ8Â u UCQ-7�ol416¡Oqp�9;6�B�9L]3Ây6��1B-=,4�J14�B168Oqpw71=C914�pCO�DT10�T�c@? �PJ8Â u U�7-R,R;416w6�B�9L]N9�rq4-6/6P91BC�y�-B�9q687-R-Rk25B�2fp�o,©;o1B�Jq6T10�T,<L? 6Cp�9,r1B�©y=�7CO/I1B;4C��Oqp�o-B,Ky4PO;9�rqB�o-Bq6P9yp�Jw9�rq4-68J�W-Oq=C914�p�O^D³+-§T10�T,`L?s4CJ�d b u UCQ17�oqe+�T10�T,TL? 4PO1Q-7-R,4�K-7�9-B-|_25B�25p�o1©(dEbqe5�T10�T,>L?T10�T,hL?s4CJ�d b u U-6P�feT10�>,:L? �T10�>10j? 4CJ�d o-B��1|�914,=C�@[ v �,�-�-�1|� 1�q�P�-�-x-�1|,�,x-�,�,�1¢,\�U��/:1eT10�>,ZL?«o1B��1|C914-=C�@[ v �-�-���1|, 1�1�P�1�,x,�f|C�-x-�-���1¢-\1S,S@�T10�>,HL?T10�>�c@? §,+���rq4-6;6�rqpCWqR�KwI1B/+CQ-B,o,©1+/o-7,o-BLD�+,§T10�>,<L? 4CJ�d �,x v �q|C�,�,�,�q|C�,x-�q|C�f�P��d rq7�o-K-|Co1B��q6�|,4COq|�9-7,IqR,BL] v �,�-���1|� 1�-�P�,�-x,�1|C�1x-�,���q¢qe-eT10�>,`L?¨4CO-Q-7-R,4,K,7�9-B{d_6P9-7-=��1|P�1p-4CO-9-B�o1|,o,9-tfej�T10�>,TL? �T10�>,>L?T10�>,hL?s4CJ�dE��x,�1|,�-�C�,xzdEtqe8�,�8�,�1�C�,�,x-�qe
+,+-+,+/.,H¡254-6,687�9;:,:,<-:-=�Z,Z,>@?A=-6CB@DE=F?G0C<-`,`:,:,<,:1=-0PJ-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,Z1:-UaRCb;X-6,0j[G0�T�\L] cLd_X-6C:L[�0C`,\qe=-6CBLDG=F?G0C<,`-h:,:,<,:1=-0PJ->L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,Z1>-UV¥,7-Rw:,:,<-:,B�c-H,>YMCo-B�J-B,oq6�|C9-p1|_2fB�2F|P�qU:,:,<,:1=�Z,:,:L?gd 0Pc->F]¯:LD :10-ej?kM,4PO-Q17-R,4�K,7,9-B,S,h,H1:-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,Z,Z1:VM,4CO-Q-7-R,4,K,7�9-B,S-h-<,:-U=-6CBLDG=F?G0C<,T-::,:,<,:1=�Z,:,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,H1>-UV7,K,KCWlX�7-:L[ c,\L]_X�n,B�o-p@[ :,\L]�X-6�:@[_0C`-\:,:,<,:1=�Z10C:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h�cq:-UV7,K,KCWlX�7q0j[ <�\L]_X�n,B�o-p@[ :,\L]�X-6�Z@[_0C>-\:,:,<,:1=�Z10C>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h�cq>-UV¥,7-Rw:,:,<-:,7,H,h,:YMCo-B�2fp,Q-B-|CJ,o1p�25|C9q7CIqR,B1U=-6CBLDG=F?G0C<,`-`:,:,<,:1=�Z,Z,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,<1:-UV7,K,KCWlX-6�:L[G0C`�\@]GX�n,B�o1pL[E:�\^]GX16-0F[G0,T�\+,+8:,:,<,:1=�Z,Z,>L?gd Z�c1:10C<F]Ð0jD c-`qej?kM,4PO-Q17-R,4�K,7,9-B,S,h,<1>-UlI,O1B;X-6C:@[G0C`�\L]_X�n,B�o-p@[ :,\L]_:,:-<-:1=-0,K,:�M,4PO-Q-71R,4�K,7�91B,S,h,:,:qU=-6CBLDG=F?G0C<,`-H:,:,<,:1=�Z,H,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,`1:-UV7,K,K-4CWYX-6CHL[G0�h�\L]GX-6�HL[G0Ch�\^] c:,:,<,:1=�Z,H,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,`1>-UV7,K,K-4CWYX-6CZL[G0�>�\L]GX-6�ZL[G0C>�\^]_0:,:,<,:1=�Z�c-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,T1:-U�6�RC914/XCQ1:L[ Z�\L]_X-6CZL[G0�>�\@]EHf0:,:,<,:1=�Z�c->L?gd 0�H�cq05]s:LD :,>qej?kM,4PO-Q17-R,4�K,7,9-B,S,h,T1>-UlI,O1B;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=10�=-:VM,4CO-Q-7-R,4,K,7�9-B,S->,J-:-U=-6CBLDG=F?G0C<,T-H:,:,<,:1=�Z,<,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,>1:-UaRCb;XCo-7L[ Hq0P\L]E`,>LdGX-6��®[ Z-h�\5e:,:,<,:1=�Z,<,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,>1>-UaRCb;X-6C`L[ Z-Z�\L]E`�c@dGX-6��®[ Z-h�\5e:,:,<,:1=�Z,`,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,h,h1:-UaRCb;X-6C<L[ Zq0P\L]E`,:LdGX-6��®[ Z-h�\5e
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�<,`,`�\u,u,u-u d_=-6CBLDE=1e0C<-<�c@? 7¡O1pCO1Q-7�o,©14CO-�V7-K,K�o-B16-6jD«�-BP2fp�Q-B;7-R-RArq716�ry9-7CIfR�B/B-R�B�2fB�O-9q60C<-<,<L? 9�r17�9/o-B�J1B�o;9-pwp�Q-B�o1R,7C�,�q4PO1�l�q4,B-=�B16wp�JA2fB�25p�o,©@D³+,§0C<-<,`L?0C<-<,TL?s4CJ�dE��x,�1|,�-�C�,xzdEtqe�� ��¢-x,¢qe0C<-<,>L? 7CIqp�o,9�d_e5�0C<-<,hL?0C<-`,:L?�6CB�91|POqpCO-Q-7�o-©14PO-�f|�7-K,K-o-B1616�|-=�pC21�qp�OqBCOq9q6{d ¹,x,¹, �dEtL]3:1e5]N��x,�1|C¢q�C�,x1| v �CÀ�x�dE��x,�q|C¢1�C�,x(d tqe,ej]0C<-`10j? £�I1716�BF]3£q6P9-7,o,9L]k£-B�O1K1e5�0C<-`,ZL?0C<-`,HL?J-p�o�dG48�8:F�k4wMA�-���1���,x-� v �A4�S-S1e0C<-`�c@? �0C<-`,<L? o-B��1416P9-B�oV6C9,o�Wq=C9;917CIqR�B-|,B-RC9V+CO1B�t,9L�+-0C<-`,`L? J-p�o�d �;��917CIqR�BL[G4C\L�k�^���;�AOqB�t,9qe0C<-`,TL?��0C<-`,>L? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0C<-`,hL? 4CJ�d o-B�J1B�oq6�|C91p-|_2fB�2F|P�~d � u U,B�t��@]3Iq716CBF]A6P917�o,9L]kBCOqK1e,e0C<-T,:L? o-B�2fp�Q1B-|CJ,o-pP25|C9-7CI5R�B d �@]k4-e5�0C<-T10j?��0C<-T,ZL? �0C<-T,HL?3�0C<-T�c@?0C<-T,<L?k§,+8�-B�25p�Q-B;7-R,RwB�t,�-o-B16,6,4�pCOf6;9�r17�9;o-B,J-B�o/9-pwo-B��1416P9-B�oy�-x-���1�j]0C<-T,`L? 6�4POf=�Bw9�r1B�©y7�o1Bw71RCo-B,7,K,©l4PO-Q-7-R-4�KF]¡7COqK8b1Bw7,o-B/7CI1pCW-9/9-p0C<-T,TL?Ò2f7�o-�w9,r17�9/o-B��1416P9-B�oyQ17-R,4�K;7��17-4POl7CO1K/K,p�O^² 9;b-7CO19w9,r1B/p-R�K0C<-T,>L? B�t��1o-B16,6�4,pCOf6/91p8o1B,7C�,�1B-7�ol716AQ-7-R,4,KLD¨+,§
+,+-+,+/.�cA254-6,687�9;:,:,<-:-=�:,:,>@?A=-6CB@DE=F?G0C<-H,:
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:,:,<,:�I-J-K,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,:1>-UV7,K,K-4CWYX-6CZL[G0�>�\L]GX-6�ZL[G0C>�\^]_0�`-T-`,>=-6CBLDG=F?G0C<,Z-`:,:,<,:�I-J-B,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T10,:-UaRCb;X�7,:L[ c-\L]E:FdGX16CZL[G0,>�\fe:,:,<,:�I-J-B,>L?gd `,c-`,:F]s:LD H,hqej?kM,4PO-Q17-R,4�K,7,9-B,S,T10,>-UlI1B,m;X�7,:@[ c,\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:-=-:VM,4CO-Q-7-R,4,K,7�9-B,S-T,J-:-U=-6CBLDG=F?G0C<,H-::,:,<,:�I-J,J-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,Z1:-UaRCb;XCQq0j[ H,\L]E:FdGX,7,:L[ c1\qe=-6CBLDG=F?G0C<,Z->:,:,<,:�I-J,J->L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,Z1>-UaRCb;X-6C:L[G0�`�\L] cLd_X�7,:L[Ec,\fe=-6CBLDG=F?G0C<,H-::,:,<,:1=�:,:,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,H1:-UaRPr,WlXCQ-:@[ Z�\L]E:LdGXCQq0j[EH�\fe+,+8:,:,<,:1=�:,:,>L?gd 0Pc-cq0C:F]s:LD >,>qej?kM,4PO-Q17-R,4�K,7,9-B,S,T,H1>-UlI,O1B;XCQ-:@[ Z�\L]GX16C`L[ Z,Z,\L]G:,:1<,:1=,:�I1:�M,4PO1Q-7-R,4�K-7�9-B,S,T-B-:-U:,:,<,:1=�:10C:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�cq:-UaRCb;X�710j[ <,\L] cLdGX�Qq0j[ H-\qe:,:,<,:1=�:10C>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�cq>-U�6�RC914/XCQ1:L[ Z�\L]_X�710j[ <,\L]G`�c:,:,<,:1=�:,Z,:L?gd 0�h,`,<F]s:LDG0CZqej?kM,4PO-Q17-R,4�K,7,9-B,S,T,<1:-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:CIf:VM,4CO-Q-7-R,4,K,7�9-B,S-T-B,:-U=-6CBLDG=F?G0C<,H-<:,:,<,:1=�:,Z,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,<1>-UaRCb;XCQ-:L[ Z,\L]E:FdGX�Qq0j[ H-\qe:,:,<,:1=�:,H,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,`1:-U�6�R,R/XCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]E:,tq0,::,:,<,:1=�:,H,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,`1>-U�6Po-7;XCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]E:,tq0,>:,:,<,:1=�:�c-:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,T1:-U�6�R,R/XCQ-:@[ Z�\L]GX�Q-:L[ Z�\@]E:,t-Z:,:,<,:1=�:�c->L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,T1>-UV7,K,KCWlXCQ1:L[ Z�\L]_XCQ-:L[ Z,\L]_X-6,<L[EZq0C\
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�<,H,:�\u,u,u-u d_=-6CBLDE=1e0C<q0C>L? 4POq|�9-7CIqR�B~} �8�,x v �1|��,�,�,�1|��,x-�-|,�q�P��d r17�o1K-|Co-B��f6�|,4POq|,9-7�IfR,BF]/4-e5�0C<q0ChL? ���,x-�,�1|C�,�-�,�1|C�,xq�-|C�5�P��d r17�o-K1|Co-B��q6,|,4POq|,9-7�IqR-BF]/4-e5�0C<-Z,:L? K,B-R,B�9-B-|Co1B��1|�B,m,Wq4CQ�dG4-ej�0C<-Z10j? o-B��q|C914,=C�^[E4C\-S,S@�0C<-Z,ZL? �0C<-Z,HL?0C<-Z�c@? 4CJ�dG4POq|�9-7CIqR�Bqe0C<-Z,<L? J-p�o�d r1716�rl�w:F��r1716PryM��,���q���,x,� v �3r1716�rqS,S1e0C<-Z,`L? J-p�o�d �y�89-7CIqR,BL[ r1716Pr-\L�A�@���;��O1B�t,9qe0C<-Z,TL?��0C<-Z,>L? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0C<-Z,hL?+-0C<-H,:L? 4CJ�dE��x,�q|��-�C�,x(d � u U,B�t��fe�� ���,x1�0C<-H10j? },}��,x-�,�1��d � u U,B�t��fe;U,�8�1�C� v �1|C  v x��-�1�-|C�-x-�f� v �-x-�qe0C<-H,ZL? =�pCO-914CO,W1BF�0C<-H,HL?0C<-H�c@? 9,o-B,��O1p;�8�,x-���1��d � u U�B�t,�fe5�0C<-H,<L? 9-BCOqK�o-B���Oqp0C<-H,`L? �A9,o-B,��O1pyS8�,�,�,�q|C�,x-���q�,|C�,�,x1� v d 9,o-B,��O1pF]¡�,x,�1|C¢1���,xzd � u U�B�t��fe-e5�0C<-H,TL? 4CJ�d 9-BCOqK�o-B���OqpYU�o-B���O1p/£-£89,o1B���O1pyM8BCO1K�o1B���O1p1e0C<-H,>L? o-B�25p�Q-B-|CJ-o-p�25|C917CIfR�B d �^]¤rq716�rfe5�0C<-H,hL?��0C<,c-:L?��0C<,cq0j?0C<,c-ZL? o-B�9�W1o�O@�
+,+-+,+/.,<¡254-6,687�9;:,:,<-:-=�:CI1>@?A=-6CB@DE=F?G0C<-Z,`=-6CBLDG=F?G0C<,H-T:,:,<,:1=�:,>,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,TCIf:-U�6�RC9yXCQ-:@[ Z�\L]GX16CHL[G0Ch,\L]_XCQq:L[EZ,\:,:,<,:1=�:,>,>L?gd >,H105]¯:LD :,<qej?kM,4PO-Q17-R,4�K,7,9-B,S,TCIf>-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:CIf:VM,4CO-Q-7-R,4,K,7�9-B,S-T-B,:-U:,:,<,:1=�:,h,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T-=-:-U�6�RC9yXCQ-:@[ Z�\L]GX,710j[ <�\@]GX16Pc�[ Z-:,\:,:,<,:1=�:,h,>L?gd <10CHF]¯:LD :,Hqej?kM,4PO-Q17-R,4�K,7,9-B,S,T-=->-UlI1B,m;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:1=,:CIf:VM,4CO-Q-7-R,4,K,7�9-B,S-T-B,:-U=-6CBLDG=F?G0C<,H->:,:,<,:1=�:,7,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,K1:-UV7,K,KCWlX�7q0j[ <�\L]_X�n,B�o-p@[ :,\L]�X-6-0F[_0CT-\:,:,<,:1=�:,7,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,K1>-UV¥,7-Rw:,:,<-:,7,H,h,:YMCo-B�2fp,Q-B-|CJ,o1p�25|C9q7CIqR,B1U=-6CBLDG=F?G0C<,Z-`:,:,<,:1=�:CI1:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T,B1:-UV7,K,KCWlX�7-:L[ c,\L]_X�n,B�o-p@[ :,\L]�X-6�:@[_0C`-\+,+8:,:,<,:1=�:CI1>L?gd 0CZ,c,c-hF]s:LD T,`qej?kM,4PO-Q17-R,4�K,7,9-B,S,T,B1>-UlI,O1B;X�7,:@[ c,\L]GX,n,B�o-pL[E:�\@]E:1:,<-:�I1J,Jq:VM,4CO-Q-7-R,4,K,7�9-B,S-T-Z,:-U=-6CBLDG=F?G0C<,Z-<:,:,<,:1=�:-=�:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�Jq:-UV7,K,K-4CWYX-6CZL[G0�>�\L]GX-6�ZL[G0C>�\^] c:,:,<,:1=�:-=�>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,T�Jq>-UV7,K,K-4CWYX-6,0j[G0�T�\L]GX-6-0j[G0CT�\^]_0:,:,<,:1=�:,K,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,>,:1:-U�6�RC914/XCQ1:L[ Z�\L]_X-6,0j[G0�T�\@]EHf0:,:,<,:1=�:,K,>L?gd 0-0C<105]s:LD :,Tqej?kM,4PO-Q17-R,4�K,7,9-B,S,>,:1>-UlI,O1B;XCQ-:@[ Z�\L]GX,n,B�o-pL[E:�\@]E:1:,<-:�I1J-B1:VM,4CO-Q-7-R,4,K,7�9-B,S-Tq0C:-U=-6CBLDG=F?G0C<�c1Z:,:,<,:1=�:,B,:L? ?NM,4PO-Q17-R,4�K,7,9-B,S,>10,:-UV¥8:-:,<,:-=�Z-<,:lM,4PO1Q-7-R,4�K-7�9-B,S,h->-:-U=-6CBLDG=F?G0C<�c1<:,:,<,:1=�:,B,>L? ?NM,4PO-Q17-R,4�K,7,9-B,S,>10,>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GX�n,B,o-pL[ :�\^]E<,c
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[G0�<,Z,`�\u,u,u-u d_=-6CBLDE=1e0C<q0Pc@? ���,x-�,�1|C�,�-�,�1|C�,x1�-|��q���(d r17�o-K-|�o-B��q6�|-4POq|�917�IqR-BF]8o-B���O1pqe5�0C<q0C<L?0C<q0C`L? J-p�o�dG4w�8o-B���O1p;S;05�348M8BCO1K,o-B���O1pL�A4�S,S1e0C<q0CTL? �0C<q0C>L? 4POq|�9-7CIqR�B~} �8�,x v �1|��,�,�,�1|��,x-�-|,�q�P��d r17�o1K-|Co-B��f6�|,4POq|,9-7�IfR,BF]/4-e5�0C<q0ChL? ���,x-�,�1|C�,�-�,�1|C�,xq�-|C�5�P��d r17�o-K1|Co-B��q6,|,4POq|,9-7�IqR-BF]/4-e5�0C<-Z,:L? K,B-R,B�9-B-|Co1B��1|�B,m,Wq4CQ�dG4-ej�0C<-Z10j? o-B��q|C914,=C�^[E4C\-S,S@�0C<-Z,ZL? �0C<-Z,HL?0C<-Z�c@? 4CJ�dG4POq|�9-7CIqR�Bqe0C<-Z,<L? J-p�o�d r1716�rl�w:F��r1716PryM��,���q���,x,� v �3r1716�rqS,S1e+-0C<-Z,`L? J-p�o�d �y�89-7CIqR,BL[ r1716Pr-\L�A�@���;��O1B�t,9qe0C<-Z,TL?��0C<-Z,>L? O1B�t-9/��� u UCO1B�t,91|16C7�2fB-|Cr17q6�r��0C<-Z,hL?
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0C<-H,:L? 4CJ�dE��x,�q|��-�C�,x(d � u U,B�t��fe�� ���,x1�0C<-H10j? },}��,x-�,�1��d � u U,B�t��fe;U,�8�1�C� v �1|C  v x��-�1�-|C�-x-�f� v �-x-�qe0C<-H,ZL? =�pCO-914CO,W1BF�0C<-H,HL?0C<-H�c@? 9,o-B,��O1p;�8�,x-���1��d � u U�B�t,�fe5�0C<-H,<L? 9-BCOqK�o-B���Oqp0C<-H,`L? �A9,o-B,��O1pyS8�,�,�,�q|C�,x-���q�,|C�,�,x1� v d 9,o-B,��O1pF]¡�,x,�1|C¢1���,xzd � u U�B�t��fe-e5�0C<-H,TL? 4CJ�d 9-BCOqK�o-B���OqpYU�o-B���O1p/£-£89,o1B���O1pyM8BCO1K�o1B���O1p1e0C<-H,>L? o-B�25p�Q-B-|CJ-o-p�25|C917CIfR�B d �^]¤rq716�rfe5�
+,+-+,+/.,`¡254-6,687�9;:,:,<-K,H10Pc-:@?ko-B-=,p��@DE=F?_0C`,H,::,:,<,K-H,:�J-:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1T,:1UaRCb;XC9q0F[ h�\L]EH-T,ZFdGX-6P��[ Z1h�\qe:,:,<,K-H,:�J->L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1T,>1UaRCb;XC9-:@[ >�\L]EH->,:FdGX-6P��[ Z1h�\qe:,:,<,K-H10C:,:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1>,:1UV7,K-K-4PWYX-6C<@[ Z10P\L]_X-6C<L[ Zq0P\L]Ec:,:,<,K-H10C:,>L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1>,>1UV7,K-K-4PWYXC9q0F[ h�\L]GX�9q0j[ h�\@] c:,:,<,K-H10,0C:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1h,:1U�6Pb;XC9q0F[ h�\L]EH-T,ZFdGX-6P��[ Z1h�\qe:,:,<,K-H10,0C>L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1h,>1UaRCb;XC9q0F[ h�\L]EZ-`,>FdGX-6P��[ Z1h�\qe:,:,<,K-H10CZ,:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K17,:1UV7,K-K-4PWYX-6C`@[ Z,Z�\L]_X-6C`L[ Z-Z�\L]�0:,:,<,K-H10CZ,>L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K17,>1UV7,K-K-4PWYXC9-:@[ >�\L]GX�9-:L[ >�\@] c:,:,<,K-H10CH,:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K,I1:1U�6Pb;XC9-:@[ >�\L]EH->,:FdGX-6P��[ Z1h�\qe:,:,<,K-H10CH,>L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K,I1>1U�6�R�9;X�Q-:L[ Z�\@]GX-6C`L[EZ,Z�\L]�XC9q0F[Eh,\+,+8:,:,<,K-H10Pc-:L?gd 0,0�<,>�cL]s:LD T,:qej?kM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,Kq=�:1UlI,OqB/X�Q-:L[ Z�\@]GX�n,B�o1pL[ :�\^]E:,:-<-K-Z,<1`,:�M,=�pCOf6C9,o-7-4POf|�pC�1B-o-7�O1Kf6CS10,B,:1Uo-B-=�p,�@DE=F?G0�>,>10:,:,<,K-H10Pc->L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,Kq=�>1UaRCb;XC9-:@[ >�\L]EZ->�cLdGX-6P��[ Z1h�\qe:,:,<,K-H10C<,:L?gd H->10CZF]s:LD Z,Hqej?kM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1K,:1UlI,OqB/X�9-:L[ >�\@]GX�n,B�o1pL[ :�\^]E:,:-<-K-H,Hq=�:�M,=�pCOf6C9,o-7-4POf|�pC�1B-o-7�O1Kf6CS10,:�c1:-Uo-B-=�p,�@DE=F?G0�>,>,>:,:,<,K-H10C<,>L?gd T�cL]¯:LD :,:qej?kM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1K,>1UlIqR,B,n;X-6CTL[ Z-H�\L]E:,:-<,K,H,Hf0C:�M,=�pCOf6C9,o-7-4POf|�pC�1B�oq7COqKq6�S�Jqh,:1Uo-B-=�p,�@DE=F?G0�>,>,h:,:,<,K-H10C`,:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1B,:1UaRCb;XC9q0F[ h�\L]EZ-`,>FdGX-6P��[ Z1h�\qe:,:,<,K-H10C`,>L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K1B,>1UV7,K-KCWlX-6CHL[G0�h�\L]GX�n-B�o-pL[G:�\L]_X,n-B�oqpL[E:�\:,:,<,K-H10CT,:L? ?NM,=�pCO56P9,o-7-4COq|�pC�1B-o-7�OqKq6CS,K-J-:1U�6�R�9;X�Q-:L[ Z�\@]GXC9-:L[E>�\L]GX,9q0j[Eh,\
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+,+-+,+/.,h¡254-6,687�9;:,:,<1=CJ-K10C>@?ko-B-=,p��@DE=F?E>,T,H:,:,<-=�J1=�B,:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S->,>-UlI,OqB/X�Qq0j[ H�\@]GXCQ-:L[EZ�\L]G:-:-<-=,J1=CJ1>�MCo1B��14-6P91B�o1|�pC�qB�o-7�OqK-S,71:-Uo-B-=�p,�@DE=F? >-`,T:,:,<-=�J1=�B,>L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-h,:-UV¥,71R8:-:,<-=CJ-Z-h,:lMC�-B�O1B�o-7-R-|�pC�1B�o17�O1KqU:,:,<-=�J1=CJ-:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-h,>-UV¥w:,:,<-=�J-K,`,:lM�o-B��14-6C9-B�o1|�p��1B�o17�OqK,Sf0C:->-Uo-B-=�p,�@DE=F? >-`,>:,:,<-=�J1=CJ->L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-7,:-UaRCbyX�7-:L[ c,\L]EcLdGX�7,:@[ c,\feo-B-=�p,�@DE=F? >-T,H:,:,<-=�J-K,:,:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-7,>-UaRPr-WyX�Qq0j[ H�\@]E:FdGX�7-:L[ c-\fe:,:,<-=�J-K,:,>L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S�I1:-UV7,K-KCWYX�710j[E<�\L]GX�n-B�o-pL[ :,\@]GX-n,B�o1p@[E:�\:,:,<-=�J-K10C:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S�I1>-UV7,K-K-4PWYXCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]_<,Z+,+8:,:,<-=�J-K10C>L?gd 0C:-H,>,ZF]s:LD `,Hqej?kMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S1=�:-UlI,OqB/X�Qq0j[ H�\@]GXCQ-:L[EZ�\L]G:-:-<-=,J-K,<->�MCo1B��14-6P91B�o1|�pC�qB�o-7�OqK-S10,:,:1U:,:,<-=�J-K,Z,:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S1=�>-UaRCbyX�7-:L[ c,\L]EcLdGX�7,:@[ c,\fe:,:,<-=�J-K,Z,>L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-K,:-U�6�R�914;XCQ-:L[EZ�\L]GX�7-:L[ c,\L]G`,c:,:,<-=�J-K,H,:L?gd 0�h,h,ZF]s:LDG0CZqej?kMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-K,>-UlI1B-m/X�Q-:L[ Z�\@]GX�n,B�o1pL[ :,\@]G:,:1<-=CJ1K-<-:�MCo-B��q4-6P9-B�oq|�pC�1B�o17�O1K1S�J1>-U:,:,<-=�J-K,H,>L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-B,:-U�6�R�914;XCQ-:L[EZ�\L]GX�7-:L[ c,\L]GH-Z:,:,<-=�J-K�c-:L?gd H,h,ZF]¯:LD :,Zqej?kMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S-B,>-UlI1B-m/X�Q-:L[ Z�\@]GX�n,B�o1pL[ :,\@]G:,:1<-=CJ1K-<-:�MCo-B��q4-6P9-B�oq|�pC�1B�o17�O1K1S�J1>-U
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:,:,<-=�J-K�c->L?gd Z,Z,hF]¯:LD :10-ej?kMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S,J-:-UlI1B-m/X,7,:L[ c,\@]GX�n,B�o1pL[ :,\@]G:,:1<-=CJ1K-<->�MCo-B��q4-6P9-B�oq|�pC�1B�o17�O1K1S10�:,:qU:,:,<-=�J-K,<,:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-S,J->-UV7,K-K-4PWYX�710F[ <�\L]GX,n,B�o-pL[E:,\L]P0:,:,<-=�J-K,<,>L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-Sq0C:,:qUV7,K,KCWlXCQ-:@[ Z�\L]GX,n,B�o-pL[E:,\L]�X�710F[E<,\:,:,<-=�J-K,`,:L? ?NMCo-B��q4-6P9-B�oq|�pC�1B�oq7COqK-Sq0C:,>qUaRCb/X�o-7L[ H10C\L]_0C`Fd_X-6���[EZ-h�\5e
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[ o-B-=,p��@DE=C\ [ >,T,H,\u,u,u-u dEo-B-=�p��^DE=-e>,`q0j?ºIqB-=�7CWf6�By4C9y4-6¡�,W17�o-7CO19-B,B,Kl9-p8I1B�o1B-R�p,7,K-B,Kl4PO-91p;pCO1BLD>,`-ZL?¯¿CWf6P9�2f7��-By6�W1o-B/9�r1Bw¢,x,¢;4-6�Q-7-R-4�Ky4POy4C9q6CB-R�J@D>,`-HL?Èd��CK,B,7-R-RC©L]yd v �-�,�,x-�zd ¢,x,¢qeFD,D,DGeY6�r1pCWqR,KwO1p�9;B�t14-6C9y7�J,9-B�o/o-B1R�p,7,KF]>,`,c@?ºI-W-9y=PW-o,o-B�O-91RC©Y4�9/K-p,B16�o-B16�WfRC9;J,o-p�2{d v �-�,�,x-�zd �,x-�1eFD,D,DGe;b�r1B�o-B/9,r1B>,`-<L?°o1B��/b-BCO-9;pCO/9�r1By6P9-71=C�@DGeÅ+,§>,`-`L? 4CJadq��o-B1R�p,7,K-|-=�p�21�qR,B�91B,KV£,£;��x-�1|��-�C�-xzd v �-�-�,x-�-|C�-x-�zdEp��fe,ew�,�w¢,x,¢fe>,`-TL?¬o-B�9,W-o�Oy�-BCOqB�o-7-R,|,pC�1B�o-7,O1K dEpC�@]�2fp-K,B1e5�>,`->L? pC�/� v �-�-�,x-�-|C�-x-�zdEp��fe5�>,`-hL? �>,T-:L?>,Tq0j?¯§-+AÂ-BwK,pCO�² 9l=�pCOf6,4�K,B�oyo1B��14-6P91B�oq6/b,r1p16CBy=,R,716,6/4-6A�1�,|C�-x-� v>,T-ZL? 9-p�I1B/78o-B��14-6C9-B�olpC�qB�o-7CO1K@D³+,§+�>,T-HL?°o1B�9�W-o�OzdG��x,�1|��1�C�,x{dGpC�fe8�,�8�,x-�>,T,c@? £,£�d �,x-���q��dEpC�fewU��/�1�P� v �1|C  v x��-�1�,|��,x-�q� v �,x1�>,T-<L? },}É�,x-���1�-|C�,x-�-|,���,� v1v dE�,x-���1��dGpC�fe,e�� �8�1�,|��,x-� v e-e5�>,T-`L?3�>,T-TL?>,T->L?k§,+��-B�9�W-o,OV0�4CJy�C y6�r1p�WqR�K�2f7�9q=Prl7�¢-�,�-���1| v ���,�,�1���L]/4FD BLD,]¡4CJ/4�9;416A7 v ���,�-�-���>,T-hL? p�o;7¡r17�o1K/o-B��14-6C9-B�o@Dª+,§>,>-:L?>,>q0j?k4PO-9>,>-ZL?¡6�=Co-7,91=Prq|�p��1B�o-7COqK(dGpC�@]¤2fp,K-B1e>,>-HL? o-B,�14-6P9-B,oyo,9,t;pC�@�>,>,c@? BCO-WC2/2f7-=Prq4CO1B-|_2fp-K,B/25p,K,BF�>,>-<L?3�
+,+-+,+/.10C:A254-6-6�7,9w:,:-<,:,B,7,h-:L?A=-6�BLDE=F? Z,cq0C<=-6CBLDG=F? Z�cq0-0:,:,<,:-B,7,`,:L?gd H,<F]¯:LD :,:qej?kM,=�7COqpCOq|Co-B,�-S,`,>-UlI,OqB/X16C<L[ Z10C\L]GX�n,B,o-pL[ :-\L]G:,:1<,:-B-7-T,>�M,=�7�O1pCOq|Co1B��-S,>,:1U=-6CBLDG=F? Z�cq0�Z:,:,<,:-B,7,`,>L? ?NM,=�7COqpCOq|Co-B,�-S,T,:-UV7,K-KCWlXCQ-:L[ Z,\L]GX�n,B,o-pL[ :-\L]_X�n1B�o1p@[E:�\:,:,<,:-B,7,T,:L? ?NM,=�7COqpCOq|Co-B,�-S,T,>-UV¥w:,:,<,:-B,B,H,:lM-=�7CO1pCOf|Co-B��-S,c-H,>1U=-6CBLDG=F? Z�cq0Cc:,:,<,:-B,7,T,>L? ?NM,=�7COqpCOq|Co-B,�-S,>,:-UaRPr-WyX,7,:L[ c,\@]E:FdGX-6�<L[ Z10�\qe=-6CBLDG=F? Z�cq0�<:,:,<,:-B,7,>,:L? ?NM,=�7COqpCOq|Co-B,�-S,>,>-UV7,K-K-4PWYXCQq0F[ H�\L]GX,7,:L[ c,\@] u H,h:,:,<,:-B,7,>,>L? ?NM,=�7COqpCOq|Co-B,�-S,h,:-U�6�R�914PWYXCQ-:@[ Z�\L]GX�Qq0j[ H�\@]EZ-Z+,+8:,:,<,:-B,7,h,:L?gd h-`,H,TF]s:LD <,hqej?kM,=�7COqpCOq|Co-B,�-S,h,>-UlI1B-m/X�Q-:L[ Z�\@]GX�n,B�o1pL[ :�\^]E:-:,<1:,B�IqK-:�M,=�7COqpCOq|Co-B,�-S10CK,>1U:,:,<,:-B,7,h,>L? ?NM,=�7COqpCOq|Co-B,�-S,7,:-U�6�R-RwX�Q-:L[ Z�\@]GXCQq0j[EH�\L]E:-t-Z:,:,<,:-B,7,7,:L? ?NM,=�7COqpCOq|Co-B,�-S,7,>-UaRPWf4wX,7�9@[G0P\@] c-:,h,T:,:,<,:-B,7,7,>L? ?NM,=�7COqpCOq|Co-B,�-SCI1:-UV7,K-KCWlX�7�9@[G0C\L]GX�7�9^[G0P\L]�XCQ1:L[GZ�\:,:,<,:-B,7CI1:L? ?NM,=�7COqpCOq|Co-B,�-SCI1>-UaRCbyXCQ1:L[ Z�\L]Gh,`,<,`Fd_X�7�9@[�0P\fe:,:,<,:-B,7CI1>L? ?NM,=�7COqpCOq|Co-B,�-S-=�:-UV¥�oyXCQ1:L[ Z�\=-6CBLDG=F? Z�c-H-T:,:,<,:-B,7-=�:L? ?NM,=�7COqpCOq|Co-B,�-S-=�>-UaRCbyX�7-:L[ c,\L]EcLdGX-6C<@[ Z10P\5e:,:,<,:-B,7-=�>L? ?NM,=�7COqpCOq|Co-B,�-S,K,:-U�6�R�914/XCQ-:L[ Z,\L]GX�7,:@[ c,\L]_`�c:,:,<,:-B,7,K,:L?gd H-T,H,HF]s:LD Z,Hqej?kM,=�7COqpCOq|Co-B,�-S,K,>-UlI,OqB/X�Q-:L[ Z�\@]GX�n,B�o1pL[ :�\^]E:-:,<1:,B-B-Z->�M,=�7COqpCOq|Co-B,�-S�c-H,:1U
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[E=-6CB@DE=C\{[ Z,cq0C<�\u,u,u-u d_=-6CBLDE=1eZ�c1:,HL?k=�7COqpCOq|Co-B,�{d tL]k4PO56�OfeZ�c1:�c@? o,9,twtL�Z�c1:,<L? o,9,t;4POf6�O@�Z�c1:,`L?3�Z�c1:,TL?o-B��14-6C9-B�oY4PO19;4F�Z�c1:,>L?o-B��14-6C9-B�olBCO-WC2Yo,9,t1|-=�p,K,Bl=,p,K,BF�Z�c1:,hL?o-B��14-6C9-B�oY=Prq7�ol+CJP2q9@�Z�cf0C:L?Z�cf0,0j?s4CJ�d tw�-�8:1eZ�cf0CZL? o-B,9�W-o�OytL�Z�cf0CHL?Z�cf0Pc@?s=�p,K,B/�w��x,�1|��1�C�,x{dEtqe5�+�Z�cf0C<L?�6Pb14C91=CrzdG=�p,K,BqeZ�cf0C`L? �Z�cf0CTL? =�7q6CBw -�L?Z�cf0C>L? =�7q6CB/�,�,:L?Z�cf0ChL? =�7q6CB/�-�C� v �^?Z�c1Z,:L? =�7q6CB/�-�C� v �q|-�P�,�@?Z�c1Z10j? =�7q6CB/�-�C� v �q|C�1�P�-�-�,x@?Z�c1Z,ZL? =�7q6CB vC´ ¢,�1���1|C�,x-�@?Z�c1Z,HL? =�7q6CBw�,�,�,x,�q|C�,x-�L?Z�c1Z�c@? =�7q6CBw�,�,�,�1|�·,x-�L?Z�c1Z,<L? =�7q6CBw�,�,�,�1|��q�C�,�-|�·,x-�L?Z�c1Z,`L? o-B�9�W1o�OytL�Z�c1Z,TL?
+,+-+,+/.10,0k254-6-6�7,9w:,:,c-K,`�J-H->L?ko,9qR�7CO17-RLDE=F? h,H-::,:�c-K-`�J-:,>L? ?NMCo,9,tq|�B,mCW171R,|P�1S�cq>-U�6Pb;X-6C:L[G0�`�\L]EZ�c@dGX-6��®[ Z-h�\5eo,91R�7�O17-RFDE=L? h,Z,H:,:�c-K-`�Jq0C:L?gd `-h,H,>F]s:LD c-Zqej?kMCo,9,tq|�B,mCW171R,|P�1S,<1:-UlI1B,m;X�7,:@[ c,\L]GX,710j[ <�\@]E:-:�cqK,T-Z-T-:�MCo,9,tq|�B,mCW171R,|P�1S,H�Iq:-Uo,91R�7�O17-RFDE=L? h,Z,<
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:,:�c-K-`�Jq0C>L?gd T,HF]¯:LD :,:qej?kMCo,9,tq|�B,mCW171R,|P�1S,<1>-UlI1B,m;X�7,:@[ c,\L]GX,n,B�o-pL[E:�\@]E:1:�c1K-Tq0CZ1:VMCo-9,t1|�B,m�W17-R,|P�qS-Z,`,:qU:,:�c-K-`�J-Z,:L?gd `,HF]¯:LD :,:qej?kMCo,9,tq|�B,mCW171R,|P�1S,`1:-UlI1B,m;X�710F[ <�\L]GX,n,B�o-pL[E:�\@]E:1:�c1K-Tq0CZ1:VMCo-9,t1|�B,m�W17-R,|P�qS-Z,`,:qUo,91R�7�O17-RFDE=L? h,Z,>:,:�c-K-`�J-Z,>L? ?NMCo,9,tq|�B,mCW171R,|P�1S,`1>-UaRPr,WlX�7,Z@[ `�\L]E:LdGX�7,:L[ c,\feo,91R�7�O17-RFDE=L? h,H,::,:�c-K-`�J-H,:L? ?NMCo,9,tq|�B,mCW171R,|P�1S,T1:-UaRPr,WlXCQ-:@[ Z�\L]E:LdGX�710j[E<�\fe+,+8:,:�c-K-`�J-H,>L?gd >-<,Z,TF]s:LD <,Zqej?kMCo,9,tq|�B,mCW171R,|P�1S,T1>-UlI,O1B;X�7,Z@[ `�\L]GX�Q-:L[ Z�\@]E:-:�cqK,Tq0�Z-:�MCo,9,tq|�B,mCW171R,|P�1S,Z-`-:-Uo,91R�7�O17-RFDE=L? h,H,`:,:�c-K-`�J,c-:L? ?NMCo,9,tq|�B,mCW171R,|P�1S,>1:-UaRPIyXCQq0j[ H,\L]EZFdGX,7,:L[ c1\qe:,:�c-K-`�J,c->L? ?NMCo,9,tq|�B,mCW171R,|P�1S,>1>-UaRPIyXCQ-:L[ Z,\L]EZFdGX,710j[ <-\qe:,:�c-K-`�J-<,:L?gd <�c-hF]¯:LD :,Hqej?kMCo,9,tq|�B,mCW171R,|P�1S,h1:-UlI,O1B;XCQq0F[ H�\L]GX�Q-:L[ Z�\@]E:-:�cqK,Tq0�Z-:�MCo,9,tq|�B,mCW171R,|P�1S,Z-`-:-Uo,91R�7�O17-RFDE=L? h�cq0:,:�c-K-`�J-<,>L? ?NMCo,9,tq|�B,mCW171R,|P�1S,h1>-UV7,K,K-4CWYXCQ-:L[ Z,\L]GX�n,B,o-pL[ :�\^]E<-Z:,:�c-K-`�J-`,:L?gd Z-<,T,TF]s:LDG0C`qej?kMCo,9,tq|�B,mCW171R,|P�1S,71:-UlI,O1B;X�7,Z@[ `�\L]GX�Q-:L[ Z�\@]E:-:�cqK,`,J1K->�MCo,9,tq|�B,mCW171R,|P�1S10-0�>-Uo,91R�7�O17-RFDE=L? h�c-`:,:�c-K-`�J-`,>L? ?NMCo,9,tq|�B,mCW171R,|P�1S,71>-UaRCb;XCQq0j[ H,\L] cLdGX,7,:L[ c1\qe
u,u,u-uwv pCW-o1=�Byx,t,9,o-71=C9z[ o,91R,7CO17-RFDG=C\ [Eh,H,:�\u,u,u-u dEo,91R�7COq7-RFDE=-eh10�>L?°o1B��14-6P91B�oY4PO-9y4j�h10�hL?°o1B��14-6P91B�oY4PO-9;¥F�h,Z-:L?°o1B��14-6P91B�olBCO,W�2yo-9,t1|,=�p-K,Bl=�p,K-BF�h,Zq0j?°o1B��14-6P91B�oY=Pr17,o;+�JP2q9L�h,Z-ZL?h,Z-HL?¯4�Jad t/�,�w©qeh,Z,c@? o-B�9,W-o�OV05�h,Z-<L?¯4�Jad t/�,�/:z},}±©/�,�/:1eh,Z-`L? o-B�9,W-o�Ol:F�h,Z-TL?h,Z->L?¯=,p,K,B/�8�,x,�1|��-���,xzd tqej�h,Z-hL?¯§-+A�,9-t@²G6wp�J/K-4CJ,J1B�o-BCO-9a=�p,K,Bq6/=�7CO,O1p,9/I1B8B-mCW17-RFD³+,§+�h,H-:L?¯4�JadG=,p,K,Bz� �w��x,�1|,�-�C�,xzdE©qe,eh,Hq0j? o-B�9,W-o�Ol:F�h,H-ZL?h,H-HL?¯§-+Yd ¢,�-�,�@? v �wt8©fe�7�O1KVdE¢��-�,�@? �q�/tw©qe�7�o-Bw�1�C�;B,mCWf4CQ-7-R�B�O-9@Dh,H,c@? d �-x-�L? v �/tqeA7�O1K�d �,x-�L? �q�wtqe�7�o-Bw�1�C�;B,m�Wq4CQ-7-R,BCO-9@D�+,§h,H-<L?h,H-`L?¯4�JadE�,x,�1|C¢1���,x{d tfea� �8��x-�1|C¢1�C�-xzd ©qe,eh,H-TL? o-B�9,W-o�Ol:F�h,H->L?h,H-hL?¯§-+A�,x1�F]N�,�,�,x,�q|C�,x-�F]87CO1K vC´ ¢-�1�C�1|C�-x-�Y=�7�OwIqB/=,p�21�17�o1B,K/O1pCO1o-B-=PW-of6�4CQ-B-R�©@Dµ+,§h�c1:L?h�cf0j?¯4�JadG=,p,K,B;�,�8�,x-�1eh�c1ZL? §,+A�,O-914-Rwo,91R8�-BCO1B,o-7�914�p�Oa4-68=�p�21�fR�B�9-BF]�K,pCO^² 9l=�pCOf6�4,K,B�ol78o-B�J-B,o-BCOq=�By9-pw9�r1B
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