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FIGURE 1: Replication/Migration decision tree. ‘
The flowchart shows the decision process for a page to which a
cache miss is taken. The possibilities are to replicate, migrate, or
do nothing. o .
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“®%—1 Sct Mappings

1. Count misses
Raise interrupt

L

2. Take intcrru[._:t

Call pager routine

' MIG/REP

4. Allocate page

Y

5. Update links

6. Flush TLBs

7. Copy page

Parameter Semantics
Number of clock cycles after which all
Reset Interval counters are reset.
Number of misses after which page is
Trigger Threshold | considered hot and a migration/repli-
cation decision is triggered.
Number of misses from another pro-
Sharing Threshold | cessor, making a page a candidate for
replication instead of migration.
. Number of writes after which a page is
Write Threshold not considered for replication
Migrate Threshold Number of migrates after which a

page is not considered for migration.

L]

8. Free pages

Update mappings

TABLE 1: Key parameters used by the policy. These

eters are used along with the counters to approximate rates.
e counters used by the policy include a per-page per-processor
miss counter, a per-page write counter, and a per-page migrate

counter.
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FIGURE 3: Performance improvement of the base policy

(Mig/Rep) over first touch (FT). The execution time is divided
into the kernel overhead for migration and replication, the remote
and local stall times, and all other tirte. The figure shows the

Name Contents l Notes
. muitiprogrammed,

Engr. g 9:;?:: compute-intensive serial
applications . A—Q;u;l SchadJ
parallel graphics application

Raytrace | Raytrace (rendering a scene) . Locked

Raytrace multiprogrammed,
Splash Volrendering compute-intensive paralle]
Ocean applications . Space part .
commercial database

Database | Sybase (decision support queries). Lgd od

4 four-way software development

Pmake parallel Makes | (compilation of gnuchess)

TABLE 2: Description of the workloads, For each workload,
the table lists the applications in the workload and a short

description of the workioad. All the workloads are run on an eight

processor configuration, except the database workload that uses

percentage of misses to local memory at the bottom of each bar. four.
Work Hot H % % % No % No
load |} Pages || Migrate | Replicate | Action | Page
Engr. 7,728 55 27 12 6
Ray, 2,934 34 31 35 0
Splash || 6,328 36 22 18 24
DB 2,003 || 13 2 85 0

TABLE 4: Breakdown of actions taken on hot pages. For

each workload the hot pages are broken down into the percentage
of migrations, replications, instances no action was taken, and
failures because no physical page was available on the local node.
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FIGURE 7: Execution time breakdown for the pmake
workload. Only Kemel misses are considered for the different
policies.
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FIGURE 6: Breakdown of user execution time for various policles. There are six

runs for each workload, Roundrobin (RR), First

touch (FT), and Post-fac’o (PF), Migration-only (Migr), Replication-only (Repl), and the combined migration/replication policy
(Mig/Rep). Each bar represents the execution time for a policy normalized w.r.t. the RR policy. Each bar shows cache-1aiss stall to local

memory, cache-miss stall to remote memory, the overhead to mi
local memory is shown at the bottom of each bar.

grate and replicate pages, and all other time. The percentage of misses to
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GURE 8: Performance impact of approximate information. There are 4 bars for each workload, Full cache (FC), Sampled cache
fle). ll}ufl:l 'I'LI: (FT), and Saml:)led ‘I‘LEI:ST). All sampled cases are sampled with ratio 1:10. Each bar shows the fun time normalized to
the run time for the Round robin case. The run time is broken down as User stall (local and remote), Overhead for replication and migration
separately, and all other time. The percentage of misses made local is shown at the bottom of each bar.
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FIGURE 9: Variation in performance with the trigger threshold. Each workload is run with four tri gger thresholds, 32, 64, 128, and
256. The sharing threshold is r. quarter of the tri gger threshold, Each bar shows the run time for a configuration normalized to the run time
for the roundrobin case for that application. In each bar, we separately show User CPU, User stall, and overhead cost of replication and
migration. The percentage of misses made local is shown at the bottom of each bar.




