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Building Blocks: Logical Process (LP), LP State, and Event
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Parallel Discrete Event Simulation (PDES)
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The Time Warp Mechanism

« Each LP processes events w/o regard for progress of other LPs
e Causal Violation triggered by a Straggler event
* Rollback used to recover from a causal violation

* Reset state and time

« Send anti-messages to cancel prematurely sent events

» Continue event processing at reset time

University of -lQE

CINCINNATI



The Evolution of WARPED to Multi-Core
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Simulation Model: Epidemic
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Subscriber
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PCS Model : Network Structure
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Traffic Model : Events
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Sandpile Model : Generated patterns
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WARPED-2: Pending Event Set

Schedule Queue: Data Structure Options

STL MultiSet: Red-Black Tree, sorted
Splay Tree: Self-adjusting Binary Search Tree, sorted
Calendar Queue: Partitions events into “months” based on timestamp
« Difficult to size a month
* Largely unused due to size/resize complications & costs
Ladder Queue: Variant of calendar queue that solves month sizing issue

* Lightweight, self-sizing

* Previously unknown to the PDES community lQE
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Ladder Queue
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Ladder Queue Options

* Unsorted Bottom
« Causal Independence of events in Bottom
* Lock-free implementation of Unsorted Bottom
 Compare-and-Swap (CAS) operations

* No need for computationally-intensive operations
(sorting, searching and random deletion)
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Lock-free Unsorted Bottom in a Ladder Queue

Event Insert

Event Remove

Step 1 : Create a node for event e3

DATA : event e3
NEXT : NULL
HEAD DATA : event e2 event el
NEXT : NULL

Step 2: CAS operation to insert this new node as HEAD

HEAD DATA : event e3 DATA : event e2 event el

NEXT : NEXT : NULL

HEAD DATA : event el DATA : event e2 event e3

NEXT : NEXT : NULL

Step 1: CAS operation to set HEAD as HEAD->NEXT

HEAD DATA : event e2 event e3
NEXT : NULL

Step 2 : Return dequeued event el -K{
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Modification to the Ladder Queue Algorithm

* Overflow of events in Bottom
* Reorganization triggered in original Ladder Queue
« Events are split between Bottom and lowest rung
* New algorithm ignores this trigger
« Value of Bottom Threshold
« Value mentioned in paper not relevant for Pending Event Set

* event time window matters more than event count
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Performance of Schedule Queue Types
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Performance of Multiple Schedule Queues: Epidemic, 10K LPs
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Performance of Multiple Schedule Queues :Epidemic, 100K LPs
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Speedup w.r.t. Sequential Simulation (C.I. = 95%)

45

Performance of Multiple Schedule Queues :
Traffic, 1,048,576 LPs
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Schedule Events in Groups

e Schedule multiple events to a worker thread at the same time.

e Three types:
» Event Chains: schedule multiple events from one LP
» Event Blocks: schedule multiple events from the schedule queue

 Event Bags: LPs grouped into communities based on event traffic
statistics

* Schedule multiple events from each bag

 Static memory allocation and circular organization of bags
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DESMetrics Analysis: Event Chains

Distribution of Local Event Chains Percent of Events in Local Event Chains
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Performance Impact of Chain Scheduling
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Performance Impact of Block Scheduling
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Louvain Partitioner and Bag Scheduling
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