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THREAD PROGRESS EQUALIZATION: DYNAMICALLY ADAPTIVE POWER AND PERFORMANCE OPTIMIZATION OF MULTI-THREADED APPLICATIONS Yatish
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Motivation



Determining the optimal configuration for each core within a fixed power budget, however, is challenging for three key reasons: 1  The solution must be scalable for tens to hundreds of cores 2  Power/performance relationship between core configurations is particularly complex for microarchitectural adaptation 3  There is no clear performance metric to optimize for in multi-threaded applications Key Observations: 1.  Threads synchronizing on a barrier must arrive at the barrier at the same time to best utilize the power budget 2.  Differences in arrival times of threads can be explained by: (i) IPC heterogeneity and (ii) Instruction Count (IC) heterogeneity barrier 3
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barrier 2



Stalled threads



Critical thread



Critical thread



Same # of instructions



IPC Heterogeneity



Different # of instructions



IPC + Instruction Count Heterogeneity



3.  T h e n u m b e r o f instructions that each thread executes between barriers, relative to other threads, remains roughly the same
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Criticality Stacks



Does not equalize IPC



“2-wide” 66% dark silicon



“4-wide” 33% dark silicon
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Current Approaches



Fine-grained micro-architectural adaptation of cores has an ability to emulate heterogeneous processors and provides a compelling alternative to heterogeneous multi-core processing in the “dark silicon” era. Assume 50% dark silicon
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Overaccelerates critical thread •  •  •  • 



Maximizes sum-IPS across all threads No notion of thread criticality Good objective for thread-pool/map-reduce; poor for barrier workloads requiring load balancing Optimization NP-hard; not scalable



•  Threads stalling least have high criticality values •  Correctly identifies critical threads but cannot determine how much to accelerate each thread •  Works well for Big-Little configurations; poor for multiple micro-arch configurations •  Simple optimization; scalable



Goal: Optimal reconfiguration for multi-threaded workloads under power constraints
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ij



Execution time (clock cycles) of thread i in configuration j Execution time of critical thread



TPEq optimization procedure: ci ←0; ∀i ∈ [1, N ] while(Pcurrent < Pmax ) q←critical thread cq ←cq +1



Disp.  width   ROB  Size  



1   2   3   4   5  



1   2   2   4   4  



16   32   64   64   128  



Integer   ALUs   1   3   3   6   6  



L1-I and L1-D: 128KB, 8-way L2: private 256 KB, 8-way L3: 8MB share/4 cores, 16-way Freq: 3.5GHz, Voltage: 1.0V, 22nm node



Power Budget: 80W Barrier synchronization based benchmarks:



1. TPEq Optimization Procedure



min max (xij ×Wi / IPCij )
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Results



Our Approach



TPEq Objective:



Our evaluation was performed on Sniper multi-core simulator (with McPAT support) for x86 processor with 16-cores, each of which were dynamically adaptive with the following 5 configurations:



All threads set to lowest config. While power remaining Determine most critical thread Set to next highest config.



•  Best performing technique on barrier-based benchmarks •  5% and 11% average improvement over CS on IC-homogeneous (HO) and ICheterogeneous (HT) workloads



Key Observation: TPEq optimization problem is in P: O(MN logN)



2. TPEq Implementation •  CPI-stack based performance and power predictors •  History-based IC predictor; updated at every synchronization stall event •  TPEq implemented in OS and invoked on a timer interrupt •  Optimal configuration determined and control passed back to user code



Remaining benchmarks: •  Within reasonable bound of best-performing technique on non-barrier workloads: Thread pool (TP), Pipeline parallel (PP), Mapreduce (MR) •  Most generalizable of known techniques
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TPEq implemented in OS and invoked on a timer interrupt. â€¢ Optimal configuration determined and control passed back to user code. Power Budget: 80W. 3. 
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