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Introduction Results Conclusion
A bit surprising, many HPC-systems have SMT turned off, thus, limiting the scheduling
slots in the system to one per core. Enabling hyperthreading, Intel’s SMT technology,
would double the number of available slots [1]. However, more slots do not automatically
lead to higher performance. In [2], Tuck and Tullsen observed increases in system
throughput ranging from 0.90 to 1.58 when enabling SMT and an average speedup of
1.20, when running the SPEC benchmarks. Thus, some of the benchmarks actually
showed a slowdown of up to 10%. The problem with obtaining high throughput lies in
determining which programs should be co-scheduled, i.e. share a physical core.

Several co-scheduling schemes aimed at achieving high throughput have been suggested.
Snavely and Tullsen [3] achieved an average throughput increase of 17% using; Sample,
Optimize, Symbiosis which samples hardware counters and uses heuristics to determine
which processes are suitable to execute together. Eeckhout et al. [4] introduced a
probabilistic model for co-scheduling on SMT processors. A simple approach needing no
pre-runtime analysis is suggested in [5, 6] that identify instances of the same program as
being more likely to heavily utilize the same resources in a compute node, like caches,
memory buses, or disks, than a random set of programs. In [5-7] it was shown that

To evaluate a full system, we created 30 job cases, each consisting of multiple instances of two random SPEC CPU benchmarks.

 A baseline was established by executing six instances of each benchmark on one core each with SMT turned off 
(12 jobs on 12 cores), marked by X in Fig. 3. 

 The job mixes were then executed using six and twelve cores with SMT enabled using two co-scheduling algorithms:
 AllPairs: two identical processes are placed on each core
 NoPairs: one process from each benchmark is placed on each core. 

We performed an experimental study comparing the throughput of 30 random
SPEC CPU job mixed on a Broadwell-based node using two different co-scheduling
strategies.

 A six-core processor with SMT enabled has 38% 
lower throughput than a twelve-core processor
with SMT disabled.
 Downgrading the processor is not beneficial.

 A twelve core processor with SMT enabled has 10%
higher throughput than a twelve core processor with
SMT disabled.
 I.e. Enabling SMT is beneficial, on average.

 Compared to the twelve-core baseline:
 Six SMT cores (12 threads): 3 cases perform better than the baseline, on average 39% (AllPairs) and 38% 

(NoPairs) lower throughput. 
 Twelve SMT cores (24 threads): 20 cases perform better than the baseline using AllPairs and 18 performs 

better using NoPairs, on average 8% (AllPairs) and 10% (NoPairs) higher throughput
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 AllPairs: two identical processes are placed on each core
 NoPairs: one process from each benchmark is placed on each core. 

 A six-core processor with SMT enabled has 38% 
lower throughput than a twelve-core processor

 Twelve SMT cores (24 threads): 20 cases perform better than the baseline using AllPairs and 18 performs 
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Our aim is to evaluate job co-scheduling principles: 
 Will disallowing the co-scheduling of several instances of the same program affect the 

throughput positively? 
 Will enabling SMT, practically doubling the number of available slots, will, increase 

throughput?
 Our evaluation assumes an HPC system that is used for many different programs. 

Figure 3. Speedup for 30 benchmark pairs when running on six or twelve cores with SMT enabled as well as twelve cores with SMT disabled. The SMT enabled pairs use two different scheduling algorithms, AllPairs and NoPairs.
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throughput by, on average, two percentage points.
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 For some combinations of jobs the AllPairs co-

scheduling policy was better.

Full Factor EvaluationHardware
The experiments were performed on a Xeon E5-
2650 v4 Broadwell-based cluster. Each node has  
32 GB ram and an E5-2650  processor with 12 
physical cores and Intel’s Hyperthreading with a 
SMT level of two. The nodes operating system is 
Centos 7.3. 

All experiments rely on the benchmarks provided 
in the SPEC CPU 2006 benchmark suite [8]. 
During the experiments all frequency scaling 
techniques were turned off, i.e. both speed step 
and turbo frequency.

We evaluate the effect of disallowing the execution of two instances of the 
same SPEC benchmark on a SMT enabled core.

This was done by executing all possible combinations of the programs in the 
SPEC CPU benchmark suite and calculating the speedup each same-
program pair gained compared to executing the program serially. 

 Single-core SMT is beneficial in all cases where the X is below the line.

 In the entire test set, involving 784 combinations, only one has a 
negative speedup and that is when two instances of libquantum shares 
a core. 

 There are only two cases, out of 28, where co-scheduling two instances 
of the same program has a positive effect on the average speedup. 
Hence, same program co-scheduling has a negative effect in 26 cases.

Figure 2. Average speedup for all SMT combinations excluding two instances of the same 
program. X marks the speedup of two co-scheduled instances of the same program. All 

numbers are normalized to the serial execution. 
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Figure 1. Example showing a bad SMT co-schedule (a) 
and a good SMT co-schedule (b) of multiple instances 
of job a, a computationally bound program and job B, 

a memory bound program.
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