KIPS
Vol.9

, No.10 pp.221~230
ISSN:

Trans. Comp. and Comm. Sys. THHRH 24 d3 XHS {3 ol=/0 s 7H2E VI8 Z2Orud JI-ol SEd o7 221
https://doi.org/10.3745/KTCCS.2020.9.10.221

2287-5891 (Print), ISSN 2734-049X (Online)
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ABSTRACT

Supercomputer that shares limited resources to multiple users needs a way to optimize the execution of application. For this, it is
useful for system administrators to get prior information and hint about the applications to be executed. In most high-performance
computing system operations, system administrators strive to increase system productivity by receiving information about execution
duration and resource requirements from users when executing tasks. They are also using profiling techniques that generates the necessary
information using statistics such as system usage to increase system utilization. In a previous study, we have proposed a scheduling
optimization technique by developing a hardware performance counter-based profiling technique that enables characterization of
applications without further understanding of the source code. In this paper, we constructed a profiling testbed cluster to support optimal
execution of the supercomputer and experimented with the scalability of the profiling method to analyze application characteristics in
the built cluster environment. Also, we experimented that the profiling method can be utilized in actual scheduling optimization with
scalability even if the application class is reduced or the number of nodes for profiling is minimized. Even though the number of nodes
used for profiling was reduced to 1/4, the execution time of the application increased by 1.08% compared to profiling using all nodes,
and the scheduling optimization performance improved by up to 37% compared to sequential execution. In addition, profiling by reducing
the size of the problem resulted in a quarter of the cost of collecting profiling data and a performance improvement of up to 35%.
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Fig. 1. Profiling Method Based on Hardware Performance Counter
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Table 1. Specifications of KISTI-GVP Node

Platform KISTI-GVP(Groveport)
Processor Intel Xeon Phi CPU 7290@1.50GHz,
72 Cores (288 Cores by hyper-threading)
Memory 192 GB (DDR4), 16 GB (MCDRAM)
Network Melanox Infiniband 100GB/s

(ON CentOS 7.3

Kernel 3.10.0-514.el7.x86_64
Cluster Mode Quadrant Mode
Memory Mode Cache Mode

File system Network File System
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Table 3. Sample Data from the Event Collection Step Generated by Single Node Profiling

Raw data

No. elapsed_time(s) instructions branch-instructions branch-misses iTLB-loads
bt.c 51.383186197 3857719245835 93619036996 1252742735 3857435020399
ep.d 33.795426178 2119918534547 150292718446 3383969353 2119388488253
lu.c 31.099412799 1789620962853 98874655227 1205293843 1789205758789
sp.c 35.455802488 1745064712225 94311159313 3047210748 1744855917385
mg.d 84.235786772 1294573479621 75238369384 2205757189 1293889185429
is.d 34.921278906 1008160692700 95835607962 249644603 1007933928061
ft.c 10.392682052 397059125336 53111479682 575260227 396732903487
cg.c 10.938589096 342770945836 44096590959 2956542271 342461255686
bt_epio 76.440949583 4645930536233 268242334772 2136262120 4646899441242
bt_full 120.232949138 8931277304597 1427935564927 5417978390 8931027210546

Normalized data

No. elapsed_time(s) instructions branch-instructions branch-misses iTLB-loads
bt.c 100 7507746271366 182197804233 2438040198 7507193122648
ep.d 100 6272797163092 444713191822 10013098621 6271228766556
lu.c 100 5754516892091 317930939296 3875616081 5753181805575
sp.cC 100 4921802891925 265996403111 8594392270 4921214004281
mg.d 100 1536845002859 89318770877 2618551180 1536032647187
is.d 100 2886952380575 274433270959 714878179 2886303021083
ft.c 100 3820564541106 511046902217 5535243200 3817425583835
cg.c 100 3133593764474 403128690286 27028552269 3130762593586
bt_epio 100 6077803273736 350914446033 2794656701 6079070794631
bt_full 100 7428310931952 1187640804929 4506234297 7428102924037
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Fig. 3. Increase Data Collection Time in “#N-process’ Compared to ‘N-master’
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Table 4. Profiling Results by Problem Size and Number of
Profiling Nodes

Single node, Multi nodes,

Class C, D Class D, E
NPB 1 nodes 4 nodes 8 nodes 16 nodes
C|M|IT|C|M|T|C|M|T|C|M|I
BT 3111211112113 |1][1
EP 3111111211211
LU 3111122112112 1]1
SP 33|11 (213 (1|13 |1]|1
IS 12 (112 ]1(3[2|1]2|2]1
MG 1 (2 (1 (12 (1(1]11]2]|2]1
FT 23|11 (2|11 |2|11|2]1
CG 21311131113 |1|23]|1
BT epiofl 3 |1 |3 |1 1|3 |2|1[3[|3|]1]3
BT full| 3 |1 |2 |3 |1 |23 [1]|2|3]|1]2

Table 5. Interference Ratio Generated as a Result of
Profiling to 16 Nodes

P I N I < el B

BT, SP | 3.027 | 2.161 | 2.379 | 1.472 | 2.408 | 3.027 | 3.027
SP, LU | 2.161 | 2.161 | 2.161 | 1.443 | 2.161 | 2.161 | 2.161
IS, MG | 2.379 | 2.161 | 3.462 | 2.161 | 3.462 | 2.553 | 2.524
FT 1.472 | 1.443 | 2.161 | 2.161 | 2.161 | 1.646 | 1.617
CG 2.408 | 2.161 | 3.462 | 2.161 | 4.761 | 2.627 | 2.584
BT _epio | 3.027 | 2.161 | 2.553 | 1.646 | 2.627 | 6.490 | 4.761
BT full |3.027 | 2.161 | 2.524 | 1.617 | 2.584 | 4.761 | 4.761
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Table 6. Resource Interference—aware Co-scheduling Algorithm[11]

Input: Waiting job list QTask[0:i]

1: Set TStatus[i] = 0 ;
2: for k := 0 to i-1 step 1 do
3: if TStatus[k] == 1 then

4: break;
5: else
6: @ {- QTasklkl:
7: B <~ findLeastInterRatio(e, QTasklk:il);
8: Schedule @, B to Workerl, Worker2;
9: TStatus[e], TStatus[8] = 1;
else
10: end if
11: end for

Output: Scheduling decision SD
={(a, B) | @, B €QTaskl0:i] }

92 oJujsl= AFE| 007 273} Flo] k. FPFHO] oo
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Fig. 4. Experiment Results of Scheduling Optimization
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