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Implementation of an Edge Cloud Scheduler under Network Bandwidth
Uncertainty

Abstract: Inrecent years, with the increase in the number of mobile devices and IoT sensors, a large amount
of data has been generated, and the demand for applications that requires real-time processing has been in-
creasing. Public clouds provide abundant resources on a pay-as-you-go basis, but the actual performance and
bandwidth will vary depending on the physical hardware of the datacenter and the resource usage by other
users assigned to the same machine. Therefore, it is not easy to use them for real-time processing. On the
other hand, edge computing can easily achieve low-latency processing of applications by distributed process-
ing on edges located near IoT devices and users, but it is necessary to consider cases where the performance
of edges is not homogeneous and the resources expected at the edges are poor. In this research, we discuss
an implementation of a Storm cluster consisting of edges and public cloud instances using Apache Storm.
Specifically, we attempt to implement a scheduler that takes into account the heterogeneous performances of
the computational nodes in the Storm cluster and the uncertainty of the network bandwidth. We measured
the latency of an application in order to compare the proposal method with existing Apache Storm sched-
uler. Evaluation results show that our proposal method reduced the end-to-end latency compared with other
schedulers.

Keywords: Load balancing, scheduling, cloud computing, real-time processing technology
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2 B scheduleComponent

private void scheduleComponent (String task, Map<String, List<ExecutorDetails>>
componentToExecutors, List<String> supervisorsList) {
List<ExecutorDetails> executors = componentToExecutors.get (task);
if (executors == null) {
return;
}
for (ExecutorDetails ed : executors) {
String optimalNode = findOptimalNodeForComponent (task, supervisorsList
); // figure3
if (!executorToNodeMap.containsKey (optimalNode)) {
List<ExecutorDetails> executorDetailsList = new ArrayList<>();
executorToNodeMap.put (optimalNode, executorDetailsList) ;
}
executorToNodeMap . get (optimalNode) . add(ed) ;
updateNodeResource (optimalNode, task, componentToExecutors); //
figureb
if (nodeContainsTaskMap.get (optimalNode) == null) {
List<String> taskList = new ArrayList<>();
taskList.add (task) ;
nodeContainsTaskMap . put (optimalNode, taskList);
} else {
nodeContainsTaskMap . get (optimalNode) . add (task) ;

}

3 % findOptimalNodeForComponent

private String findOptimalNodeForComponent (String task, List<String>
supervisorHostList) {
double lowestLatency = Integer.MAX_VALUE;
String optimalNode = null;
for (String node : supervisorHostList) {
double latency = computeOverallLatencyForTask(task, node); // figured
if (latency < lowestLatency) {
lowestLatency = latency;

optimalNode = node;
}
10 }

11 return optimalNode;
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4 B computeOverallLatencyForTask

1 private double computeOverallLatencyForTask(String task, String node) {

2 double memoryFree = resourceMonitor.nodeTable.get (node) . getMemoryFree() ;

3 double memoryDemand = nodeTopologyManagerMap.get (node) . getTaskMemory (task)
H

4 if (memoryFree < memoryDemand) {

5 return Integer.MAX_VALUE;

6 }

7 double cpuUtilization = resourceMonitor.nodeTable.get (node) .

getCpuUtilizationFree() ;

8 double computinglatency = nodeTopologyManagerMap.get (node) .getTaskLatency (
task, cpuUtilization);
9 double uploadBandwidth = resourceMonitor.nodeTable.get (node) .
getUploadBandwidth() ;
10 double transmissionLatency = 0.0;
11 if (uploadBandwidth > 0){
12 transmissionLatency = nodeTopologyManagerMap.get (node) . getTaskOutput (
task) / uploadBandwidth * 1000;
13 Yelse{
14 transmissionLatency = Integer.MAX_VALUE;
15 }
16 double sum = computinglatency + transmissionLatency;
17 return sum;
18 }
5 B# updateNodeResource
1 private void updateNodeResource(String nodename, String task, Map<String, List
<ExecutorDetails>> componentToExecutors) {
2 ResourceMonitor.Node node = resourceMonitor.nodeTable.get (nodename) ;
3 double memoryFree = node.getMemoryFree() ;
4 double memoryDemand = nodeTopologyManagerMap.get (nodename) . getTaskMemory (
task) ;
5 node . setMemoryFree (memoryFree - memoryDemand) ;
6 double cpuUtilizationFree = node.getCpuUtilizationFree() ;
7 double cpuUtilizationDemand = nodeTopologyManagerMap.get (nodename) .
getTaskCostUtil (task, cpuUtilizationFree) ;
8 node.setCpuUtilizationFree (cpuUtilizationFree + cpuUtilizationDemand) ;
9 double uploadBandwidthFree = node.getUploadBandwidth() ;
10 double uploadBandwidthDemand = nodeTopologyManagerMap.get (nodename) .
getTaskUpBandwidth (task, cpuUtilizationFree);
11 double remainUploadBandwidth = Math.max (uploadBandwidthFree —
uploadBandwidthDemand, 0) ;
12 node . setUploadBandwidth (remainUploadBandwidth) ;
13 }
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NA ZHEEZ Wz LaTS Tk, 1 VARV AD T — &g
R Ty Y OT — REEEREFOENKELRY, Ty
VIZETDRAZQED BT iTbheEXS5N5.

53 77 RICBEVWTLATYYOHERNRAD ZERE
TOLATYYDRE

AEBRTIE, 3EDETY VY THELEZD Yy VL AWS ®
EC2 &t 3 B D1 » AR > AT Storm 7 T A X % )ik
5. Topology 121, 5.1 Hi TR R7=7 TV r— 3 itk
HETESR AR ITHE S BLBE -V THERR L 72 2 DD 400 x 400
DIEFTHIOMEFET AU ZEMLU 2 DE2FEET 3.
ZLTC, A VARV AT AFS> Ty Ry —T
YRV ATV OEIE RIAD 5 EEE T Topology % 54T
5. EEUZI, 5.2 fi & FARRICIRETIETH 5 X1 XHEE
%\ 7z LaTS, LaTS, RAS, % L T Round Robin ® 4 D
DAV a—T%[fHTE. LT, ATVANAT T
B U 72 RREE 640 x 480 D7 L — A7 — )VilifgE A1 & L
T, Topology & A Y 2 — J 82 1fps T 3 4MEITL, 1
TV—LBIZRETEZIVRY -2V RS T ElE
UL %2475 . EEIZHERALZSY V8 A VARV ADA
Ry Z%RT, RUIZENTNRT. /2, K9 &K 1012
NA ZHEE % WV CTEE U 72 5RO #EE M & iperf %
WTHIE L7z LaTS DA Y a— Y v 7 d S 5 5H8%iE
EENTIRT.

5.3.1 ERER

EEREREZX 7 2R 1LITRT. M7EKR11 LD, XA
ZHEE & W7z LaTS & LaTs i3 &vIMEh © 5 3 MU A
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K2 52HOFEBRIMEHLEZEYY VDARY Y

CPU | zuv 2 ls (GHz) | 378 | AT (GB) | &% J—F
19-9900K 3.60 16 32 1 Slave Node
i7-3930K 3.20 12 16 1 Slave Node
i7-3770K 3.50 8 1 Master Node
i7-860 2.80 8 1 Slave Node
xR 3 52HOEBRMHLEA VARV ADARY &
A VARVARA T CPU say JREEH (GHz) | 278 | A€V (GB) | A% J—FK
md.xlarge Xeon E5-2686 2.30 4 16 3 Slave Node

K4 v b7 —TEEIEOHEHE

£ 5 LaTS OassilE o HlE il

o #E (Mbps) < v IR (Mbps)
i9-9900K 725 i9-9900K 943
i7-3930K 718 i7-3930K 942

i7-860 720 i7-860 943

Xeon E5-2686 502 Xeon E5-2686 881

Xeon E5-2686 503 Xeon E5-2686 879

Xeon E5-2686 476 Xeon E5-2686 880

name ¢
B LaTS
8000 @ LaTS_old
[ .
EEE RoundRobin ¢
6000
2 ]
% ¢+
& 4000
2 $
¢ ¢
. ¢+
2000 A Y
‘ 4 ‘ =
i i
LaITS LaTSLoId RAS Round‘Rcbin

name

M6 TyJizBnWTlbA Ty YOEIEARRADZBETD AT
Vo — SEDERE R

K6 ATVa—S@BD1 IV—LIIHRETEZZVRY—Z VL

1TTvY
ArYa—7 LaTS Bayes | LaTS | RAS | Round Robin
B/ME (ms) 91 648 106 135

5 1 USRI EL (ms) 106 675 124 481
FILfE (ms) 118 698 137 988

5 3 VUSRI EL (ms) 131 720 154 1104
BAfHE (ms) 560 6617 | 1884 8857

FTIEEALHUMZR U, RAS X, X1 XH#EE %W
72 LaTS, LaTS & Mk U CTHuIMED 526 3 U8 E CTH
Wb 57> ¥ %R U7 Round Robin I, H/MEIZEWT
NA ZHEE % AWz LaTS, LaTS &g & A CRUEZE R L
7z, 72, BRI WTIEHEREEWMEZ R U722 1Y
IED S8 3 A RBUZ B WD A r Y 2 —F & Hilg
LTlRbEVWLT Ty Y ER L.

Storm UL Z HWTE AT Y a—FDEID B TEMEREL -
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R N EEE MW LaTS & LaTS kb oH 1 v
ARV ATH B 3EBED AMD EPYC 7TR32 123 RTD Bolt
PEOUTHNTEY ATV a—Y v IERIZFAKDO S D
ERoT Wz, Tk, I LRI0 LD, R ZHEEIZ &
52y MU= HEBIEOMEME LaTS DA Ya—Y v
TVMFHT B3y M= HEBIROM AT 77 ROy
b — ZHBERRE WO DAY 2 —FTT— &
TEREA T Yy VD7 — XEER L W /hNE <7 b, & C
DREAATPA VARV AIZEHIDEToNEERAOND.
RAS I3, £T?D Bolt Ty ¥ TH % i7-3930K D¥ ¥ 1iZ
HoLBToNTED, XA ZAHEEZ A7z LaTS & LaTS
P3E| D YT R24T7 572 AMD EPYC 7TR32 & DFEAEHD
EZL TV TUVINELS Ko EZ 515, Round
Robin i, 2TOY Y VIZE DB TEITR-TEITY Y
EA VARV AMTT — ZBEDVIEFICEFEL 2D
VAT VVDIEBRKRELS BTz EFERX OGNS, £/, M7
ERILITBVWTLA TV Y ORKEIRDENMEEZ R L
TV, 3 2D Topology D IFEATHFREHHIZ JLEE % #& X T
WARWR FURFAEL TE D, EBRIZIERIMED 5 &AME
DUVATVIVETIZBVWTMMOAr YV a—F L i L TH
WL TFrobkinoTWbEEILND.

6. b

AIFETIE, STV w2257 REMMATIBICHRET
%2y b7 — 7SRO AHEFEMICTILT 5721z X
WEIZEZA2Y N =V ERROWEERITOATVa—F
DREEAAT-. EBROER, BEFD Storm D AT Y a2 —
T U TR ZHfEEZE AV LaTS 1%, =v I8 —N
W7 7V r—ya vy Ry —2 VKb 57y
DOHIENRIAD BB L 757 KIZBW T Y Ry —T
RLAF vy ORIEMNRAD ZBEEDOR FIZBWT L1 T
VY OHIEE HERTE 7.

SHBOBELE LT, BAMBRERRICBYRATYa—7
DFHi &2 4TS . REIZETIE, BAEDT TV r—3 3 v% 1fps
EWVDRAMRERIR CET UREFE MG L 2. £72, 2
I RIZBEWT LA T ¥ Y OHIEA RA D 2 Bl T D FEER
TT V=3 vEFEETHIHRIC, mAMREREEHE]
TEOICIEATTHOBZFHET MM ZEML 7. L
LU, 58%1%, 7 ) r— a3 VR EREKICETT 256
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KT 53HOERIMEHLEZEYY VDARY Y

CPU suy 7B (GHz) | 278 | A€V (GB) | &% J—=FK
i7-3770K 3.50 8 8 1 Master Node
i7-3930K 3.20 12 16 1 Slave Node

i7-860 2.80 8 8 1 Slave Node

K8 53MOERIZHMHALIZA VAR ADARY &

AVARVARAL T

CPU

a7 (GHz)

a7 | AEY (GB) | A J—FK

cha.2xlarge

AMD EPYC 7R32

3.30

8 16 3 Slave Node

®9 v MN—JHEBIREOHEM &R 10 LaTS Okl o flE b

2% HHIE (Mbps) 024 HHRIE (Mbps)
i7-3930K 643 i7-3930K 941
i7-860 641 i7-860 943
AMD EPYC 7R32 1951 AMD EPYC 7R32 4760
AMD EPYC 7R32 1926 AMD EPYC 7R32 4750
AMD EPYC 7R32 1954 AMD EPYC 7R32 4800
¢ name
N LaTS_Bayes
80007 ¢ = LaTS
I RAS
. B RoundRobin
¢
6000 .
5 +
% *
4000
© R .
‘ 4 N
2000 4 .
3
& i &
LaTS_IBayes LaITS RAS Round‘Rubin

name

7 2T RIZBVWTLA T YOI RIAD BBRETD AT
Vo — S mDERER

K11 ATVa—SED1 7V—AIRETHTVRY -V RL
1Ty

AyYVa—7 LaTS Bayes | LaTS | RAS | Round Robin
B/ME (ms) 536 538 691 536

51 WAL (ms) 577 585 734 963
FFfE (ms) 629 624 786 1116

5 3 U EL (ms) 701 691 849 1329
BAAE (ms) 6347 8755 | 7835 1779

fps Bt BN X V=567 X O &AM RBREIC B W TIRE
FEP VAT UV RHETE 20 2R 5.
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