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Abstract

Quality of Service (QoS) is essential for satisfying various types of Internet application
requirements by making best use of limited bandwidth. In particular, layer-1 bandwidth-
on-demand (Layer-1 BoD) service, which dynamically allocates a certain amount of band-
width to specific users according to their requests, has attracted a great deal of attention
as an ideal Internet backbone QoS, and it has been employed in the Science Information
networks, which emphasizes various aspects of service: Virtual Private Networks (VPN),
QoS, and bandwidth on demand. In this service, when the user requires a certain amount
of bandwidth between an arbitrary pair of source and destination nodes, part of the full
bandwidth is temporarily assigned to the user, similar to dedicated links in traditional
telecommunications. The scheduler is thus required to efficiently and fairly allocate net-
work resources, and this strongly affects user satisfaction. At present, simple algorithms,
such as First In, First Out (FIFO) policies, have been employed, which causes imbalanced
utilization of network resources and unfairness. There have been few studies focusing on
Layer-1 BoD. Here, we propose sophisticated scheduling algorithms that decide whether
each request should be accepted or not, to make the best use of network resources on the
Internet. The priority of user requests is optimized for various objectives, such as fairness,

or maximum total bandwidth used.
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000 (Mutation) 0000000000000 0D0000D0O000D0O00O0DOOO0ODO0O0OO
0000000000000 000000000000000
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6.2.1 0O0OODO

Fig. 6.100000000000D0ODOOCOGAOOODODOOOOOOOOOOODODOOOODOO
O0O0DO0O0O00O00DOO0 100MbpsDOODOOOOCOOO 3msecdOOOODOOSINET3OO
0000 150Mbps 000 000O0ODOOO0ODODOOO0OODOOOODOOOOODODOOODOD 24GO
40Gbps000O0OOOOLIO L2/30000000000000O00UO0O0OOOOODOOOOOODO
OoooobooooooooooooLIbooobh 100MbpsHOO0DOOODOOO 3msecD O
0000000000 GAOOODODOQO Table 610000

Fig. 6.1 ODODOOOODODOODOOD

Table 6.1 GAOOOOODOOODO

Population Size 20
Generation Num 500
Clossover Rate 0.7
Mutation Rate 0.3

OO00000o0oO00DOO0boOoOO0OOO0n Table 6.20 000 SourceOO Destinationd 0 0 0O O O
00000000000 000D0DDO Allowance Latencyd 000000000 CCOOOOOO0OO
O0O0000D0000WmLink Up TimeOD O ODODOOOODDOODOOODO stepdODOOOOODOO
O0000000000OSubmit Interval 0000000000000 OCOOO0OOODOOO
OU0O00O0O00D0oO00oO00Doo00DOgSubmit Interval(DODOOOO00OOOOOOODOOO
0000000000 00000D0DBandwidthO OO0 Communication TimeOd O OOOOD0 400
Ob0obooo0obOdFig. 620000000000 00D0OODOOOOODODODOODO
000000000000 (Group)MOOOOOOOOODOOOODDOOOODDOOOOO (Groupl
HoDoO000mMOo00o00o0U0o00oUooO (GrouwplHDOOODOOODODOOODODOOOOOO
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0000000 (GrouplV)OOOOOO

Table 6.2 ODO0O0OOODOOO

G UserN s Destinati Allowance Bandwidth LinkUp Communication Submit
roup  Userilame ource estination Latency (Mbps) Time(step) Time(step) |Interval(step)
user0 node6 node9 FALSE 9 6 6 100
user1 node9 node4 TRUE 8 8 7 100
user2 node3 node8 TRUE 9 5 7 100
user3 node1 node4 FALSE 10 8 2 100
I user4 node2 | nodel | FALSE 6 6 11 100
user5 node6 node4 TRUE 6 10 6 100
user6é node4 node1 TRUE 10 10 12 100
user7 node2 node9 FALSE 7 10 2 100
user8 node’. node8 EALSE 9 10 4 100
user9 node6 node8 FALSE 58 6 6 100
user10 node5 node1 TRUE 60 9 9 100
user11 node4 node7 | FALSE 56 7 6 100
user12 | node2 node5 TRUE 51 7 9 100
oI user13 | node5 node7 TRUE 50 8 9 100
useri14 node6 node4 TRUE 57 6 5 100
user15 node7 node6 FALSE 56 8 12 100
user16 node9 node3 TRUE 55 6 6 100
userl? nodes. node4 EALSE 60 9. 12 100
user18 node1 node5 FALSE 66 5 25 100
user19 node4 node5 FALSE 80 7 24 100
user20 node8 node4 TRUE 71 9 13 100
user21 node5 node2 FALSE 76 9 15 100
I user22 node1 node6 FALSE 63 9 22 100
user23 node9 node1 TRUE 69 9 12 100
user24 | node1 node7 | FALSE 73 5 23 100
user25 node6 node8 FALSE 80 6 24 100
user26 noder. node4 TRUE 65 V4 19 100
user27 node1 node7 FALSE 28 9 13 100
user28 node6 node3 TRUE 15 9 8 100
user29 node3 node4 TRUE 27 7 13 100
user30 node4 node2 FALSE 17 7 11 100
IV user31 node3 node8 FALSE 29 9 9 100
user32 node7 node6 FALSE 30 10 11 100
user33 node6 node3 FALSE 20 5 17 100
user34 node1 node5 FALSE 26 9 12 100
user3bs node?7 node3 TRUE 24 5 15 100

6.2.2 0000

CX(0OO0OD0)0OX(0OOO)OPMX(DOOOOD)00000000000000000500
00000000 Fig. 620000Fig. 620000000000000000000000000

Ub00000Fg 630000000 00O0DO0ODO0ODOODODODOODODOD
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gbooboboobooooboobooobooobobobooboobooobobbobooboobon
gboogoooboobogn

Fig. 6.300000000000050000000000000000000000X0O000O
oooooooobOo0oooooOoOoDooO0obOoOOoOooobDO CcXgoooooopoooooo
Ooo0oooOoo0ooOo0o0oOoOoboOoOoOoO0DOOobO00ooOOoOoooo CcXgooooooooo

gooooboobooooboobbooo
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6.3 UU0Ugoboboboooobbbuoooobbbuooobbboooon

6.3.1 0O0OODO

gboooobooboobooboooooogobooobooboboboooboobobooobobooooDo
O0(000C00O0)0oo000000oO00ooOO00oOoOOo0o0DOOoOOooDOOooOoLoDOOO
goboobobooobooboboboooboboboooboobooooooboobobobobooboooo
gobooboooboobobooboboooobobooobooboobboobbOobDobooboboo
gbooooooooooooooon

6.3.2 0O0OOO

oboobogobooooooobooboobobobobobooob0 62100000000 Fig. 6.1
OO0OTable 620 000000000000 00000CO00O0ODO0O0O0O0ODOO0O0OO0O0O Table 6.3
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gooboobooboooobobooboboobo DwpP=500000000000000O000DO0OO
gooooooooooo0l1obobobobobobosboon

Table 6.3 DOOOOO0ODOOODOOOODOOOOO

LS Trial Num 10000
Population Size 20

GA Generation Num 500
Clossover Rate 0.7
Mutation Rate 0.3
Sub population Size |20
Generation Num 100
Island Num 5
Clossover Rate 0.7

DGA Mutation Rate 0.3
Elite Num 2
Migration Rate 0.2
Migration Interval 5

6.3.3 0U0OOOOOO

O00ooooooOo0o0o0o0o0oooooOooooDOoOoOoOon0n Table 640000 Table 6.4 0

O00000DOO0O0OO0O00S000000000DODOO0ODOOCOODODOOOOObODODOOTable
640 00000000D000DO0O0OO0DGADOOOODOODOOOOOODOO FIFOODODOODO
0000000000000 0o0U00o00oOo0oUoO0O0LooO0oUoOOoUooD (s 0D0oOooOOo
O0O0b00o0O0bO0oOoboOoO0Od  Table 640000000000 DOOODOOODOOODOO
O000COOO0O000O0000oooooooooooo bGAOOODODOODODDODOOOOOOO
gbooobboobooboobboobooo

Table 6.4 ODOUODOOOODOODOODODODO

FIFO GR LS GA DGA
Max 38092.0 | 38324.0| 47700.0 | 48328.0 | 48328.0
Min 26764.0 | 38324.0 [ 42984.0 | 48120.0 [ 48120.0
Average 32867.2 | 38324.0| 44934.4| 48244.8| 48286.4

oooooooooooDbooooOOoUobooO0ooobo0oobbO0oOoDbO0O0DOOd Table 6.50
O00Table 6500 DGAOGAD LSO GRO FIFOOOOOOOOOOOODOOODOOOOOO
O0O00O0OOOODGAOGADOLSO GROFIFOOOOODOOOOODOOOOODODOOOOOD
Table 6.5 0000 GrouplOIVODODOOOOODOODOOODOOOOODOODOOODODODOOO
00000 DGAOGAODOOOODOOOO0OODOOOO0OOOOO00OO0DOOGRO FIFOODOOO
0000000000000 Ouser20 user6Cuser290 0000000 DGADGAODOOOOOO
OooopoOoo0oOooOobOo0oOoooGROFIFOOODOOOOODOOOOOOOODOOODOO
O0O00O0GroupllODO0OO0DOOOODOOOODOOOOOOOODOOOODOOOOOOOODOOOO
OO0 GroupllOO0OODO0OOOO0ODOOOOODOOOOOOODOOOOODOOOOODOOO
O00000000000000000000GrouplI0O00O0OOOO0O0O0O0O0OOOOOOOO
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OUoboboooooooGRODOOODOOODLOOOOOODOGrouplI IO OO GROODODOO
0000000 DGAODGAODODOOOOOOOODOOOOOOUOODOCOOOUOOODDOODOOOO
gboobooobooobobooboboodbuwer260000000000O00000O0O0O0OODO 20
O000O0O00ob0oGROOOOOOOOOODODOOODOOOOOOUOODODODOODOOODOOOO
gobobooogobobooobobooooboobooboooooooboboooboobooboo
gboboogoboabod

Table 6.5 DO0O0OOO0DOOODOOOODOOODOOOODOOOOOO

Group User FIFO GR LS GA. DGA

user0 |node6. node9 node6. node9 node6. node9
user1 node9. node8. node4 node9. node8. node4 node9. node8. node4 node9. node8. node4
user2 |node3. nodel. node2. node6. node7. node8 [node3. node5. node7. node8 node3. node4. node8 node3. node4. node8
user3 node1. node3. node4

I user4 node2. node1 node2. node1 node2. node1
user5 |node6. node9. node8. node4 node6. node7. node5. node4 node6. node3. node4 node6. node3. node4
user6 |node4. node7. node6. node2. node1 node4. nodeb. node7. node6. node2. node1 node4. node3. node1
user7 |node2. node6. node9 node2. node6. node9 node2. node6. node9 node2. node6. node9
user8 |node7. node8 node7. node8 node7. node8 node7. node8
user9
user10
user11
user12

I user13 [node5. node7 node5. node? node5. node7
user14 [node6. node3. node4
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