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An Efficient Algorithm for Finding the Earliest Available Interval on
Connection-Oriented Networks
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Abstract

The advancement of communication and networking technologies has enabled e-science and commercial
application that often require the transport of large volume of data over wide-area network. Schedulable
high-bandwidth low-latency connectivity is required to transport the large volume of data. But the public
Internet does not provide predictable service performance. Especially, if data providers and users are far away,
dedicated bandwidth channels are needed to support remote process efficiently. Currently several network
research projects are in progress to develop dedicated connectionsy sA bandwidth scheduler computes an user
requested path based on network topology information and link bandwidth allocationsy In this paper, we have
proposed an efficient algorithm for finding the earliest time interval when minimum bandwidth and duration are
giveny Our algorithm is experimentally compared with the known algorithm.
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Bt
Algorithm BF(source, destination)
{
initializePQ();
insertPQ(source, 0);
earliest = oo;
Dlsource] = {[0, ]}
curTime = 0;

while (PQ is not empty) {
(p, PEST) = deleteminPQ();
if (PEST < earliest) {
curTime = EST(D[p], curTime);
for (each s of <p,s> in E) {
D'[s] = DIs] U NE(p,s);
if (D'[s] # DIs]) {
e = EST(D'[s], curTime);
if (heapexist[s] = 0) insertPQ(s,e);
else relocatePQ(s,e);

D[s] = D'[s];
if (s = destination) earliest = e;
}
}
}
else
break;

}

return earliest;
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Fig. 2. BF Algorithm

& 5 S =11, 3], [5 8], [14, 15]}2} sl EST(S, 0) =

1, EST(S, 2) = 2, EST(S, 4) = 57} ®ck
B ATolA Alokehs daglEe == solA AlRsle s
9} AZE RE =T jof] thaf NEGs, i) A2-S 83te] Dli]

HEE AR bdedle BE kE T EST/F 29 k=
A&t} EST7F H49) == kit b ko) 989 =

== i g8l NEK, 1) d4ke =383l DIl #tE5S Akt
o} o] AHE EHxE =2 w7}A] ‘3&%3& ol
xZ9] EST7) HAws9 ESTRG IAY oW &
o} ESTol #ek sk 9459 FHpriority queue)? 3
3 (min heap)& AH8-3h= H] T Aol “A8] 713tk
I 20 BF ¢xzlgo] veht Sle bl ARE ZEAIA
(precedure)2] 2wl TR} 2tk

=

l—> el

- initializePQ : & @] %713}
- insertPQ : _94/\_2_ 34)\ 6301] /\Lo1
- deleteminPQ : 4~ el EST7]— 29l Y& 2
- relocatePQ : H4 3o 949 9X2 WA
dnEN crTimed Z7]olE 03k 7K Uizt
FH2 oM =E=So] e HEAN T gho] WelAl dvk @A
Ha= oA AHAFE =25 i e == 9] EST @&
curTimeo 2 gt} EST 3ho] 22 o2 A gollA 4}
A=7) Wil curTime 5220 EST gho] @Ajel
curTimeXE e 28 = @A Bk curTime $O2 Athe
e ) AR E2] AIZF F37F BlAEoNA curTimek o) 2H-
TEE AASH o ARS-Hrh

3. EST A&zt 22|
I daE]Follds EST7F 2 =ERE Wit NE

ks FelEtEE EST YES #H4 Yol A3 ot A
2 P& AGnsert)? HA A4 Al (deletemin) AAFES
88402 FPG F e AT Fold [20].

=B ko] Aerrt st ofd Aol =B k7t ol
Fa ol AlEe] e E, g A k= ot oA G, k>
o] NEA4E 2ol el == ko] ESTS] gho] W32 47}
ek 29 30l 2 o7} JehG lok

[1.4115.8]

0,

[2.4115.7]

T2l 3 EST7} == of
Fig. 3. Example of EST change

2% 3914 DI = ([0, 10102} 78}, k= i9) k=
Afolel NE 14ke s=338t Dij] = {[1, 6}0] 31 == 19}



A2 AF UEHILAA Hx 7}

oo
-
.
o
e
rr
ol
o
)
ro
e
=
AC)
=1}

T

=E kAte]d] NE 94hs e33hd DIkl = {[2, 4], [5, 71}o] &
t} o] W] == J(EST = D9} == k(EST = 2)7} H4 ol
AYEt 1 O =5 jo =5 kAbolo] NE d4ks 305}
W NEG, k) = {[1, 4], [5, 61}o] €t} (1) 2 of wep A=
& 78k DIk = {11, 4], [5, 7}o] =3z EST Fte] 29141 1
2 WaiA drk

o] A% FHa oM == k9] 9IRS M2 EST #ol
w2} A (relocation) Al AT+ Aol a3 Aok 18y F
& e o] ==9] AT ¢ F fl A Y oA =
T JAE WA Ahs AFEA gerh 18EE =
T A& WA fsiMe =Tt HA o AYE o
AYE AAE 71t dojok stk YRk o R Fe Uit
A uEE FAHEE RE7h ARlE AXE YaR EA
7Fsdith B Ao =89 XS &7 i dx
B €9l heapexistE ARSI} heapexistli] = 0] == 7}
H& 3§ <ol EABHA 55 UYERIL heapexistli] = xo]™
=E b FHa oA xHA dael] dEEY de-S UER
ok 2% 49 L o7t vehd ok o] oolA heapexist[2] =
3R0d =5 271 AR FEE HA Yol A 3R A
o A= NS vERdTE 24 YoM = vl Hise o
2] el A Fae] MEE eI =59k 4 (5, b)E a
=29 ¥lg be XE a®] EST gt Uehdth 19 49
A =E 49] EST gto] 18014 1302 niAQirhd =& 49}
a9 FREEQ = 5e A2 W Hil oled HF
XS heapexistoll . 4314 Bk =, heapexistl4] = 2,
heapexist[5] = 47} €t}

=T i9] ESTV} 74438 xiA] HIX|eARE == 18 A
Yale e 38 Fot § =5 9] ESTE x/2¥ A
A7 =o] ESTS} Hlaalx] 2o F =29 A&
ks AHS e s

2

)

e rr

REE
&
G ° @i
4 5
G GD)

min heap

~N O OB W=
[olo]m[a]=]e]o]

heapexist

2! 4 52%Q1 EST Bt ZIAl XIZ7x
Fig. 4. Efficient Data Structure for EST Search and Update

Iv. 45 g7t

Aotd FEAHES HFY  C++ 60 UolE ARSI
Intel(R) Core(TM) 2 CPUE 711 PCollA] @=L A=Y
o} Aloke BF ¢ug)Ed) FS ¢ugEe vwsly] s o
ot ZF9] EI2E HolEE A9 (randomZ A4S

A48 VIELFSNA == 75 500, 1000, 1500, 2000
Ul TRE A, 2 =Erit) d49 39 4= 37EH
6Atole] 5 ARSI 0T 2} |37t 7R AIRE 73k A
g 10, 15, 20, 255 ARESATh & UIEZ oA e
Tol|N =R E 2 vl= 259 Zol(path length)E Hlo]E]
Aol W =g WA F9 =2E 10 H A5
=2 polgt &h, ZF == 94 XS AATh 7RIE =
o WEE i - pdimit?E i + n/limite 2 A3EdE=)
limit gro] ZoW g AW eeo} B To] Wi
29| Zo|7} FolAA H, limit Fho] AAH HF Az9
o7} AoiX|Al k. Limit gt HWE 25, 30, 3, 40 AHS3}
o webd A slofElY] 9] e == FR 47X,
39 57 M, A 73] R 1A, limitS] S5 47}
AUAZE 256 73-9-0] A7 ZA9niet 107]9] dofElE /3t~
Z 2060709] dlolElE AAEATh AT AT $A 9]
235 Zol7] Y5 109 AR F 3% EoAE3EI
ok Y Aol ofshd 256070 Elojele] & YA |zke BF
a1g]Zo] 407527} AT FS Larg]Zo| 42027 43
o} 256071 dloE] F AdAzte] BF dae|Foe] whe -
< 1947193, FS garglgol we 39 61271 o, &
< A9 ik

3 (solution)”} 1= 292719] HlolEle] A9+ F 3P|z
o] BF €ag&o] 45z Z¥ vk FS dag&e 927}
49 BF gaglge] %ol me- 3kt

G1E|E) 452 limit 3 == & FAY 5 ARE T
7ro] ol whe} gebx) 7] miEol ggole ke el T

& Ados vtk

2 N ont




78 R R MR G CEk(2010. 3)

E 1. Limit Zioll CHeH BFR} FSo| &f Hw
Table 1. Number of wins, ties and loses of BF over FS on various limit
values

win tie lose
=25 548 1 91
=30 4% 2 143
=36 457 1 18
=40 444 0 19
2] 1944 4 612

H 2 =0| #0f| Chst BFet FSo| s Hlwm
Table 2. Number of wins, ties and loses of BF over FS on the number
of nodes

win tie lose

N=500 311 4 35
N=1000 480 0 160
N=1500 552 0 8
N=2000 601 0 3
Al 1944 4 612

H 3 2F9| 2of Cht Bret FSe| Suff Him
Table 3. Number of wins, ties and loses of BF over FS on the number
of links

win tie lose
E=3 617 0 23
E=4 531 1 108
E=5 435 2 203
E6 361 1 278
2%l 1944 4 612
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