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Abstract: The data center network is the main infrastructure supporting applications such as cloud serv-
ices, supercomputing and social networks. The traditional tree-based data center network has some short-
comings, such as insufficient scalability and low fault tolerance. Based on completed graphs, this paper
presents a kind of recursive data center network (RDCN). Compared with the traditional tree data center
network, RDCN has better network bandwidth and fault-tolerant performance. It is proved that when 2=
1, n=3 and 6 € {1, n—1}, the restricted connectivity of RDCN is 2ks +n —2, which is almost twice the

RDCN's traditional connectivity., We present an improved fault-tolerant unicastrouting algorithm (XFRout-
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ing) and prove thatthe time complexity of XFRouting is O( [log | F |77 £%), and furthermoreprove the
maximal length of the path constructedby the algorithm in the worst case. Finally, a simulation experi-
ment based on our algorithm is carried out, and the results show that the algorithm is better than the
breadth first search algorithm and the depth first search algorithm.

Key words: recursive data center network; connectivity; restricted connectivity; fault-tolerant unicast rou-

ting algorithm
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Algorithm: XFRouting
Input: A network X,., . a global variable 6 € {1, n—1}, a faulty node set FCV(X,.,) with |F|<<
2kc+n—3, and two nodesu, v&€V (X, ).
Output; A path fromutov in X, , —F.
Let 6 to be a global variable;
print (XFR(X, . F, u, v));
function XFR(X,,, F, u, v, k)
1. if (u, v)EE(X,,) or k=0 then
2. return (u, v);
3. else if |F|=2ko+n—2 then
4. return (BFS(X,,—F., u, v));
5. else if F=0 then
6. if 6=1 then
7. return DCellRouting (X, ., . u,s v);
8. elseifo=n—1
9. then return BCubeRouting (X,.,, u, v);
10. end if
11. end if
12. Let mFas the first index of the subsets with the minimal number of fault nodes
13. Let a<(u),, B~ (v),;
14. if a=p then
15. if a €mF then return (XFR(XS ., F.» us vs k—1));
16. else if a €mF then
17. for i in mF then
18. P<-XMapping(u, X, ,» X, 1.,» Fs mF);
19. Q<—XMapping(v, X,., s Xi 1., Fs mF);
20. break;
21. end for
22. f V(POYNVQ)=O then
23. S<XFR(X, ,,, F, P[—1], Q[—11, k—1);
24. end if
25. return (P, S, Q ');
26. Find the 1st common node x from P and Q;
27. return (Path(P, u, x), Path(Q ', x, v));
28. end if
29. else if a8 then
30. if e€mF then
31. Q<XMapping(v, X, X5 1., Fs mF);
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32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

if u€V(Q) then return (Path(Q, u, v));

end if

return (XFR(X5_,.,s Fy us, Q[ —1], 2—1), Q);
else if B&€mF then

P<XMappingCu, X,.,s Xt ..+ Fs mF);

if v&€V(P) then return (Path(P, u, v));

end if

return(P, XFR(X?_, , F, P[—1], v, k—1));
else then

for i in mF then

P<XMapping(u, X,,» X, 1., Fs mF);
Q<XMapping(v, X,,» Xi 1.5 Fs mF);
break;

end for

if V(P)YNVQ)=0 then

S<XFR(X, ,.,, F. P[—1], Q[—1], k—1);
end if

return (P, S, Q );

Find the 1st node x from P and Q;

return (Path(P, u, z), Path(Q ™', z, v));
end if

end function

function XMapping(u, G,, G,, F, mF)

S W N

al

© o0 N O

10.
11.
12.
13.
14.
18.
ok, 5K 4 i XFRouting 8% BT BB AT A/ L 20 B JLins ) 2 29 B2

EES Hr=1.n=3Ho€ {1.n—1) 0, ¥ EENTEES FCVX,,) HI|F [< 2k +

for v in N(G,—F, u) and v in mF then return (u, v);

end for

for v in N(G,—F, u) then

for x in N(G,—F., v) and v in mF then
return (u, v, )3

end for

end for

for v in N(G,—F, u) then

for x in N(G,—F, v) then

for y in N(G,—F, x) and y in mF then
return (u, vs x5 y);

end for

end for

end for

end function

n—3, F¥E XFRouting Al M EH X, , — F AL W AAS 6] T0 A5 (8] A9 — 4 o il b A%, IR &2 2% 1 R
Ok) < OCrlog, | F |7 &%.
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E Yrk=1l,n=3Hoe€ {1, n—1} B, FEES F CVX,,) HER | F [< 2k +n — 3,
XFRouting FiE AT At X, — F TAEEMW DR L o« 8o 19— S50 E K4S, XFRouting Hik 4
% 4 4~ pR%L. XFR., XMapping, DCellRouting"'? 1 BeubeRouting™™. H 52 81 56 % XMapping 4 1% 4 M
G, PRI w B G, — F M — 4 LB . %L DCellRouting i M o =1 B} X, , Hu v B9 — 51
%, PREL BeubeRouting Wit Mo =n — 18 X, Hu 3o I — K842, PR XFR FH9 8 19 B 42 DL — A~ 1)
TG SRR, P TSR BN £+ 1 M4 BRROR.

PREL XFR 55 1 — 247, 2R w Flo fEAED, W EHER W (s v). PREL XFR S 3 — 4 17, WA 55
| F | =2k +n—2, MR B8 8 (BFS) M 1 — 4 Jo M e 42, 78 S SR T8 F B 1) &2 2% B
OC(t,,)") . BREUXFREE 5— 1147, SICH BT 5 H o =1 i 56 %L DCellRouting ¥4 3 — 4% T B 6 4%, 15} 1A
B2 R O, B EET S H o =n — 1 B8 R4 BeubeRouting #4) 18 — 25 O I8 4%, B [a] &2 2
OCk). PREL XFR %5 1217, /N5, WEERER OG).

FET RS 5 MG SLITHE s B XFR BRI S R, & R =n + ko — 1. mF ERoR BRI 7 I RTZ
s BARTHEMNE., Kb Yo=10, s=r, ., +1, Yo=n—10, s=n. BRI XFR% 14— 1517, Ya=
BHa € mFu, TU)<<TGk—1)+0OMR); BRI XFRE 16— 2817, Ma= B Ha & mF i, WA TGk <
Tk —1D+OR); R XFRE 293417, Ba#pHa € mF i, WA TR <TE;—1+0MR"); KL
XFR %5 35— 3917, Ma#ABHBE mF W, WA TG <Tk—1) +0R"); ¥ XFRH 40 —5217, 4
aF#Bya & mF HBRE mF WA TR <TER—1) +O(R?).

A T 75

T(k) < max{OCrlog, | F |7 R, OR)., OR)} <

log | F|

max|{ Z OR—i+DH+OR—1log, | F D, OR), OR)} <
i=1

max{O(log, | F | R*), O(R*), O(R)}

BT O < Oog, | F | £°), IEEE,

TR R, B 6 M XFRouting 55754 1 A9 %42 1 B A9 fe KA.

FE6 YHr=1,n=3Hoec{l,n—1}0, WFEENTEESGF CVX,,) H|F |<2ke+
n — 3, XFRouting & AT I & th X, — F tAE PSS [ T0 6 (R 1Y — S5 Jo il e B A2, FLRS AR K ey | 5%
H
28 +5 A
Slog, | F |+ —1 Fro=n—1

E 4 L(k) %/ XFRouting HEMEMR B MBARMKE. X | F =08, 4 DX, £xEX,,
B ELAS . MR SCmk[12] FnScEk[13], WA

o<l

M —1 17
k+1 Hro=n—1

M0 <| F|<2ko+n—30, 53U FIEEIHE:

PREL XFRES 14— 1547, L(B) =L (k—1); PREIXFRE 16 — 2847, L (k) < L(k—1)+6; R XFR
%529 —3447, L(B) <L(k—1)+3; BRECXFR 35—3947, L(k) <<L(k—1)+3; HR%EL XFR % 40 —
5247, L(k) << L(k —1) +6.

D(X,.,) z{

é\
d =log, | F |
A
ax{6d +2"'—1, 34 +2"" —1, 28 — 1} ro=1
L(k)< max ﬁo
max{6d ++F+1—d, 3d+k+1—ds, k} ro=n—1
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Mo=10s=¢t,,, F1>| F |, Wd=log, | F|<1. HItA

2/1\1 +5
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1
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o O
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