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Abstract: The modular data center networks comprise inter- and intra-module networks. The structure and routing of inter-module
networks take charge of organizing modules, and communicating among servers in different modules. Thus, it is the most important issue
to design an inter-module structure with high bandwidth, high fault-tolerance, and flexible scalability to build the mega-modular data
center. In this paper, an inter-module network structure called MDKautz is proposed for building the mega-modular data center. MDKautz
uses Kautz as the basic interconnection topology among modules, and builds the mega-modular data center network with high bandwidth,
high fault tolerance and good scalability without the need of any additional high end switches. The method for how to constructing,
routing and expanding in MDKautz are analyzed. Mathematical analysis and experiment results show that MDKautz has a good topology
characteristic and communication performance, and can effectively support the typical applications with high bandwidth and high fault
tolerance in data center.
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MDKautz , , ,MDKautz
1 CH ) ,
CH (3) Kautz 1) d= %n”‘”, MDKautz
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MDKautz .
, , CH ID ID ,
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_ et Xoo Xt i | i:{(a_x"+d +1)mod(d +1), Xk¢X1Y
(¢ —x,+d)mod(d +1), x =X
Xie o Xie . X1 i Xice oo Xi. X1 i , ! %nm”
; , i , i
i
MDKautz 1
1. BuildMDKautz(x,x’,swidgyt,swidip)-
X=X Xk1 e+ Xiv oo X1, swidoe[d]  swidi,[d]
:MDKautz
1. for (i=0; i=d*+d“; i++)
2. visitedcid=0; I
3. Cid =X Xyt e Xie o X1}
4. EnQueue(Q,cid,);
5. While (QueueEmpty(Q))
6. DeQueue(Q,cid,);
7. if (Ivisited cid,) /lcidy
8. visited cid,=1; /!
9. for (i=0; i=d; i++)
10. if (i)
11. cid,=cid; i;
12. if (Ivisited cidy) /lcid,
13. EnQueue(Q,cidy);
14. if (Xe#X1)
15. j=(i—x+d+1) mod (d+1); /lcidy j
16. else
17. j=(i—x¢+d) mod (d+1); /lcidy j
18. swidy=swidou[jl; /lcidy j
19. swidy=swidin[j]; /lcid, j
20. connect (cidy,swid,) and (cid,,swid,);
21. return;
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2. MDKautzRouting(src,dst).
SIC=XjXk_1. X1, dst=yYk_1-.--Y1, {cid,sid};
path.

1. cl=src; c2=dst; path=()
2. pref=CommSuffixPreffix(c1.cid,c2.cid); /lcl c2
3. I=Length(pref);
4. if (I==k) "
5. path=CHRouting(c1,c2); /ICH
6. else
7. for (i=0; i<k—I; i++)
8. c2.cid=cl.cid Yo1-i;
9. (swy,sw,)=GetLink(cl.cid,c2.cid); 1
10. path1=CHRouting(c1,s5w1); /ICH
11. path=path+path1+(swq,sW,);
12. cl=c2;
13. if (c2.cid=dst.cid) 1

14.  pathl=CHRouting(c2,dst);
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15.  path=path+pathl;
16. return path;
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3. MDisjointRouting(src,dst).
: src, dst, {cid,sid}.
pathSet.
cl=src; c2=dst; path={}; counter=0;
pref=CommSuffixPreffix(cl.cid,c2.cid);

I=Length(pref);
if (I==k)
pathSet=CHParallelRouting(c1,c2); /ICH
else
P,=MDKautzRouting(src,dst);
add P, to pathSet; I k
for (i=0; i=d; i++) /lcounter k+1

Lif (i?le && iiyk && i¢X|+1 && iiyk,|)
. Outg.cid=c1.cid i;
. ingg.cid=c2.cid i,

if (Outg.Cid-UOUL.Cid && ingg.Cid£Uingg.cid)

. P,=MDKautzRouting(src,outs.)+MDKautzRouting(outs,ings) +MDKautzRouting(ingg,dst);
. add P, to pathSet;

. OUtgc.Cid=uout..cid;

. Uingg.Cid=ingg.cid;

. counter++;

if (counter+1xd) //(d—counter-1) k+2

. for (i=0; i=d; i++)

. for (j=0; j=d; j++)

f (i#] && 12X && j2Y && i#Yy | && j#X|+1)

. OUtgc.cid=cl.cid i;

. ingg.cid=c2.cid j;

. if (OUtg.CiduUOUtg.Cid && ingg.Cid=Uingg.cid)

P;=MDKautzRouting(src,outs..)+MDKautzRouting(outsc,ings) +MDKautzRouting(ings;, dst);

. add P3 to pathSet;

. Uoutg..cid=out..cid;
. Uingg.Cid=ingg.cid;

. return pathSet;

MDKautz
, , CH ,
e , MDKautz
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) ; 3 , 3
CH )
4. MDFTRouting(src,dst).
SIC=XXk_1 .- X1, dst=yYk_1.--Y1, {cid,sid}.

SelectPath.

when a pkt arrives:

1 SelectPath={};

2 pathSet=MDisjointRouting(src,dst);
3 path=pathSet.remove(); I
4 SelectPath.add(path);

5. when a path failure msg received:
6 path=BFS(pathSet,SelectPath); 1
7 if (path exists)

8 SelectPath.add(path);

9 else

10. return error;

11.  return SelectPath(path);

when a pkt is received:

1. if (next hop is not available)

2. Send path failure msg to src;

3. return;

4. Forward(pkt);

: CH ) ) )

flow_id , ID flow_id 3
3.5

MDKautz Kautz Kautz , MDKautz

,  MDKautz
° 1 d, k
Kautz ,
: A )
Azdk+l+dk—(dk+dk_1). d ,Azdk+l, Kk , ,
Kautz  Quasi-Kautz 23] Kautz ,
2 [23],
° 2 K, d

Kautz . K(dk)  K(d+1k) 24,
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