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Abstract

Hypergraph and backward hypergraph are an important class of the network topology used in
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computer networks and communication networks. In order to improve the fault tolerance of net-
works and transmission paths, the design and optimization of disjoint paths have become impor-
tant research topics. In this paper, in the directional acyclic backward hypergraph, when the tail
node number of each backward hyperarc does not exceed the given constant ./ , the Min-Max op-
timization problem of constructing two node-disjoint backward hyperpaths (B-hyperpaths) from
the source node to the sink node is researched, so that the value of the greater weight in this two
node-disjoint backward hyperpaths can reach the global minimum. In order to solve this problem,
the auxiliary hypergraph based on the original hypergraph is constructed and designed firstly,
which is also a directional acyclic backward hypergraph. The original problem is transformed into
a B-hyperpath optimization problem with multi-weight function in the auxiliary hypergraph. Thus
a pseudo-polynomial algorithm is designed to obtain an optimal solution to the problem. Based on
this algorithm, the design scheme of the approximation algorithm is further given to obtain an
(1+ &) approximate solution which effectively reduce the complexity of calculation.
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B P B v B TREICIE B, (s >v)» Il
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Figure 1. A backward acyclic hypergraph H with 4 nodes
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Figure 2. The auxiliary hypergraph of H
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(i, ) HOPTA ARBAEAAAE 1, o0 5005 1 S SERBN i — AN SO RRA A SR 5, 26 (1, ¢)
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4.1. HEFREE
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(SIS E B A (1, /) BOK TR R332 Y = max (Y, | 5006 HOARAE, e = y'+ w7 ({v,, |y,
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Algorithm 1. The calculation of the label set
B T EARESE

BN H=(V.EW), HH A

i {1, 1<ij<n|

LB H? = (),E,)

2. 1,,=@,1<i,j<n, I,={(0,0,NULL)}

3.for i=1:n

4.for j=1l:n

5. for each E':({<i,kﬁ>},<i,j>)e€2

6. IT(E")=a

7. for each (Xﬁ,)’kﬁ,pred)elhkﬂ,ﬁ:1,2,---,a
8. if X,=X,==X,

9. [Rz,kﬁ’l;,zukﬁ} = BACK(LW (Xﬁ,YAﬁ,pred))
10. if P]i,lq :Pli.k2 —... :Ri,/;,,

11, (X,7") = (X, max {1, })

12. c=Y'+W({vkﬁ},vj)

13, I,=1, u{(Xl,c,T(E'),{(Xﬁ,Ykﬁ )})}
14. end if

15. end if

16. end for

17. end for

18. for eachE'=({<k,,j>},(i,j>)e€z

19. IT(E")=a

20.  for each (Xkﬂ,Yﬂ,pred)eI,{ﬂ’j,ﬂ=1,2,---,a
2l if Y=Y, ==Y,

2. [R.p]= BACK(LW (x,,.Y,. pred ))
23. if P =P =...= P’

24, (X77) = (max{x, |7

25. c:X’+W({vkl,vkz},vi)

26. I,=1, u{(c,Y],T(E’),{(Xkﬂ,YI)})}
27. end if

28. end if

29.  end for

30. end for

31. end for

32. end for

FEE L EH D, AHEEA (L)), WRAAEN (s,s) B (/) KRR W@ P, 4 X =W (B,
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Y=W(P,), MEELAI, (6 (XY, pred) e I, L1, , R E IR 1 B L4748

VEB: i+ BERIAGN, Mit =20, i= =1, EMBIE BRI EERE T 1, ={(0,0,NULL)} .
i+ j <k WEERBOL, M+ j=k N, #B P FIRE—ZRMIGET SN o , ARG —%
RN E = ({(i,x, )} (0, 7)) > 8 P A (s.) B (i,x, ) B R gssic s P, OF B2 w (B )= X7,
(B ) =" HAREE AL 307 RABE X = X7, ¥ =max (Y7 | B=1.2,,a} + W (E') I x, < j »
i+x, <i+j=k, EEIUEléV\]?ﬂE‘(X'B*,Y’B*,pred)eIi’xﬂ o AT 10 ATHIRM R =B = =B, PITH
1~13 47, @FIHRE (X, VT (B (X7 )| IR 1, o, WO 2 TR B R (A0 157 )7 KT
BX=W(B),Y=W(P,)o FTLLI  THIFHE(X,Y, pred) .

TR 1, AL VA 1 B BRI AR5 . RAEVE: B 1, 47 (X, Y, pred ) R RE T — 4%k IR
WA B P, WIFE P B ATEERA (20 )(%0 0, ) (3 (%0 1), (3, v) i B P BRI A A T
I(EACEIN AR, ARG (60, ), (%0, ) I P BIKIKHE SNBSS BHTIE P P, RIS
12 AFHHIA AR, T P P2 SRS HUT R TSR IR, WORSIE 1, B, &,

HARE: 5 34 THECUMER, 8 5 FIRERNARER m Kib, B 7 FOEFREH
o [Fon | |7, | - BRI o 28 0 ATHOBEEBTEE O(n) WA, BILALL | L AER
O(wmlil"), Seobt 1] [1] ='W EARGHEMBA B, W SR B K AE
4.2. Min-Max 832 & B EE

$17 2 99 Min-Max AHIZE B IS 5008, S0 0 0R . B SR AR ST 05 1 4850 5 (0, 1) bR 42
1, o FURE 1, b AR KR AT B B 55 KA B max { X, Y) BEATEEAG, 400 max { X, Y} 45
BN (XY, pred ), BAAFFIG (XY, pred ) Hi 2 B min (max {X,Y}) . Bos ML 3 45
Ed| (X*,Y*,pred) X LT 26 A FEAE I AL % B, P, o

L L 2 R B

Algorithm 2. Min-Max disjoint backward hyperpaths algorithm
E% 2. Min-Max T3 & B8 E%

BN H=(V.EW), st

Hith (X*,Y*,pred), PP’
L PATIHHE RS HIREE 1)

2. (XY, pred) = (0,00, NULL)
3.foreach (X.Y,pred)el,

4. if max{X,Y}<max{X*,Y*}

5. (X*,Y*,pred):(X,Y,pred)
6. endif
7. end for

8. [R.B]=BACK(L, (X ",Y",pred))

SEHE 2: L 2 i B, PR BALAE
E: BBERIAEA BB RS W (B ) FIw (B ). IREESIEL 1, 78 M, =(1.5,) FFAEAER R
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R PSR & X =W (B )=w (B )Y =w(py)=w(B) . ML 1 IE
(XY, pred) e I,, « £ 2 WA P W BIIIEREE (XY, pred) . B T 53 4b— & VR
B ST HIRRAE (X, Y, pred) » S RERASIAT OB 404, BTl max { XY} <max {X",Y"} . BT
P RIAR, A max [ X,Y) > max (XY}, BHEFIE . $CELE 2 W00 B, B & Min-Max A9
AT I [ B 1 e AN i

SIARBE: AT | THEO(wmlI ). X1, PR AR SRR O(|1]) o )
SRFER O(n) U ESABRATIERR, ML 2 MERIEN O(wmI]') . Hh 1| AR B
KR, [1|=mW?, W AR E AL .
4.3. FRFEHEE

B IR S0 g 1 RN 2 A )5, R RS AR SEA5 BILE H rpoRt 2 AR 7 2R AN 52 5 v i
AN AR . BUSHOT A (1, ) R L, = (XY 000} 0 )« BUBEEBAS N i eite
Seth N, WIS VA L I IEON. BB EIEET A (s,s) » 01, ={(0,0,NULL)}, R %L
WA pred # NULL i W] 75 24K 22 [0 o AR 45 i 4k w40 W il 4k 9 /K F9IGE 2 9k a1 9K, an 52 7K1 ED
i =i B R R ({7), ) B £ (B ) T, SRR IRED 7 = j BRI L (7)) IEL () o
N T AT gk se ], KR AL =(X;,Yj.f,pred))\13}\§'J N, REEHREE N AT . FligHEE
AR

Algorithm 3. Label backtracking algorithm (BACK)
B 3. REEMEE

WA H(W.E). {1, N<i<il< <)}, WL (XV40.70.{%7 )
%‘”:H . Pliu N ,P;l i

1. N:{(X,Y,{i’,j’},{X],Y;})}

2. while N #@

3. L (X040 704X ) O ik A
4, if {i'j'}.{ X))} = NULL

5. if =i

6. it ({j}.7)e&(R)

7. E(R)=£(R){(l7).))}
8. end if

9. else

10. if ({it.i)e&(R)

11. E(R)=£(R)v({i'}.i)

12. end if

13. end if

14. N =NU{L (XY, pred)}

15. end while

BB A R B HE N, Bk v, Ay, (B B2 o f R BN R+ +2
NRABE N HEZ AN 1K, FreEss ks 2 i+ j +2 0 WWHEZRENO(n) .
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5. IEIEE

FT BIRSR Min-Max AHHZE S ]88 8% I 7R A e A0 A, AR 1938 1k B AR LB RO BL, BRAR 155005 1 vk
BT R, MR 1 1+ e RRIERRAR VIR R A

BAMKIRE 3 TR A, S, XA (L)) HEALHR RS 1 IR TR
AL [ab]=(X.Y,pred) , Hrta=|log, X |+1, b=|logsY |+1, ab<|log,(nW')|+1, FH%

S=(l+eyns, Hosolf, o>1. BFRAUPHREEEE, BASEIF.

ERIEALIE R, 48— (1)) OBFRREEN L, [a.b] = NULL . $5 F MR LIR 5 (1,1) 067
bR2EA L, [1,1]= (0,0, NULL) «

PN RS SVL 1 VS S BEARAS . S 1 A 35 ATIRIA RN, 2k 0 S 1) SR K
YU, 5T TN L, IR L, [ab]= (XY, pred | BEATILEL 8-11 FHBAA, #1247
By e =|log, (Y4 (E) |+1. Hi=j=10F, KT MBRHSTURIGE, WH L, [a,.c]=D, P45
1347 L,, [a,c]:(XI,Y’+W(E’),T(E'),{(Xﬂ,Ykﬁ )})%ﬂ I, =1, 0{L [a.cl}, BMAREH I, . 28R
FIILAAA RS, 455 20 TR L A L [a.b]= (X, .7, pred | HEATECHE, 21-24 {7 S5TRF
W, 525 AT E B o =|log, (X +W (E))|+1. Wiz j=r0t, KT MBREATAGEE, WE
L,[c.b]=2, PITHE 2617 L, [c,b]:(X’+W(E’),Y1,T(E’),{<Xkﬁ,Yﬂ)}) L, =1,0{L [eb]}, HUR
HHI

T AR T, B AT BRI, K I R A BB AERE R T a,b < | logy (nW) |+1 BAPY
bR h . I ELYE 7, 19 MO TR0 BLE S0, FRATTVRIN T L, [e,b] = @ A& MR th T A OB,
PATFL 4 FE 1, P L, [a,b] F748 00 (X, Y, pred ) » 13 ZILT A (X*,Y*,pred) o RAADIRINT

Algorithm 4. Approximation algorithm for
Min-Max target

E3% 4. Min-Max BFRIEVE .

BN H=(V.EW), st

Btk (X*,Y*,pred), PP’

IR gl B oY 3 KRS
(XY, pred) = (00,00, NULL)
foreach L [a,b]=(X,Y,pred)el,

»

if max{X,Y} < max{X*,Y*}
(X".Y", pred) =(X.Y, pred)

end if
. end for

- [B.B]=BACK(L,,(X",Y", pred))

® N v AW

FIBE 2: RUCAE H, TAAE— 5 (s,5) B (i, j) FIEA T B ks P, & X =w(R,),Y=W(pP,), Hik
AR VE G, W (0, )) FAEB AR L [a.b]=(X.Y pred) el 13 X/6 2 <X <57X ,
Y/§H <y <5y
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WEB: Xf i+ j #EATAGN, Hi+ =20, BTREEHPAE 1, T RA (0,0), BRWLL L. Hi+ j<k

i, BRI, 4 i+ =k, JEBAE M, TAETE— M (s,9) B (i, /) FIRR e P, I fi s b P
(i) R RN B = ({(ix, )] (0, 7)) » B P OBLIK A (i, ) B0 RUBLELRT AT UG 535012
W(p;ﬂ ) = XP, W(P[j/f ) =Y/ AT RAE) X = X7 ¥ = max (Y7 | B =12, a |+ W (E') e XA x, < j
Fihi+x, <i+j—k> BURSVERE, 10 (ix, ) BOARESE AR ERTAE (X7, Y7, pred ) i
Xﬂ+/5i+xﬁ—2 SXﬂ’ S6i+xﬁ—2Xﬁ+
Y/3+/5i+j—2 < Y,B’ < 5i+j—2y/3+
5 (i, ) BBRRAS A (X”,Y” +W(E'),{(i,xﬂ>},{Xﬁ',Y”'}) o AX =X AY =Y +W (E), &
X'=XP <" xl <572,
Y'=Y" +W(E')
<Y W (E)
<" (YP 4w (E))
S5i+xﬂ72Y
S5f+j—2Y
X'= X" > x5 > x5
HT s> 10
Y'=Y" +W(E)
>y’ )57 e (E)
> (Y/ 4w (E)) )60
> Y/5i+xﬂ72
> Y/5i+j—2

FEH 3: Min-Max AHHAE S )BT A SRVE TG B 1+ & T BA#

PEBs BN (1,1) 20 (n,n) S0EAR BB 3 HLER REMIBUE A IR X7, Y, IR B A
(X,Y,pred) . W3 H 2, 1 RiD=! <n,n> e aay ey L, [a,b] :(X',Y',pred) el 15 X' <5 2X" M
Y'<o™ Y. BNS=(1+e)m2, FILLX <(1+&)X", Y <(1+&)Y . B4

max {X,Y} <max {X"Y'}
Smax{(1+5)X*,(1+£)Y*}
= (1+5)max{X*,Y*}

BRI, AZANAE S A SEAR B 1 1+ ¢ LU .

STABE: Min-Max AR AR R SAER O(w'ml1] ), 3608 |1 = (log, (n")) > W' Ky
SABUE I KA IZIEBVRRER R T AR 5 4.2 52R10, R A B3R
6. Z5iE

FEATR R SCr, FATIFFE 1 A2 T Rl s v Pl o 3 R T e Y1 A 3 1 s ) R 7P 2 AR 28 I v R )
Bt AL R, KA Min-Max VE ARG E AR, S5 A R PR, 4 5 18 P ) Min-Max A8 R
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