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integer or not, adjacent to a given vertex, by using Chernikova's algorithm, and 

then remove the nonintegcr ones. Hol~'ever, sincc the number of all adjacent ver-

tices can be vast]y superior to that of the integcr ones, this does not seem reasonable. 

In the casc of thc above nurncrical example, for instancc, Chcrnikova's procedure 

generates 10 noninteger vertices adjaeent to xl=x3 = 1, xj=0, j~ l, 3, in addition 

to the three integer vertices that 11'ere also generated by our procedure. 

3. SET PARTITIONINC wrrnOUT CUTTING PLANES 

IN THIS SECTION Ive describe t~~･o algorithms for solving the equality-constrained 

set covering problem (P) . Both algorithms sharc the feature that they apply the 

TABLE I 
AN ILLUsTftATlo:( OF THE COLUM'T-GE,TERATI a PROC URE 
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primal simplex inethod to problem (P') 1lithout recourse to cutting planes, and 

use a column-gc.nerating procedure to overcome the difficulties causGd by degen-

eracy. In Algorithm I, the column-generating procedure is gea.red to producing 

oue 'improving edge' as soon as possible, i.e., a composite column that can bc 

pivoted into the basis so as to yield an integcr solution adjacent to, and better 

than, the current one. In Aigorithm II, CGP is used to generate all composite co]-

umns that yield an integer solution adjacent, to and better than thc current one; 

then, in vielv of Theorem 4, all remaining coiumns of the current tableau can be 

removcd. Itis not clear at t.his stage which of the t~vo procedures is preferable, and 

hybrid algorithms are also feasible. 

Both algoritbuns start by applying the primal simplex method to (P'), and of 

course onc has only to gain if one ean simplify (P') before starting. Thus, the 

various 'reduction rules' proposed in the literature (see, for instance, references 7 

and 8) should first be applicd to (P'). Also, a good starting solution may be of 

great help, and any effrcient heuristics for finding one can help a lot. 
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ALGORITHi! I 

PRIMAL. Apply the primal simplex method to (P') as long as you cari pivot on +1 in a 

nondegenerate row. Whenever this becomes impossible, Iet i be the eurrent (integer) solu-

　　　　　　　　　　　　　　TABLE　II

T＾3L0＾Ux■0R珊胴ILLUsT亘＾Tl0N0F　T＾ELE　I
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3

tion, B the associated basis. I and J the basic and nonbasic index sets, A = (B. R) , and 

~ =tlR the current (all-integer) simplex tableau. Let dj, feJ, be the columns of ~, and 

Cit j'J, the redueed costs, with ej;~0 required for optimality' If Cj~~O. VjGJ, stop: z is 

optimal for (P) . 
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Se' Parthioning 87 
all veriices of Xl ~djaccnt to the currcnt vertcx :~, hcnee in particular all vertice 

adjacent to and bettor than ~, whereas the formor guarantees that the tableau 

eonsisting solely of composite columns defining such vertices contains all the col-

wnus needed to produce an optirnal soiution. 

d NIJMERICAL EXA:MPLE 

IN TEIS SECTION we solve an exalTIPle by Aigorithm I. 

Tab]e 111 gives the v t 
_ ec or c and the matrix A for the example. 

TABLE 111 
TaE NU~,ERICAL EXAS(PLE 

c- (15, g･ g, gt 3,;12, f i, ~ grlliS, S, l, ~, g) 

. ' Jt= O I I O O;i 1 1 O O;O I O O Oj 1 l I O O O;O O O O I{1 O O O 1 1 
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2 O 1 l: ' -l The gimplex tableau ~f' 
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PRIMAL produccs the simplcx tableau p of Table 111, 

on an eiement aij = I (such that ti<0). in which no more pivo~s are possible 

MCGP. F= {3, 4, 5]; J* Il, 6, ..., 12, 14, 151. 

First iteralion: No rows marked -
. c,=-3, t=10; choose '~5. S;0=16, 8, 9, 141; JS:o =S~Io =S:o; Sso = {~, I~･ S:2' 9f_; Es+ilo =1 -3 = _2<0, and a8+aio satisfies (3') 

BLOCK PIVOT int~rdduces xa and xao into the basis replacing T by the simplex tableau 

F' of Table 111. ' . 
PRiMAL sends to the next ,5tep. 

MCGP. I0={2, 4, 51, J={1, 3, 6, 7, 9, Il, . 

1" 

,15] . 
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lh Ftrst iterat$0n No rows marked 5 * -5, t=12; chcose t*2. Sa'=1~4, 9, Il. 6a'+ 
C$8=3-5 = -9- <0, but ~$,il+as,t'=3-1 =2, yiolates (3'). ~c9+5it=5-5~~O. 

Remove Qolumn 12 and add columns (14, 12), (9, 12), and (1, 12) to Tl (not sholvn 

in Table 11D to obtain the tableau T' of Table IV. 1
 ･;fl,1~JJ ~ ~
 

I
~
 

Second acrallon:No rows marked. ~t=-3, t=3;choose =2. S3={14, Il. 3 

Remove column 3 and add colunlns (14, 3), (1 , 3) to T: to obtain T' as shown in Table IV. 

Third ~eration;The row with index i=2 is marked. ~t = -2, call ll4, 12] =Qlc, so t =16. 

ChooselF=5- Slc-{15 Il} cla+cl8 1 2<0 and all+assatisfies (3) 

TABLE IV 
TABLF.AUX FOR Tt!E "~UuBRICAL Ex~!"tPLE 
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The 8implex tableau T': 

l -ea ~x, - x a - :Ft -:et - X7 - XI - ,1:8 
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BLOCK PIVOT introduces xl:, xll' and x,4 into the basl:~- and produees the shnplex.' tat,-

leau Ttr of Table IV. 

S{3-- 2) ~ / Sf35~T/ . 2 -~lJ PR[}tAL sends to the next stcp. 

MCGP. I0= IIO, 51,J ={1, "',4, 6, ..-,9, 13, 151. 
lr Firsl i!eration:No r07"s marked. ~ = e . -1,t=13;choQse,=5. IS13={15, 2}. The ne'ct 

tableau is T2 of Table V. ' 
Second irde~ation: No rows marked. ~t- -1, cau {15, 13}=Ql$' so t=16. Choose Jb(=A r= 

~ ~P I i~L;~S16 =e' Remove column 16 to obtain Ta of Table V. 

lb " _.._. . ,=-1, t=4; choose~5. S4~{15, 6, Il. .rthird iteration' No rows marked. e 

Remov, e column 4 and add columns (15, 4), (6, 4), and (1, 4) to Tt to obtain T' of Table V. 
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Fourth iteration: No rows marked. 5,= -1, cau [15, 4} =Qlt, so t=17 Choose 5 
SIT = 16}. Remove column 17 and add column (6, 15, 4) to obtain T5 with c~i~0, VjcJ. 

Hence the solution cll =xi: =xlt-1, x: =0 forj~11 12 14 Is optimal 
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