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Abstract: A dobby loom is a weaving machine prevailing in the textile industry. By introducing long-eye
healds into a dobby loom, we can reduce the number of heald frames required for a given design of cloth.
However, introducing long-eye healds may cause too much tension on a warp yarn, and thus, quality of textile
might get worse. In this paper, we discuss a problem of minimizing the number of heald frames under the
constraint that warp yarn tension is kept uniform. First, we formalize the problem as finding the exclusive
Boolean rank of a Boolean matrix associated with the design of cloth. Next, we show that the problem is
equivalent to the biclicue edge partition problem. Finally, we propose a heuristic algorithm and conduct

experiments on various weave designs.
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Fig. 1 (a) Loom, (b) normal heald and (c) long-eye heald.
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(b)
B2 (a) @8, (b) M

Fig. 2 (a) A woven fabric and (b) its weave diagram.
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Fig. 3 (a) A lifting plan diagram and (b) its matrix represen-

tation.
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Fig. 4 Movements of long-eye healds.
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Fig. 5 Effects of introducing long-eye healds (1) ((a) Only
normal healds are used, (b) long-eye healds are intro-
duced).
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Fig. 6 Effect of introducing long-eye healds (2).
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K7 (a) 7= WMTH W, (b) 2#827 77 Bw
Fig. 7 (a) Boolean matrix W and (b) bipartite graph By .
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Fig. 8 Boolean matrix such that (a) the Boolean rank is three

and (b) the exclusive Boolean rank is four.

5. ZORMEZE, ¥R ER /MU L 15,

3.2 HHMERY 7 —UREBIC L B3 ERAE

31 HITOEENS, RO LI PRy 7 — VR %
EETL, A miFnHOT—VITHET A, Alx, m
Tr DT —=VITH B & r 4T n F1O 7 — VATH] C OFE
A=BxC ELTEHTAIENTELET L. il
T=VHETIE %, @BEOTHORETH L Z LIZERS N
72w, A OHMBAY 7 — VL (exclusive Boolean rank) &
X, A7 —VATHI B & C DRETELIZE EDRAND ¢
DT LRV, F8 DT —IVITH, T VBEEIZ3 TH
Y, BT — VERIZ 4 TH B,

P &HUeX % 2T m AT r FIOATHI, T #fFitdk % &9
rAT n BIOITHIE B, Px T O (i,§) Bi5r% (P xT),;
EERET DL, PIZBULIIA fISHIET AT, X2
S fi DA L EI, EOREMES LA T AP ERLTW
b. F72, TIZBT 72Tk wy IHIET 5501, 72CTH
w; BB FFEOFERL TVD. LoT, (PxT)y i,
wj VHDLHFT, LIk fi 0EHESICEALTWDSD
DO EFRT. Thibh, ROBEEES.

B 1. LK AL B2 Thow RIS N DY
&, FOI2THRIT (P X T)i,j ORI L > TROE N5,

B 112X, KL TGRPFOSNAS & X I2IEE1D
DIFEROEFICE->THIOINLEE, ZLTZEOELED
HPXTDFTRTOIEERSIE1THAD. L7za>T, or
YO EERGHEEAN LBl s L &, K72
THRDTZTE L DOFED EFICE o THEOE N5 &) 5
Eo b & TRAMEHREZ RO L EIE, W=PxT &
%% P OR/NOFEE (T Oi/hOATE) %3RO 5 M & 5%
iz v, 175 W OHHMBE) 7 — )V EEECE R 5 [ RE 2%
LnWZ Eagnb. Hle LT 6 OfFHOITHIFERI % DL

TITRT.
0 0
[ g]:[ g]x[;mg]
1 1 0O 0O 0 1
DT = VMTHI W 1E, 5183 O 7T — VA5 P &47%
SOT—=ATHIT LDORETEEINL., TOZENSITH W
VAT A iRk 3 B DFE R & FE O/ CHE T 5
TENTE, Lhb, 2TRPEOSNS &I, 200

[

7/

0
1
1
0

cocowr
ok KR
OO O
O == O

1916



1E3RNIBF L/ TEE Vol.54 No.7 1913-1920 (July 2013)

ORI L o THO SN S Z &g,

3.3 2FV ) - U RERMBEANDOEH

ZZTIE, T ATHIOHMAS 7 — VBB A SR B[R E
W27 T TDr ) — s pERMEEEMTH D L EIR
T.28 777 GO0 ) = 5EEE, GO2FI ) —2
DEAEC={C1,Cy,...,C,} T, GOEDILL C D772 1
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i) 7 — VDS 1 THAH T D, M EER L7z By 13
288777 By D287 ) — 7 ThHAH. #lZ, By D28
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DTFIBVTis Y BLXO + I@FOMEERT (0F
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mAT r FIOT—=NWATH] P & r 47 n HIO 7= VATH] T Ol

ODFHDOETW =P xT ERTIENTEL, 512
PxTa W= PyxTy tETIENFTEDL. EF
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Wro7EREZL, HEL L)PMN T - VK21 T
H 5750 By D287 ) — 2713 ed 5. - T, By
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DEBENTH L. RECIIERY TV T) AL EHRET 5.
282777 By I2BWT, T(v;) =T (v) &% 5% 2HDTH
Ho Lo, WEAETLAHEEER L. v; ZHIRRLTTE %
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HOQ ERDDLIENTES. By »5 Bl ~DLHRE fi
IMEEER, KREBRTIZE T IV T X LDEFFITETLD,
TRCOREGNI L CTITREZR R Y DML %479 .
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L L, Greedy-RLF I[Z X N ELNIMBOY A X% rg &
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MEBI S E DX DEIPNE N L2V h ol —HT,
reg <ry ERBMEHOLLNOLTHLI LG0T,
FD0, WETNVTY AL, rg, rv 2L, NEh
I r=min(rg,ryv) 215 5.

Greedy-RLF

COTNTY) ANE By oA 7Y — 7 2 RET
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Dfle;  Gp DIHBER LT, 2FN) Vg =FE &35,
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Fig. 9 The graph Gp constructed from By in Fig.7 (b).
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ROFPFET T 7R TV T) AL RLF[8] 1280, Gp
(23 L RLF 285 1 25 ) Y CRTHMDOERIT G @
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797 Thb). DEXY, 2377 7 OR/NESHE V!
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MUk 2358277 7 By, OTHEEE m/, n' (= Hlizst
D HFE I DOFFHRED) L3 5.

WET VT XL OMWREE G % 720 (RG> )V
NIZX o TRERzZ RO72L 25, 706 DREBIO S ),
679 DRIEGI DM E RO DL ZENTE2. TOREE
vy, VC-BEPP ¢ Greedy-RLF % Z i ZNHMTHE
ITLEGEL, RETIVTY XL L TREEMEHE S 71
HERIOME TR LIRS, 22007 VT A L% lMlAED
BB EIZE ) EEMERD D S EHTE BREGIAE 2
BHZEDHIL 7.

EHIC, MEfAZRO L) ITHTEHLT, ETVITY X
LD ERE & 7z, RGOV NIZ L o T 1R o
HIPREE R PUC R % KD B Z L ST E 7295, —ET VT
AL & o TIIRIEHR 2 KO B 2 LT & o 72[E
Bl 28 % 7V —FT & Lz, F72, BEENR Y LV NIZ X -
THRBIRATRD B Z L WSTE o 12HEBI 27 D S B,
FEBOA TV EEARDIZOFEITTE L7 A HOR
Bz Rz, 23 oM@ 7y — 711 & L7z, [ME
B3 LFEZET IV T) R LD5ER L 72k WEE « = r/opt
TET. 22T, ri3RET VI XL THE S N2k
BT, opt 3REHOGEHIEHKTHL. T2 I1EMUFEa T
ED, TIV—=FTE7NV—TFI OREFOMEEZRT. &
B, FV—=T IOV TEREBRIELSN TR WZD,
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K1 ET VT AL X o TRIEBH S W7z AR o 8 %
Table 1 The number of instances for which the proposed al-

gorithms obtain optimal solutions.

679 OREBID 5 & I it %

T Kb ENTEIL DD
VC-BEPP 632
Greedy-RLF 412
RETNT) XL 651

F 2 BETNVT) XLDEME

Table 2 Approximation performance of the proposed algo-

rithm.

U Ve INV—T71 ZNV—=711
1.00 < a <1.10 13 7
1.10 < « < 1.20 11 3
1.20 < a < 1.30 2 6
1.30 < a < 1.40 2

1.40 < 5
=i 28 23
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D, INSOREFIOTT, o DIRKEIZ1.71 TH o 7.
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FERS, SCHK [12] TIEBK 2827 ) — 27 2FIZEL T, 257
D= WBEMELRNTBY, K LOEBRNETH S
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Vel n!, 38E TV TV XL & o TE S N7 kb
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W Z LS EEITTRIZTEOBREIY AN D 5. ZHUIMTE
BOLIh»HL L XIS, BT 507721 2Th
LT EIHIELTWA, 2D X912 VC-BEPP (3,
HWZEZ Ao Cwb. X 10 (b) Oftld Greedy-RLF
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(b) 16—12
10 EHEHEADHEAK S b0 MHHOR (e 1 Wil
OHMM, A L RHEHEEA) ((a) M, (b) BERISGR)
Fig. 10 Two lifting plan diagrams on which introducing long-
eye healds is of great effective (left: Only normal

healds are used, right: Long-eye healds are intro-
duced). ((a) figured weave, (b) twill check).

WXV ESNMARTH L., ZoRBNE RS E£4TT
BEOB<ADNH L. Thid, LI4INELE EICHOT
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|12, VC-BEPP t Greedy-RLF 2SIl &, #h
FNOTNT) ALBMTHEIT LG G L KT L, &
D% OREIFREROD LN TEREEZOND.
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REHREAS 23027 7D 7 ) — 7 43 EIEICIRAE T H 2 &
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MR MU E ISR T 258 R T LV 7)) A2 EL,
FRS B S T B R AARR R L CEBRZ AT o 72,
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7R TN R A IR L £ 7.
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