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UNG DUNG MO HINH QUY HOACH NGUYEN TUYEN TiNH
TRONG THIET KE PHAN MEM CAT THEP THANH

Nguyén Dinh Pinh', Trinh Thi Phi', L& Pinh Nghiép'
TOM TAT

Bai bdo nay trinh bay mét img dung ciia mé hinh quy hoach nguyén tuyén tinh cho
bai todn cdt thép thanh trong cong trinh xdy dung véi muc dich giam hao phi thép trong
cdc cong trinh xdy dung. Trong qua trinh nghién cvu da chi ra dwoc hai bai toan quy
hoach nguyén tuyén tinh 1ing véi cdc yéu cau cdt thép khéng noi va cé néi.

Tir khoa: Quy hoach nguyén tuyén tinh, cdt vit liéu, cdt thép.

1. DPAT VAN BE

Trong céac cong trinh xay dung, nhirng vat liéu nhu: thép, dng nude, khung nhom,
day dién... chiém mot phan khong nho trong tong chi phi ciia cong trinh. Van dé vé giam
hao phi do qua trinh cét vat liéu trong cong trinh xay dung ludn dugc cac nha thi cong
quan tim hang dau, boi phan hao phi nay anh huéng khéng nho dén lgi nhuan cia ho
d6i vi mdi cong trinh.

Véi nhitng cong trinh nho c6 thé thuc hién mot cach thi cong dé tim ra phuwong an
cét t6i wu nhéat cho mdi loai vét liéu. Tuy nhién véi nhitng cong trinh 16n thi giai quyét
van dé nay 1a khong don gian. Bai toan ¢ thé duoc mé hinh hoa vé dang mé hinh bai
toan Quy hoach nguyén tuyén tinh, nhung do phtrc tap tinh toan cta bai toan nay 1a rat
16m, n6 thudc 16p bai toan NP - Hard nén véi céc thuat toan da c6 hién nay van chua thé
thue hién duoc trén may tinh. Trong bai bao nay s& tap trung trinh bay nhitng két qua
nghién ctru nham giai quyét mot phan kho khian trén.

2. BAI TOAN CAT THEP THANH KHONG NOI

Triede hét ta gidi quyét bai todn cdt thép thanh véi gia thiét khéng néi, bai todn
cdt ¢é noi sé dwoc trinh bay trong muc 3.

2.1. Bai toan cit vt liéu dang thanh

Trong thuc té, ban dau cac vat liéu duoc san xuét va luu hanh trén thi truong co
mét kich thude xac dinh theo tiéu chuén. Ch'fmg han, cac loai thép thanh c6 chiéu dai
11.7m; cac thanh khung nhom, dng nude c6 chiéu dai 6m.

! Gidng vién khoa Céng nghé Théng tin & Truyén thong, Trieong Pai hoc Hong Pirc
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Bai toan: Gia su moi thanh vat li€u c6 chiéu dai 1a L, trong cong trinh can st dung

cac doan vat lidu loai i co chiéu dai d; voi s6 lugng ki, 7 =1,m nhu sau:

Bang 1. Vit li¢u cin sir dung

Chiéu dai d d> dm

S6 lugng ki ko km

Hay tim phwong 4n cit sao cho tong sb thanh vat lidu st dung 13 it nhat?

Madi loai bai toan cat vat liéu lai c6 nhiing yéu cau riéng, chang han: Bai toan cit
khung nhom thudng khong cho phép ndi; cac bai toan cét thép, cit dng nudc thi cho
phép c6 mbi ndi, nhung theo yéu ciu ky thuat nén c6 mot sé doan khong duoc phép nbi;
bai toan cit ddy lai tuy thudc timg cong trinh ma c6 cho phép nbi hay khong.

Hién nay trong cac cong trinh xay dung ngudi ta thudng cit theo kiéu 1an luot: cit
hét loai nay thi cét tiép loai khac cho dén khi du, néu doan thira con dai thi cit dé 1y cac
doan ngén hon. Cac doan thira ngén c6 thé ndi v6i nhau dé duoc cac doan dai thich hop.

V6i nhitng bai toan ¢6 quy md nho thi trude khi cat tim cach liét ké cac phuong
an rdi chon phuong an tot nhat. Tuy nhién, v6i nhitng bai toan c6 quy mo 16n thi khong
du diéu kién dé liét ké thu cong tit ca cic phuong 4n nén phuong an duoc thuc hién
thuong khong t6i wu dan dén luong vat liéu hao phi 16n hon so voi phuong an tdi uu.

2.2. M hinh ho4 bai toan duwéi dang quy hoach nguyén tuyén tinh
Burde 1: Liét ké tt ca cach cit mot thanh vat liéu ban dau thanh cac doan di, da, ...
Céc cach cit nay duoc cho béi mot ma tran A=[aij] gém n hang m+1 cot. Trong
d6: n 1a s6 cach cat mot thanh vat liéu; m 1a s6 loai doan vt lidu yéu cau; ajj 1a s6 doan
loai d; trong cach cit thit i; ai; & cot thir m+1 chira phan du trong cach cit thi i.
Ma tran A goi la ma tran cdt.
Budc 2: M6 hinh hoa bai toan
Goi x; 1a sb thanh duogc dung dé cit theo cach cét thir i (=1, 2, ..,n).
Ta co:
n
- Tong s6 thanh vat liéu can dung la: £ :ZXi .
i=1
- S6 doan vat liéu loai d; cat dugc la: X +aX, +..+a,X,. S6 lwong nay can
phai 16n hon hodc bang s lugng yéu cau k; =1, 2, .., m).
Tir d6 ta co bai toan dang Quy hoach tuyén tinh:
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a, X, +a,x, + +a,x, 2k,
a,Xx,+a,x,+..+a,x, 2k, (D)
a, X,+a, X, + +a,_  x, 2k

x . € {0,1,2,... y, 1=1, 2, ., n

2.3. Thuét toan sinh ma trin cit

Trudc tién can sap x&p dir liéu vao theo chiéu giam dan chicu dai cac doan d;:

di>dy>...>dn, tiép theo thwc hién sinh ma tran cit boi thu tuc dé quy "k cat" sau:

procedure k_cat(Lk :real; k: integer);

var 1,j : integer;

begin

end;

i:=phan nguyén((Lk+delta)/(d[k]+delta));
if k=m then

begin

end

t[k]:=t[k]+i; (* Cat i doan dk *)
n:=n+1; (* Thém 1 cach cit mdi *)
for j:=1 tom do A[n][j]:=t[j];
A[n][m+1] = Lk - 1*(d[k]+delta);
t[k]:=t[k]-1;

else

for j:=0 to 1 do

begin
t[k]:=t[k]+j; (* Cit j doan dx *)
k_cat(Lk-j*(d[k]+delta), k+1); (* Tiép tuc cat doan dis1 *)
tik]=t[k]-j;

end;

procedure sinhA; (* Thu tuc sinh ma trin cit *)

var i: integer;

begin

n:=0;

(* L, m, n 1a céc bién toan cuc *)

for i:=1 to m do t[i]:=0;
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k cat(L,1);
end;

Tham s6 delta 1a chidu dai hao phi tai mdi lat cit, mdi lan cat duoc doan dy thi do
dai cua thanh vat liéu bi giam di mot lugng khong phai 1a dx ma 1a di + delta, con ddi véi
bai toan c6 thé b qua hao phi tai lat cat thi delta dwoc gan gia tri bang 0.

D@ dang nhén thiy thuat toan sinh ma trin cit c6 do phirc tap tinh toan 1 O(m*n),
v6i m 12 s6 loai doan vt liéu theo yéu cau bai toan, n 1 sd tit ca cach cat mot thanh vat
li¢u thanh nhitng doan vat li€éu dk (k=1, 2, .., m). V61 nhiing bai toan 16n trong thuc té
thi m ¢& <100 va n ¢& < 10° nén thoi gian chay thu tuc sinh ma tran cét trén may tinh ca
nhan thuc hién rét tdt.

3. BAI TOAN CAT THEP THANH CO NOI
3.1. Dt van dé

Trong sb cac vat liéu dang thanh sir dung trong cong trinh xay dung thi thép 1a mot
trong sb vat lidu thuong c6 yéu cau ndi vi thuc té viée ndi thép sé giam duoc dang ké chi
phi cho loai vat liéu nay. Mit khac viéc ndi thép khong thé thiéu trong cac cong trinh
xdy dung vi c6 nhitng két cdu co do dai 16n hon d6 dai ctia mot thanh thép (d; > L), khi
d6 bat budc phai thyuc hién ndi mét hodc nhiéu thanh thép cung vdoi nhiing doan thép
ngén khac méi c6 duge mdt doan thép d;.

Quy dinh trong xay dung, viéc ndi thép co 2 loai: ndi han véi chiéu dai mbi ndi 5d
(d 1a duwong kinh thanh thép); ndi budc c6 chidu dai mébi ndi 12 30d. Véi ndi han thi luong
thép stir dung s€ it hon so voi ndi budc, nhung chi phi cho céc mdi ndi han lai cao hon
boi que han, cong han, kiém dinh mdi ndi...

Trong xay dung khong quy dinh rd vé s6 mdi ndi trong mot loai két cau, nghia 1a
ta c6 thé thuc hién nhiéu doan ngfm ndi lai dé c¢6 duge mot doan thépdiG=1, 2, .., m).
Khi d6, trén mdi doan thép di =1, 2, .., m) nhan dugc co thé s& c6 nhiéu mdi ndi. Tuy
nhién, d6i voi mdi cong trinh cy thé thi phai cin cir vao ban thiét ké dé dua ra nhimg yéu
cdu riéng vé viéc ndi cho ting két cdu thép nhu: c6 nhimg két cdu khong duoc ndi; co
nhing loai két cdu chi cho phép c6 tdi da mot mdi ndi; co nhing két cau chi cho ndi & 2
dau; c6 nhirng két ciu chi cho ndi ¢ giita; c6 nhitng két cau chi cho phép ndi khong qua
mot ty 16 nao dé tai mdi lat cat.

Nhu dd dé cap ¢ trén, viée ndi thép s& giam dugc hao phi trong cong trinh xay
dung nhung diéu d6 ciing gay ra nhiéu kho khin va phtc tap cho viéc giai quyét bai toan
ct thép. Tinh phirc tap & day khong chi 1a ting kich thudc bai toan ma con kho khin
trong viéc dap tng cac yéu cau vé ndi thép.
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3.2. M6 hinh ho4 bai toan ciit thép thanh cé ndi
Mot cach téng quat ta dat chiéu dai mot mdi ndi 1a dL. Khi d6 ma tran cit s& duge
sinh bdi thu tuc sau day:

procedure sinhA; (* Thu tuc sinh ma tran cat *)
var i: integer; (* L, m, n 1a cac bién toan cyc *)

begin

n:=0;

for i:=1 to m do t[i]:=0;

k cat(L,1);

k_cat(2*L-dL,1); (* dung 2 thanh thép chap lai dé cat thanh cac doan theo yéu
cau*)
end;

Mo hinh bai toan quy hoach nguyén tuyén tinh sé 1a:

f=Zcixi—> min, c, e {1,2}

i=1

a; X, +a,x, + . +a,x, 2k,
a,X; +a,x,+ . +a,x, 2=k, )
a,, X; +a, X, + .. +a, x, =k,

x,; € {0,1,2,... Y, 1=1, 2, .., n

Viéc giai bai toan (2) van 4p dung phuwong phap da dung véi bai toan (1). Tuy
nhién, bai toan (2) ¢ sd an nhiéu hon dang ké so véi bai toan (1), ddy 1a mot kho khin
16n cho viée giai quyét bai toan cat vat liéu dang thanh ¢6 yéu cau ndi.

4. CHUONG TRINH VA KET QUA THU NGHIEM
4.1. Thiét ké chwong trinh may tinh

Trong cac muyc 2 va 3 da phan tich sau khi c6 ma tran A ta dé dang lap duoc mé hinh
bai toan dang bai toan quy hoach nguyén tuyén tinh, nhung rit tiéc cho dén nay bai toan
nay van 1a mot trong nhitng bai toan kho cua thé gidi, nd thude 16p bai toan NP-Hard. Co
mot sb thudt toan tiép can duoc véi bai toan quy hoach nguyén nhu: thuat toan lat cat
Gomory, thuat toan quy hoach dong Bellman, thuat toan nhanh can, ... Tuy nhién mdi thuét
toan c6 thé manh d6i véi mot 16p bai toan quy hoach nguyén dic biét. Con khi ap dung
cho bai toan tong quat thi chua c6 hiéu qua vé do phirc tap tinh toan, nhét 1a d6i véi cac
bai toan c6 kich thudc 1on. Trong khi cac bai toan thuc té da néu ¢ trén thuong dan dén
bai toan quy hoach nguyén tuyén tinh v6i s6 4n n ¢& hang nghin, thim chi hang triéu.
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Trong qué trinh nghién ctru cai dat thuat toan, chiing t6i nhan thiy trong sb cac
thuat toan c6 thé tiép can bai toan quy hoach nguyén tuyén tinh thi thudt todn lat cdt
Gomory (xem [1], tr 146 - 152) t6 ra hiéu qua nhét, c6 thé giai tot nhitng bai toan cat vat
lidu v6i s6 rang budc ¢& vai chyc va sb an c¢& hang nghin. Tuy nhién, cc bai toan c& 16n
thuc té thuong dan vé bai toan quy hoach nguyén tuyén tinh c6 sb 4n c& hang triéu, do
vay mubn st dung thuat toan lat cit cho bai toan nay thi phai tim cach cai tién thuéat toan.

Trong bai viét nay ching t6i dé xuat giai phap cai tién thuat toan nhu sau: trudc
mdi 1an thuc hién 13p thuat todn don hinh trong thuat toan lat cit ta tim cach loai bo bot
cac an bang cach chi gitr lai nhitng an Gng voi nhitng cach cit c6 phan du nhoé, nhung
phai thod man c6 du sb cach cét dé tao duoc tt ca cac doan dx (k=1, .., m).

Qua trinh loai 4n duoc thuc hién boi thu tuc sau:

{*Dung mang Danhdau dé ghi nhan nhitng cach cit dugc chon, bién / 1 s6 dam
bao du cach cit dé tao duoc cac doan dy, tap cac cach cit trong ma tran cit duoc sép xép
theo thir tw ting dan phan du *}.

procedure loai_an();
var 1,j,k: integer;

begin
for i:=1 to n do Danhdau[i]:=0;
for j:==1 to m do
begin
k:=0; i:=1;
while (k<h) and (i<=n) do
begin
if A[i][j]>0 then
begin
k:=k+1;
Danhdau[i]:=1;
end;
1:=it1;
end;
end;
end;

D@ thdy d6 phtrc tap thuat toan ciia thi tuc loai_an 1a O(m*n).
Nhén xét: Thuc té cho théy v6i 6 h thich hop, sau khi thuc hién thu tuc trén thi sb
an ctia bai toan giam di dang ké, co thé tir hang trim nghin chi con vai nghin. Do vay,
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v6i giai phap cai tién nay thi bai toan quy hoach nguyén tuyén tinh dd néu 1a giai duoc
trén may tinh.
4.2. Két qua thir nghiém

Qua thir nghiém cai dat chwong trinh, ching t6i nhan thiy cac bai toan cit khung
nhom, cit thép khong ndi hoan toan giai quyét dugc trén cac may tinh ca nhan c6 toc do
trung binh hién nay. Thoi gian tinh toan ctia chwong trinh chu yéu 1a ¢ giai doan giai bai
toan quy hoach nguyén tuyén tinh. Di véi bai toan cit vat liéu co nbi thi thuat toan chi
dap tmg duoc cac cong trinh nho véi s6 loai két ciu ¢d m<20, con cac cong trinh 16n thi
thuong chiing t6i phai ding phuong phap chia s6 liéu thanh 2 hodc 3 phan roi giai quyét
timg phan. Sau day la két qua thir nghiém cat thép ctia mot cong trinh thuc t& quy mé
trung binh, ddi véi loai thép c6 duong kinh 22mm.

Bang 2. S6 liéu thép yéu ciu sir dung (Pon vi do dd dai: mm)

hié
Cdfe.’u 12480 | 4670 | 4450 | 4350 | 4152 | 3700 | 2900 | 2820 | 2400 | 2020 | 1980
al
S

12 16 16 16 16 3 174 | 3 140 | 25 | 150
luong

Két qua chay chuong trinh véi yéu cau cat thép co ndi budc (d6 dai mdi ndi 1a 30d):
KET QUA CAT THEP:

Thep can dung la: 142(Thanh) = 1661.4(m) = 4.958 (Tan)

16 thanh: [1: 4.45]+[1: 4.35]+[1: 2.90]

25 thanh: [1: 2.90]+[2: 2.40]+[1: 2.02]+[1: 1.98]

41 thanh: [1: 2.90]+[2: 2.40]+[2: 1.98] +[Du: .04]

3 thanh: [1: 4.67]+[1: 4.15]+[1: 2.82] +[Du: .06]

17 thanh: [4: 2.90] +[Du: .10]

13 thanh: [1: 4.67]+[1: 2.90]+[2: 1.98] +[Du: .17]

1(x2) thanh: [5: 4.15]+[1: 1.98]

3(x2) thanh: [1: 12.48]+[1: 4.15]+[1: 3.70]+[1: 2.40] +[Du: .01]
5(x2) thanh: [1: 12.48]+[2: 2.90]+[1: 2.40]+[1: 1.98] +[Du: .08]
3(x2) thanh: [1: 12.48]+([1: 4.15]+[3: 1.98] +[Du: .17]

1 thanh: [2: 4.15]+[1: 2.90] +[Du: .50]

1(x2) thanh: [1: 12.48]+[2: 1.98] +[Du: 6.30]

Thep vun la: 7.15(m) = .021 (Tan)

Thep su dung con du: [1,6.30]

Thep vun: [1,.50][13,.17] [3,.17] [17,.10] [5,.08] [3,.06] [41,.04] [3,.01]
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Biang 3. Thong ké két qua chay chwong trinh cit thép

Puong kinh | Sbthanh | Khdiluong (Tan) | Thép vun (Tan) | Thép du (m)
22 142 4.958 0.021 6.3
Trong bang thong ké trén ta thdy lwong thép vun la rat it (¢ 0.4%). Con s6 nay dirgc
cdc nha thi cong danh gid la rdt tot so véi quy dinh chung trong xdy dung (c& 2-5% hao
phi cho phép doi véi cdc logi thép 6 dwong kinh tir 20mm tré 1én cdt theo kiéu noi bugc).

Trong khuén khd mot bai viét nén chung t6i chi dua ra mot vi du. Thuc té chung toi
da thir nghiém véi hang nghin bai toan tir cac cong trinh xay dung da va dang thi cong.

Rt kho chimg minh duge mirc d sai khac giira nghiém cta bai toan gdc va
nghiém cua bai toan di cai tién. Tuy nhién qua nhan dinh cua cac nha thi cong vé két
qua thtr nghiém boi chuong trinh trén va so sanh vdi cach thyc hién thuc té hién nay déu
cho rﬁng viéc su dung két qua thyuc hién do chuong trinh dua ra da giam duogc dang ké
hao phi vt liéu trong qua trinh cit.

5.KET LUAN

Chung t6i d3 dua ra thudt toan sinh ma tran cét, giai quyét mot cach triét dé giai
doan dua bai toan cat vat lidu trong thyc té vé dang mé hinh bai toan quy hoach nguyén
tuyén tinh.

Bang cach cai tién thuat toan lat cit ching toi da dua ra giai phap kha hiéu qua d6i
v6i bai toan cit vat lidu khong ndi trong cac cong trinh xay dung.

Tuy nhién, di v6i bai toan cat vat liéu c6 ndi thi van dang gip kho khin vé thoi
gian chay chuong trinh vi sb 4n ctia bai toan quy hoach nguyén tuyén tinh rat 1én néu
chia s6 liéu thanh nhiéu phan thi khéng khing dinh dugc tinh t6i wru ctia bai toan 16n ban
dau. Pay 1a kho khin 16n nhit ma chung t6i dang d6i mit trong viéc thiét ké phan mém
cat thép cong trinh xay dyng.

Néu c6 thuat toan hiéu qua cho 2 bai toan quy hoach nguyén dang dic biét sau day
thi nhitng kho khin néu trén hoan toan duoc giai quyét.

Bai todn 1: Bai toan cit thép khong ndi
f=> x; > min
i=1

a, X, +a,x,+..+a,x, =2k,
a,X,+ay,x,+..+a,x, 2k,

x,e€{0,1,2,... }, i=1,2,.,n

V6i a; 1a cac s6 nguyén khong am
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Bai toan 2: Bai toan cat thép c6 noi
n
f= Z c,Xx; = min, c, €{1,2}
i=1
a, X, +a,Xx,+..+a, x, 2k,
a,X, +a,X,+..+a,x, >k,

a,, X, +a, X,+..+a x, 2k

n

x, €{0,1,2,... }, 1=1,2,..,n.

m

V6i a; 1a cac s6 nguyén khong &m
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THE INTEGER LINEAR PROGRAMMING MODEL AND
APPLICATION IN SOFTWARE DESIGN FOR STEEL CUTTING
PROBLEM

Nguyen Dinh Dinh, Trinh Thi Phu, Le Dinh Nghiep
ABSTRACT

This paper presents an application of integer linear programming model for steel
cutting problem in construction, with the aim of minimizing consumption of steel. In this
article also pointed out two integer linear programming problems which correspond two
steel cutting problems with joint and without joint.

Keywords: Integer linear programming, material cutting, steel cutting.
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