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VE M9T THU~T TOAN XAP XI NGOAI CHO BAI TOAN

QUI HO~CH DC D~NG CHINH TAC

NGUYEN TRQNG ToAN, NGUYEN VAN TUAN

Abstract. In this paper, a new outer approximation algorithm for solving canonical DC progamming problem
is proposed, A table of computational experiments is also presented to compare it with some other methods,

T6rn t~t. Bai bao trlnh bay mot thu~t toan moi dang xap xl ngoai cho bai toan qui hoach DC dang chinh
t1tc, Bai bao ciing dira ra m9t bang thong ke cac thd' nghiern tinh toan d€ so sanh hieu qui cda thuat to an
moi so voi mot so thuat toan duo'c nghien CU'U tru'o'c do,

1. GIG'! TRIEU

Bai toan qui hcach DC dang chinh tifc (CD C) la bai toan toi U'Uh6a sau:

Tim Min {J(x) : x E n = D \ intG}, (1)

trong d6 D va G la cac t~p loi d6ng, thuo'ng diro'c viet diro'i dang D = {x: h(x) :::;o} va G = {x :
g(x) ~ o) vo i h(x) la ham loi hiru han va g(x) la ham lorn tren khorig gian H"; ham muc tieu la mot
ham tuydn tinh c6 dang f(x) = (c, x), c G R.": Khong lam mat tinh t5ng quat, c6 th€ gii thiet t~p
D 111.gi6i noi.

Bai toan qui hoach CDC la mf hinh toan h9C cho nhieu bai toan irng dung thirc te, m~t kh ac
n6 giii: vai tro quan trong trong vi~c ph at tri~n ly thuydt t5i iru toan cue. Ngu'ci ta da clnrng minh
ducc rhg hau het cac bai toan toi U'Ulien tuc d'eu c6 thg qui d[u ve bai toan CDC, Do d6 n6 da
thu hut dtroc su' quan tam cu a nhieu nh a nghien ciru (xem [1-12] va cac thtr mvc trong do].

Bai toan Min {J(x) : xED} la bai toan qui hoach loi, Bai toan nay da dU'9'Ccac nha nghien
ciru xay dung cac thu~t toan giii kha hiru hieu. VI v~y kh6 khan chu yeu trong viec giai bai toan
CDC la SV' c6 m~t b5 sung cu a rang bU9C !Oid<l.og(x) :::;0, N6 lam cho mien chap nhan diroc cua
bai toan tr6' nen khong !Oi, th am chi khOng lien thOng (xem hinh 1),

D G

Hinh 1

Hien nay da c6 rat nhieu th uat toan kh ac nhau dtro'c de nghi M gi<l.ibai toan tren. Tuy nhien,
viec nghien ctru t~p trung chd yeu vao viec gi<l.ibai toan 6' mire d9 li thuydt. Cac th& nghiern, phfin
tich, danh gia va so sanh hi~u qui tinh toan cua cac thu~t toan da diro'c de nghi la rat kh6 va chira
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diroc quan tam dung rrnic. Rat it nhimg thi du dira ra de' minh hoa cho cac thuat toan m a do
thtro'ng chi la nhirng bai toan kh a don gian vo i kfch thuo'c rat nho. Nguyen nhan chfnh ciia van de
nay la khi tang kich thuo'c bai toan thli- nghiern , thai gian tinh toan va dung hro'ng b<?nho can thiet
cu a may t inh dien tll' MTDT d anh cho thuat toan cling tang len rat nhanh. Cac thli- nghiern tren
the giai cho thily, ngay vo'i may t inh cO-Ion cling chi giai diro'c bai toan nay m<?t each hieu qua khi
kich thuoc bai toan nho (n ~ 10).

Bai bao nay nHm trlnh bay m9t thuat toan dang xap xi ngoai de' giai bai toan tren. Trong do
cling trlnh bay cac thu~t toan xap xi ngoai cu a m<?t so t ac gi<i kh ac cho bai toan CDC. M~t khac
cac thu~t toan da diro'c l%p trinh tren PASCAL va chay tren may tinh PC Pentium 550 MHz de' thli-
nghiern va so sanh hieu qui.

2. M9T VAl THU~T TOA.N XAP xi NCOAI CHO BAI TOA.N CDC

Vi~c tlm lo'i giii chinh xac cho bai toan CDC thOng tlnrong doi hoi khdi hro ng tinh toan va b9
nho MTDT rat Ian. Do do, trong irng dung thirc te ngtro'i ta co the' thoa man voi m9t loi giii xap
xi cti a bai toan theo nghia sau day.

Djnh nghia. Cho truoc mdt so e du'o'ng va dti be, m9t vecto' Xe E H" dtro'c goi la lai giai xap xi
e - xap xi toi tru cu a bai toan CDC neu no tho a man cac dieu kien sau:

h(xe) ~ e, g(xe) ~ e , f(xe) - f* ~ e, (2)

trong do f* la gia tr] toi U'U cii a bai toan CDC.

Ro rang la khi cho e ----+ 0, moi die'm tv (die'm h9i tv cu a m<?t day con h9i tu] cu a day {xe} cac
lai giii e - xap xi cu a bai toan CDC deu la lo i giai toi U'U chinh xac cii a bai toan CDC. Vi v%y m~i
bai toan ung dung cv the', co the' chon diro'c mdt d9 chfnh xac can thiet.

Neu lo'i giai toi tru w cu a bai toan qui hoach loi Min {f(x) : xED} thoa man di'eu kien g(w) ~ 0
(w E 11), thl dtro ng nhien w cling la lai giai toi U'U cu a bai toan CDC. Vi vay, khOng lam mat tIn h
t5'ng quat luon luon co the' gii thiet g( w) > O. Lo-p cac bai toan qui hoach lOi da co nhimg thuat
toan giii kha hieu qua, vi v%y cling co the' giai bai toan qui hoach loi truoc de' khhg dinh gii thiet
nay.

Cac thufit toan xap xi ngoai thirong du'a tren tinh chat CO' ban cii a qui hoach lorn la: lai giii
cu a bai toan Min {g(x) : xED} dat diro'c t ai It nhfit mot dinh cii a da dien lOi D. Vi v%y cac thu%t
toan xap xi ngoai dau t ien da diro'c xay dung cho bai toan qui hoach lorn (xem [12]), ve sau cluing
diro'c cac nha nghien ctru di tien de' giii cac bai toan toi U'U khOng loi kh ac.

Thu%t toan 1. (H. Tuy, xem [1, 5])

Bu oc khd-i tqo

D~t "II = (c, x'I), 6' day x·1 la lai giai tot nhat hien co (neu chua tlm du'o'c x·1 nhu vay thl d~t
"II = +00).

D~t k = 1. Xay dtrng da dien PI cung voi t~p dinh VI cti a no, sac cho:

{x ED: (c, x) ~ "II - s} C PI C {x: (c, x) ~ "11 - c}.

Bu o:c k = 1, 2, ...

- Tfnh xk E arg min {g(x) : x E Vd. Neu g(xk) > 0 thi dirng:
a. Neu "Ik < +00 thl x·k la lo i giii c-xap xi toi U'U cu a bai roan CDC.

b. Neu "Ik = +00 thi bai toan CDC khong co lOi giai.

- Chon wk E Vk sao cho (c,wk) ~ min{(c,x) : x E Vd+ c. Neu h(wk) ~ e, g(wk) ~ e thl dirng:
wk la mot lai giai e - xap xi toi U'U.
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- Neu h(wk) ~ c/2 thi:

a. D~t x*k+1 = x*k, ik+1 = ik;

b. Chon pk E ah(wk) va xay dung l.it dt: ldx) = (pk, X - wk) + h(wk);

c. Tinh q.p dinh Vk+1 cua da dien Pk+1 = Pk n {x: l,,(x) ::; O};

d. Chuydn sang burrc k + 1.

- Chon yk E [wk;xk] sao cho g(yk) = e (ton tai yk nhir v~y, vi g(xk) ::; 0 va g(wk) > c). Neu
h(yk) > e thi:

a. D~t x*k+1 = x*k, ik+1 = ik;

b. Chon uk E [wk; yk] sao cho h(uk) = e (ton tai uk nhir v~y vi h(wh) ::; c/2 va h(yk) > c).
Chon pk E ah(uk) va xay dung lat dt: lk(X) = (pk, X - uk);

c. Tfnh t~p dinh Vic+1 cu a da di~n PH1 n {:c: lk(X) ::; a};
d. Chuyen sang biro'c k + 1.

- Neu h(yk) ::; e thi d~t x*HI = x*k, iH1 = (c, 0).
a. Neu (c, wk - yk) ~ 0 thi dung x*H1 la mi?t Un giii c-xap xi toi tru.

b. Ngu oc lai, xay dung lat c~t: ldx) = (c, x - yk) + c;

c. Tfnh t~p dinh VH1 cua da di~n PHI = Pi; n {x: ldx) ::; a};
d. Chuyen sang biroc k + 1.

Tit nhimg ket qui cii a viec l~p trlnh d~ th~ nghiern hieu qua cii a thu~t toan tren cho thay:

- Thu~t toan 1 suo dung nhieu lcai lat cift trong cac tinh hudng kh ac nhau va trong qua trlnh
tfnh toan so 11I<!nglat dt dtroc suo dung thiro'ng kha Ian. VI. the so dinh cd a cac da dien Pk tang
kha nhanh, dh den thai gian tfnh toan ciing tang va yeu diu ve bi? nhrr M 11IUtru· cac dinh ciing
tr& nen mot tr& ngai cho viec thuc hien thuat toano

- Thu~t toan 1 iru tien tim lai giai e-xap xi cua bai toan qui hoach loi Min{(c,x) : xED}
trutrc. Tai m6i burrc k, neu h(wk) ~ c/2 thi lat dt theo wk diro'c s~ dung va chi khi h(wk) < c/2
v a g( xk) ::; 0 (tu:c wk la lai giai e - xap xi cho bai toan vira nh~c) thi van de tim yk hay uk moi diroc
d~t ra va hie d6 cac lat dt theo cluing mo i diro'c suodung. ThU: tlf iru tien nay c6 Ie se la chira hop
ly neu nhir phirong an wk Urn diro'c khOng thoa man rang buoc loi dao.

Dg khifc phuc cac nhiro'c di~m tren, Thuat toan 2 sau day dtro'c nghien ciru dua tren nguyen
tifc xfiy dung cac da dien xap xi ngoai va nhimg lat cift xap xi tuong tlf nhir Thu~t toan 1 va c6
chu y den nhfmg iru di~m cu a thuat toan chia d6i cii a cac tac gia N. D. Nghia va N.D. Hieu [4,6]
M giam bot tc>cdi? tang SC>dinh cua cac da dien xap xi Pk. Giang nhir Thu at toan 1, t.ai m6i buxrc
khi da xac dinh dircc cac vecto xk va wk nhu tren, ta se tim vecto' uk E [xk; wk] thoa man dieu ki~n
g(uk) = e ho~c d~t uk = wk neu g( wk) ::; e, sau d6 c~t n6 khoi PH1 neu h(uk) > c. Vi~c chon uk
nhu v~y d~ xem xet du'o'c du a tren co' s& tfnh chat quan trong sau day cua bai toan CDC:

Djnh ly 1. (xem [1]) ns« liti gidi w cda bdi totin. qui hooch. loi Min {(c, x) : xED} th6a man bat
ifAnlJ thuc g(w) > 0 vd bdi totin. CDC co liti gidi thi ton tq,i it nhat mqt liti gidi z" ctla bdi toti« CDC
sao cho g(x*) = o.

M~t kh ac, do ham h( .) loi nen h(uk) ::; max{h(wk), h(xk)}, vi v~y neu h(uk) > e thi ho~c xk
ho~c wk se bi dt khoi PHI cimg vrri uk b(h lat dt diro'c xay dung doi voi uk. Con khi h(uk) ::; e,
vi g(uk) ::; e, nen uk la mi?t 101 giai c-xap xi chap nhan duo'c cila bai toan CDC. Nhtr v~y kh6ng
c~n thiet phai xay dung cac lat c~t rieng cho xk va wk nhtr trong Thu~t toan 1. TInh hi?i tv cua
Thuat to an 2 sau day c6 th~ dutrc clnrng minh hoan toan tiro'ng hr trong Thu~t toan 1. Ket qua
th~ nghi~m cho thay Thu~t toan 2 c6 nhi"eu rru di~m ve tac di? tfnh toan va bi? nh& MTDT so v6·i
Thu~t toan 1 va thu~t toan chia doi da n6i & tren (xem [8-10]).
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Thu~t toan 2

Bu d c khrfi iao

Xay dung da dien PI :::> D voi t~p dinh VI cua no. Chon e > O. D~t

WI = arg min {(c, X) : X E VI}' Xl = arg min {g(x) : X E VI}'
Chon 11 ~ max{(c, X} : X E Vd.

Bu:6'c k = 1, 2, ...

- Neu g(xk) > e ho~c khong ton tai thl dimg. C6 2 trrro'ng hop xay ra:
a. Neu da co m9t lai giai chap nh an diro'c z ", thl z" Ill. lai giai e - xap xi toi iru.
b. NgU'<!Clai, bai toan khong c6 101 giai chap nhan diro'c.

Neu g(wk) :S e thl chon uk = Wkj ngm;rc lai tlrn uk E [wk, xk] tho a man g(uk) = e (phuong trinh
c6 nghiem VI g( wk) > e va g( xk) :S e). C6 2 tru'o'ng hop xay ra:

a. Neu h(uk) :S e, thl uk Ill.m9t lai giai chap nhan du'cc. D~t z" = uk, Ik+l = (c, uk), Pk+l =
Pk, wk+l = wk, xk+l = argmin{g(x) : X E Pk+l, (c, X) :S Ik+l - C}, roi chuyfin sang buxrc
k + 1.

b. Neu h(uk) > e. Lay pk E ah(uk) (do h( .) Ii ham lOi nen ah(xk) of 0). xay dung da dien
Pk+l b~ng each b5 sung vao Pk rang bU9c d.t:

lk(X) = (pk, X - uk) + h(uk) :S O.

Tfnh t~p dinh Vk+l cu a da dien Pk+l. D~t Ik+l = Ik.
Neu ldxk) :S 0 thl d~t xk+l = xk, ngiroc lai tfnh:

Xk+l = argmin {g(x) : X E Pk+l, (c, X) :S Ik+l - e}.
Neu ld wk) :S 0 thl d~t wk+l = wk, ngtro'c lai tinh

wk+l = argmin{(c,x}: X E Vk+d.
Chuydn sang buxrc k + 1.

3. THU~T ToAN CAI TIEN vA KET QUA THU NGHI~M TREN MTDT

Vi~c xfiy dung thuat toan rnci diroc du a tren m9t tinh chat quan trong sau day cti a lai gill.i toi
U'U cua bai toan CDC:

D!nh ly 2. Gid s,,} liri gidi toi u:u C1fC bien w esia bai totin qui hooch. loi Min {(c, x) : xED} tho a
man bat a5.ng thV:c g(w) > 0 va bai to an CDC co lO'i gidi thi ton tq,i it nhUt mot liri gidi toi u:u z"
cJa bdi to an CDC sao cho g(x*) = 0 va h(x*) = O.

Chung minh. Bhg pharr chirng: Gia du- khOng ton tai lai giai toi U'Uz" nhir v~y. Triro'c het dl.n
khhg dinh t~p {x : g(x) = 0, h(x) = O} of 0. B&i VI neu xay ra trirong ho'p ngiro'c lai thl do D va
G Ii hai t~p loi cimg chira w nen ta chi can xet 2 kha nang D n~m hoan toan trong G ho~c G n~m
hoan toan trong D.

- Tnrong ho'p 1: D n~m hoan toan trong G. Khi d6 n = D \ intG = 0. Di'eu nay rnau thuln
vrri gill. thiet b ai toan CDC c6 UTi giai.

- Tru'o'ng h91> 2: G n~m hoan toan trong D. Dieu nay ciing mau thuln voi giai thiet w lai giai
toi tru C1].'Cbien cua bai toan Min {(c, x) : xED} va g(w) > O.

Do d6, theo Dinh ly 1 ton tai 101 giii toi iru xl cii a bai toan CDC thoa man g(x1) = 0 va
h(x1) < o. Gia su- z" Ill.mot loi giai toi tru cua bai toan Min {t(x) : g(x) = 0, h(x) = O}. Theo gia
thiet phan chimg thl f(xl) < f(x*).

Xet m9t vecto x2 E H" tho a man xl = ).x2 + (1 - .A)x*, vci 0 < .A< 1. Vi g( . ) Ill.ham lorn nen
g(x2) :S O. VI h(x1) < 0, neu chon .Akha gan 1 thl x2 kha gan xl va do d6 h(x2) < 0, nen x2 En.
Hon niia do ham f(x) Ill.don di~u va f(xl) < f(x*) nen f(x2) < f(xl). Di'eu nay mau thuln voi gii
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thiet xl la lai giai toi iru ctla bai toan CDC, clurng to gii thiet phan chirng la khOng dung. VI v~y
phai ton t ai it nhfit m9t lai gie\.itoi U'Uz" cii a bai toan CDC sao cho g( x*) = 0 va h( x*) = o.

Dinh ly 2 ro rang m anh ho'n Dinh ly 1 vi co them ket lu~n h(x*) = O. Hon niia, tir d6 d~ thay:
neu D la mot da dien thl z" ho~c la m9t dinh cil a D hoac la giao di€m cii a m9t canh cu a D voi m~t
cong g(x) = O. VI vay co th€ chi can tim 1m. giai cii a bai toan CDC tai cac di€m nhir v~y.

Thu~t to an 3

Bu ac khcfi tao

Xay du'ng da dien PI ~ D v&i t~p dinh VI. Chon e > O.
D~t wI = argmin{(c,x): x E Vd.

Bu o:c k = 1, 2, ...

C6 2 trucng ho'p xay ra:

1. Neu g( wk) ::; c. Co 2 tru'o'ng ho'p xay ra:
a. Neu h(wk)::; c. Dirng thu~t toan va z" = wk la loi giai c-xap xi toi u'u.

b. Neu h(wk) > c. Lay pk E Bh(wk) (do h( . ) la ham loi nen Bh(wk) i- 0). Xay dung Pk+l
b~ng each b5 sung vao Pk rang budc clit:

lk(X) = (pk, X - wk) + h(wk) ::; O.

Tinh t~p dinh Vk+ I cua da dien Pk+ I. Tinh wk+ I = arg min { (c, x) : x E Vk+ d va chuy€ n
sang butrc k + 1.

2. Neu g(wk) > c. 'I'inh:

uk = argmin{(c,x): x E Ek (t~p cac di€m tren canh cii a Pk), g(x) ::; c}. (3)

C6 3 trucng ho'p xay ra:
a. Neu uk kh6ng ton tai: Dirng thu~t toan, bai toan khOng co 1m. giai,
b. Neu h(uk) ::; s: Dimg thu~t toan z" = uk la lai giai c-xap xi toi iru.
c. Neu h(uk) > s: Lay pk E Bh(uk) (do h(.) la ham loi nen Bh(uk) i- 0). Xay dung Pk+l

b~ng each b5 sung vao Pk rang bU9C clit:

ldx) = (pk, x - uk) + h(uk) ::; O.

TInh t~p dinh Vk+1 cua da di~n Pk+I. Tfnh wk+1 = argmin {(c, x) : x E Vk+d va chuye'n
sang bu'cc k + 1.

Trong cac thu%t toan xap xi ngoai dii neu, M tinh t~p dinh mo'i Vk+1 cu a da dien Pk+1 tir t~p
dinh Vk cua da dien Pk khi b5 sung m9t rang bU9C clit ldx) dii st1·dung ky thu~t cu a cac t ac gia
T. v. Thi~u, B. T. Tam va V. T. Bh trinh bay trong [12].

M9t dieu can chu y trong mih btro c l~p cua Thu~t toan 3, M tlm phuong an uk cii a bai roan
(3), co th€ gi<ii rat nhieu phuong trinh g(x) = e tren cac canh cua da dien Pk va so sanh gia tri cua
ham ml,lc tieu tren cac nghiern do. M6i Ian gi<ii phiro'ng trinh co th€ se lam thay d5i phiro'ng an tot
nhat hien co va t ao ra c~n dirci moi cho gia tr~ ham muc tieu. Tuy nhien, trong thirc hanh l~p trInh
chung t6i sU' dung phirong phap day cung d€ gie\.i l~p cac phirong trmh do. Do ham g(x) lorn nen
sau m6i bu oc l~p ham g(x) giarn dan. Ta chi can giai phuong trinh tren cac canh co ham muc tieu
tang dan. VI v~y co rat nhieu phircng trinh g(x) = e kh6ng can phai gi<ii ho~c kh6ng can gi<ii den
cling neu lai gi<ii xap xi hi~n thai lam cho ham rnuc tieu IOn hon c~n diro'i dii co. Chinh dieu nay
lam giam dang k€ khoi hro'ng t inh toan cti a thuat toano

D€ nghien CUu hi~u qua cu a thu~t toan mo'i, chung t6i dii tien hanh l~p trinh tren PASCAL
doi v&i cac thu~t toan 1, 2, 3 va thu~t toan chia doi cii a cac t ac gi<i N. D. Nghia va N. D. Hieu [4,6]
va thrr nghiern gan 100 bai toan mh trong cong trinh [5] v&i 7 ki€u ham loi dao g(x) khac nhau.
Ket qua thli- nghiern va so sanh Thu~t toan 2 v&i cac Thuat toan 1va t huat toan chia doi cho tHy
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Thu~t toan 2 co nhieu U'Udie'm (xem [8-10]), Ket qua thu nghiern cua hai thu~t toan 2 va 3 diroc
thong ke trong bang diro'i diiy, Cac tham so trong bang co y nghia nhir sau:

- N So bien cti a bai toan;
- M So rang bU9Ctuydn tfnh, khOng ke' cac rang bU9Cve dau;
- M h So rang buoc phi tuyen loi;
- V max So dinh Ian nhat ciia cac da dieri Pk;

- Cut So lat d,t diro'c xay dung theo cac rang bU9Cloi;
- Time Thai gian tfnh toan tren CPU, khOng ke' thci gian nhap lieu, don vi do la giiiy,

Ket qua diro'c thong ke trong bang cho thay hieu qua ciia thu~t toan moi de nghi noi chung tot
hen Thuat toan 2 ca ve thCri gian tinh tren MTDT (Time) lh dung hro'ng b9 nho d,n thiet (V max)
cua tirng bai toan trong da so cac bai toan diroc thu nghiern. D~c bi~t su' chenh l~ch ve Time va
Vmax cua hai th uat toan trong nhieu bai toan la rat krn. Hay xem trong bang so li~u ve cac bai
tcan ht7, ht8, ht15, ht18, ht20, ng2, ng6, ng9, ng29, tt7, tt9, vd20 .. ,

Bai Kich thiro'c Thuat toan 2 Thuat toan 3
toan N M Mh Vmax Cut Time Vmax Cut Time

ht1 5 10 2 100 22 1,20 100 22 1,32
ht2 5 12 2 69 7 0,88 46 5 0,06
ht3 8 6 1 709 38 97,05 709 38 97,16
ht4 6 12 2 187 29 9,01 223 26 10,10
ht5 7 12 2 314 31 28,13 468 30 61,13
ht6 6 12 2 180 17 3,07 222 13 0,72
ht7 7 10 ° 254 9 8,18 88 4 0,11
ht8 7 10 1 612 19 79,75 158 7 0,66
ht9 8 12 ° 132 5 1,15 62 3 0,05
htlO 9 12 ° 596 9 8,68 528 8 7,09
ht11 10 8 ° 304 5 13,84 304 5 2,53
ht12 8 9 2 854 19 41,91 854 19 42,40
ht13 7 10 ° 102 5 0,16 70 4 0,11
ht14 10 12 ° 892 9 23,67 330 5 2,63
ht15 8 10 1 749 23 111,28 651 21 61,79
ht17 8 12 1 781 32 96,45 982 31 126,05
htl8 8 6 2 414 24 40,86 240 19 9,28
htl9 8 10 ° 241 8 36,25 173 7 1,49
ht20 8 6 1 937 28 156,26 752 24 88,05
ht21 8 10 ° 221 8 1,92 184 7 0,76
ng1 6 8 1 284 49 24,17 1292 54 40,87
ng2 8 6 1 884 20 100,62 408 14 13,24
ng3 8 6 1 911 33 110,07 402 26 .17,03
ng4 9 10 ° 210 5 0,93 210 5 0,99
ng5 10 8 1 453 5 2,25 143 3 0,11
ng6 6 10 2 301 26 21,53 97 15 0,66

..
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Biti Kich thiro'c Thu~t toan 2 Thu~t toan 3
toan N M Mh Vmax Cut Time Vmax Cut Time

ng7 10 12 0 490 7 5,93 490 7 5,27
ng8 6 10 2 209 23 7,14 102 15 0,55
ng9 7 15 2 864 56 456,93 594 40 99,85
ngl0 7 12 2 404 29 23,07 272 23 9,66
ng11 4 15 3 55 19 0,22 33 14 0,05
ng12 5 15 2 24 9 0,00 24 9 0,00
ng14 5 20 3 160 38 7,31 264 43 13,95
ng15 6 12 2 234 27 8,73 220 26 10,11
ng16 7 8 2 224 30 14,94 156 24 2,53
ng17 8 10 0 388 8 12,80 333 7 3,02
ng18 9 10 0 322 5 1,48 208 4 0,49
ng22 5 10 2 150 23 4,06 81 10 0,44
ng24 5 15 3 70 24 0,72 84 24 1,21
ng25 5 10 1 96 25 1,04 134 25 1,87
ng26 6 9 2 503 35 58,50 156 20 5,99
ng27 5 15 3 102 29 1,70 146 35 6,04
ng28 6 14 2 119 21 1,87 179 25 7,86
ng29 6 8 2 388 31 17,36 76 13 0,55
ng30 6 12 2 295 24 19,34 722 30 135,01
ttl 4 3 1 8 2 0,00 5 0 0,00
tt2 4 5 1 5 1 0,06 5 1 0,05
tt3 5 7 2 144 18 1,60 82 11 0,61
tt4 5 6 1 48 5 0,11 20 2 0,00
tt5 5 7 4 32 18 0,22 62 16 0,33
tt6 6 7 3 255 42 15,93 246 37 18,35
tt7 7 8 3 982 30 200,64 794 22 74,86
tt8 8 7 1 206 5 3,46 206 5 0,83
tt9 8 9 5 470 12 27,52 247 8 1,98
ttlO 6 7 1 72 18 0,94 85 18 0,93
tt11 8 9 5 1002 19 190,21 925 18 99,63
tt12 5 7 3 128 32 3,52 146 29 3,57
ttl3 6 10 3 92 7 0,44 91 8 0,82
tt14 12 8 0 449 4 59,27 449 4 1,87
tt15 14 8 0 693 4 3,73 693 4 3,73
tt16 15 5 0 600 3 1,37 70 1 0,00
tt18 5 6 3 618 68 141,71 562 61 199,21
tt19 5 6 3 114 16 1,92 84 12 0,38
tt20 6 8 1 283 27 17,08 71 15 0,71
vdl 2 3 0 3 1 0,00 3 1 0,00
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Bai Kfch thiro'c Thu~t toan 2 Thu~t toan 3
toan N M Mh Vmax Cut Time Vmax Cut Time

vd2 8 6 0 24 1 0,00 24 1 0,00
vd3 2 4 0 3 0 0,00 3 0 0,00
vd4 2 5 0 3 0 0,00 3 0 0,00
vd5 3 8 0 7 4 0,00 6 3 0,00
vd6 2 5 0 5 3 0,00 4 2 0,00
vd7 2 1 2 6 6 0,00 6 6 0,00
vd8 2 4 0 4 2 0,00 4 2 0,00
vd9 3 1 2 24 13 0,06 28 20 0,05
vdlO 3 1 2 28 15 0,11 32 22 0,17
vd l l 3 1 2 40 20 0,16 48 27 0,50
vd12 3 3 1 4 1 0,00 4 1 0,00
vd13 5 6 1 24 7 0,06 22 5 0,06
vd14 2 5 0 5 3 0,00 4 2 0,00
vd15 5 8 0 18 3 0,06 18 3 0,00
vd16 2 1 1 7 7 0,00 6 5 0,00
vd17 8 12 0 139 5 0,55 139 5 0,55
vd18 7 9 0 36 2 0,06 36 2 0,06
vd19 5 10 1 116 20 3,51 74 13 0,66
vd20 9 8 1 724 17 60,09 188 9 0,76
vd21 9 6 0 120 3 0,16 120 3 0,11
vd22 8 8 0 51 2 0,00 51 2 0,05
vd23 8 10 0 116 4 0,22 121 4 0,16
vd24 8 12 0 289 7 2,14 202 6 0,77
vd25 8 15 0 151 5 0,44 151 5 0,44
vd26 8 15 0 380 7 3,78 393 6 2,09
vd27 8 15 0 142 4 1,70 96 3 0,33
vd28 8 15 0 401 9 5,33 256 7 1,43
vd29 8 16 0 197 6 1,43 145 5 0,55
vd30 8 9 0 237 6 1,26 237 6 1,32
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