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VE MOT THUAT TOAN XAP Xi NGOAI CHO BAI TOAN
QUI HOACH DC DANG CHiNH TAC

NGUYEN TRONG 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.

Tém tdt. Bai bdo trinh bay mot thuit toin méi dang x4dp x{ ngoai cho bii todn qui hoach DC dang chinh
tic. Bai bdo cling dwa ra mdt bing théng ké céc thi nghidm tinh toin d€ so sinh hidu qud cda thuit toin
méi so véi mdt s8 thudt todn dwoce nghién ctru trwde dé.

1. GIOT THIEU
Bai todn qui hoach DC dang chinh tdc (CDC) 14 bai todn t8i wu héa sau:
Tim Min{f(z) :z€ Q= D\ intG}. (1)

trong d6 D va G 1a cac tap 16i déng, thudng dwoc viét dwéi dang D = {z : h(z) <0} va G = {z:
g(z) > 0} v61 h(z) 12 ham 161 hitu han va g(z) 1a ham 16m trén khéng gian R™; ham muc tiéu 13 mot
ham tuyén tinh cé dang f(z) = (c,z), c € R". Khong lam mit tinh tdng quat, c6 thé gid thiét tap
D 5. o363 i,

Bai todn qui hoach CDC 1a m6 hinh todn hoc cho nhigu bai todn tng dung thuc t&, mat khic
né gifr vai trd quan trong trong viéc phét trié€n Iy thuyét t3i wu toin cuc. Ngudi ta di ching minh
dwoc ring hiu hét cdc bai toan t5i wu lién tuc déu cé thé qui din vé bai toan CDC. Do d6 né da
thu hit dwoc su quan tdm cda nhiéu nha nghién ctu (xem [1-12] va céc thu muc trong d9).

Bai todn Min {f(z) : z € D} 1a bai todn qui hoach 16i. Bai todn nay di duwoc cic nhi nghién
cu xdy dung cdc thuit todn gidi kh4 hiru hiéu. Vi vy khé khdn chd yéu trong viéc gidi bai todn
CDC la sy ¢6 mit bd sung cda rang budc I6i ddo g(z) < 0. Né lam cho mién chip nhin dugc cda
bai todn trd nén khéng 181, thim chi khéng lién théng (xem hinh 1).

Hinh 1

Hién nay da cé rat nhiéu thuit toin khic nhau dwoc dé nghi dé gidi bai toan trén. Tuy nhién,
viéc nghién ctu tip trung chd yéu vao viéc gidi bai todn & mic d6 i thuyét. Cac thi nghiém, phan
tich, ddnh gid va so sdnh hiéu qud tinh todn cda cdc thuit todn da dwoc d€ nghi 1 rat khé va chua
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duoc quan tdm ding mic. R4t it nhitng thi du dwa ra d€ minh hoa cho céc thuit todn, mi dé
thwong chi 13 nhirng bai todn khd don gidn véi kich thwée rit nhd. Nguyén nhan chinh cda vin dé
nay la khi tang kich thuéc bai todn thir nghiém, thoi gian tinh todn va dung luong bé nhé cin thiét
cla mdy tinh dién t& MTDT danh cho thudt todn ciing ting lén rit nhanh. Céc thi nghiém trén
thé gidi cho thdy, ngay véi mdy tinh ¢& 16 ciing chi gidi dwoc bai todn ndy mét cach hidu qud khi
kich thuwéc bai todn nhé (n < 10).

Bai bdo ndy nhdm trinh bay mét thuit todn dang x4p xi ngoai dé giidi bai toan trén. Trong d6
cing trinh bay céc thudt todn xip xi ngoai cia mét s8 tic gid khac cho bai todn CDC. Mit khic
céc thudt todn da dwoc lap trinh trén PASCAL va chay trén mdy tinh PC Pentium 550 MHz dé thi
nghiém va so sdnh hiéu qua.

2. MOT VAI THUAT TOAN XAP Xi NGOAI CHO BAI TOAN CDC

Viéc tim 101 gidi chinh xdc cho bai todn CDC théng thudmg doi hdi khdi lwgng tinh todn va bd
nhé MTDT rit 16n. Do dé, trong tng dung thuc t& ngudi ta c6 thé thda min véi mét 161 gidi xap
x} cda bai todn theo nghia sau day.

Dinh nghia. Cho truéc mét s8 e dwong va dd bé, mdt vecto z, € R™ dwoc goi 1 101 gidi xip xi
e-x4p x1 t81 wu cda bai todn CDC néu né thda min cic diéu kién sau:

h(xe) <eg, 9(125) < & f(ze) - f* < 5 (2)
trong dé f* 1a gid tri t5i wu cda bai toan CDC.

R& rang 1a khi cho € — 0, moi di€m tu (di€m héi tu cda mét day con hoi tu) cia diy {z.} cic
151 gidi e-x4p xi cda bai todn CDC d&u 13 1&1 gidi t81 wu chinh xdc cda bai todn CDC. Vi viy mdi
bai todn dng dung cu thé, cé thé chon dwgc mét d6 chinh xdc cin thiét.

Néu 151 gidi t8i vu w cda bai todn qui hoach 181 Min {f(z) : z € D} thda man diéu kién g(w) <0
(w € ), thl duwong nhién w cling 13 161 gidi t61 wu cia bai todn CDC. Vi vy, khéng lam mat tinh
t6ng qudt ludn ludn cé thé gid thi€t g(w) > 0. Lép cac bai todn qui hoach 18i di c6 nhirng thuit
toan gidi khd hiéu qud, vi vdy cling c6 thé gidi bai todn qui hoach I6i truéc dé€ khing dinh gid thiét
nay.

Céc thuit todn x4dp xi ngoai thudng dwa trén tinh chit co ban cda qui hoach 16m la: 1oi gidi
cda bai todn Min {g(z) : z € D} dat dwoc tai it nh&t mét dinh cda da dién 161 D. Vi vay cac thuit
todn xdp xi ngodi dau tién di duoc xiy dung cho bai todn qui hoach 16m (xem [12]), v€ sau ching
dwgc cic nha nghién ctu cdi tién d€ gidi cic bai todn t8i wu khéng 151 khic.

Thuit toan 1. (H. Tuy, xem [1,5])
Buéc khdi tao

bit v, = (c,z*!), & day z*! 1a 11 gidi t8t nhdt hién c6 (néu chua tim dwoc z*! nhu vay thi dit
Y1 = +OO).

Dit k = 1. X4y dung da dién P, cing véi tap dinh V; cda né, sao cho:

{zeD: (c,z) <y —e}C PrC{z: {(c,z) <1 —¢&}.

Buéck=1,2,..
- Tinh z* € argmin {g(z) : z € V. }. Néu g(z*) > 0 thi dirng:
a. Néu vy, < 400 thi z** 12 151 gidi e- x4p xi t8i wu cda bai todn CDC.
b. Néu v, = +oo thi bai todn CDC khéng cé 151 gidi.

- Chon w* € Vj sao cho {c,w*) < min{(c,z) : z € Vi} + &. Néu h(w*) < ¢, g(w*) < ¢ thi dirng:
w* 13 mot 11 gidi e-x4p xi t8i wu.
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- Néu h(wk) > ¢/2 thi:
a. D3t z*FH = 2k ) =
b. Chon p* € dh(w*) va xiy dung 14t cit: lx(z) = (p*,z — w*) + h(wk);
c¢. Tinh tdp dinh Viy; cda da dién Peyy = Pe N {z: Ix(z) < 0};
d. Chuyén sang buéc k + 1.
- Chon y* € [w*;z*] sao cho g(y*) = € (ton tai ¥* nhu viy, vi g(z*) < 0 va g(w*) > €). Néu
h(y*) > e thi:
a. Dt o = o*% g = 5
b. Chon u* € [w¥;y*] sao cho h(u*) = & (tén tai u* nhw vay vi h(w”) < €/2 va h(y*) > ¢).
Chon p* € 8h(u*) va xay dung 14t cit: ik (z) = (p*, z — uk);
c. Tinh tdp dinh Vii cda da dién Peyy N {z: i (2) <0}
d. Chuyén sang buéc k + 1.
- Néu h(y*) < e thi dt z**+1 = z*F 400 = (¢, ).
a. Néu (¢, w* — y*) > 0 thi dimg z***! 13 m6t 161 gidi e- x&p xd t8i wu.
b. Nguoc lai, xdy dung 14t cit: lx(z) = (c,z — v*) + ¢;
c. Tinh tdp dinh Vi, cda da dién Peyy = PeN{z: lk(z) <0}
. Chuyén sang buéc k + 1.

=W

T nhirng k&t qud cda viéc 14p trinh dé thi& nghiém hiéu qud cda thuit todn trén cho thiy:

- Thuit toan 1 st dung nhiéu leai it cit trong cdc tinh huéng khic nhau vi trong quéd trinh
tinh todn s8 lugng lat cit dwoc si dung thudng kha lén. Vi thé s dinh cda cic da dién Py ting
khé nhanh, din dén thoi gian tinh todn ciing ting va yéu ciu vé b nhé dé lwu trir cic dinh ciing
trd nén mot trd ngai cho viéc thuc hién thuit toan.

- Thudt todn 1 wu tién tim 151 gidi -xap xi cda bai todn qui hoach 161 Min {(c,z) : z € D}
truéc. Tai mdi buéc k, néu h(w*) > /2 thi 14t cit theo w* dwgc st dung v chi khi h(w*) < /2
va g(z¥) < 0 (t&c w* 13 11 gidi e- x4p xi cho bai todn vira nhic) thi van dé tim y* hay u* méi dwoc
d&t ra va lic dé cac 1at cdt theo chilng méi dwoc st dung. Thi tuw wu tién ndy cé 1€ sé 1a chua hop
1y néu nhu phwong a4n w* tim dwoc khéng thda man rang budc 16i do.

D& khic phuc cic nhwoc di€m trén, Thuit todn 2 sau diy dwoc nghién ctu duwa trén nguyén
tdc xay dung cac da dién x&p xi ngoai va nhitng 14t cit xdp xi twong tw nhu Thuit todn 1 vi ¢
chtt ¥ dén nhitng wu di€m cda thuit todn chia d6i cda céc tac gid N. D. Nghia va N.D. Hi€u [4,6)
dé gidm bét t8c do ting sO dinh cia céc da dién xdp xi Pr. Gidng nhw Thuit todn 1, tai mdi bwéc
khi da xdc dinh dugc céc vecto zF va w* nhu trén, ta sé tim vecto u* € [z*; w*| thda man digu kién
g(u*) = € hodc dit u* = w* néu g(w*) < ¢, sau d6 cit né khdi Py néu h(v*) > e. Viéc chon u*
nhu vy dé xem xét dwgc dua trén co s& tinh chit quan trong sau diy cia bii todn CDC:

Dinh 1y 1. (xem [1]) Néu It gidi w cida bai todn qui hoach 16i Min {(c,z) : z € D} thda man bdt
ddng thitc g(w) > 0 v bar todn CDC c6 It gidy thi ton tai it nhdt mot los gidi z* cda bai todn CDC
sao cho g(z*) = 0.

Mit khéc, do ham A(-) 16i nén h(u*) < max{h(w*), h(z*)}, vi viy néu h(u¥) > e thi hoic z*
hodc w* sé bi cit khdi Py, cling véi uF bdi it cit dwoc xiy dung d8i véi uk. Con khi h(uF) <,
vi g(u*) < €, nén u* 12 mdt 1d1 gidi e-xap xi chidp nhin duwoc cda bai todn CDC. Nhu viy khéng
can thi€t phdi xay dung céc 1dt cit riéng cho z* via w* nhuw trong Thuit todn 1. Tinh héi tu cda
Thuit todn 2 sau diy cé thé dwoc chirng minh hoan toan twong tw trong Thuat toidn 1. K&t qud
tht nghiém cho thiy Thuit todn 2 c¢é nhiéu wu di€ém vé t8c dd tinh todn vi bd nhé MTDT so véi
Thuét todn 1 va thudt todn chia dbi di néi & trén (xem [8-10)).
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Thuéit toan 2
Buéc khdi tao

Xay dung da dién P; O D véi tap dinh V) cida nd. Chon ¢ > 0. Dit
w! = argmin{(c,z) : z € V;}, z! = argmin{g(z):z € V;}.
Chon 7v; > max{{c,z) : z € V1 }.
Budgc k=1, 2,...
- Néu g(z*) > € ho3c khong ton tai thi dirng. C6 2 trudng hop xiy ra:
a. Néu da cb mot 11 gidi chdp nhan dwoc z*, thi z* 13 1o gidi e-x4p xi t8i wu.
b. Ngugc lai, bai todn khéng cé 161 gidi chap nhan dwoc.
- Néu g(w*) < e thi chon u* = w¥; nguoc lai tim u* € [w¥, z*] thda man g(u*) = ¢ (phwong trinh
c6 nghiém vi g(w*) > e va g(z*) < €). C6 2 trwdng hop xdy ra:
a. Néu h(u¥) < ¢, thi u* 1a mdt 1&i gidi chdp nhan dwoc. Dit z* = u*| vy = (¢, u¥), Peyy =
Py, w*tl = wk 2F 1 = argmin{g(z) : = € Pey1,(c,z) < Yet1 — €}, r0i chuyén sang buéc
k4 1.
b. Néu h(u*) > e. Ldy p* € 0h(u*) (do h(-) la ham I6i nén Ah(z*) # 0). xiy dung da dién
Pry1 bing cich b8 sung vao Pi rang budc cit:
lk(z) = (p*, z — uF) + h(v*) < 0.
Tinh tip dinh Vi, cia da dién Pii;. DE6 yer1 = Y.
Néu I (z*) < 0 thi d3t z**! = z* nguoc lai tinh:

25t = argmin {g(z) : z € Pey1, (¢, 2) < Yet1 — €}
Néu I (w*) < 0 thi dit w**' = w*, ngwoc lai tinh
w**! = argmin {{c,z) : z € V41 }.

Chuyén sang buéc k + 1.

3. THUAT TOAN CAI TIEN VA KET QUA THU NGHIEM TREN MTBT

Viéc xiy dung thuit todn méi duwgc dua trén mét tinh chit quan trong sau diy cda loi gidi t6i
wu cda bai todn CDC:

Dinh 1y 2. Gid s I gidi t67 wu cuwc bién w cda bdi todn qui hoach 16t Min{(c,z) : z € D} thda
man bdt ding thiéc g(w) > 0 vd bdi todn CDC cd 1o gidi thi ton tai it nhdt mét 161 gidi t64 wu z*
cda bai todn CDC sao cho g(z*) =0 vd h(z*) = 0.

Ching minh. Bing phin chirng: Gid di khéng ton tai 1oi gidi t6i wu z* nhw vidy. Truéc hét cin
khing dinh tip {z : g(z) = 0, h(z) = 0} # 0. B&i vi néu xdy ra trudng hop nguoc lai thi do D va
G 14 hai tip I6i cing chfra w nén ta chi cin xét 2 khd ning D nim hoan toan trong G hoic G nim
hoan toan trong D.

- Trudmg hop 1: D ndm hoan toin trong G. Khi dé 2 = D \ intG = §. Didu nay mau thuin
véi gia thiét bai todn CDC cé 161 gidi.

- Truwdng hop 2: G nim hoin toin trong D. Diéu ndy ciing mau thuin véi gidi thiét w 1o gidi
t81 wu cuc bién cda bai todn Min {(c,z) : z € D} va g(w) > 0.

Do d6, theo Dinh ly 1 ton tai 11 gidi t8i wu z! cda bai todn CDC thda min g(z!) = 0 va
h(z') < 0. Gid st z* 12 mét 161 gidi t8i wu cda bai todn Min{f(z) : g(z) = 0,h(z) = 0}. Theo gid
thiét phan chéng thi f(z') < f(z*).

Xét mdt vecto z2 € R™ thda man z! = Az? + (1 — A\)z*, v6i0 < A < 1. Vig(-) ]ad him 16m nén
g(z?) < 0. Vi h(z!) < 0, néu chon X khé gan 1 thi z2 kha gin z' va do dé h(z?) < 0, nén z% € Q.
Hon nira do ham f(z) 1a domn digu va f(z!) < f(z*) nén f(2?) < f(z'). Diéu ndy mau thuin véi gid



32 NGUYEN TRONG TOAN, NGUYEN VAN TUAN

thi€t z' 12 1&i gidi t8i wu cda bai todn CDC, chirng td gi4 thiét phdn ching la khong ding. Vi viy
phdi ton tai it nhit mét 151 gidi t8i wu z* cda bai todn CDC sao cho g(z*) = 0 va h(z*) = 0.

Dinh 1y 2 r6 rang manh hon Dinh 1y 1 vi ¢ thém két ludn h(z*) = 0. Hon nira, tir d6 d& thdy:
néu D 1a mét da dién thi z* ho3c 1a mét dinh cia D hoic 13 giao di€m cia mét canh cia D véi mit
cong g(z) = 0. Vivay cé thé chi cin tim 151 gidi cda bai todn CDC tai cac di€m nhuw viy.

Thuat toan 3
Buéc khdi tao
Xay dung da dién P; D D véi tip dinh V;. Chon € > 0.
bit w! = argmin{(c,z): z € V}}.
Bete k=1, 9, ...
C6 2 trudng hop xdy ra:
1. Néu g(w*) < e. Cé 2 trudng hop xdy ra:
a. Néu h(w*) < e. Dirng thuit todn vi z* = w* 13 101 gidi - xdp xi t3i wu.
b. Néu h(w*) > e. Lay p* € 0h(w*) (do A(-) 12 ham 15i nén Oh(w*) # 0). Xiy dung Pey;
bing cich b8 sung vio Py rang budc cit:
l(z) = (p*, z — w*) + h(w*) < 0.
Tinh tidp dinh Vi4, cda da dién Py Tinh w**! = argmin {{(c,z) : z € Viy;} va chuyén
sang buédc k + 1.
2. Néu g(w*) > e. Tinh:

u* = argmin {(c,z) : z € Ej (tip céc di€m trén canh cia Py), g(z) < ¢}. (3)

Cé 3 trudng hop xdy ra:
a. Néu u* khéng ton tai: Dirng thudt todn, bai todn khéng cé 11 gidi.
b. Néu h(uF) < e: Dirng thudt todn z* = u* 13 151 gidi e- xdp xi t5i wu.
c. Néu h(u*) > e: Lay p* € dh(u*) (do h(.) 12 ham 15i nén Oh(u*) # 0). Xiy dung Py,

bing cich bd sung vio Pi rang budc cit:

l(z) = (p*, z — u*) + h(uF) < 0.

Tinh tip dinh Viy; cda da dién Pry;. Tinh w**t! = argmin {{c,z) : = € Viy,{ va chuyén
sang budc k + 1.

Trong céc thuit todn xdp xi ngoai di néu, dé tinh tip dinh méi Vi cda da dién Pey; tir tap
dinh Vi cda da dién P, khi b8 sung mét rang budc cit [ (z) di st dung ky thudt cda cic tic gid
T.V. Thiéu, B.T. TAm va V. T. Bdn trinh bay trong [12].

M6t digu cin chi ¥ trong mdi buéc 1ip cda Thuit todn 3, dé€ tim phwong 4n u* cda bai todn
(3), c6 thé gidi rat nhidu phuong trinh g(z) = € trén cic canh cda da dién Pk va so sanh gid tri cda
ham muc tiéu trén cic nghiém d6. Mdi Iin gidi phwong trinh ¢é thé sé lam thay d8i phuwong n t3t
nhit hién cé va tao ra can dudi méi cho gid tri ham muc tiéu. Tuy nhién, trong thuc hanh 14p trinh
chiing t6i st dung phuong phdp diy cung dé€ gidi 1ip cic phuong trinh d6. Do ham g(z) 16m nén
sau mdi buéc 1ip ham g(z) gidm dan. Ta chi cin gidi phuong trinh trén céc canh ¢6 ham muc tiéu
ting din. Vi vdy cé rit nhiéu phuong trinh g(z) = € khdng cin phdi gidi hodc khdong cin gidi dén
cling néu 161 gidi x4p xi hién thoi lam cho ham muc tiéu 16n hon cin dwéi da cé6. Chinh diéu nay
lam gidm dang ké khdi lugng tinh todn cida thuit toan.

D& nghién ctu hidu qud cia thuit toin méi, chiing tdi di tién hanh 1ip trinh trén PASCAL
d&i véi cac thudt todn 1, 2, 3 va thuit todn chia ddi cia cic téc gid N.D. Nghia va N.D. Hiéu [4, 6]
va thi nghiém gin 100 bai todn miu trong céng trinh [5] v6i 7 ki€u ham 18i ddo g(z) khac nhau.
Két qud thir nghiém va so sanh Thuit todn 2 v&i cdc Thudt todn 1 va thuit todn chia ddi cho thiy
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Thudt todn 2 c6 nhiéu wu di€m (xem [8-10]). K&t qui thi nghiém cda hai thudt todn 2 va 3 dwoc
théng ké trong bang dwéi diy. Cac tham sd trong bdng cé ¥ nghia nhu sau:

-N : S8 bién cda bai todn;
-M : 83 rang budc tuyén tinh, khong ké céc rang budc vé diu;
- Mh : S8 rang budc phi tuyén 13i;

- Vmax : S8 dinh 16n nhdt cda cic da dién Py;
- Cut : S8 14t cdt dwoc xiy dung theo cic rang budc 16i;
- Time : Thoi gian tinh todn trén CPU, khéng ké thdi gian nhip liéu, don vi do la gidy.

Két qud dwoc thdng ké trong bdng cho thdy higu qué cia thuit todn méi d8 nghi néi chung t8t
hon Thudt todn 2 cd vé thoi gian tinh trén MTDT (Time) 14n dung luong bd nhé cin thiét (Vmax)
cta tirng bai todn trong da s8 céc bai todn dwgc thir nghiém. Didc biét sy chénh léch vé Time vi
Vmax cda hai thudt todn trong nhiéu bai todn 13 rit 16n. Hiy xem trong bang s§ lidu vé cdc bai
todn ht7, ht8, ht15, ht18, ht20, ng2, ng6, ng9, ng29, tt7, tt9, vd20...

Bai Kich thuéc Thudt todn 2 Thudt todn 3

todn N M Mh | Vmax | Cut Time | Vmax | Cut Time
ht1 5 10 9 100 22 1,20 100 22 1,32
ht2 5 iz 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 0 254 9 8,18 88 4 0,11
ht8 7 10 1 612 19 | 79,75 158 7 0,66
ht9 8 12 0 132 5 1,15 62 3 0,05
ht10 9 12 0 596 9 8,68 528 8 7,09
ht1l | 10 8 0 304 5 13,84 304 5 2,53
ht12 8 9 2 854 19 41,91 854 19 42,40
ht13 7 10 0 102 5 0,16 70 4 0,11
ht14 | 10 12 0 892 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
ht18 8 6 2 414 24 | 40,86 240 19 9,28
ht19 8 10 0 241 8 | 36,25 173 7 1,49
ht20 8 6 1 937 28 | 156,26 752 24 88,05
ht21 8 10 0 221 8 1,92 184 7 0,76
ngl 6 8 I 284 49 | 24,17 1292 54 | 40,87
ng?2 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 0 210 5 0,93 210 5 0,99
ng5 10 8 1 453 5 2,25 143 3 0,11
ngé 6 10 2 301 26 | 21,53 97 15 0,66
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Bai Kich thuéc Thudt todn 2 Thuit todn 3

todn 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
ngll 4 | 15 3 55 19 0,22 33 14 0,05
ngl2 5 15 2 24 9 0,00 24 9 0,00
ngl4 5 20 3 160 38 7,31 264 43 13,95
nglb 6 12 2 234 27 8,73 220 26 10,11
ngl6 7 8 2 224 30 14,94 156 24 2,53
ngl7 8 10 0 388 12,80 333 3,02
ngl8 9 | 10 0 322 1,48 208 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 2 205 | 24 | 19,34 722 | 30 | 135,01
t61 4 3 1 8 2 0,00 5 0 0,00
£62 4 5 1 5 1 0,06 5 1 0,05
tt3 5 7 2 144 18 1,60 82 1 0,61
tt4 5 6 1 48 5 0,11 20 2 0,00
ttd 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 0,83
tt9 8 9 5 470 12 27,52 247 1,98
tt10 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
tt13 6 10 3 92 7 0,44 91 8 0,82
tt14 12 8 0 449 4 | 5927 449 4 1,87
tt15 14 8 0 693 3,73 693 4 3,73
tt16 15 5 0 600 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
vd1 2 3 0 3 1 0,00 3 1 0,00
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Bai Kich thuéc Thudt todn 2 Thudt todn 3

toin 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
vd10 3 1, 2 28 15 0,11 32 22 0,17
vd11 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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