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mang lwéi khéng ché'toa dé vi trong béi cdnh dé, khd nang dé dat duoc

Ttr khoa: chi tiéu do chinh xdc hodic chi tiéu gid thanh d6i véi mét mang lwéi

khong ché trdc dia la rdt khé khdn. Ngay nay, thiét ké toi wu chi con
dwocd dp dung chuyeu dé6i véi cac mang lwoi chuyen dung dg chinh xdc
cao cua Trdc dia céng trinh vi & dé, cé nhu'ng vdn dé cwec tri can phdi
gidi quyet Trong bai bdo nay, cdc tdc gid nghlen ctru mot glaz phdp
thiét ké toi wu ludi chuyen ding cia Trdc dia céng trinh: g1a1 phdp
thiét ké toi wu theo mirc do thira ctia cdc tri do. Dd khdo sdt thuc
nghlem trén mét s6 dang ludi Trdc dia cong trinh dé khdng dinh hiéu
qud ctia gidi phdp thiét ké nay.
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do vé ban do, nguoi ta chi quan tim dén do

1. bat van deé . L oam " \ PPN
: chinh xac déng déu trong toan lwdi thi trong

Lu&i khong ché trac dia cong trinh, & day
noiveé lwdi thi cdng va lwdi quan tric bién dang,
la nhitng lwéi chuyén dung cda cong trinh, c6
yéu ciu do chinh xac cao. D€ bdo dam tién do
va do chinh xac cho thi cong xay dwng cong
trinh cling nhw dé€ c6 thé phat hién sém chuyén
dich bién dang, cc loai lwdi nay doi hdi phai
dworc thiét ké theo nhirng yéu cau dic biét. Tt
trwdc dén nay, viéc thiét ké cdc mang lwdi trac
dia & Viét Nam chu yéu dwoc thwce hién theo
phwong phap truyén thong. Cach lam nhw viy
m¢i chi bdo dam tinh kha thi cua viéc lap lwéi.
Can phai nhan thiy ring, néu nhw ddi véi lwdi

*Tdc gid lién hé.
E-mail: nguyenquangphuc@humg.edu.vn
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trac dia cong trinh, nhiéu khi chiing ta phai xem
xét sai s6 vi tri cac diém lwdi trén nhirng hwéng
dac biét nao dd, hodc phai thi cong lwéi trong
khoang thoi gian ngdn nhit d€ bdo dam tinh
thoi sw cta cac két qua quan trac véi do chinh
xac cho trudce cia lwdi dwoc thiét ké va cda
may moc thiét bi do (Nguyén Quang Phiic,
2006) . Thuc té nay cho thay khi thiét ké lwdi
tric dia cong trinh, ching ta cin phai 4p dung
ky thuit va phwong phap thiét ké tdi wu.

2. Mot s6 van dé vé thiét ké toi wu lwdi trac
dia

2.1. Bai todn t6i wu téng qudt
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Ly thuyét quy hoach toan hoc ra doi va
phat trién nham dap &ng yéu ciu thuc hién
cac chi tiéu toi wu nhw: Nhiéu nhat, it nhat,
nhanh nhit, ré nhat, t6t nhat... Bai toan tdi wu
vi thé con dworc goi la bai toan quy hoach toan
hoc. Mdi mot linh vire khac nhau cia doi séng
déu c6 mot loai bai toan t6i wu nhwng nhin
chung, dang tong quat cia bai todn toi wu
dworc dat ra nhw sau
(https://www.math.ucla.edu/~tom/):

Cho cac s6 thuc by, ¢j, aij, véi 1<ism, 1<j<n,
tim cac sd thuwc X1, X2, ..., Xn sao cho ham sé:

Z=C1X1+C2X2+...+CnXn (1)
dat cuc dai (hodc cuc tiéu), dong thoi thoa
man cac diéu kién:

<
n
DX =
i

>

b, i=1,2,..m (2)

Nguwoi ta goi (1) la ham muc tiéu, (2) la cac
diéu kién rang budc, cac so x1, X2, ..., Xn dwoc
goila cac bién thiét ké. Mién thod man cac diéu
kién rang budc goi la mién nghiém. Tap hop
cac gia tri x1, X2, ..., Xn thod man diéu kién rang
budc goi la mot phwong an. Phwong an lam
cho ham muc tiéu dat gia tri cwc tri dwoc goi
la nghiém hay phwong an t6i wu. Gia tri ham
muc tiéu cia phwong an téi wu dwgc goi la gia
tri toi wu.

RO rang cé sw khac biét dang ké gitra thiét
ké truyén thong va thiét ké t6i wu. Trong thiét
ké t6i wu c6 2 nhiém vu phai gidi quyét dong
thoi:

+ M6t nhiém vu dworc viét dwdi dang ham
muc tiéu (1)

+ MOt nhiém vu dwoc viét dwdi dang cac
diéu kién rang budc (2).

Trong thiét ké truyén théng, nguoi ta
khong dat ra muc tiéu cta thiét ké, két qua caa
thiét ké chi cidn théa man mdét hodc mot so
rang budc nao dé ma thoi.

2.2. Bai todn thiét ké téi wu lwdi trdc dia

Trac dia 12 mot nganh khoa hoc ¢6 lich st
phat trién 1au doi va téi wu cling da dwoc ng

dung trong thiét ké cac mang lwéi khéng ché,
dic biét 1a ddi véi cdc mang ludi trac dia mit

bang. Nhuw da biét, phwong trinh co ban cua
thiét ké c6 dang:

(ATPA) . = Qx (3)
trong do:

A 1a ma trin ciu hinh, tuy thudc vi tri cac
diém lwdi va dai lwong do gitra cac diém ludi;

P 1a ma trin trong s6 cac tri do, tuy thudc
chuong trinh do;

Qx la ma tran hé sé trong s, tuy thudc
hinh dang lwéi, chwong trinh do va hé tham
khao.

Ky hiéu ( ) .. 1a ky hiéu tdng quat, tuy
thudc vao hé tham khao. Déi véi lwdi cé so
khuyét d=0, ky hiéu d6 1a ( )1, con véi ludi cd
56 khuyé&t d>0, ky hiéu d6 13 ( )~

Dwa vao (3), nguoi ta chia bai toan thiét
ké t6i wu lwdi trac dia thanh 4 loai (Grafarend,
E.W. 1974):

+ Thiét ké loai khéng: A, P ¢6 dinh, Qx c6
thé thay doi, tirc 1a lwva chon ma tran nghich
dao tong quat.

+ Thiét ké loai mot: P, Qx c6 dinh, chon A,
tirc 1a thiét ké ciu hinh lwdi, bao gdm bé tri téi
wu vi tri cac diém lwédi va lwa chon toi wu cac
tri do.

+ Thiét ké loai hai: A, Qx cd dinh, chon P,
tirc 1a thiét ké do chinh xac do. Pay la trueong
hop d6 hinh lwéi da xac dinh, cin phan phoi
trong so cho tirng tri do hay noi cach khac la
xac dinh ma trin trong sé cua cac tri do dé do
chinh x4c cua 4n la cao nhét.

+ Thiét ké loai ba: Qx c6 dinh, mot phan
cda A, P c6 thé thay déi, tirc van dé cai tién va
tang day lwédi khong ché da cé. Véi lwdi da co
nguoi ta thém bét diém, thay déi tri do hoac
thay doi d6 chinh xac do dé ning cao do chinh
xac cua luéi cii. Bai toan nay, & mot mirc do
nao do co6 thé xem 1a sw két hop cha bai toan
toi wu loai mot va loai hai.

Trén thuc té, phan 1dn cac bai toan thiét
ké toi wu thwong la sw két hop cac bai todn
thiét ké toi wu khéng cung loai. Do d6, cac loai
bai toan thiét ké toi wu khong thé dwoc phin
chia mét cach tuyét doi.
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2.3. Tiéu chudn chdt Iwong cua lwdi trdac dia

D€ danh gia chit lwgng cla ludi trac dia,
nguwoi ta dwa ra 4 loai tiéu chuln 1a gia thanh,
do chinh xac, d0 tin cady va doé nhay
(Mohammad Amin Alizadeh Khameneh,
2015).

Tiéu chuin do chinh xac dwgc quan tim
nhiéu nhit trong thiét ké lwdi trac dia. Tuy
thudc cach thirc st dung ma tran Qx ma do
chinh xac cta lwdi dwoc chia ra thanh do chinh
xac cuc b va do chinh xac tong thé. Do chinh
xac cuc bd dwa trén viéc sitr dung mét phan
thong tin cua ma tran Qx, theo dé c6 cac chi
tiéu nhw d6 chinh xac chiéu dai canh, phwong
vi canh, twong hé vi tri diém... D chinh xac
tong thé dwgc xem xét dwa trén cac chi tiéu
phén dnh két ciu téng thé clia ma tran Qx, theo
d6 c6 cac chi tiéu nhw vét ctia ma tran (trQx),
dinh thirc cia ma tran (detQx) va tri riéng ctia
ma tran (AQx). Can c vao cac chi tiéu nay cé
cac bai toan t6i wu loai A, Dva E (J. L. Berne, S.
Baselga, 2004).

Tiéu chuln do tin ciy c6 lién quan dén s6
lwong tri do thira. Trong mang lwédi trac dia,
ngoai cac tri do can thiét con c6 cac tri do thira.
SO lwong tri do thira cang nhiéu thi kha nang
phat hién sai s6 thé cang 1én, do tin ciy cua
lwéi cang cao.

Tiéu chuin do nhay dwoc ap dung déi véi
cic mang lu6éi quan tric bién dang
(Mohammad Amin Alizadeh Khameneh,
2015). Khi thiét ké lwdi quan trac bién dang,
ngoai do chinh xac va d0 tin cay, nguwoi ta con
quan tdm dén lwéi c6 d6 nhay cao, tirc 1a kha
nang phat hién dwoc vector bién dang cé gia
tri nho nhat.

Trong thiét ké t6i wu ludi triac dia, cac tiéu
chun nay dwoc str dung dé€ xay dung cdc ham
muc tiéu hodc cac diéu kién rang budc.

3. Ap dung thiét ké t6i wu loai mot lwéi tric
dia cong trinh theo mirc tri do thira

3.1. Sw cdn thiét phdi thiét ké téi wu lwei
trdc dia cong trinh

Khi thiét ké lwdi Tric dia cong trinh, nhiéu
van dé cuc tri cin phai dwoc quan tAm giai
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quyét. Vi du: Khi thanh lap lwéi khéng ché thi
céng ciu vuwot, ngwdi ta mong mudn sao cho
cac diém lwdi nam trén dwong tim cau co sai
s6 vi tri diém theo hwéng truc cau la nho nhat;
khi thanh 1ap lwéi quan trac chuyén dich
ngang tuyén dip thiy dién, nguoi ta lai mong
mudn sao cho cac diém quan trac c sai sd vi
tri diém theo hwéng ap lwc 1a nhd nhit, hodc
viéc do lwdi phai dwoc thwe hién trong khoang
thoi gian ngdn nhit d€ bao dam tinh thoi su
clia cac két qua quan tric... Vi vay, ap dung ky
thuit va phwong phép thiét ké t6i wu trong
nhitng treong hop nay 1a rat can thiét. Cac két
qua nghién ctru (Nguyén Quang Phuc, 2005),
(Nguyén Quang Phiic, 2006) da cho thdy rang,
thiét ké t6i wu loai mdt, trong dé lwa chon t6i
wu tri do, bao gom lwa chon t6i wu s6 lwgng,
ching loai va vi tri cac tri do 1a cé y nghia thuc
té nhat.

3.2. Khdi niém vé mirc do thira ctia cdc tri do

Trong thuc t€ do dac, ngoai sai s6 ngau
nhién la chd yéu, con cé sai s6 thd. Tat ca cac
sai sO tho cda cac tri do déu anh hwdng dén so
hiéu chinh ctia chinh né va ctia cac tri do khac,
va mrc anh hwéng ctia ching phu thudc vao
mitrc tri do thira.

Gia str mot mang lwi trac dia dwgc binh
sai theo phwong phap gian ti€p. Hé phuwong
trinh s6 hiéu chinh dwgc viét duwdi dang ma
tran:

V=AX+L (4)

Trong d6, Vnx1 1a vector sé hiéu chinh cta
cac tri do, Anxt 1a ma tran hé s6 ctia hé phwong
trinh s6 hiéu chinh, X1 13 vector tham s0, Lnx1
la vector s6 hang tw do, n 1a tong sé tri do va t
s6 tri do can thiét. Trong trwong hop n>t,
vector tham s6 X dwoc xac dinh theo phwong
phap s6 binh phwong nhé nhat (VTPV=min),
cu thé la:

X=-(ATPA)-1ATPL (5)
v&i P=diag(p1, pz, .., pn) 1a ma trin trong so
cua cac tri do.

Thay (5) vao (4) sé cé:

V = -A(ATPA)-IATPL + L (6)
Hay viét gon hon:

V = [E - A(ATPA)1ATP]L
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voi E 1a ma tran don vi.

Ky hiéu: R =E - A(ATPA)1ATP (7)
R dwoc goi la ma trdn dé tin cdy (A. R. Amiri-
Simkooei, M.ASCE, ]. Asgari, F. Zangeneh-
Nejad, and S. Zaminpardaz 2012). Cac phan ti
rii (v&i i=1+n) trén duwdng chéo chinh ctia ma
tran R dac trung cho mirc do thira cia cac tri
do. Tim vét clia ma tran R, ta co:

tr(R) = tr(E) - tr[A(ATPA)1ATP]

vaduwogc: Yri=n-t=r (8)
v&irla tong so tri do thira trong lwdi.
Céng thirc (8) cho thiy tong sé tri do thira r
cta lwdi da dwoc phan phdi cho tirng tri do voi
muc rii, viét tit 1a ri. Mirc do thira ri cia moi tri
do c6 gia tri trong khodng tir 0 dén 1 (0<ri<1).
Néu ri cang nho thi tac dung cuta tri do i trong
lwéi cang 16m va nguoc lai. Khi ri %0, tri do nay
khong thé thiéu, con khi ri~1, tri do nay khong
can thiét phai do.

S6 tri do thira trong lwédi cang nhiéu thi
kha nang phat hién sai s6 tho cang 16n, do tin
cay cua lwdi cang cao. Tuy nhién, khi tri do
thira tang dén mot mic nao d6 thi do chinh
xac cda lwdi khong thé ting thém dwoc nira.
Thuc té, néu r=(0,5+0,7)t thi kha ning phat
hién ra sai s thé 16n hon 4 1an do 1éch chuin
la 80%, kha nang phat hién ra sai s6 thé lon
hon 3 I4n d6 1éch chuin 1a 60% (A. R. Amiri-
Simkooei, M.ASCE, ]. Asgari, F. Zangeneh-
Nejad, and S. Zaminpardaz 2012). Ap dung bai
toan tdi wu loai mot, nguwoi thiét ké sé cin c

Bdng 1- Toa d6 so bé ctia cdc diém

biém X (m) Y (m)
C1 2086.10 2411.28
D2 2314.20 2369.85
Al 2359.00 2000.00
B2 2000.00 2000.00

vao mirc do thira cda cac tri do dé quyét dinh
phwong an thiét ké hop ly, sao cho vira dam
bao do tin cay, vira ddm bao dd chinh xac cho
lwédi dwoc thiét Ké.

3.3. Cac tinh todn thwc nghiém

D€ minh hoa cho ndi dungly thuyét da néu
& trén, trong phan nay sé tinh todn thuc
nghiém cho 2 dang lwéi khdng ché mit bang
va do cao.

Thwc nghiém 1. Lwéi thye nghiém la mang
lw¢i mit bang tw do c6 s6 khuyét d=0 véi diém
goc B2 va phwong vi khéi dau giad thiét trén
canh B2-A1 (Hinh 1). S6 lwgng tri do c6 thé
trong ludi la 6 canh va 8 géc véi do chinh xac
do dac du kién 1a mp=2", ms=2+2ppm. Toa do
so b ctia cac diém cho trong Bang 1.

bé tién theo doi, thir tw cic gbc va canh
trong ludi dwoc sap x€p nhu trong Bang 2.

Theo (7), da xac dinh dwoc ma tran do tin
cdy R nhu trong Bang 3. Cic phan t& trén
dwong chéo chinh ctia bang nay chinh la mic
do thira cda tri do thir i twong tng.

Sap xé&p cac tri do theo mirc do thira tir 1on
dén bé, ta c6 két qua nhuw & Bang 4. Tlr bang 3,
6 tr(R) =Y ri=9. Trong lwdi co6 tat ca 9 tri do
thira. Trong khi d6, sé tri do thira c6 thé bao
dam do tin ciy cho lwéi theo ly thuyét la
r=0,7.t=4,2~4 tri do. V& nguyén tac, c6 thé loai
bd bét 5 tri do c6 mirc do thira l16n nhat 1a B2,

B7, B3, Bs va B1.

A1
;f\ S D2
b} N 6 /
N FO
N, s5 °
st >< \s3
F .
i S‘E\\ "
& K%
/ [,
1 /2’ -f’//
A 52
B2

Hinh 1. Ludi thuc nghiém 1
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Bdng 2- Thir tw sdp xép cdc géc va canh do du kién trong lwdi

Tén tri do

Thi tw

Tén tri do

Thi tw

Tén tri do

B1

6

Bs

11

S3

B2

7

B~

12

S4

Bs

8

Bs

13

Ss

B4

9

S1

14

Se

S NI EICN T )PSO =N

Bs

10

Sz

15

QB2-A1

Bdng 3- Cdc phdn ti ciia ma trdn do tin cdy R

0.701

0.011

0.120

-0.095-0.036

0.023 0.109:0.167

0.074 . 0.072

0.083 -0.188

0.097:-0.107.0.001

0.011

0.805

0.075

0.116 0.005

0.007 :-0.128 0.109

0.051.0.053

-0.229 0.054

0.048 -0.063 0.000

0.120

0.075

0.768

0.004:0.153

-0.177

0.020:0.036

-0.195:0.046

0.070:0.056

-0.039.0.067 . 0.000

-0.095

0.116

0.004

0.607 0.273

0.172:-0.052

-0.024

0.071.0.055

0.081-0.158

-0.099 0.080 0.000

-0.036

0.005

0.153

0.273:0.569

-0.002

0.160

-0.122

0.074 -0.154

0.078:0.048

0.091 -0.084 0.000

0.023

0.007

-0.177

0.172 -0.002

0.735

0.095 0.147

-0.200.0.061

0.055:0.049

0.065 -0.034-0.001

0.109

-0.128

0.020

-0.052:0.160

0.095:0.797

-0.001

0.055:0.039

-0.214. 0.061

-0.057 0.037:0.001

0.167

0.109

0.036

-0.024:-0.122

0.147 -0.001

0.687

0.070 -0.171

0.077 . 0.078

-0.106. 0.104 -0.001

0.138

0.094

-0.361

0.131.0.137

-0.370

0.102 0.130

0.513-0.075

0.015-0.056

-0.157-0.120. 0.000

0.145

0.107

0.093

0.111 -0.311

0.122 . 0.078

-0.345

-0.082:0.589

-0.020-0.074

-0.247:-0.134.0.001

0.125

-0.348

0.106

0.123 . 0.119

0.084:-0.325 0.116

0.012:-0.015

0.463 0.040

-0.096-0.149-0.001

-0.354

0.102

0.106

-0.298.0.090

0.093:0.115:0.146

-0.057-0.069

0.050:0.571

-0.123:-0.234.0.000

0.214

0.105

-0.087

-0.219 0.200

0.144:-0.125

-0.233

-0.187:-0.271

-0.140-0.144

0.600 -0.049 0.000

-0.240

-0.140

0.149

0.180 -0.188

-0.075

0.083:0.231

-0.145-0.148

-0.219-0.277

-0.050:0.593:0.000

0.000

0.000

0.000

0.000:0.000

0.000:0.000 0.000

0.000:0.000

0.000:0.000

0.000 0.000 0.000

Bdng 4- Sap xép cdc tri do theo mikc do thira ri

Tri do

Tén tri do

Mtrc do thira

Tri do

Tén tri do

Mitrc do thira

B2

0.805

14

Se

0.593

B~

0.797

10

Sz

0.589

B3

0.768

12

S4

0.571

Bs

0.735

5

Bs

0.569

B1

0.701

9

S1

0.513

Bs

0.687

11

S3

0.463

B0V W| N

Ba

0.607

15

QB2-A1

0.000

—_
w

Ss

0.600

xac dinh dwoc ma tran do tin cay R caa lwéi
nhw trong Bang 6. Sap xép cac tri do theo mikc
do thira ttr 1én dén bé, ta c6 két qua nhu trong
Bang 7.

Thwc nghiém 2. Lwéi thywe nghiém la mang
lwdi d6 cao ty do c6 s6 khuyét d>0 (Hinh 2),
bao gbm 4 diém véi s6 lwgng tri do c6 thé 1a 6.
Thoéng tin vé céc tri do dw kién va thir tw sap
x€p cac tri do cho trong Bang 5. Theo (7), da

Trang 76
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Bdng 5- Thir tw sdp xép cdc tri do dw kién va s6

tram mdy
Thee | o0 | 5 IThe| Ten | 5O
tri tram . tram
tw ' P tw | trido Y
do may may
1 hi 2 4 h4q 4
2 hy3 4 5 his 8
3 hs4 5 6 hy, 3
Hinh 2. Ludi thue nghiém 2
Bdng 6- Cdc phdn tir ciia ma trdn dé tin cdy R
0,312 0,124 0,014 0,202 -0,110 -0,188
0.248 0.478 0.279 0.049 -0.199 0.230
0.035 0.349 0.532 0.218 0.183 0.314
0.405 0.049 0.175 0.531 0.126 -0.356
-0.440 -0.398 0.293 0.251 0.691 0.042
-0.283 0.173 0.188 -0.267 0.016 0.455
Bdng 7- Sdp xép cdc tri do theo mirc do thtra ri
Tri do Tén trido | Muc do thira Tri do Tén trido | Mtrc do thira
5 hi3 0.691 2 h2s 0.478
3 h3s 0.532 6 hs; 0.455
4 hs1 0.531 1 h1, 0,312

Twr Bang 6, c6 tr(R) =X rii=3. Trong lwdi c6
tat ca 3 tri do thira. Trong khi d9, s6 tri do thira
c6 thé bdo ddm do tin ciy cho lwdi theo ly
thuyét la r=0,7.t=2,1=2 tri do. C6 thé loai bd
bét 1 tri do ¢6 mirc do thira 1é6n nhat 13 his.

4. Két luan va Kién nghi

Twr cac két qua nghién ciu ly thuyét va
thwc nghiém nhw da trinh bay trong bai bao,
c6 thé rat ra mot s6 két luan va kién nghi:

+ Thiét ké t8i wu ludi trac dia cong trinh
theo mirc do thira cta cac tri do la mot giai
phap rit don gidn va hiéu qua, giup nguwoi
thiét ké loai bo dwgc nhirng tri do thira khéng
can thiét dé rut ngan thoi gian do lwdi, trén co
s& phai bdo dam do tin cdy va tinh hop ly cua
phwong an thiét ké. Giai phap thiét ké nay dac
biét hiéu qua doi véi nhirng mang lwéi 16m, cd
nhiéu tri do.

+ Néu thiét ké tdi wu loai mot theo mirc tri
do thtra cho phép lwa chon toi wu cac tri do thi
thiét ké t6i wu loai hai cho phép lwa chon t6i
wu trong sé cac tri do. Do d, khi thiét ké toi
wu lwdi theo mike tri do thira cling cin két hop
v&i bai todn tdi wu loai hai d€ vira bdo dam do
tin cdy, vira bao ddm do chinh xac cho lwoi
dwoc thiét ké. Giai phap thiét ké nay ciing c6
thé ap dung duoc ddi voi cadc mang lwdi trac
dia cong trinh do bang cong nghé GPS (Mualla
YALCINKAYA and Kamil TEKE, 2006).

+ Cac t6 chirc, don vi cé tién hanh cac cong
tac trc dia cong trinh can 4p dung ky thuit
thié€t ké t6i wu theo mic do thira ca cac tri do
dé chon phwong an xay dwng lwdi mot cach
hop ly.
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ABSTRACT

Optimal design of control network for engineering surveying
according to the redundant degree of measurements

Phuc Quang Nguyen?, Huong Minh Thi Hoang?
1Hanoi University of Mining and Geolog, Vietnam

Optimal design is a modern design method and have been applied in many engineering
problems. In the last century, methods and means of measurement and calculation are limited,
design optimization is used to design the horizontal control network due to the context at that
time. The ability to achieve precision indicators or price targets for a geodetic network is very
difficult. Nowadays, optimal design is only applied primarily to the high accuracy specialized
network of engineering surveying. There are extreme problems needed to be addressed. In this
paper, the authors propose an optimal design solution for specialized network of engineering
surveying: optimal design according to the redundant degree of measurements. Experimental
computations were conducted to confirm the effectiveness of the proposed solution.
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