Mot so van dé trong cai tién hi¢u suat
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Khoa CNTT BHSP KT Hung Yén
Nhu da dé cap o trén, ta sé quan tim dén cac van dé dé giam thoi gian chay va chi phi
bd nhd cho chuong trinh.

D¢ minh hoa cho céc luan ctt dugc néu vé cac van dé trén, ¢ day, ta s€ chi ra cac van dé
quan tam thong qua cac bai toan vi du minh hoa.

Téc dd xir Iy

Trong hau hét cac truong hop, toc do ciia chuong trinh 13 quan trong nhu cac tmg dung
thoi gian thyc, ing dung vé xir 1y trén cac co so dir liéu 16m,.. . Bé mot g dung co toc
dd nhanh, ngu:(n 1ap trinh chung phal quan tim dén nhiéu yéu t6 nhu: thuat toan sir dung,
lwa chon céu trac dir liéu, tinh ché ma cho chuong trinh,..

Thuét toan sir dung
1 . Xac dinh lai bai toan

Yéu cau: Trudc khi bat tay vao giai bai toan, hay tim hiéu k¥ cac yéu cau ma bai toan
dat ra va tan dung moi di€u da biét tir bai toan.

Bai toan minh hoa: Cho mdt mang sé nguyén gdm 1.000.000 phan tir; cac gia tri ndm
trong khoang tir 0..10 mdt cach ngau nhién. Hay sdap xép dé duoc mot mang co6 thu ty
giam dan.

? G1a1 bai todn tong quét: 12 mot bai toan sap xép; dung mot doan chuong trinh sap xép
c6 san cua hé thong hay st dung mot thuat toan sap xép c6 san nhu Insert - Sort hay
Quick - Sort chang han. Chi phi vé do phtic tap 13 o(n2) hay o(nlogn).

? Tuy nhién, ta di bé qua mot tinh chit cua béi toan d6 1a cac gia tri chi nam trong

khoang 0..10. Sau khi nghién ctru bai toan ta quyét dinh sir dung thuat toan dém cho viéc
sap x€p bai toan.
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Mot so van dé trong cai tién hi¢u suat

+ Khoi tao 10 bién nguyén véi gid tri 0.
+ Vc6i mdi gia tri i trong mang, ting bién thir i 1én mot don vi

+ Thyc hién rai gia tri cho mang ung véi s6 1an 1a gia tri cia bién thir i; Nhu thé, chi phi
vé do phtrc tap cua bai toan 1a o(n).

2. Sirc manh cua thudt todan

Yéu cau: Viéc nghién ctru thuat toan giup ich rat nhidu cho cac nha 1ap trinh. Céc thuat
todn c6 anh hudong quan trong dén cac h¢ thong phan mém va dac biét chung tang nhanh
toc do van hanh.

Bai toan minh hoa: Quay mang mdt chiéu chira N phﬁn ttr vé bén trai [ mot vi tri. VGi N
=8; I =3 ta dugc mang ABCDEFGH sé quay thanh DEFGHABC.

? Thuét toan 1: Ta co thé giéi bai toan bang cach sao I phan tir déu tién cua mang sang
mot mang doan; dich chuyén N - I phan tir con lai cua mang vé bén trai I vi tri; sau do
sao | phan tir dau tién tir mang tam vé cubi mang. Trong trudong hop N va I 16n, nhu thé
viéc can mang tam kha ton bo nho; xét trong trudng hop bo nhé cia may khong ddi diao
thi giai quyét nhu thé nao?

? Thuét toan 2: Ta ciling c6 thé viét 1 thi tuc con quay mang X sang bén trai mot vi tri
(nhu thé s& giai quyét dugc van dé tén bo nhd vi chi can dung mot bién phu) va sau do
thuc hién tha tuc trén I lan. Tuy nhién, thu tuc trén tén thoi gian ti 1€ v&1 N va nhu thé
chuong trinh sé ti 16 voi thoi gian I*N; do vay khi N va I 16n thi day 1a diéu khong thé
thuc hién duoc.

? Thuat toan 3: D& y rang: khi quay mang X gom N phan tir vé I vi tri, (gia sit quay sang
trai), lac nay phan tir X[i+1] s¢€ 1a phan tir X'[1] (ky hiéu X'[i] 1a phan tr thir i cua mang
X sau khi quay); X[2i+1] s€ la phan tir X'[i+1],....va ct the ti€p tuc. Do do6 ta co6 thuat
toan sau:

+ Dich chuyén X[1] dén 1 bién tam T

+ Dich chuyén X[i+1] va X[1];

+ Dich chuyén X[2+i+1] va X[i+1],....

+ Qua trinh cur thé tiép tuc; chi s6 duge tinh theo module cta N tirc khi vuot qua N s€
chia lay du cho N

2/12



Mot so van dé trong cai tién hi¢u suat

+ Qua trinh l3p cho dén khi gap phan tir X[1] va luc niy ding gia tri tir bién T va qua
trinh chdm dut.

Vi du: Vi truong hop N = 8, I = 3 = mang X = ABCDEFGH ta c¢6 nhu sau: X =
ABCDEFGH; N=8§;1=3; T=A

+ Dich chuyén X[i+1]: X[4] — X[1]
+ Dich chuyén X[2i+1]: X[7] — X[4]
+ Dich chuyén X[3i+1]: X[10] = X[2] — X[7]

+ Dich chuyén X[4i+1]: X[13] = X[5] — X[10] = X[2]

Qua trinh duoc tom tit nhu sau:
T=A;N=8;1=3; X=ABCDEFGH
4 — 1. DBCDEFGH

7T—4....... DBCGEFGH

(11)3 — 8.. DECGHFBC

6 — 3(11)... DEFGHFBC

(91 — 6 ... DEFGHABC T => Dung

Pay 1a thudt toan c¢6 chi phi ving nhé khong 16n va thoi gian chay chap nhan duoc.
3. Cac ky thudt thiét ké thudt toan v a tinh ché thudt toan.

Yéu cau: Thyc hién theo cac nguyén tic sau:

? Luu trit cac trang thai can thiét dé tranh tinh lai,
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Mot so van dé trong cai tién hi¢u suat

? Tién xir 1y thong tin dé dua vao cac cau tric dir liéu,

? Str dung cac thuét toan thich hop,

? Chi ra dugc can dudi cua thuat toan,

? Str dung céc két qua duoc tich luy,...

Bai toan minh hoa: Cho vector X chira N s thue X[1], X[2], ...,.X[N]. Goi vector con
cua X la vector ma phan tir ctia n6 1a cac phan tir lién ti€p trong X. Tong cua mdt vector
duogc tinh 1a tong cac phan tir cia vector d6. Tinh tong 16n nhat trong cac vector con, tirc

tim L,U€1..N dé tong X[i], i€L..U 1a 16n nhit.

D¢ don gian, vecto con c6 tong 16n nhat dugc goi tat 1a vecto 16n nhat. Vi dy, néu vecto
dau vao c6 dang:

[31] 41 |39 |26 |53 |38 Jo7 |93 [3 [354 |

A

Lid

Luc nay, két qua cta bai toan 13 téng cua vecto X[3..7]. Bai toan rat don gian khi tat ca
cac soO la so duong - khi do két qua chinh 1a ban than vecto X. Van dé s€ phtrc tap hon
khi c6 thém cic s6 am. Ching ta nhan xét rang ncu tat ca déu la s6 am thi két qua la
bang 0 (do6 chinh 1a tong cua vecto rong).

? Thuat toan 1: Mot chuong trinh ¢ thé viét ngay duoc 1a xét tt ca cac cip sd nguyén
L va U thoa min 1<= L<= U<= N; ddi v6i mdi cip nhu vay ta tinh tong clia vecto con
X[L..U] va so sanh tong nay vai gia tri 16n nhat hién c6. Ta c6 gid ma cho thudt toan 1
nhu sau:

MaxSoFar :=0; For L := 1 to N do

ForU:=LtoNdo

Begin

Sum := 0;

Forl:=L to U do
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Mot so van dé trong cai tién hi¢u suat

End;

Sum = Sum + X[I];

/* Sum chiva tong cia X[ L .. U] */
MaxSoFar := Max(MaxSoFar, Sum);

Chuong trinh ndy ngan va dé hiéu, tuy nhién diéu khong may 1a n6 chay rat cham. Do
phtrc tap ctiia chuong trinh 1a o(n3).

? Thuét toan 2: Dbi v6i thuat toan 1, da sd ngudi 1ap trinh cho rang co6 thé viét chuong
trinh chay nhanh hon. Cé hai cach nhu vay. Cac cach nay déu c6 do phtic tap o(n2).
Thuat toan thir nhat tinh nhanh céc tong cia vecto con bang cach stir dung hé thirc: Tong
cua X[L..U] = Tong cua X[L..U-1] + X[U]; Ta co6 thuét toan 2 nhu sau:

MaxSoFar := 0.0; For L := 1 to N do Begin

Sum :=0.0;

ForU:=LtoNdo

Begin

End;

End;

Sum := Sum + X[U];

/% Sum chira tong cia X[ L .. U] */

MaxSoFar := Max(MaxSoFar, Sum);

End

Cac 1énh trong vong lap thu nhéat thuc hién N 1an. Vi mdi 1an thuc hién céac 1énh trong
vong 1dp thir nhat, cac 1énh trong vong 1ap thtr hai thyc hién nhi€u nhat 1a N lan. Vay ta
c6 do phuec tap 1a o(n2).

? Thuat toan 3: Thuét toan chia dé trj: "Dé giai bai toan kich thudc N, chung ta giai mot

cach dé quy hai bai toan con kich thudc khoang N/2, két hop 101 giai ctia chung dé tao
ra 101 giai cua toan b bai toan".
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Mot so van dé trong cai tién hi¢u suat

Trong trudong hop nay bai toan cua ta 1a xu ly vecto d§ dai N, do d6 mdt cach tu nhién
1a chia vecto nay thanh hai vecto con c6 do dai gan bang nhau. Ching ta goi hai vecto
nay la A va B.

I A I B I

Sau do, bang dé quv chung ta tim vecto con lon nhat trong A va B goi la MA
va MB.

[ A I | M | I

Dé ¥ rang két qua bai toan 1a gia tri 16n nhat trong hai tong ctia vecto MA va MB. Két
qua cua bai toan c6 thé 1a tong cua vecto MC chira dong thoi cac thanh phan cta A va
B. Ta goi la vecto con nhu vay la vecto vuot bién.

Nhu Vay thuat toan chi dé tri s& tinh MA,MB bang dé quy va tinh MC bang phuong phap
khac, ket qua bai todn nay 13 gid tri 16n nhat trong ba tong ctia ba vecto nay. Cac mo ta
trén 1a gan da dé viét chuong trinh. Chung ta con phai mé ta cach quan 1y cac vecto nho
va céch tinh vecto MC. Phan dau tién rat d&: Doi vé6i vecto chi chira mot phén tlr, vecto
con 16n nhat hodc 1a chinh né hoic 14 vecto rdng trong trudng hop phan tir cia vecto d6
1a s6 am, Vé vecto con 16n nhit cta vecto r5ng cling 1a vecto rdng. Pé tinh MC, chl’lng ta
nhan xét rang thanh phan cua vecto MC nam trong vecto A 1a vecto con 16n nhat trong
tat ca cAc vecto con cua vecto A, bit dau tir bién cia A va B. Tuong tu nhu thé dbi véi
thanh phan cta vecto MC nam trong vecto B. Két hop tat ca cac yéu t nay, ching ta co
thuat toan 3, duoc

go1 bdi 1énh:

Answer := MaxSum(1,N); Recursive Function MaxSum(L,U)

Begin

if L > U then return 0; /* vecto rong */

if L = U then return Max(0.0, X[L]); /*vectomét phan tir */

M = (L+U) div 2

/*Alavecto X[L.. M ], B la vecto X[M+1.. U] */

/* Tim gid tri I6n nhdt cia tong ¢ d c thanh phdn b én trdi (trong vecto A)

cua v e cto vuot bién */
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Mot so van dé trong cai tién hi¢u suat

Sum := 0; MaxToLeft := 0;

For I := M downto L do

Begin

End;

Sum := Sum + X][I]

MaxToLeft := Max(MaxToLeft, Sum)
/* Tim gid tri I6n nhdt ciia tong ¢ d c thanh phdn b én phdi (trong vecto
B) cuavectovuotbién*/

Sum := 0; MaxToRight := 0;

forI: =M +1 to U do

Begin

Sum := Sum + X[I]

MaxToRight := Max(MaxToRight, Sum)
End;

Thuat toan thuc hién o(n) cong viéc trong mdi murc dé quy, va co tat ca 1a o(logn)miic
dé quy. Nén chuong trinh nay giai quyét bai todn véi do phire tap o(nlogn).

? Thuat toan 4: Thuat toan quét: Gia st rang ching ta da giai bai toan cho vecto
X[1..I-1]; 1am thé nao dé mé rdng két qua nay cho bai toan véi vecto X[1..1]?7 Ly luan
twong ty nhu trong thuat toan "chia dé tri": tong 16n nhat trong vecto X[1..I-1]

(goi 1a MaxSoFar), hodc tong 16n nhit trong tit ca cac tong ciia vecto con két thuc tai I
(goi 1a MaxEndingHere).

| | MaxSoFar I | MaxEndingHere |

Néu chung ta tinh MaxEndingHere bang cach twong ty nhu trong thuit toan
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3, thi ta chi c6 mot thuat toan binh phuong (c6 d6 phirc tap o(n2). Bé lam nhanh hon,
chung ta nhan xét diéu nhu sau: vecto con 16n nhét két thuc tai vi tri I 1a vecto con 16n
nhat két thiic tai vi tri I-1 dugce bd sung thém phan tir X[I] & cudi hodc 14 vecto rdng
trong truong hop tong ctia vecto nhan duoc 1a sé 4m. Ta c6 thudt toan 4 nhur sau:

MaxSoFar = 0; MaxEndingHere = 0; For I := 1 to N do Begin
/* Bat bién: MaxEndingHereva MaxSoFar la diing doi véi n X[1..1-1]%/
End;

MaxEndingHere := Max(MaxEndingHere + X[I],0); MaxSoFar := Max(MaxSoFar,
MaxEndingHere);

Chuong trinh nay co6 thoi gian chay 1a o(n). Vi vay thuat toan nay dugc goi la thudt toan
tuyén tinh.

Nhu vay, khi xay dung ing dung, viéc st dung cac thuét toan phu hop lam giam thoi
gian chay chuong trinh mot cach dang ké.

Luwa chon cau truc dir liéu

Song song v&i thuat toan, viéc chon lua cAu tric dir liéu anh huong 16n dén hiéu suét
chuong trinh va n6 tadc dong dén ban than thuat toan boi cau tric dit 1iéu gan bo mat thict
v6i thuat toan.

Viéc chon dung dan cau trac dir liéu lam giam khong gian bo nhd, giam thoi gian chay,
tang tinh chuyén ddc va dé bao tri, dac biét 1a cac cau trac dir li€u cao cap, mac dau
chung khong thuong duge dung nhung khi can thiét thi khong thé thiéu chung dugec.

Ta s& gip lai viéc chon luya cdu tric dit liéu trong phan 5.6.2. & sau, trong phan xét vé
khong gian bd nhd chuong trinh.

Tinh ché ma

Thong thudng, dé tang tinh hiu qua cua chwong trinh, nguoi ta thuong ban vé cac tlep
can bac cao nhu: dinh nghia bai toan, ciu triic hé thong, thiét ké thuat toan va chon cu
trac dir liéu.

Tuy nhlen cac tiép can bac thap nhu tlnh ché ma ma n6 thuong duogc thuc hién & nhiing
phan tén kém cua chuong trinh dé cai tién hiéu suit. Mic du day la phuong phap khong
phai lac ndo ciing can thiét nhung d6i luc né tao ra khac biét 16n trong hiéu suit cua
chuong trinh.
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Cac phuong phap thudng dung cia tinh ché ma.

+ Tinh trudc cac gia tri,

+ Thay tuong duong,

+ Dung bién trung gian thich hop, khong tinh lai cic hang trong vong lap.

Bai toan: Cho mdt chudi gdm 1 triéu ky ty. Hay phan loai mdi ky tu theo 4 kiéu sau:
ki€u chit in, ki€u chir hoa, kiéu so hay Ia cac kiéu "khac".

? Lo gial ma ta thuong lam: 1a thyc hién céc so sanh ddi voi mdi ky tu. Nhu vay, trong
bang ma ASCII, dé xac dinh moi ky tu thudc loai nao phai mat rat nhiéu lan so sanh; va
day chinh la diém "nong" cua chuong trinh.

? Tinh ché ma: O ddy, néu ta xem mdi ky tu nhu 1a mot chi s6 ciia mang ma thanh phan
cua no la cac kiéu ky tu. Nhu vay, ki¢u ky tu C 1a mang [C] va dé xac dinh kiéu cia mdt
ky tu, ta chi can truy cap dén mot mang don gian thay vi phai thyc hién cac chudi so
sanh phuec tap.

Nhu vay, khi thyc hién tinh ché m3, can xac dinh & dau 1a diém "nong" cua chuong
trinh va hﬁy tap trung vao diém nong. Hon nira, ta da biét rat nhiéu phuong phap dé cai

tién hiéu suét ctia chuong trinh va hay dung dén phuong phap nay sau cung va doi khi,
phuong phap nay con duoc dung dé 1am giam khong gian chiém bai chuong trinh.

Khong gian by nh¢

Trong nhitng ngay dau ciia k¥ thuat may tinh, cic nha 1ap trinh bi han ché béi nhiing
bd nhd nho; Ngay nay van dé nay khong con 1a diém "nong" nira. Tuy vay, khi thiét ké
chuong trinh khong phai luc nao ta cling c6 di by nhd dé st dung boi nhicu 1y do khac
nhau.

Khong gian dir li€u

Nguyén tic dé 1am giam khong gian luu trir dit ligu.

+ Pam bao tinh don gian,

+ Trong mot s6 truong hop ding luu trit, hay tinh lai khi can thiét,

+ Pic biét, viéc nghién ctru k¥ cac ciu tric dit lidu, (thudng 1a cdu trac dir liéu thua
thot) s€ lam giam nhiéu khong gian can thiét dé luu trit cac thong tin cho trudc,

+ Nén dir li¢u sau d6 gidi nén khi dung,
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+ Str dung cac nguyén tic cap phat b nhd: chang han nhu cp phat bo nhé dong,...

Xét bai toan: Trén mot ban dd chira 2.000 diém (bang dd quan sy) duoc danh sb tir 1
dén 2.000. Mot vi tri trén bang d6 dugc xac dinh bang cap toa do (x,y) voi x la

s6 nguyén niam trong khoang 1...200; y 13 sb nguyén nam trong khoang 1...150. Chuong
trinh dung cdp (x,y) dé xac dinh di€ém nao (néu c6) dugc chon trong 2000 diém da cho.

? Khong gian luu trit 1: Mot cach hién nhién dé luu trir ban do trén 1a dung mang 2
chiéu 200 x 150 sd nguyén; ing v6i mdi x.y sé chira mét gid tri trong khoang tir
1...2.000 hay s¢ chtra gia tri 0.

Viéc ding bang nay, thoi gian truy cap nhanh; nhung né chiém dén 200 x

150 = 30.000 6 nhd; va gia sir dé luu trit dit liéu (& day 1a 1...2.000) can 2 byte thi ta can
60.000B bo nhd.

Tuy nhién, trong méang trén thi da s 1a gia tri 0 (gia tri khéng dung). Do viy, néu ta
dung céi nao chi luu trir cac gia tri can thiét (¢ day 1a 2.000 gia tri) thi vi¢c chiém bo
nhd s€ giam dang keé.

? Khong gian luu trit 2: Thay vi dung mot mang 2 chiéu & trén, ta sir dung 3 mang 1

chiéu nhu sau:

[ Value | 17| 538 |1080] 98 | 15 [1s00] | 437 [ 832 ]
[ Row [ 3] 6 12752 [ 139 ]y | lip [ 68 |
* f_;_____—-—fﬂ_fﬂ_ _FF‘_'___.—'—P"_'—F_ -
[FirstCol | 1| 24 | 6 | 6 | | 1900 2001 |
1 2 3 4 199 200 201
L1

Mang value dung dé chira cac gia tri (6 day 1a 1...2.000) theo timg cot, nhu vay can
2. OOO 6 nhé; Mang Row 1a mang dé chira hang tuong ung véi gia tr1 6 mang value; nhu
thé can 2.000 6 nhd. Mang F1rstC01 1a mang dé chua s6 cot hién c6 - tuong ung voi gla
tri & mang value; nhu thé can 200 6 nhd; thém 1 6 nhé dau tién dé danh dau, nén tong
cong can 201 0.
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Cac diém trong cot I duoc biéu dién bang cac phan tir trong mang Row va Value gitta
cac vi tri FirstinCol [I] va FirstinCol [I+1]-1. O day, FirstinCol [201] dugc xac dinh
(mic du chiing ta chi ¢6 200 cot) dé biéu thirc I+1 hop 1. Theo hinh trén, chung ta c6 3
diém trong cot thir nhat diém 17 & vi tri (1,3), diém 538 & vi tri

(1,6,), diém 1053 & vi tri (1,127). C6 hai diém trong cot 2 (diém 98 & vi tri (2,2), diém
15 & vitri (2,139)), cot 3 khong c¢6 di€ém nao, va c6 2 diém trong cot 200. Bé

xéac dinh diém nao (trong s6 2000 diém) dugc luu giir tai vi tri (1)), chung ta dung giai
ma sau:

For K := FirstinCol[I] to FirstinCol[I+1] do
If Row[K] =J then

/* Tim thdy & vi t ri ¥/

Return Value[K]

/* Khéng cé di é m nao tai vi tri (I, J) */
Else

Return O;

Phuong phép nay dung it khong gian hon nhiéu so v6i phuong phép trude d6. O day
chung ta dung hai mang 2000 phan tir va mot mang 201 phan tir (nhu vay tt ca 1a 4201
tr 16 bit thay vi 30000 tir trong phuong phap trudc dd). Mac du né hoi chdm hon (mot
lan truy nhap phai mat 150 lan so sanh trong trudng hop tdi nhit, nhung trung binh chi
can 6 1an), nhung chuong trinh chay t6t va ngudi dung khéng gip phai van dé gi.

Loi giai ndy minh hoa mét sé diém tong quat vé cau trac dir liéu. Van dé & day rat cb
dién: viéc biéu dién thua thét (tic 1a mang trong d6 hau hét cac phan tr co cung mot gia
tri, thu’ong 1a gid tri 0). Loi giai trén c¢6 ¥ twong rat don gian va dé cai dit bang mang.
Chu y rang ¢ day khong c6 mang LastinCol di cung véi mang FirstinCol, bdi vi chung
ta str dung mot diéu 1a diém cudi cung trong mot cot chinh 1a diém dung trude diém dau
tién cta cot tiép theo. Pay 1a mot vi du tAm thudng cua nguyén tic tinh lai thay vi luu
trtr. Tuong tu, ching ta khong c6 mang Col di cung v61 mang Row vi chung ta chi truy
nhap mang Row thong qua méang FirstinCol, do d6 chung ta ludn biét cot hién thoi 1a cot
nao.

Nhiéu k¥ thuat str dung cdu trac dit liéu khac ciing c6 thé 1am giam khong gian. Trong

thuc té, chiing ta tiét kiém khong gian bang cach thay thé mang 3 chiéu thanh mang 2
chiéu. Néu chung ta st dung mot khoa dugc luu trir nhu 1a chi s6 ctia mang, thi chung
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ta khong can phai luu trir ban than khoa nay; thay vao do, chiing ta chi can luu trir cac
thudc tinh thich hop ctia n6, chang han nhu s6 1an xuat hién cta nd. Thém vao do, cac
ung dung cua ky thuat danh chi sb béng khoa da duogc van dung. Trong vi du vé ma
tran thua thét trén day, viéc danh chi s bang khod thong qua mang FirstinCol cho phép
chung ta giai quyét van dé ma khong can dung dén mang Col.

Khong gian chwong trinh

Trong mot s6 chuong trinh, d6i luc thi kich thudc ciia chinh ban than né 14 van dé. Hay
dinh nghia cac chuong trinh con hay str dung céc bd thong dich chuyén dung dé lam cho
chuong trinh don gidn, trong sang hon lam cho né rd rang hon va dé bao tri.

Lura chon hé thong va phan cirng

Nén lyga chon cac ngon ngit 1ap trinh phu hop véi ing dung ctia ban. Poi lac can hay
thay thé cac chuong trinh con viét trén ngdn ngir khac dé co toc d6 1on hon.

Trong xu thé phat trién ciia phan cimg hién nay, can phai tan dung thé manh ciia phan

cung dé co6 hi€u suat cua chuong trinh cao, méc du di€u nay lam han ché tinh phoé cap
cua n6 nhung hi¢n nay yéu cau vé phan cirng cao la chap nhan dugc.
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