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TOM TAT: Ciing nhu phdn tich tix vung va phdn tich ci phdp sinh md la vén dé rdt quan
trong ciia trinh bién dich. Bai bdo nay sé trinh bdy thudt todn chuyén déi cdy biéu thitc
sang md déi twong cho cdc mdy tinh thanh ghi. Thudt todn nay tich hgp hai thudt todn so
triing cdy nhanh tix trén xubng va ldp trinh dong nhdm 161 uu ma doi tugng cho cdc lop
mdy tinh thanh ghi, va dugc thyc thi vdi thoi gian tuyén tinh vdi dung lugng dit liéu nhdp
vao.

1. GIGI THIEU

Khi nghién cifu bd sinh ma ddi tugng, ching ta nhin thdy néu dp dung céc ky thuit
khéc nhau dé sinh ma va t6i vu ma doi tugng, thi k&t qué s& khdc biét ddng ké giita ma chua
t&i vu va t8i uu va gilta cdc phuong phédp sinh ma ddi tugng khdc nhau.

C6 nhiu thuit todn thyc hién viéc t8i vu ma ddi tugng nhu: sinh ma t¥ DAG (directed
acylic graph){ ], sinh ma theo thudt todn 14p trinh dong (dynamic programmmg)[ I'va sinh mi
theo thuit todn so triing va vi€t lai ciy (tree matching-rewriting tree)!!).

Bai bdo nay trinh bay thudt todn t8i vu ma ddi tugng dua trén sy két hgp cla thudt
todn 14p trinh ddng va so triing va viét lai cdy nhim tao ma déi tugng t6i vu hon.

2. CAC THUAT TOAN SINH MA POI TUGNG
Khi hién thyc sinh mi, di liéu 12 khoi cd ban va duge bién déi thanh DAG. Gxa thi€t
ring dif liéu di dugc t6i vu trong giai doan sinh mi trung gian.

1. Thudt todn ldp trinh djong

Thuit todn dua trén nguyén tic lap trinh ddng dé md rong kha niang cla cdc may tinh, né
cho phép t8i uu ma d6i tugng tiY cdc cdy biéu thifc véi thdi gian tuy&n tinh. Thudt todn nay dudc
4p dung cho mdt 16p khd 16n cdc mdy tinh thanh ghi c6 c4c tép chi thi phifc tap.

Thudt todn 14p trinh ddng dugc diing d€ sinh ma cho cdc mdy tinh c¢6 r thanh ghi, duge
ky hiéu Ry, Ry,..., Ry.; va cdc chi thi ¢6 dang R;:=E, trong d6 E 1a mot biéu thifc chifa cdc todn
ti, thanh ghi va vi trf nhd. N&u E bao gdm m6t hay nhiéu thanh ghi thi R; phdi 12 m{t trong
cdc thanh ghi dé. '

Chiing ta xét trén m6t mdy tinh don gidn chi ¢é 3 chi thi c6 dang Ri:=M, M:=R; va
R;-R; va gid thi€t ring chi phi cho mot chi thi la 1.

Thuit todn 14p trinh dong phan hoach bai todn sinh mi t6i wu che mot biéu thitc thanh
cdc bai todn con d€ sinh mi t6i wu cho cdc biu thife con.

i. Tinh chdt ddnh gid tiép gidp
‘ Xét biéu thic E ¢6 dang E; op Ey. K&t qua t6i wu cho E dugc tao ra bing céch tong hop
cdc k&t qua t6i wu clia E; va E; theo mdt trong hai thit ty, sau d6 sinh mi cho toan td op. Cdc
bai todn sinh ma t61 uu cho E; va E, dudc gidi quy&t hoan todn tuong tu.
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Mot k€t qué 61 uu dude sinh bdi thuit todn 14p trinh dong. Tinh chat quan trong cia
n6 1a ddnh gid biéu thitc E=E; op E, theo kiéu tiép gidp (contiguous). Xét bidu thitc E=E, op
E;, va cdy cd phédp T ciia biéu thifc E gdm 2 ciy con T; va T, tudng dng v6i E, va E, nhu &
hinh 1.

P dugc goi la “ddnh gid ti€p gidp” mot cdy T néu trudc tién nd ddnh gid cdc cdy con
cia T va luu vao bo nhd, sau d6 né ddnh gid phan con lai cda T theo thit tw Ty, T (hay T,
T;) va niit gdc. Trong mdi trudng hgp né diing cic gid tri dd dugc tinh trude tit bd nhd.

Ngugc lai, ddnh gid khong gidp ti€p s& cho két qud khong t5i vu. Thi du P trudc tién
danh gid mot phan cda Ty va Iun tam trong thanh ghi (hay b6 nhé) réi sau d6 danh gid T, va
ti€p tuc ddnh gid phan con lai cia T;.

Né&u xét 16p mdy tinh thanh ghi thi mot chudng trinh P cho tride trong ngdn nglt may
ddnh gid mot cdy bi€u thitc T thi chiing ta cé thé tim duge mét chudng trinh P’ sao cho:

- P’ ¢6 chi phi khong cao hon P

- P’ diing khdng nhiéu thanh ghi hon P

- P’ ddnh gid cAy theo 181 ti€p gidp

K&t qud nay khdng dinh mdi cdy biéu thic c6 thé duge danh gid t6i wu bing mot
chuong trinh ti€p gidp. Tinh chit nay cho thdy vdi moi cdy biéu thitc T, ludn tdn tai mot
chuong trinh t81 uu bao gdm cac chuong trinh t8i wu cho cdc ciy con cia gdc; theo sau 12 mot
chi thi d& ddnh gid gdc. Piéu nay cho phép chiing ta diing thuit todn lap trinh doug dé sinh
ra chudng trinh t8i wu cho cay T.

ii. Thudt todn [dp trinh dong _

Gid s mdy dich c6 r thanh ghi Ry, Ry,... Ry v2 mdi mit n ctia cdy T déu c¢é mot vectd
Ci(n) (v6i O<=i<=r) d& luu chi phi:

- Cy(n) 12 chi phi t6i wu khi tinh cdy con S cé gdc tai n v luu vio mot thanh ghi. Gid
thi€t ring ¢6 sén i thanh ghi d€ tinh todn (vdi O<=i<=r). Chi phi bao gdm moi thao
tdc tdi va luu thong tin d& ddnh gia S, dudc luu trong Cy(n).

- Chi phi cho viéc thuc hién phép todn todn tif tai g&c ctia S durge luu trong Co(n).

Thuit todn nay tié€n hanh theo trinh tr sau:

Budc mdt: chiing ta tinh vectd chi phi Ci(n) cho mdi nit n cla ciy biéu thitc T. Pdnh
gid ti€p gidp bdo ddm ring mot chuong trinh t8i wu S c6 thé dudc sinh ra bing cdch xét t8
hdp chudng trinh t3i vu clia cdc ciy con c6 goc tai S. Rang budc ndy 1am gidm di sd cdy cdn
dudgc xem xét.

Pé tinh Ci(n) tai niit n, xét mdi chi thi mdy R:=E véi biéu thiic E so triing véi biéu thic
con ¢6 gdc tai n. Xem xét cdc vectd chi phi tai cdc hiu dué tuong dng cia n, d€ x4c dinh chi
phi ddnh gid cdc todn hang cla E. V4i cdc todn hang clia E 14 cdc thanh ghi, xét tat cd cdc thi
ty khd hitu d€ ddnh gid ciy con tudng tng clia ciy T vao c4c thanh ghi. Cho niit n, chiing ta
thém vao chi phi cta chi thi R:=E da dudc diing d€ so triing véi niit n. Do d6 gid tri Cy(n) 1a chi
phi nhd nhat trong tat cd cc thi ty kha hitu.

Vectd chi phi cho todn bd cay T ¢6 thé tinh tit dudi 1€n (bottom-up) véi thdi gian ty 18
tuy€n tinh v4i s6 niit trong T. Chiing ta lvu tai mdi nit chi thi dugc ding d€ thu dudc chi phi
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t6t nhat cho Ci(n) cia niit n v8i mdi gi4 tri cda i. Chi phi nhd nhat trong vectd cia gbc cia T
cho biét chi phi nhé nhit dé danh gid T.

Budc hai: duyét cdy T bing cich dung cdc vectd chi phi dé xdc dinh nhitng cdy con
nao cia T phdi dudc cit vao bd nhd.

Buéc ba: duyét mbi cay bing cdch dang cac vectd chi phi vi cdc chi thi di k&¢m dé€ sinh
ra ma dich cudi ciing. Mi cho cdc cdy con di dudc cat vao cdc vi tri nhd s& dudc sinh ra. Hai
budc cudi nay cling dudc cai dit véi thdi gian tuy€n tinh véi kich thudc clia cay biéu thitc.

Vi du: Xét mot mdy tinh cé 2 thanh ghi Ry, Ry va céc chi thi:

_Ri:=Mj Ri‘.=Ri op Rj R12=Ri op Mj Ri:=Rj Mi:=Rj

‘Gia st riing cdc chi thi nay déu c6 cing mot chi phi don vi, Rie {Ro, Ry}, M; 12 vi tri bd
nhd.

Xét biéu thitc (a-b)+c*{d/e) c6 ciy cd phép nhu sau:

Chon lua chi
phi nhd nhdt

@11 @Ly @©,1,H

T -1 t ©
0

LD qu,n
"+ Vatir d6 ma trung gian va ma ddi tugng dugc sinh ra 1a:
Ma Roi=c Mai MOV ¢, Ry
trung Ry:=d déi MOV 4, R;
gian: Ri:=R,/e tugng: DIVR; e
Ro:=Ro*R, . MULR,, R
R:=a MOV a, R,
R;:=R;-b SUBR,, b
R:=R}+Ry ADD Ry, R,

2. Thudt todn so triing va viét lai cdy
Dit liéu nhip cho thuit todn so triing va viét lai cdy 1a cdy ngit nghia cta mdy dich.
Thuit todn nay dua trén viéc so triing cdu triic clia cAy ngit nghia vdi tiing quy tic viét lai
cdy (rewriting tree) va tir d6 thu gidm c&u tric cla cdy, dugc diung cho giai doan chon chi thi
tr ddng d€ sinh ma cho may dich.
M®i quy tic viét lai cdy c6 dang nhu sau:
replacement <€—— template [{cost} = {action}]
Trong do6:
- replacement 12 mdt niit duy nhi't ding d€ thay thé€ trong qué trinh thu gidm ciy
- template 12 mdt quy tdc cho cu tric dinh sdn duge ding trong qué trinh so triing ciy
- cost 12 chi phi khi 4p dung quy tic thu gidm ciy
- action 12 mot doan 1&nh gi6ng nhu trong ludc dd dich huéng ci phdp
Mbt tip cdc quy tic ¢ dang nhu trén dugc goi 1a luge d6 dich ciy (tree-translation
scheme)
Mot s6 quy tdc dudce st dung trong viéc so triing nhu sau:’

Trang 41



Science & Technology Development, Vol. B, No. 7&8-2003

ST Quy tac Chi phi Lénh phdt sinh
(1 reg, ~4— comst, 2 MOV #c, R,
(2) reg, 4 mem, 2 MOV a, R,
(3) mem H— 2+cost(reg) MOV R,.a
AN
mermn, reg;
(4 Mem  -f—0 := 2+cost(reg,) MOV b, *R
2 %
ind b
I
reg,
(5 reg,; - 2+cost(reg) MOV c(R)), R,
1
+
A"
const, reg;
{6) reg, oy 2+cost(reg )+cost(reg;) ADD (R, R,
K TR
reg,
!
+
A
const, reg;
)] reg, -*1"—/+ N 1+cost(reg,)+co§t(regi) ADDR, R,
reg, reg;
() reg, *l—/n‘ e, l+cost({reg,) INCR,
regl mmtl

M3i quy tic bi€u di€n cho mét phép todn dudc thuc hién bdi mdt cdc chi thi may. Mbi
quy tic tuong tng véi mot chi thi mdy. Cdc nit 14 clia quy tic 12 cdc thudc tinh c6 chi s8 gidng
nhu cidy nhap.

Lude dd dich cdy 1a mot cong cu dé chon chi thi cho viée sinh ma. Trong qud trinh hoat
dong cla lugc do dich cdy v6i mot cay nhdp thi quy tdc viét lai cay dude 4p dung cho céc cay
con clia né.-Néu so tring dugc mot quy tic, cdy con da so tring dudc thay bing niit thay thg
ctia quy tdc va hanh dong di kem véi quy tic s& dudc thuc hién. N&u hanh ddng chita mot day
cdc chi thi mdy, nhitng chi thi ndy s& dugc xudt ra. Qué trinh nay dugc 1ap lai cho dén khi cay
dugc thu gon thanh mdt niit, hodc cho d€n khi khéng c6 sy so tring ndo x4y ra. Diy cac chi thl
mdy sinh ra, chinh la k&t qué ctia lugc do dich cay trén cdy dit liéu da cho.

Né&u nhiéu quy téc so tring dirgc v4i mot ciy con thi viée chon lua quy tic phil hdp cin
phéi tudn theo nguyén tic thu gidm d€ dat duge két qua t6i wu nhat.

Vi dy: Xét cay nhdp chita ma trung gian cho biéu thic a[i]:=b+1. Thuc hién so trung cac
quy tic v6i cdc thanh phin clia cdy theo cdc hinh dudi day. K&t qui thu dugc trong hinh 3.g
dudi diy chi con 1a mot nat:
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- :=""‘*-~

G :=~“"-\

. + . H +
“l’d Ak So tring v4 bidh déi “;d A
+ mery,  const, theo quy tdc (1) , mem, const
i U S A T PR i
+ ind ' + 1ind
T AT .
' const,i reg, . Hinh 3. a Yego e Hinh 3.b
1 A i e
------- 2% 7
const;  regg consly  regg
S6'wilng va Bidafi <7 T i
theo guy tdc (7) ind /+ N b /+ N
' _1 mem, — const, T l---memh const,
1] + 4
T N 2 i i ot
regel ind " : regy | Fegd, Sotvingvd bifnddi
' ! b Bl i rwion i theo guy tac (5)
{ | ' Hinh 3.c
g /"'\ ': Hinh 3.d
| const;  regg, |
_______________ 1
So tning vd bi€n adi _ So tning va bi€n d8i _
theo quy tde (5) S e : theo quy tdc (2) I - N !
ind, ¥ ind ! N
| E | :
Hinh 3¢ “‘regoi ety constl; Hinh 3.f "‘regg : reg; cunstl:

peeee Spemnm 150 triing va bi¢n ddi
; P theo quy tdc (8)
E ind reg; *,,.a
:re‘gg ; Hinh 3.g
Theo trinh tu thu gidm ciy, két qua thu dugc 1a:

MOV #a, Ry

ADD SP, Ry

ADD i(SP), Ro

MOV b, R

INC R,

MOV R, *Ry

Néu khéng ¢6 quy tic so tring nao dugc dp dung thi quéd trinh sinh ma ddi tugng bi
tha't bai, c6 thé mot mit duge thu gidm va viét lai bat tdn — sinh ra mdt ddy v6 han cdc chi thi

di chuyén thanh ghi, chi thi tdi hodc lwu.

Chiing ta c6 thé md rong thudt todn so triing ciy dé dat dugc hiéu qua cao hon:
- Bing quy téc so tring tit trén xudng, trong d6 mdi quy téc dugc bi€u dién bing chudi
duding din di tit gdc d&n 14 — v&n dé nay s& duge mo ta chi tiét trong thudt todn ti€p theo.
- P& sdp thit tu cdc quy tdc duge so tring bing thudt todn 13p trinh dong ta cAn xay
dung lugc dd dich c6 bd sung thém thong tin vé chi phi, lién két mdi quy tic viét lai
- cAy vdi chi phi cia day chi thi dudc sinh ra.
- P& so tring quy tic bing phin tich cd phdp, ta phdi dung luge d6 dich hudng dén ci
phdp bliing cich thay cdc quy tdc viét lai cAy biang cdc ludt sinh clia mot vin pham

phi ngit cénh, trong d6 v& phai 12 cdc bi€u dién tién vi cla cdc quy tac chi thi.
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IiL. SINH MA POI TUONG BANG GIAI THUAT KET HOP

Qué4 trinh vi€t lai cay c6 thé dugc cai dit biing cdch cho thyc thi viéc so triing quy tic
trong mdt Iugt duyét theo chiéu sau clia ciy nhdp va thuc hién céc thu gidm khi thim viéng
cdc nit lan cudi cing. N&u két hdp véi thudt todn 13p trinh dong, ching ta c6 thé chon mot diy
cdc so trling 61 wu bang cach ding thong tin clia chi phi k&m theo mdi quy tdc. Chiing ta c6
thé hofin lai quyé&t dinh vé& mot so tring cho dén khi chi phi ciia tdt ¢4 cac kha ning déu da
dirgc bi€t. Tir d6 c6 thé sinh ra mot chudi ma nhd hon nhung hiéu qua hon, dude xay dung tir
mot luge d6 viét lai cay Y. Thuat todn 14p trinh dong con gitip nha thiét k& trong viée gidi
quyé&t nhitng so trliing ¢6 xung ddt hoic dua ra nhitng quyét dinh vé thit tiy ddnh gid.

MOt cdch ti€p cdn khdc 12 ding b6 phén tich cd phdp LR dé thuc hién viée so tring.
Cay nhdp dudc xif 1y nhy mét chudi biéu dién tién vi. Tir cdc luat sinh ciia luge dd dich,
chiing ta c6 thé xay dyng bd phin tich cii phdp LR.

Trong phan nay, véi § tdng clia ngdn ngit l4p trinh TWIG™ ma nhém nghién citu cia
A.V.Aho da dua ra, ching 1 dé cap dén mot phac thio vé gidi thuft k&t hop, trong d6 khai thac
céc uu diém cia hai gidi thut 1ap trinh ddng va so tring va viét lai cay trong ngdn ngit TWIG, mic
di hién tai ngdn ngit TWIG chua thic syt phit trién nhung né c6 nhiéu tinh ning manh. |

Trudc ti€én, ching ta s& tao ra mot tdp cdc dudng din t gdc d&n cac nit 14 véi quy tic
ddnh ddu 1an luge 12 1, 2, .., n cho c4c nhanh tif trdi sang phai. Cdc dudng din nay dugc sit
dung trong qud trinh so triing cay nhéip.

Vi duy, gid sit chiing ta ¢6 3 quy tdc (dua theo cdc quy tic 6,7, 8 néu trén):

_______________________

Vi 3 quy tdc trén, s& c6 mdt tip cdc dudng din:

Vdi cay t6: Véicay t7: Vi cay t8:
+1r : +1r ' &
+2i1+1c +2r
+2i1+2r
Lugc db ng thdi tudng dng diing trong qud trinh phén tich:

Trong d6 0 la trang thai khdi ddu, va cdc trang thai k&t thic 1a 3, 9, 11, 12, 13. Tai
trang thdi 7, n€u ky ty nhdp k& ti€p khong ding thi s& gy 161 va trd vé trang thdi 1, tuong ty
cho trang thdi 8 1a 2, cho trang thdi 10 1a 4. Tai cdc trang thdi con ¢6 15i s& quay vé 0.
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Pat T = {1; « t;} vdi 1; 1a nhdn va t 12 cdc quy tic. Ching ta cé thé xdy dung mdt
automat tif g dd trang th4i d€ chap nhén cdc quy tic trong T.

Goi succ($, a) 13 trang thdi d€n dudc tif trang thdi 8 khi nhdp vao ky ty a.

Automat tao thong tin cho mdi nit n clia cdy nhip dudi dang miu tin bao gdm (parent,
symbol, state). :

Gia sW ring cdc nit trong cAy nhip va quy tic c6 nhin 12 ky hiéu nhu nhau. Gidi thuat
visit dudi ddy s& duyét cdy theo chiéu sdu va gdn trang thdi cho mdi mit, sau dé goi
post_process d€ xdc dinh quy tic.

Function visit(n)
If (n la niit géc) then
n.state « succc (0, n.symbol)
Else

n.state <« succc (succ(n.parent.state, k), n.symbol)
End if
// trong dé 0 la trang thdi khdi ddu, n la niit con thit k Ia ciia n.parent
For (mdi niit con ¢ ctia n) do
Thuc thi visit(c)
End for
Thuec thi post_process(n)
End function ,

Vi giai thudt visit trén, mdt chudi dudng din so tring tai niit n cia cdy nhdp néu n.state
12 trang théi k&t thic (dugc chdp nhan). Mot nidt n clia cdy nhép dugc xem I3 so triing vdi quy
tdc khi niit n so tring vdi tdt cd cdc chudi dudng din trong quy tic do.

Theo Hoffman va O’Donnell™, vigéc x4c dinh nit bit ddu dugc so tring thé hién theo 2
phudng phap.

Phutong phdp thit nhdt: véi mdi ndt n ¢6 mdt tdp bi€n d€m cho quy tdc twong ¥ng; Khi
mdt chudi dudng din clia quy tic t dudc so tring thi bi€n d&€m tudng dng tai nit bt diu
dudc so tring s& dudc ting 1én 1 don vi. Khi gid tri clia bi€n d€m nay bing vdi s6 chudi
dudng din c6 trong quy tdc t; thi ta néi n so trang dugce vdi t;.

Phuong phdp thit hai: mdi niit trong cdy nhdp s& ¢6 mdt chudi bit n.b; (ding dé luu
thong tin cho viéc so triing cuc bd) lién k&t vdi quy tdc t;. SO bit trong n.b; bang do dai cla
dudng din dai nhit cda t; cong thém 1. Thif t cdc bit trong n.b; bit ddu tir bit § tdn cling bén
phdi, khi mo6t chudi dudng dan s;x cda ; ¢6 dd dai 2j+1 thi bit thif j cia n.b; s&€ c6 trj 1, va
diéu nay ciing ¢6 nghia 12 néu bit thi¥ j clia n.b; dugc dit 1a 1 thi nit n (c6 d6 siu j) so tring
dugc vdi chudi dudng din con s;y clia quy tic t;. P& dat tdi vu trong qud trinh xi 1y, chiing ta
chi giit lai nhitng gi4 tri khdc O trong chudi bit n.b; cda niit n, nhu viy gidm thi€u duge mot
s& lugng 6 nhd cin dung thay vi phdi luu ddy dd chudi bit n.b;. N€u vdi ciy nhép 6 s8 lugng
16n céc mit dudc xi 1y bdi thudt todn nay thi c6 thé ti€t kiém duge mot lugng 6 nhd khd 16n.

Vi gidi thudt visit trén thi viéc xdc dinh quy tdc s& dudc thuc thi khi tat ca cdc nit con
ctia n dugc duyét qua va duge gdn trang thdi tudng Wng trong luge dd trang thdi néu trén. Tai
mbdi nit n thi mot chudi bit n.b; méi dude tinh todn bdi viéc dich phdi 1 bit (tudng dng vdi
viéc chia gi4 tri cho 2). Qud trinh so triing ciy dugc thé hién gidi thudt post_process:

Function post_process

For (mdi b; ctia miit n) do
nk; <0
End for

Trang 45



Science & Technology Development, Vol. 8, No. 7&8-2003

If (n.state la trang thdi két thiic) then
Thuec thi set_partial (n, n.state)
End if
For (méi quy tdc t;) do
n.b; ¢~ n.b;or (AND,c ¢ (¢.b; /2))
End for .
Hvdi C(n) la tdp cdc niit con ¢ cila niit n
Thuec thi do_reduce (n)
End function
Va
Function set_partial (n, o)
For (méi chudi duong ddn s;, ciia quy tdc t; ma s,y cé dj dai 2j+1 va trang thdi o
dugc ghi nhdn bdi s;,) do '
(n.b,-),j; 1

End for

End function

Chuong trinh con post_process s& quan ly viéc thu gidm cdy. Chudng trinh con
set_partial s& dat bit thd j cla b; tudng ing cho mdi chudi dudng din sy (cla t;) ghi nhin
dudc c¢6 d6 dai 2j+1. Nhd d6 ma do dai ciia dudng din so tring ghi nhin dudc s& hién hitu
khi & trang thédi k&t thic. Sau khi thuc thi post_process xong thi t; so tring v6i cdc ciy con
ciia r néu va chi néu r.b; 12 18, tic 12 bit tAn cling bén phdila 1.

Ti€p dén, can tim mot bao phii cho cdy, s& dude diing trong viéc thu gidm. Piéu nay
c6 nghia 12 khi thanh phin ciia cdy t; dugc ghi nhén thi viée thu gidm cho nhin 1; cin cho
mot thit ty khi di tim bao phii chita so triing ciia t;. Gidi thudt do_reduce s& cip nhat va thuc
hién tinh todn 14p trinh déng (dva trén chi phi cla cdc quy tic so trung dugce) vdi niit n clia
cdy nhép.

Function do_reduce(n)
For (véi méi quy tdc tyma (n.by)g=1) do
If (cost(t), n) < n.cost[l;]) then
n.cost{l;] « cost(t;, n)
n.match[l;] « 1
if (n la niit géc) then
& «succ (0, ;)
else
6 « succ (succ(n.parent.state, k), I;)
A/ vdin la nit con thit k ciia n.parent
if (81a trang thdi két thiic) then
Thuyc thi set_partial (n, 6)
End if
End for

End function

Trong d6 cost(ty, n) x4dc dinh bing chi phi clia quy tic t; so tring tai nit n, chi phi nay
phu thudc vao chi phi so tring tai cdc nut 1a.

Vi 3 quy tdc t6, t7, t8 néu trén thi chi phi dugc tinh tai mét nidt nhu sau:
Cost(ts, n) = 3+ chi phi tai cdc niit 14 so triing dudc

Cost(ty, n) = 1+ chi phi tai cdc niit 14 so triing dudgc

Cost(tg, n) =1
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V&inhém cédc gidi thudt trén x€t cdy nguyén Khi tinh todn xong, ching ta s& c¢6 két qui
liéu sau: nhu sau:
K y
/ \ | t
- 1 / \ 5
/ \ I T 1
to i
C

+
NI

! ! !
Va dang gdi nhd.cia két qud nay 1a:
sy mbol=+, state=1
be=1, by=0, bg=0
cost[r]=7, match[r]=6

\\
™~

symbol=i, state=5

symbol=+, state=1

be=104 by=11, bgy=0
cost[r]=3, match[r]=7

~

be=10, b;=10, by=0
cost[r]=02, match[r]=0

<

<

symbol=c, state=13
be=10, b;=11, bg=1
cost[r]=1, match[r]=8

symbol=c, state=13
b¢=101, b3=111, b&zl
cost[r]=1, match[r]=8

symbol=+, state=7
b=100, b;=12, by=0
cost[r]=3, match[r]=7

7 <

symbol=c, state=9
b=1010, b;=10,, b,=1
cost[r]=1, matchr]=8

symbaol=c, state=13
b=1000,, b;=10,, by=1
cost[r]l=1, match[r]=8

Gidi thuit nay tim ki€m sy so tring ma khéng bao gdm bat ky bao phii nao. Thif tu thu
gidm cho cdy nhép sé€ theo trinh tu sau:
T

?
r5/ Ll i
31 |
o U o
r r ¢C I
14 24 44
C C C
Gidi thudt do_rewrite(n) s& thuc thi qud trinh thu gidm ciy:
Function do_rewrite(n)
If (min{n.cost} = n.cost[i] va t.state la trang thdi két thiic) then
Thuc thi gencode(n)
/thuee thi hanh ddng tuong ting ciia quy tdc t;
End if
Thuc thi visit(n)
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End function

Giai thuit gencode(n) thuc thi viéc sinh ma cho ciy k&t qua trén

Function gencode(n)

Case n.match =1:
cost=2;
gencode=getreg();
emit("MOV’, [, regnode);
return (regnode);

Case n.match=2
cost=2;
regnode=getreg();
emit(‘MOV’, 1;, regnode);
return (regnode);

Case n.match=3
cost=2+1,.cost;
emit("MOV’, I, I});
return (NULL);

Case n.match=4
cost=2+l;.cost;
emit(‘MOV’, I, ;);
return (NULL);

Case n.match=3
cost=2+I1,.cost;
regnode=getreg();
emit(‘MOV’, n, regnode);
return (regnode);

Case n.match=6 ,
cost=2+1,.cost +I,.cost
emit(op(n), I, 1;)
return (1;)

Case n.match=7: Case n.match=8

If (value(l>)=1) then
cost=1+I;.cost
emit(‘INC’, 1;)
return (I;)

else
cost=1+I;.cost+l.cost
emit(op(n), I, 1;)
return (1;)

end if

End function

KET LUAN

Vi viéce hién thue mot gidi thuit sinh mi ty déng dua trén § tudng cia ngdn ngit ldp
trinh TWIG ma nhém nghién cttu ciia A.V.Aho" di dua ra, viéc t6i vu ma d6i tugng ngay
cang trd thanh vdn dé& quan trong dugc sy quan tdm cla nhiéu nhém nghién ctu. Trong
pham vi bai bdo nay, ching t8i mudn 1am sdng t6 ¥ twdng k&t hgp giita 2 gidi thudt khd phd
bi€n ma nhiéu nhém nghién ciu da titng thyc hién bing nhitng gidi thudt ¢ wén va da thu
dugc nhitng k&t qua nh4t dinh. Tuy nhién ciing ¢6 mo6t s6 hudng nghién ciu khdc vdi viéc

/ftuong ting quy tdc 1

/tong iing quy tdc 2

/tuong ting quy tic 3

//tiwong ting quy tdc 4

/twong ving quy tdc 5

/futong iing quy tic 6

/ftuong ving quy tdc 7,8
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phat trién k¥ thut viét lai cay dya vao cay quyét dinh ' d6 ciing 12 gidi phap dé t6i wu ma
dsi tudng.

CODE GENERATION BASED ON COMBINATION OF DYNAMIC
PROGRAMMING AND TREE-PATTERN MATCHING ALGORITHMS

Nguyen Chanh Thanh - Phan Thi Tuoi

ABSTRACT: After compiler-component generators, such as lexical analyzer and parser
a code generator is very important. This paper presents algorithm, which transforms
expression trees into code for register machines. This algorithm combines a fast top-down tree-
pattern matching algorithm with dynamic programming, which produces optimal code for any
machine in this class; and this algorithm runs in time linearly proportionals to the size of the
input data. i
Additional Key Words and Phrases: Code generation, code generator-generator, code
optimization, dynamic programming, pattern matching.
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