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TOM TAT: Bai bdo nay sé trinh bay gidi thudt 16 mau do thi ding dé gidi
quyét vdn dé cdp phdt thanh ghi trong qud trinh bién dich khi s6 lugng thanh ghi la gidi
han va dong thdi trong bai bdo ciing dé xudt mot s6'y tudng cdi thién gidi thudt dé vigc
cdp phdt thanh ghi hiéu qud hon. Vdi gidi thudt nay, qud trinh cdp phdt thanh ghi toan
cuc cho chuong trinh dugc hién thicc, sao cho s6 thanh ghi 1 t6i thiéu. S6 mau trong dé
thi sau khi 16, tugng trung cho sé thanh ghi vt Iy cdn phdi cdp phdt.

Bai todn t6 mau do thj 1 bai todn c6 dp phiic tap la ldy thita, do d6 heuristics
dutgc d€ xudt sé lam tdng tinh higu qud ciia gidi thu@r cdp phdt thanh ghi.

Cdc thanh ghi dugc cdc trinh bién dich sit dung dé luu cdc gi4 tri trung gian cia cdc
tinh todn nhim ting t6c do thuc thi & giai doan sinh ma. Do d6 chi&n lugc cdp phat va gén
thanh ghi 12 mdt trong cdc van dé trong tAm cla giai doan t&i wu ma. Bai todn dudc ditra la:
vdi 56 thanh ghi han ché trong CPU thi cdc trinh bién dich lam sao tén dung dugc 67 uu
chiing trong qud trinh bién dich.

1. Cdp phdt thanh ghi bang gidi thugt t6 mau do thi
Viéc cdp phat thanh ghi bing phuong phép t6 mau dd thi d3 dudc John Cocke dé xuit
vao nam 1971P!. Gidi thuét x4y dung trén mot §6 khéi niém sau:
- Goi 81, S2, ..Si la tén ctlia cdc thanh ghi ky hiéu dugc ding cho cdc d6i
tugng trong ma trung gian ba dia chi.
- Ud-chain(x) 1a tdp hgp céc vi tri cia x dugc dinh nghia (duge gédn tri) trong chuong
trinh.
- Duchain(x) 1a tdp hdp cdc vi tri cla x dugc ding trong chudng trinh twong uing vdéi
dinh nghia cla x va trude khi x duge dinh nghia lai néu c6.
- DA thi giao thoa 1a db thi v6 huéng c6 cdc niit 12 céc thanh ghi ky hiéu, mot cung
ndi gitta hai mit n€u nhu mot mit codn sdng tai thdi diém mit kia dugc dinh nghia.
Gidi thuit bao gém cdc budc sau
Buicl. Cdp phdt thanh ghi ky hiéu
Giai thuat cap phdt thanh ghi ky hiéu
Nhdp : Ud-chain va Duchain cia cdc ddi tugng.
Xudt : Poan ma vdi cdc thanh ghi ky hiéu dugc cdp phdt cho cdc ddi tuong trong chudng
trinh.
Phuong phdp:
- Xéc dinh cdc Ud-chain va Duchain bing cédc gidi thuat & [1].
- Cdp phét thanh ghi ky hiéu S1, S2,.. Si cho cdc d8i tugng trong ma trung gian dwa vio
Ud-chain va Duchain .
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Buédc 2. Xdy dung Do thi giao thoa
D& xay dung db thi giao thoa, trudc h&t ta xdy dung ma trin k& cho do thi vb hudng la
ma tran vudng hai chiéu, m3i chiéu c6 s& phin tif bang vdi s6 thanh ghi ky hiéu, phan ti &
hang i cOt j mang tri 1a mot néu nhw i(j) con sdng tai thdi diém j(i) dugc dinh nghia, ngugc lai
co gid tri khong.
Gidi thudt xdy dung do thi giao thoa
Nhdp: Doan mi véi cdc thanh ghi k¥ hiéu va ma trdn ké.
Xudt: P8 thi giao thoa.
Phuong phdp:
- Xay dung ma tran ké.
- Tién hanh xdy dung dd thi giao thoa dya trén ma tran k&.
Buide 3. Cdp phdt va gdn lai thanh ghi
- Sit dung gidi thudt t6 mau trén @5 thi giao thoa d€ ti€n hanh cdp phat va gin lai
thanh ghi.
_S6 mau t6 dudc cho mot db thi s& tudng Wng v6i s6 thanh ghi vat 1y dugc cap phat.
Gidi thudt t6 mau do thi. '
Nhdp: D6 thi giao thoa chira t6 mau.
Xudt: D) thi giao thoa dudc t6 mau
Phuong phdp
- Duyét dd thi theo chi€u sau.
- Ti&n hanh t6 mau dd thi sao cho mau cda cdc niit ¢6 lién k&t vdi nhau 1a khdc nhau
va ddm bdo s8 mau 12 it nhat.
- Cap nhit lai cdc thanh ghi trén tdp ma trung gian da cho.
Gidi thudt cdp phdt va gdn lai thanh ghi.
Nhdp:
- DA thi giao thoa di t6 mau
- Tap ma da cdp phdt vdi cdc thanh ghi ky higu.
Xudt:
T4p mi dugc cap nhat lai bing s8 thanh ghi vitly.
Phuong phdp
- Xét cac nit trén db thi giao thoa c6 ciing mau.
- Tim cdc thanh ghi ky hiéu trén tip mi giéng v6i cdc mit d6, thay thé ching bing
thanh ghi Ri. |
- Quay lai budc 1, cho d€n khi nao duyét hét tat cd cdc nit trén dd thi.
Vidul:

Mi ba dia chi Thanh ghi ky hiéu Sau khi dd 67 wu
b:=3 §1:=3 Rl:=3
tl=1+4 S2:=1+ 4 R2:=1+4
2:=tl-b S3:= 82-81 R2:=R2-RI
B3:=12+2 S4:=8S3+2 R3:=R2+2
a:=13 S5:= S4 R2:=R3+6
12:=a+6 S6:=85+ 6 R2:=R3 +R2
B=a+ 2 S7:= S5+S6 R2 :=R2-RI
a=t3-b S8:= §87-S1

(a) (b) (c)

H.1 C#p phét thanh ghi cho ma ba dia chi bang gidi thujt to mau dd thi
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H.1(b). Gidi thudt sau khi di qua budc 1. Vi S1..S8 1a cdc thanh ghi ky kiéu ding trong
chuong trinh. Ta nhén xét, v6i doan ma trén n€u mudn thyc hién toan bd trén thanh ghi thi
phdi ding dén 8 thanh ghi.

H.1(c). Gidi thuat sau khi da k&t thiic, s6 thanh ghi vat 1y cdn thi€t Ia: R1, R2, R3,

H.2 trinh bay do thi giao thoa clia tAp ma trén.

rl o

H.2. B4 thi giao thoa tuong ting véi H.1(b)
Trong budc ba, ti€n hanh gidi thuat 16 mau do thi, H.3 trinh bay k&t qua thu duge

H.3. K&t qud sau khi 4p dung gidi thuit t6 mau dd thi
Duya vao k&t qud trén, ti€n hanh cdp phdt lai cdc thanh ghi, m3i miu twgng trung cho
mdt thanh ghi Ri, sau d6 thay cdc thanh ghi ky hiéu Si bing Ri, hinh H.1(c) biéu dién ké&t
qua thu dugc. So véi bude 1 cla gidi thuat gidh ddy chi cdn 3 thanh ghi thay vi 14 8 thanh ghi,
van dé 161 wu da dugc gidi quyét.

2. Bai todn t6 mau dd thi véi Heuristic

S thanh ghi trong mdy tinh 12 giéi han. Van dé dit ra 1a 1am sao gidi quyét dugc bai
todn vdir thanh ghi cho trudc?

Bing phuong phdp quy nap, d& dang chiing minh dugc véi mot dd thi G(V, E) ¢6 thé
t6 v4i s6 mau r cho trude, khi va chi khi db thi G(V-v,E) ¢6 thé t6 v4i r mau, trong dé v la
mot niit trong G ¢6 bic nhd hon ',

Nhu vdy bai todn trd vé 12 t6 mau dd thi vdi s6 mau (s6 thanh ghi) cho trudc 1a r.
Céch gidi quy&t vn dé ciing twong ty & phdn mot nhung chi khéc trong qué trinh xit 1§ dd thi
giao thoa va stack.

D6 thi ¢6 thé 6 v6i s6 mau r, thi nhitng niit trong dd thi phai ¢6 béc nhd hon r. C6
bon phudng phdp dé gidi quyét:

1. Chi dua vao dd thi nhitng nhitng thanh ghi ky hiéu ma ¢4 bic nhd hon r. Nghia la
nhitng doi tugng nay trong chuong trinh ¢6 s6 phin tf trong tdp Duchain nhd honr.
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Vi nhitng doi tugng ndo ¢6 tdp Duchain 16n hon r, ding cidc 1énh nap(load) va luu
{rit (store) d€ thay thé sau dé mdi ti€n hanh xay dyng dd thi giao thoa.

Sau khi x4y dung xong dd thi giao thoa, trudc hét dua vao stack nhitng nit ¢ béc
nhd hon r, con nhifng nit ¢6 bic 16n hon r thi dinh ddu sau khi dua vao stack .

Sau khi xay dung xong dd thi giao thoa, trong qué trinh t6 mau, n€u s8 mau dat t6i
s6 thanh ghi cho phép thi gidi thudt cham dit. Phuong phdp nay tiét kiém dugce thdi
gian chay khi s& thanh ghi cho trudc 16n hon bdn va s§ thanh ghi cdn trong chuong
trinh I6n hon nhiéu so vdi s6 thanh ghi cho phép.

Trong bén phuong phdp trén, ching tdi chon phuong phdp ba va bén dé thyc hién. Phiong
phdp ba bao gém cdc budc sau:

1.

5.

Xay dyng dd thi giao thoa. N&u s6 nit trén do thi giao thoa nhé hon s6 mau r, thi mbi
mau tudng ¥ng véi mot niit, thyc hién ndm . N&u trén dd thi ¢6 nhitng niit ¢6 bic nhéd
hon s8 mau r thi thyc hién hai, ngugc lai thye hién ba. Bac cia mot niit v trong dd thi
14 s6 cung t6i v.

LAn lugt 18y cdc niit c6 bac nhd hon s6 mau r ra khdi dd thi va (at cd cdc cung di
niit dang xét dén cac mit khdc néu c¢6. Mdi niit sau khi 18y ra khoi d6 thi, thi béc cda
cdc nit ma lién k&t véi mit dang xét s& gidm xudng mot. Niit vira 18y ra khdi do thi
duge dua vao stack. Néu trong db thi khéng con niit ¢6 bic nhd hon r ma db thi van
chua rBng thi thyc hién ba, ngugc lai thyc hién bon.

D3 thi gid day chi con cdc nit ¢6 bic 16n hon hay bing r, im mot niit ¢6 béc cao nhat
14y ra khoi dd thi dong thdi loai b céc cung t6i n6 rdi dua vao stack va ddnh diu no,
sau dé quay lai hai.

Lan lugt 14y cdc mit ra khdi stack va x4y dyng lai dd thi dé€ thuc hién t6 mau, cdc nit
trong bude hai thi luén ludn t6 dudc, con cdc nit trong budc ba(cé danh ddu) thi giir
nguyén, sau nay s€ dung lénh store luu vao bd nhd.

Dua vao do thi di dugc t6 mau, cip nhat lai va t1 uu sd thanh ghi trong doan ma.

Phuong phdp bdn bao gdm cic budc sau

1.
2.
3.

Xay dung do thi giao thoa

Duyét dd thi theo chiéu sdu

T6 mau dd thi, trong qué trinh t6, kiém tra s6 mau, néu s6 mau dat d&n s8 thanh ghi
cho trudc r thi gidi thuat k&t thic.

Sau day 13 mdt s& vi du minh hoa cho cdc gidi thuit.
Vi dy2: Diing 3 thanh ghi dé cdp phdt cho doan ma sau ( trudng hop khdng danh ddu
thanh ghi ky hiéu trén stack)

M3 Thanh ghi ky hiéu Saw khi dd 167 uu

bii=13 §1:=3 Rl =3

il:=b+ 4 S2:=81+ 4 R2:=RI+4
2:=1l-4 S3:=82-4 R3:=R2-4
B3:=tl+b S4:= S2+S1 R2 := R2 + RI
4:=t2+3 S5:=83+3 Rl:=R3+3
15:=12+7 S6:=83 +7 RI:=R3+7
=7+ 9 S7T=7+9 R3I:=7+9
(7=15-16 S8 := S6- 87 R2:= RI-R3

H.4(a) H.4(b) ‘ H.4(c)

H.4(a). Poan mi trung gian ba dia chi.
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H.4.(b). Gidi thuat sau khi dd cdp phdt thanh ghi ky hiéu. Nhin xét, vdi doan ma
trén néu mudn thuc hién toan bd trén thanh ghi thi phdi ding d&n 8 thanh ghi.
H.4(c). Gidi thuat sau khi da k&t thic, s6 thanh ghi vat 1y can thi€t bay gid chi con ba: R1,
R2, R3.
Budcl: X4y dung dd thi giao thoa.

H.2. B4 thi giao thoa twdng ting véi H.4(b)

Béc ctia cdc niit trén db thi

Nut Bic
S8 0
S1, S2, 86, 87 2
S5, 54 3
S3 4

Budc 2

Lin lugt 14y cédc niit ¢6 bac nhd hon 3 ra khdi d thi va dua vao stack bao gdm S8,
S7, S6, S1. Sau dé t6i S4, S3, S2, dd thi rdng, thuc hién budc 4, H.6 biéu dién két qud thu
dudc.
Budc 5

Cdp nhat lai thanh ghi, H.4(c) biéu dién két qud thu dugc.

H.6. K&t qua sau khi t6 mau dd thi véi heuristic ;
Vi du 3: Diung 3 thann ghi ae cap phat cho aogn ma sau ( truong hgp ddnh ddu thanh ghi ky
hiéu trén stack).

Mi ba dia chi Thanh ghi ky hiéu Sau khi da 167 uu
a:=3 Ski=3 Rl:=3
1:=a+6 S2:=S1+ 6 R2:=RI+6
0 =a+il S3:= 52+ 51 R3 :=RI + R2
3 i a2 S4:= S1 - S3 RI:=RI-R3
_ S5:= S4 + 2 S5:=RI +2
t4:=1t3+2
S6:= S2 -S3 Store §5
15:=11-12
B, s $7:= S5+ S4 R3 :=R2-R3
Load §5
H.7(b) R2:=S5+ Rl
H.7(a) H7(c)
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H.7(b). Gidi thuat sau khi da cip phat thanh ghi ky hiéu. Nhin xét, v6i doan mi trén néu
mudn thuc hién toan bd trén thanh ghi thi phdi dung dén 7 thanh ghi.

H.7(c). Giai thuat sau khi da k&t thiic, s& thanh ghi vat 1y cin thi€t bay gid 12 ba: R1, R2, R3,
cdn’ S5 thi duge luu vao bd nhé qua 1énh Store va khi sif dung thi dugc 18y tif bd nhé qua
1énh Load '

Budc 1: Xay dung db thi giao thoa. . @

H.8 D& thi giao thoa tuong dng véi H.7(b)

Biéc cia céc nit trén dd thi giao thoa:

Niit Bic
S7 0
S1, S6 2
S2, 83, 54, S5 4
Buéce 2
Lin lugt 14y S7, S6, S1 ra khdi db thi va dua vao stack, H.9 biéu di&n két qua thu
dudgc. :
e Stack
S1
S6
& e O -
H.9. K&t qué sau khi thurc hién budc 2
Budc 3

L&y S5 ra khéi do thi, dua vao stack, do bdc cia S5 bdng vdi s6' mau cho trudc nén
ddnh ddu nd t-2n stack, sau dé quay trd lai budc 2.

Pénh ?é’u

k [
Stac S5

S1
S6
S7

H.10. K&t qua sau khi thuc hién budc 3
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L&y S4, 83, 82 ra khéi do t™i, dua vao stack. thue hign! dc 4

H.11. K&t qua sau khi thuc hién budc 4
Budc.5: Cdp nhdt lai thanh ghi, H.7(c) biéu dién két qud thu dugc.
K&t luan: .

Qué trinh cdp phat thanh ghi ty ddng biing gidi thuét t6 mau dd thi da duge 4p dung
cho hang loat mdy tinh. Chiing t6i da diing gidi thuét 16 mau do thi dé xay dung cdc chuong
trinh cdp phét thanh ghi ctia mdt s6 trinh bién dich va thu duge mdt s§ k&t qua ké cd trong
trudng hop s6 thanh ghi 13 gidi han.

OPTIMIZATION FOR REGISTER ALLOCATION USING
GRAPH-COLORING ALGORITHM

Ta Duy Cong Chien - Phan Thi Tuoi

ABSTRACT: One of the most interested problems of the compiler optimization is
register allocation and assignment. The problem is addressed is how to minimize Iraffic
between the CPU registers which are usually fast to access.

The graph coloring algorithm usually results in very effective allocations with a low

. cost in compilation speed. It views the fact that two objects must be registers at the same time
as excluding them from being in the same register. It represents the objects by nodes in a graph
and the exclusions (called interferences) by arcs between the corresponding nodes. The nodes
may represent real registers also, and the arcs may represent exclusions such as that the base
address in a memory access may not be register. Given the graph corresponding to an entire
procedure, this method then attempts to color the nodes, with the number of colors equal to the
number of available real registers, so that every node is assigned a color that is distinct from
those of all the nodes adjacent to it.
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