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Prolog Tailoring Technique on Epilog Tailored Procedures

Yoon-Chan Jhi'- Ki-Chang Kim''

ABSTRACT

Prolog tailoring technique, an optimization method to improve the execution speed of a procedure, is proposed in this
paper. When a procedure is frequently and repeatedly called and the machine has a lot of callee-saved registers,
optimizing prolog and epilog can become an important step of optimization. Epilog tailoring supported by IBM XL C
Compiler has been known to improve procedure’s execution speed by reducing register restore instructions on execution
paths, but no algorithms for prolog tailoring has been proposed yet. The prolog generated by the prolog tailoring
algorithm proposed in this paper executes considerably smaller number of register save instructions at run-time. This
means the total number of instructions to be executed is decreased resulting in an improvement on the procedure’s
execution speed. To maintain the correctness of code, prolog code should not be inserted inside diamond structures or
loop structures. This paper proposes a prolog tailoring technique which generates register save instructions at the best
position in a control flow graph while not allowing the insertion of any prolog code inside diamond structures or loop

structures.
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I(prolog)Eta 3t AFE #HA2H %o A& F
Pah= LES M2 I(epilog)elal B LEE 19
dEzar dwdoz TRAR Y] 54 3o A&
ERE) A, ZRAA UM AEFHE I8
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r28. 129, 130, r3le] A== glow ofd g =
g£239 duzart A7 Z2Ade FI)HE
(entrance point)¥d B&Hdl A= k. (a)el
IZAAE AAZ AAEE A2 Fashl 38 4
e #Hx2E 24 BwHE FPopt @ (b=
(a)9 2EHE 58 Helstd, A7te] 2&3d o2

enter procedure
save r28, r29, r30, r31

v
128 killed Lrso killed ] [rzs xitted J

v v
era killed —I 131 killed l

restore r28, r29, r30, r31
exit procedure

(a)

enter procedure
save 28, r29, r30, r31

A 29 killed
|r28 killed J Ilao killed J lr31 kllled J

128 killed

el restore r28, r30 e2: | restore r29, r3t
exit procedure exit procedure

(b)

(22 1) ER23 HYale Mg
(Fig. 1) Applying epilog tailoring technique on a general
procedure.
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208 A% d#E Jvebdd. Exit-19 E93hE %’ Bl RE Yy
2o M= 283 r300], exit-201 s A4 2 Ndg A
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27 =YY (b)ol ekt ek o], TzARY HE 94X ol AEAR WA BT & Ak
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2 A4, A4 Ag9E dA2E B 3P ¢ e 1 /e B2y WA You & Aok wek
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sgste 12 B3 WA BTR 5+ Aok ED,
B =RoAE A A% Az # 28 A A LEZY Fx Rl Add AS, AA2H AY
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F2AW, Z2AAE 2 A9 F2d de 283 HE Aol A 23k Aol e sk
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A 4R HAAEH BE 9Ee AdgsAw (23 2)9 ojolzE Fx= & 9% if-then-else TE0| 74
2 AL BE A8 A2 hs 2z 2749 HAA she A RARE FRE uiEE, WE FEE H9
‘ 2e) 2xo| ols] WEAL F2E duj@rt.
(78 De (28 9 AN2H A% JEL 4

AA2E7E 285 A6 0 2PN g ne
L H Fil At Exit 19 o2& F A2 F L3E ¥¥3
128 killed Fao Kitlad ] [rZQkIIIed ] = ARoA ro8yte] AduH 148 EHstE AR

W F‘_*"Td_T AAe 1283 r300] 2Edn. JHEL, L3E 76t

: T AR r28e] A HAAE AY g 44
: om, L4E Exste 2= 1285 309 dg &
A2e A% BHo] AAHAY. A2 A HH

| wocadine. ol5g Bl exit 1o o2 42 F L3S ¥

B2 il AL A wHo st skt FRHAE

save 128, 130 save r29, r31

e1: | restore r28, r30
exit procedure

(3% 2) ==27 HUsiel M < & 4 alrh a2y, ZEAAZL 25l exit 10
(Fig. 2} Applying prolog tailoring technique on an epilog g 99, 1289 r30& BE BdsA s,

tailored procedure.
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save r28 save 128, 130 save 129, 131

v
[r28 xilled l lr30 xilled l ere kitled I

v
31 killed

¥
128 killed

restore r28, r30
exit 1

restore 129, 131
exit 2

(32 3) ClojojE= 72X LHSol Ad
A HH@o| ZHE
(Fig. 3) A problem with register saving codes generated
inside a diamond structure.
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flow graph)(3]7} olm AAQH Yt 7Hgsich 5
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AAsE Folrh, thojolRn Lxe wbE E2E AA
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basicblockfg_t generate prolog(basicblockfg t bbfg)
{
sccfg/|REE AojaEadZoA W8 722 AAF
JYE
beefgscefg?] thojolEe Z2E AAd 1= ;
dkrbeefgd) Z+ w=o] i8]  DKR(Definitely Killed
Registers) S ANz
tailored_bbfedkr® becfgel <& Haixl: bbightel Y 4
Ao A28 AF WHE A4
return tailored bbfg :

(23 4) =227 X8| gue|Fe| Mutxol th
(Fig. 4) Basic steps of prolog tailoring
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ZERT Eﬂ%]ﬂi?’/‘/l AAA GAE e F2E A
Aste Aoltt, ¥bE 2% SCC(Strongly Connected
Component) (4] 2 ?l*—l% F 3o FH w8 =
HA] 3hte] SCCE YEhdth. SCCE uvehte whe
§F 9= Aol e =2 M@ A
gz Jo SCCE Zehlr] sl Tarjand
dnF4)E AEE F . (3 59 (@9 b)
WE F27F AAHE 98 Holn Qlrh (a)9 =
2, 3, 4% el SCCE TAEka 9dow, (bl
A veld upel o] shie] g xjEEth (a)
EE 2, 3, 49 EddlE BE S (b)olA Aol
AP x=o RE3EE FAHY (a)9 wE 2 3
494 Edstes ZE R 9A) (bl MRo] AAd
xEA SWUEEE TAET. o9 2 WHon &
& g Ao RE N T2 e =g A
3o Pold aYTE SCC EE IYPZ(SCC flow
graph)&a $ho},
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3.
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in r1r

42 ciololRE 2EQ| A

ZEZT U FHA gAE SCC 5§ ¥
Z 39 RE telol2s F2E AAStH BCC EF
IYPE(BCC flow graph)E TA48s Rold. tlolo}
e F&2F a3Z 49 BCC(Bi-Connected
Component){4)& Zopdo2A AEE 4 vk
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(a)

(b)

(©

(32! 5) SCC &8 2= BCC SE TJafj=el M
(Fig. 5) Constructing SCC flow graph and BCC flow graph

BCCE AY%r] M <1344 =

(bi~connencted  graph)®t  H#H(articulation
point)& AL Hart Aok AFHL AAE 34
stube] 1HEZE F /) ool Ra#E(subgraph)®
e A A sty 2HE g =22 A gy, oF
A4 2dEZe JEPS /A g 9= Ao =
H4). BCO= A4 I9Z £ o)3dd agze) =
AE 2w Fad=EE £9t4). (3¥ 59 (o
(b)9] SCC & zY=2RE A BCC 3% 1
HEE vepdk Ty deR) gle], (b)Y ==
2, 3, 4}, 6, 7°] A= tholelE= FxE BCC
F a1z xu2 Xggr)
SCC 3F =28y Fax BCCEE Iz
AR BCC 88 aY=E 4T 43¢ F 714
A7} dA% AA, BCC 3§ a#Zo| FE 3
= BCC7F v EA8 + Atk 71EEE Ao
2 8= E RCC 55 a9 zZg HEsis 2o
2 gele] 2YZE A3 Aolnz, shie FE
=28 AY 98Ut ek &8, BCCE Abojde 3+
¥ SCC xEE0] &gt FTF x| it 7139
Ug A4 BAT 2ot + Ur oE (29 5ol
A gho} B 4= giv}

Py

Jot

m om fol oft

CE 1) (3% 5)9 (h)diM dE=E BCC
{Table 1) BCC set found in (Fig. 5)(b)

BCC 1 2 3 4
1, {2, 3 {2, 3, 4,
sScC 4) 1,5 6.7 6, 8

(19 5)¢] (b)elld 2& 4= U= BCCE (F D3}
ol SCC =E 62 BCC 37 4 Alo]e] F$ w0l
o} dE& Eo| 3CC == 8iA HAA2EZ 2HAG
W, 2220 A4 gagFd 93 gEdRE g
B A% gioli= SCC =E 69 AUt o] of, A
e #AA2EH AF BHole SCC =& 79 9E5HA
XL FFe 7AA Hez wEdd ARE /98]
o}, algbd, BCC && 1 TE Ao 9A
BCC A o3 3/ == AA fAAo] o]Fojd
27F Stk IR == AAE A% dugEFe (1¥
6) %z},

beeset t remove_shared_node(bceset_t beeset)
{
for (becset®) EE beeSol thal)
bee WF-29 7HIE 7iAE A9 RE x5 Al
for (becset®] BE becEol tis)
{
FH=Est EATE, Y AdERE beed F
F2TE AA.
EE =71 ARE beert EAFIE, 0)Z beesetol Al
AA.
}
if (sccfg®] FE=E7F AAEAGH)
scefg®] FELEZHE bec A8l beesetol 371
return beeset, :

(38 6) BCC HEte % = HAH ¢12|E
(Fig. 8) Algorithm for shared node removal in a given
BCC set
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T4 28 AAT BCC AFezHE BCC &
e g4sd (2" 59 (09 2& APt &
It} BCCE ZH&3sy] A¢ ¢4ungFE Tarjanol 9
# ANFHQORZ(4)(5), B EEANE SCC 38
gL Ao BE BCCE A&7 948l Tarjand &
nEEL A&t SCC 3E 1¥ZE Eg Hye
BCC 2§ adx=z W3y Y3 A4 ¢uFe
(28 N3 2rh

N
_9_1‘ e

ot

beefg t scc_to_bec(scefg_t sccfg)

{
beesetscefg WIS beeE g 4% ¢
beesetremove_shared node(becset)
beefg7ld F4 9.
beesetd TS becERHE becfgd] k= AA.
sccfg®) 7SR5 becfgd 7H3S A4, -

return beefg

(32! 7) BCC &2 2= MA 2T2|E
(Fig. 7) Agorithm for constructing a BCC flow graph
from a given SCC flow graph

% BCCb 27t Tk SCCE Aojol 714o)
ARHR, F BCCAOllE A wsg #E
A7k AUAT. Zzel BCCE dht ole] &
M % gonz, dolols & AAZ gl
BCC 5§ 17t Edst 2 u4E shi €t
%}, of® BCC7} 3hh ol3e] ¥BrcE ghechd,
BCCE tolohes 728 AAshe #Aol

=58 Tgae shiel BCCZ ¥l AE st

P
2,

b

R
A~

43 DKR A&t

& SAE dzte] BCCol Hal 23 #AAH 3
e AMEa, A" Ad dARE JP 72dd
Zt BCC9 DKR(Definitely Killed Registers)& +
sk Aotk oj® BCCY DKRol#h &2 1 BCCE
HE ZWElE 424 vtEa 429sE dAXEE
3t (29 8)2 Zzhe) BCCo| ois &F #HA
B9} DKR& A dE Holx gtk R27TE =2
oA AEHI 282 & 19 oz Aoz Az
AAHE A4 glo] A¥sug T 14 DKRE 127
4 o289 & & Utk v, r3le] AS ==
1-2-5-7% AXNE AZNT A"HEZ = 19

DKREZ r

jgon
ol me o FWV

DKRol E@slA 9h=th 28 wgoz e g9
T 9% o, e wwEY DKRY
A AR 7RG 99, 2 BCCAA) 23 )
A28 Yol FAXW, BCC nel DKRE thg 2
of AAHoZ Aosold 4 9tk

save 27, 128

killed_reg = {r27}
DKR = {r27, 128}
kitled_reg = {r28}

DKR = {r28}
killed_reg = {r27, r28}
DKR = {r27, 128}
killed_reg = {}
DKR = {} save r31
killed_reg = {r28, r31}
DKR = {r28, 131}
»
killed_reg = {} killed_reg = {}
DKR = {} DKR = {}

(3% 8) DKR A4k} HIX|AE MA Ho| MM
(Fig. 8) Computing DKR of each node and generating
register save instructions

44 Z2200] YN

BCC & z#=9 FE BCCEZHE 34 &4l
ue} g2 Z35E YA BCC 2F agxst
Egd gYE FHang, FE BCCAM BCC ndl 5%
at7] g ARE 23 shuvte] E48&d, BCC n
o] ZE&Za+ DKR(n) F o] ARAN ofn] #Fo]
B dA2EE AL Al A zElo] da]
~H A% WHolE Ay} BCCH AHHE ==
23 IE=FE BCCY A9 FE k=t 33k 7|18
B9 MFd AY¥r). DKR o4& #HA2H AF
gdo] A4EE F3L (29 8)d A Ueht Utk
FE BCCY DKRo| r27, r280ld, o]&d tisire
ofd A WYo| MM A ggonzm FE BCC
M r273% r280] AgEojopt gtk BCC 29 3
£ BCC 194 olul 1277 r289 thgh x% o] o]Fo]
Fouz HA2H AF WAL AHT gt dd
BCC 4, 6, 7& DKRe] gle.ng, 94, #x28 A
 BEE AHY "art gE »Zojth BCC 5%
DKR % r289] o] A% W#He| AQL npzlovg
r31 & AFsHE PHoins AAg. BCCY A9 F
E7L E o4 A, EE A FE FAG TE=
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b1

._saverl 12,13
(tocal root = §)

save rl

save 12

save r3 save r3

F9 SCC &= 59

(38 9) SCC == LiSoll 3X[AE XA HHO| M
MelE 3

(Fig. 9) Generating register save instructions inside a
SCC node

Fol A48 (@) 271 B4 F4E #4E
_l?_
o

insert_regsave code(node_t *n, regset_t tosave)

n2} Aol tosaved] 3 BANAH AF HEHE 44, .

if( nol SCC x=old ) |
old start AJet A% BH o]l HF HHole o]
o gol& A4, :
for( noll XY WHA F, old_startol ¥ BE Wi
Zdf b3l )

if( SCC =9 oA A5 Helolz E7jghid )
old_start2 #715l%% 4 .
}
}

insert_prolog(bfgnode_t *n)
{
if(DKR(n) ¥ #R2H A% 938& 4481 &2 #r2E7}
ZAqgtha)
{
v DKR(n) & o} 257 & A28, ;
for( n9 BE A9 FE =T kel df3 )
insert,_regsave code(k, v) :
}

for( ndl 22 A vt jof dig) )
insert_prolog(j)

(32 10) BXIAE HME HE MY 212
(Fig. 10) Algorithm for generating register save instruc
-tions

GEZ HYHE Z2AME ?I8 28270 Higad 7Y 1351

gA e Ag BEel Adds vt SCC TERE
A ¥, (29 9 e Helg "ag 4. (2
g 99 (a)E XY FE x57) SCC =59 BCCE
£33k BCC 58 adare 472 veha itk
dagFol o8 TE2E 4T 47 blew 2
AHAE 44, b19 A FE =B xE 59 AF
59 dAz8 A @l Addnt. (b)olM v
e uhe go], == 59 HAF 55 vi2 F29 A
A olm2, AS viel Agd UAzE A PPe
W Ee) iRl AU NS JPHeA B
A28 AF o] Add olF9 el (o)t 2
oodRlzE A% WEgel Agsy] A vie] 23
A A 11, r2, 138 AFE P HUHEE,
v407} v300l o8] E7]ste 5427} A ojop &

o

*

Fag FH9 4% (D% 20 BCC 3§ 2=
¢ DKRell s} #7428 A% d98E 4dshe 4
gEe (29 100 Zroh

5. ZEE1 HYHY XHE A3

Z220 "y dueiFe] H445e HdE Kol
71 98, xlisp 2.19) A~ H= ZF xlcont.cd
placeform ERANE HAARAT}. placeform ZEAA
o 712 BE Aol 38 ayxe (29 119 ()%
Zoh. IBM RS/6000 XL C HRUHE o)fs] d&
oldEe me2RE 749 aHZol, JdEzT HY
efede] Ag8 g9 AEHE YEhdth =& lo] xR
Al Fgdelr, =& 20, 29, 34, 42, 48, 50
g2 HYeHel &l #3t8 Z2AA Y gFHolth

51 9t8 Fxo MH ¥ SCC & =2 ¥4

Aol 55 ad= o uky F2E AAS] Y4,
ta) ZEAAo| Tarjan®) SCC #HE <uadF(5)&
st w5 10, 11, 12, 13, 14, 157} SCCE +
Asteg, o wAlAM SCC »==2 A#EHD, SCC
£29 A9 RFE xSl LE 1002 AYA) =&
92X H »T 1002 ke 7HHS += 10, 11, 12,
13, 14, 152 7A€ SCCE 2 A7A4ETt =
= 10, 11, 12, 13, 14 B4 SCC 9% = F¥s=
HEL ol5o] &alE SCCHM &wals HHog

AFdET. SCC A& 2 A, 2N Ade B3 &
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(a) 718 BE Ao 58 a29=

{b) SCC & zH=

(32 11) placeform =EAIMS Mo &2 Ji=
(Fig. 11) Control flow graph of placeform

oJAE= 8CC 58 ah== (29 119 (b)) 2o

52 ciojot2= F=9o M % BCC &8 =g
M
& (29 11)9 (b)oljA thololEz 2 E A
Asr] 4% dAolth Tarjan® BCC AE L3183
(51& #&3tel BCC FHEE FAstz, € ol
BCCY FEH YehYeE 5§ =28 AATY. (B
e FTH == AA Aol AR wet, BCC H
Yol Wssies Rgg yehdel R gl ®AR bnd
= =25 onjsty, E4 & SCC &
& X o == F #3 BCCo ETIEE =28
r HERIY ZEAR %719 =EF ZF BCCY AY
== et
&% BCC F3l dd 2f ==& AASI 9
s, WA, zale] £% BCCY RE Fahe 714S
2= RE A9 FE LZZ BCCIAA AAgT, =
1€ b29t b3 A% RE wro]i b2o)A b3E, b3
oA b22e] 7HAE AXEE T BCCIA 25 AH4

S

—u wo o
jm

®r} b2, b3, b6, b7, b13, bl4, bl5, bl6, bl 5
o AY FE w= g, zalo] &3 BCCY 9RE
Fahe HAE R ER, AARY o] BAE w3 o
Fo dolglyr Ff w=d dElMe, FH == 2
£ ¥ BCC % 9% &7t d83te BOCH &3 -
E2E AAgT. o] dACAM, b29] 2, b39) 49, b6
4, b72] 44, b89 46, b109] 36, b119 41, bl49]
7. b169 33, b189 26. b199] 28, b219] 19 £9
wE7} AAEL BE w=7} AHE b2, b3, b6,
b7, bl4, bl6, bl8 T BCCx BCC I =9
€, wpAwe R SCC 58 T A9 FE =9
*= 10] BCC APl EAGA ooy x= 1§
¥3ehe BCCE AAY BCC 58 =9 e
222 et 3F =2 AA ¥ FE 2 A4S

A BCC AL (E 29 AA g3 g,

+F == AA #FE& AA gz BCC JEH,
SCC 5% adzel HES #AR AA=EEe BCC
& ad=ZE (¥ 12)9 2.
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CH 2 3% =& Mol /3 BCC MEtef Hisl
(Table 2> Differences between before and after
processing shared node removal
BCC #| T == AA oA FH == AA ol
bl |- 1
b2 1,2 -
b3 |1, 49 -
b4 [49. 50 49, 50
b5 2.3 2.8
b6 |3, 4 -
b7 |3 4 -
b8 |44, 45. 46, 47 44, 45, 47
b9 |46. 48 46, 48
bl0 [4. 5. 43. 35, 36 4,5, 35, 43
bl |36, 37, 38. 39, 40, 41 | 36. 37, 38. 39. 40
bl12 |41, 42 41, 42
b13 |5, 6 6
bl4 |6, 7 -
bl5 |6. 25 25
bl6 |25, 33 -
b17 |33, 34 33, 34
bl8 |25, 26 -
bl9 |26, 27, 28. 30, 31. 32 |26, 27. 30, 31. 32
b20 |28, 29 28. 29
b2l |7--19, 2124 718, 2124
b22 [19. 20 19, 20

7..18,21...24

(% 12) BCC

SE Jgi=
(Fig. 12) A BBC flow graph of placefrom

Fist 28

20 HIZHE 7Y

53 DKRef A&+ & sfX|AE HE HEO 4N

(18 12)8 2& BCC 38 =7l FaiH,
A= A HHolg MY AAE ARy A4,
BCC 28 a#=9 XE =Eo dj& DKRE A4td
t} BCC &&F #X 49 3 xEoA9 DKRE 1
oo g8, 2 w==F9 DKRY 3% X3d #A
2EE7 RAAAN 2dEE dr2EEe] Aoz
Heldr}. DKRe] ¢3AW, BCC &F =9 7
== g28 A B3R AT A= A3
gole] PAL BCC 2E Ig=9) FE :EZREH
Aztate] 2l L= 2] =Eg olEshy P
Ay xEojMdE =X DKRY did A% WHL 4
&=, DKR %, FE =229 ZHZdA oy
A% BR3g A4 AALEHI YTk, o] YR 2Hd
daidE A 9HE A ¥ed. (2" 12)9
7t wroae] 49 gxx8 A, DKR, 2dar, &
28 A dHE AL § dA2HES (F 3
3 g #A2H AT gEoly AYHEE £89)
SCCE A=A 58 ZABHHEA AAde 93
of apAiuk, (29 12)9 ou@ »xEE X9 BE w5
7} SCC7t ofB &, of oAloix= SCC wof i3t
Al o] HEHA vt

CE 3 (O8 12)9 2H XA  DKR ALt
(Table 3) Killed registers and DKR of (Fig. 12)

BCC # | &% #lA2H 4% DKR AZE dA2H
bl 1128, r29, r31, Ir [r28, r29, r3l, Ir {128, 129, 131, Ir
b4 |r30, 131, Ir 30, 13, I r30
b5 |r3l r3l, Ir -
b8 |r30, r3l, Ir r30, 3L, Ir r30
bd - - -
b10 |- Ir -
b1l |r30, Ir r30, Ir r30
b12 |- - -
bl3 §- Ir -
bls |- Ir -
b17 |lIr Ir -

P19 |30 i, I 530 et ra by |2 70
| b20 |- - -

b2l {lIr Ir -

b22 |- - I
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6. ﬁlﬂ U

gz Pol o3 dojAE AT 4L S5 ¢
3, F 7N whgel o3 Age AR A Ul A
FollMe HAHHE fY0 e Y % P 53
gk, Adol ARE T2 IRL 137 40 Alole] A
o ga Fruza 98¢ e AYE FPdn. o
olg FAs T2y sl SGI IRIX 6.2 cc7t A
A48 MIPS R5000 oldEd Z2ad8& gdasy &
e, 23 3= A4, Y3se dyexm Ay
sBde A3 "dey dy] HF Ui P x
222 HYHHEE F8d Fo oEy Z2aPL
(29 13)37 29, 43 #@3, "g9:dd A ¥ 3
9 Ao 14255 psec’t AL e ddza HY
My ZEzg HUdyS HL3 A9 A AREe

.ent fib 2

fib: .option 00
.set noreorder
.cpload $25
.set reorder
subu $sp, 40
sw $31, 28($sp)
.cprestore 24
sW $4, 40(3sp)
sW 316, 20(8sp)
.mask 0x90010000, -12
frame Ssp, 40, $31
loc 24
loc 25
w $14, 40($sp)
bat $14, 1, $32
Joc 26
il 82, 1
b $33

$32: loc 217
lw $4, 40($sp)
addu 84, 84, -1
livereg
0x0800000F.,0x00000000
jal fib
move $16. $2
[w 34, 40($sp)
addu $4, 84, -2
livereg

0x0800000E ,0x00000000
jal fib

addu $2, $2. $16
b $33
Joc 28
b $33

$33: livi

0x2000FFOE, OXOOOOOFFF
Iw $16. 20(8sp)
lw $31, 28($sp)
addu $sp. 40
j $31
.end fib

) Hge" HA 5 g

vzt 13047 psec, 12564 1 secol 285 AT

E 4 mEux 9 A 2H9 Y2 FEO
M2 A 45 Bt
(Table 4> Relative performance evaluation between
taitoring techniques

HHg 79 fiSes Uz | TR

Ere=y 1 1.0926 1.1346

¥z - 1 1.0384
zE22 - - 1

(B e uHedd §8d g2 Ad A% 9718
vebdich Z2g3 A By 9la, A9 A¥ Ajzto]
T., BY A3 Al7to] ToEbH, T2 Ao 3t ==

.ent fib 2

fib: .option 00
.set noreorder
.cpload $25
.set reorder
subu Bsp, 40
.cprestore 24
sW 84, 40($sp)
.mask 0x90010000, -12
frame $sp, 40, $31
loc 28
loc 29
lw $14, 40($sp)
bat $14, 1, $32
loc 210
li 82,1

addu  $sp, 40
j $31

$32: loc 211
sW $31, 28(8sp)
lw 84, 40(8sp)
addu 84, 84, -1
livereg

0x0800000E, 0x00000000

jal
sW 816, 20( $sp)
move $16. $2

Iw $4, 40(8sp)
addu B4, $4, -2

livereg

0x0800000K, OXOOOOOODD

jal

addu $2, $2, 816

livereg

0x2000FFQE, 0x00000FFF
lw $16, 20($sp)
w $31, 28($sp)

addu  3sp, 40

j $31
loc 212
end fib

() Adz1 92 2227 gdezds vkl g

(28 13) MEo) A2E T £9 2He odEge] 2=
(Fig. 13) A portion of MIPS R5000 assembly code Fibonacci series calculation
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T ASE TS go] 1l 4 gith

PE, - NS,
AS = 2 ~pr
Ag 43, FHd 17.47%9 dA2E A FHEo]
A4EE wilen, A3 ol Gaf 25t A9
A Zad A$E A9Y FF FAEE 12.82%F U
el A= (R 5yeb 2

7. 48 ¥ g% o7 A

%‘5}0:1 ZEAAY A8 £58 A7

2, x2AA 43 AR HAxH
7HTE Y & de 7IEE AdEige
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5 7HAaES BAATH o]y EZAIAY A
Br} J A o e, FaEa A
3117‘1*517} B3, ZRAA o] HlEA dor}
FAAME g AAE Jepd Aoz sggct.
Agd AHEg HRUx 498 FEE ZraYe 8y
3] ol4te] ZRAA FZFo] gojyrz, ZE2 HY
Hyge 78 F Jeld F de ol #F + A
o Ay 23 220 HYHHPLS dyza HdYy
ks s T2 A Aol il 3.84%9 &= FAE
2

RN
=

HIZeEl Z2AINE fIT ZE2D Y8 7Y 1385

(R 5) ZERT HIHE ZZAIMHOM ABE=
YXIAH ME HBO 2 BHE
{Table 5> The decreased number of register save
instructions by prolog tailoring

Z2 A4 H3g 4 | 4R ¥ % HAag(%)
placeform 7 4.51 2.49 35.57
mark 8 5,50 2.50 319
sweep 9 6.50 2.50 27.78
xlpatprop 5 4,00 1.00 20.00
evlist 9 7.50 1.50 16.67
xlenter 6 5.79 0.21 3.50
evalh 9 8.70 0.30 3.33
cons 9 8.85 0.15 1.67
B 17.47
3% A9 A7 12.82

B s=RodA A 220 HYHy duEFe
IQEJ«I HldeiPo] o] FoiA gl ZEAA 2 g
2 7 Ao dEza Hdede, A%E ZE gAx
HE 34 BYsAes ¢orng #HA2H A% R &
A& 98 push. pop BHOIE AHEY F Yok ©
e /A Qe =820 Hdeys) g4 AeR
o, ol2|gt A|oke] FEHL}
ZE2a HEHY dagdsEe
RHE 3 el YR 2E A 53
#3, BCC 5§ 2= ¥ SCC 5§
ok AR, oy FH[UezE whE 7
AR 2% Bgols Adste AS oAl
= ATk ol Wi, dAxE AY B
dANAM SCC == Wil AjlEE #
qE Hert et FxHeR F oo
ZlFol AT, HdYe v se
& oiddch ®£&, BCC #4& A7 3
AHe FHste FaEFol Agdhd,

EE H4E 68 Y & I Aol
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