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A Speedup Technique
with Function / Loop Reuse and Precomputation
Hirohisa KASAHARA
Abstract

Recent studies have demonstrated that value locality is observed in gen-
eral programs. Many researches on region reuses and value speculation are
reported for improving the performance of microprocessors by exploiting value
locality. Value speculation is a technique that speculatively starts the following
instructions with predicted input values, and collapses the waiting time by the
intrinsic data dependencies among the series of instructions. Though, when the
predicted values turn out to be incorrect, the results should be squashed and
the instructions speculatively executed should be re-executed.

On the other hand, region reuse is a technique that memorizes the input
and the output while executing the series of instructions, and reuses the result
later. When the program counter encounters the same region with the same
input as memorized before, the correct result is retrieved immediately without
actual execution of the region. Thus, no penalties by the cancellation required
in speculative executions are occurred. Three types of techniques are considered
to implement the region reuse. First is hardware implementation. Second is the
compiler implementation that generates the sequence of normal instructions for
software reuse. Third is cooperation of hardware and compiler that generates
the special purpose instructions for hardware reuse. In case of the hardware
implementation, recognition of the basic block is very difficult. The instruction-
level reuse may be easy to implement, but the effectiveness is relatively low.
In case of the compiler implementation, general processors can be used, but
the overhead of reuse becomes large. On the other hand, the cooperation of
hardware and compiler can reuse large region like basic blocks, but can’t speed
the existing load modules. In contrast to these techniques, I exploit SPARC
ABI (Application Binary Interface), and propose the hardware mechanism that
enables the reuse of large regions without any special purpose instructions. Also
I evaluate the effectiveness with some benchmark programs.

To implement the region reuse, I select functions and loops as reuse regions,



v

and assume a hardware structure so called reuse buffer. Reuse buffer consists of
RB, RF, RW and memorizes the information required for reuse. RB holds the
input and the output of the region. For function reuse, the arguments and the
read data from memory are stored as input, and the return value and the write
data for memory are stored as output. For loop reuses, the all referred registers
in each iteration are stored as input or output. The replacement algorism for
RB is based on LRU. I supposed a CAM structure to compare the all rows of
RB entry with the values on the same registers or memory locations. RF holds
the memory addresses to read/write. RW holds the relations between caller and
callee in order to enable the multilevel region reuse.

Precomputation shows the effectiveness against such region that the simple
reuse technique has no effects. With a combination of the simple reuse mech-
anism provided by MSP (Main Stream Processor) and the parallel precompu-
tation mechanism provided by SSPs (Shadow Stream Processors), I make RB
effective despite the interval of the argument reappearance is longer than the
lifetime of RB entry or the arguments are linearly changed. The precomputa-
tion is continued on the region that the result of the trial executing shows good
hit ratio of RB. To follow the dynamic behavior of the program, the status of
memorization and reuse is stored in the shift register attached to each RF. We
divide RB entry into two blocks and assign SSP’s block with FIFO algorithm.

Considering instruction latency, cache miss penalty, window miss penalty
and reuse latency, I developed a cycle simulator and evaluated the reuse mecha-
nism with Stanford-integer. I found that the maximum ratio of eliminated cycle
reached to 75% in Stanford-integer programs. Moreover, it is shown that mul-
tilevel reuse can reduce window miss overhead significantly on some programs
and that reuse does not affect the cache miss overhead. On the other hand,
the effects of reuse are not stable and it is necessary to develop the technique
for programs whose inputs take various values, and in which the input pattern

changes irregularly.
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220 B+ Dx(N+1) OHiHE Lo

3.3 RBIVhFYDANEZ
A RF =+ U231 DOmSXKEICHIL L AT & HTIO0RER RB I
BEFEIND, TDHOEE,MSP &L SSPZARBZV MY ZED LS IKHNST B



sier "STEP* M * S M =&y Ml 1065 S=vy ME 1B
7\ AN
1111 1(1)1{14]0/1/0]0
0{0|0 0| 0j0{0]10]0[0O|0O

1
0
1/ 1/ 0] o|~x— 0| 0| 1] 0] | 0] 0] 0] 0| x—>| 0] 0] 0] 0

L2 2 B

YIivYilyY
o
o
o
o

N

i
// RFBEROLCNICY 7+ 95 soppsssf L ZRBTY | 28
MSPIC & BRB~DEHOBRICIET S HRHINARICLE TS

4 6: fin X ELER RS

RF

DDEREE R Do S, KE < MSP AT HFHFIFHORELRD 5D D
&L FFIER S A —7 DX 51K MSP THEENMRBE ARV DICHIIND EEZ D
b, BETHILE, LRU X 2 ANE L BETHILE, FIFO ICX 5 AR
BADBPANTH 5. LU D 5anXEIOMWERTILTDH 5 T B H~D
EHICHWT§5 ¢ &3 W, %D RF ICFETSRB -~ Y % MSPH
&SSP H & EIL ., ZNEN LRU & FIFO KX ) ANz 5 iIcd 5,
RIENIC IS W T~ 7e & 5 Ic, AJITTFHIER NFHTH D | SSP 23885 . MSP 23
EHICFIHT5Z E#BELT, SSPHCEID T2z I BIE N2 &L
THL o TOEF#5 IWRT,

3.4 WHEXRENE

RIC, ¥ DA% SSP ICFEITEX D008 8TH B [Al—3T A X p3H
B3 3RIRARE SRR, 3T A 2 B3HEICZE L Lt 5 Xt L
TR D L C B TFREIND DD, & x2 DGAXBEIOE TR ORIRD
AL, JRTICE bbb ARV, TR, RF ICHHICEFE I NS IXHEIC
DT EHICSSP IC X 28y OFRIETERA S & &IC Lo HnlDR
fTORGEHR MSP IC & B8 255 <\ 22D SSP 2388k L7z~ b Y OFF
FHERRE % 51\ RF %Ak L T SSP O TR &35 o BIICZE 2 B80T
CHFIHSBE 2 H{HE 32 2D, —EMEICET 288 L UHFIFHORIL %
U7 MUY RRICEEET Do RF C EICAINL72/hE A7 vty 423 E =(i@2
DHRE A 7 7 8+ B ERaE) « (FFFIAHEREL) %55 L & SSP 25, EZsiA L
7% RF & RT3, CoET#61CRT
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B4F FHHE

EHIHIC E Stanford-integer %7z, Stanford-integer (% 10 FEfHDO 7 = 7" Z
LD S0 ENENDT BT T LCONCTHIER T 70 7L, FFT &
Queens IC(X[F] U % Z 323120 [B] & 50 [AlfED BRI A —T"3HD |, 2D % %
TRIEERICHRHOEREL B b 720, W& b A 1 BIZT175 L5
K7 a7 L%EH L. fHEZTo7c0 K537 A Z%FE1ICRT . RBBREKD Y
{lalb—vavCBFEREaA 28T 57O, RF DYV DRB v U
BT 256 & L7co —Ji RB OfIRICEID 2 EELET F L 2FuconwT
FN v ab—va VYBAREARRD K& L, St L L EXARENENE
1024 TR LR ELTHIE Lo LY X ZDONA L RBNDOL ¥ 2 Z AJIEDH,
BICE 1A 74, Fvv v 2 & RBANOEEWATIME (A 1024 TF L %)
DHIFZ 1T —F D7D 1 A7V ERE Lo I HIRHCEF v v 2 3
ZERB LGSR, BEOF vy v a I R EFURFAT 4 24EL 5, H
FIFHR DE X AL, RB NOEECEEIME (%A 1024 T LX) Db F vy
va~F17—=FI%Y 13471, RBRADOL X ZHTEDH MSP DL ¥
AZNF1H A7 A%BFET B ERE L 2o

4.1 70735 LEBEFDFHE

MSP @2 (MSP) MSP 33X 1F3 5D SSP (MSP+SSP*3) & B A
(F)\ BB v —7 (F+L) 2fAEGbE 7k 4 180 ORIESHFIC LD F
#lTo7co AT ICEFEIATROBETaAD AT v 78 (VAT v o320 Eo

1.00
O mspF

[ msP F+L

0.80 — 1 u I
— [ mspP+ssP*3 F

Bl MSP+SSP*3 F+L

0.60 — H H H ‘ Ll

ratio

0.40 — I B B N B i B

N | | | | | | | ﬂﬂ
0.00

Quick Bubble Trees Perm Intmm Mm Queens FFT Towers Puzzle

B 7: MSP BZET LS AT v 78
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El:vIar—yvavioig A—%

D-Cache 64 Kbytes
Line Size 64 bytes
Ways 4

Cache Miss 20 cycles
Register Window 4 sets

Register Window Miss

20 cycles/set

Load Latency 2 cycles
Integer Mult. 8 cycles
Integer Div. 70 cycles
Floating Add/Mult. 4 cycles
Single Div. 16 cycles
Double Div. 19 cycles
RW Depth 4

RF Entry 32

Read Address 1024/RF
Write Address 1024 /RF
RB Entry 256 /RF
RB(Reg.)-Register Compare | 1 cycle

RB(Read)-Cache Compare

4 bytes/cycle

(Additional 20 cycles on each cache miss.)

RB(Write)—Cache Write
RB(Reg.)—Register Write

SSP Local Memory

4 bytes/cycle
1 cycle
64 Kbytes

12



MRV AT LRI %1 & LIGED MSP OFEfTmB 27T v 7ROk
Z7RT o

Trees TREFBRIETICA—T M2 5 EHRESMME T T 5 C & 2frE, BB
REHERFERPER O TS0 RN —7 HESIEZROMHHETETH % Intmm
B L Mm CREFBRTEET, v —7HICHIFFURHE L2235 5 Queens Tldr—7
BRI v — 7 NICBIBOF O L2372 \» FFT Tl — 7 R, Aot
Hi L 23%\» Towers T EBIEFFIAZ . 2 ZmdbicKE CHEBRL TV 5,
Tl =7 L RO L ASEBEAR AL T & 5> T\ 5 Puzzle TRERAT
90%3T < DI AT v 7 BHEIBICEII L T\ 5,

S CHBRICEIRME 2@ T B i, BFRIRICHES A—"~ o F % HERD 5420
EWRD B, X8 & AT v 7H (exec) IC. Register Compare 35 X X Cache
Compare FRFHC 2325 % 4 7 VB (test) Cache Write ¥ & U Register Write fRf
WCsh B3 A 7 8 (write)s Fvv 23 X (cachemiss)y LY ZRAEZ Y 4V F
7 I A (reg-window) DF{A ="~y ¥ #2747 VEONRTH 5, /£
[t 7 7 (Ll FE TR A7 2 7 1k TMSP+SSP*3 F+L ] OMRTH %,

Towers T FFIHIC & Y BIEFHFIF O LS L 7R, Lo X2 Y 4
YR U I ZABRKIBICED L T b o BRIFHDOI =~y F ORI test 23
T35, RB(Read) ™ Cache Compare ® A —7" b % 4byte/cycle 2>b
8byte/cycle ICHEINE & 5 & &, HIEOERIEAEERETH 5 L E2 50 Tz
Fryva I ROMINCK ZMREE T RIZ LA E Ao o

1.20

0.60 —]

ratio

0.40 — T 1 T T m 1

0.20 — 1 T T 1 m 1 -, u
T [ exec [ test M write I cache-missEA reg-window
ey I Iy
T b T T T T T T T

0.00 I
ble Trees Perm Intmm Mm Queens FFT Towers Puzzle

8 MSP BFET LV A 7 ¥ (Stanford).

13



4.2 MEXRBEBEMNDORT Y THOHEE 5
T ar L LOBNEART v 7 ORI, RERECHALE Lo T2y —
o7 a7 LTl BRIFETICV—7 2Nz 568 HWRHE 23 Uk IF
Tl 7 v 77 ANOSXEIHNTD MSP OEFMS X T v 7 ¥ i1+ 5
CEICED | MEDFERNZFHET 5, LT ICT vr I L LICIRL 2 fimX
[EIEEALC D MSP DN A 7 » 7 B ooFHiliid . BilEi & [Flkk. MSP o (MSP).
MSP X U3 HEDSSP (MSP+SSP*3) & Bifio A (V). B L i —7
(F+L) ZHiAebe7c 4180 ORERETITo TV 5, METHKL 72X 7 »
THEFE T KBRS E . BB Fy v —T DHEE. (r—7
wEhRRET EIA). L LKL L o
Intmm BEER» LA D 2 DODFFHIOMEREIHE T %o Stanford-integer Tl
75 FlE D i 40 DR 5 o FHRATRITE L \» 2 IRTCESNICHHN S
T o, FRiFEfT ARG E ., BFRIHORE RV 50
(i,j) BR %KD 2B rinnerproduct 23+ i\ j BZNEIL1 Db 40 T THE
BT2 28EL—7DHFTHEENS, LU, B rinnerproduct ICH VT,
BRETCHITeDICE ZL DFHPRART F L ABLVEZALTE
L X ORGSR D | JIEiD Y 2 2L — 3 Y TRAGD AT v
THHENRIC L EF oFeo 727Uy TR L RKEFADREFT % 1024 255 2048 IC

Intmm

600000

500000

400000

step

300000

200000

100000

0

|

(MSP F)
Innerproduct.F
Rand.F
Innerproduct.L
(MSP F+L)
Innerproduct.F
Rand.F
Innerproduct.L
(MSP+SSP*3 F)
Innerproduct.F
Rand.F
Innerproduct.L
(MSP+SSP*3 F+L)
Innerproduct.F
Rand.F
Innerproduct.L

g
©

e XERIERE R 7 780 (Intmm)

14



Bt e, COMERMRI N, 60%D 2Ty 7 KA TIRECH 5o T
&S Intmm D 90%D X 7 v 7 #% 8 5 B rInnerproduct 23FFUNHE &
NI, 32 BIEEFIHEI NS C Ik 2 DTH B, SSP * 3 Bk
F T\ B AGHITC . BARRICIE 4 [BF 3 [BIEFIHINERETH DL DD
D ANMED FRIZTERICT IS & CICHiE% B 5 720 3 [alH 2 [H]
DEFIC L EE-TnB, 57 A ZHHFBICE LT B HIRIAE < At
(ZIE 4 [BIFF 3 BIFFIHES NS LEZ OND. T MIORTED | BIL
LUV =T DFERFIFETEZITS &\ B rTnnerproduct N —7" 23 F5F]
HIX 5 DD, rinnerproduct & T DA —7 DHDbLEY  BIDFHFIH
Ihpexe, NoL—7 BEFIAENS & ETH, BEREORT »
TEOHPEE T,

Mm (FEYNIRED 6% 5 2 DDITHIOEREET 50 BROMNRER 57K

step

JC, 7 r7 7 LORER Intmm EFRECH 5, 1D TF L ZXFEHAD
T % 1024 226 2048 ([T &, T vl T L2k RT0%D AT v
THEHNET 5 C ERTE Do B 10ICRTEI Rand (% EHEICH N3 2
DOFTHORERICHEA X L 2BI%cH b . FHRisEFT% FH v CHEFIFE % 8-
T 5T LNTRETH %o EUAIICIE Rand [ZRIBEH A FAHL . E%E
BHL OB ICEEALETH Y | (RIENCFFHIS Rand (CfR Y | AT

Mm

600000

500000

400000

300000

200000

100000

0

(MSP F)
rinnerproduct.F
Rand.F
rinnerproduct.L
(MSP F+L)
rinnerproduct.F
Rand.F
rinnerproduct.L
(MSP+SSP*3 F)
rinnerproduct.F
Rand.F
rinnerproduct.L
(MSP+SSP*3 F+L)
rinnerproduct.F
Rand.F
rinnerproduct.L

B4 10: A XREIBIEIEA 7~ 78 (Mm)
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EIFRARETH Do 7 27T L Intmm ICEWT B Rand 23FAE L 7z IC
b hb o, FHAIHSEH S LA Do 2Dk B Rand 23 WEfET
Wi 77 SSP OZFERTFFTOSE TRIIC, Rand ICKIid % RB = v b
Y OBRBEIMTONE L WS HANLOLTH S, 7 v T4 Mm DEEIE. (B
DIFEY NBUS B IC > 7- © &1 X D | Rand 23R BEIDFHEICE L DR
T T BEEL D, SSP I X 3FEFIFETHIARIE > Tnik,

Quick 7 Ay 7Y =t %15, Y — b [ZEEIE Quicksort % FHRAYICHFIN S

step

ciickoTttbind, FICESIZEVIRLY — T2 C & ida < Bk
Quicksort ICHFHZEHA IS T &1 7AR v BEE Quicksort NICIHEWWT
b\ ATH ORI Rand 23 5000 fEOESE 2 b 7 % F51 % FER T B ERICHE
%o BB Rand OFTRED B X7 v 7HOEE X BIE Quicksort 22k
D 10%CE L~ Rand OEFTRESFRIETICL D 4 50 3 BFE X IL7Ad
R, 7 w7 J A Quicksort DAED T5% DR T v T HEENR TS C ERTE
7z BIEL Rand 25B D A OFRTE T ClEERIET & R WEIHIE, SSP 23
Rand DFERIFETE5E T T BRIC, Rand ICxfind 5 RB v + Y OBRERA
IO B7cDTH b, V—7FHIFEITICK 5 Rand OFFIFATHARNT
Ho>7DlE\ Rand ZEF LA —7 BFIFHICHS F—"~y FIc XD, KAl
@ Rand FEOCHS LEIRTIC y SSP 2AFBRFIFE TR T LD TH b, T T T,

Quick

80000

70000

60000

50000

40000

30000

20000

10000

(MSP F)

Rand.F
Quicksort.L(1)
Quicksort.L(2)
(MSP F+L)
Rand.F
Quicksort.L(1)
Quicksort.L(2)
(MSP+SSP*3 F)
Rand.F
Quicksort.L(1)
Quicksort.L(2)
(MSP+SSP*3 F+L)
Rand.F
Quicksort.L(1)
Quicksort.L(2)

11: frsXERIFERE R 7~ 78 (Quick)
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Rand (& KISZEHZFAH L BEEXE 2 CEEALZT OB ceH Y | K
[EOMFHE L % TIC SSP OFBRISET2%KE T L & 2 T Rl orFRH L
BT, FFIHZEHTE 233 TH 5, LArLARDL, 459D 3 DH|
BIC L EF > TWEDE, SXKEOFETTE THED 4 [BIiC 1 [\]ZT . SSP
DERIEFTHBFRI N A NZOTH D | 5., LETREHETH 5,

F 7. 11ICRT Quicksort.L(1)+ Quicksort.L(2) (& ITNTENNT AR
DAVYIY AV TI7Y AV RITOAL=TTHY | FRIEFETICL B —
7 HFIHETE 50 DLED X 5 1, Quick ZA—7HRTEFFICL Y &
HEEIN B oo, HRHBERCR AL —7 CBEMBGFET 5720,
i A7 v 7T HOBEERE 15%IC e £ E 5,

Bubble T vy —1 %2175, BESIFUHI L 2 b ICy —+ 21795 . B
BEFIHORIR I R o B 121K —7 Bubble.L(2) OIXREICIE 51
OREFILZ L, ZOKRNC &) BliEEZ ANE 2 2EVERTTS o BN
D[] UEETCOIA | WRDOFEL WBFICH LTIFTENn s L idil,
RO R TRETEEL T LETE R\, FJATETZEH I B
[BlOA—T I WTEHIDW ICZ LD 75\ & & DI, B FIREIC 742 5 o
AFHUEClEy 7 v X LEOERDI O S £ 500 0HF|%H~T, X[
Bubble.L(2) OFEFEEA36 79D 1 BB LT3 o P r—7 Bubble.L(1)

Bubble

250000

200000

150000

step

100000

50000

(MSPF)
Bubble.L(2)
Rand.F
Bubble.L(1)
(MSP F+L)
Bubble.L(2)
Rand.F
Bubble.L(1)
Bubble.L(2)
Rand.F
Bubble.L(1)
Bubble.L(2)
Rand.F
Bubble.L(1)

(MSP+SSP*3 F)
(MSP+SSP*3 F+L)

%

12: o XEIERE A 7 v 78 (Bubble)

p=
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Per

step

Z\ WEDEL WBHICEFTEINS T EBIERER D, FHFIFHORERZ
\ne %7 BB Rand DFEFTIE, Quicksort D & & & [FlEE, v — 7 ZHE15E
fric Ly EdfbEhcnsd,

m  FRICES | EOBEDANEZ %1757 07 7 L TH 5o FHIED 2
(% AFUE 2 DB Swap 23 B IFUNHIE N B, 2 [EDBLDT & B —EL
THEFEFIHRTREE B B0 AT v 2T LTl BHIDEXEL, 2@
DG LB 252 XX =V LDFEL ARV, 5Ty RBZ v U DOAR
BLEARETH), —ERB ICEEK L 7232 — v id, DIBRLIHFRIHI L
%o BEE Swap 13 50000 [BIDLEMEEILE oD, 252 [BIL 2~FEf T o
B Swap #BEIEFT LA E EDRT v 7HIE., 707 7 L68kDZT
T 2THICHE L. COERET . EdbTcEd et ichb, £, E
AT W5 &, FZE MSP 2MEHT% % RB = v b U Eosbh 2T
DFBDT, RBICTRTOARZ—v HBFBLTELCERTEARLAD
Swap DFELTRIEDZAETHEINT 5,

% 7. HRTFUH L O BB Permute ICBH L TlE . AR I A WSEED
LEDH, FFIFTEHCHAHATE 2, 272 L, BRIt wgGa,
Permute EfED 2 7 v Z7EAVNE K BB 720, KEARBBIETE &\,

Perm

350000

300000

250000

200000

150000

100000

50000

0

(MSP F)

Swap.F
Permute.F
Permute.L
(MSP F+L)
Swap.F
Permute.F
Permute.L
(MSP+SSP*3 F)
Swap.F
Permute.F
Permute.L
(MSP+SSP*3 F+L)
Swap.F
Permute.F
Permute.L

13: e XERIERR A 7 v 7 (Perm)
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Towers N/ ADOERTEAHFL T 0l FLTH D, V=T PMFAELBRND
T\ —7 HFIHDORR 2 7\ o EIC Towers Tl 7 4 27 %Fib EF 5
B Pop 3 LU T 4 27 % S B Push 2P HI I B0 T it DR
By 7427 DREX LEIELES &3 25EORE (B LCH BT 4 %7
DRESFHENTRDET A Z 7 D) HBEIETH B0 CDOATNED S Z—
YBIERRONTED . BFIHORIRERE v, FHEICHR L & oE S %
14 &3 % Towers Tl RIS Pop ¥ X UBEEL Push 2323 % 31 16400 [B[FF
CHEIN DI L ATINZ = BENEN 160 BETH 570, WY
HOIATICDD% 2T v 78 99%HIKT 5 C L3 TE Do & HICHRTH
F7235B3E Pop IC L TERITH %o 72 L BEEEFIFHIC XY | MRS X
B Pop D 99% ZFATI Nin i ks b BRI T ORI
FEWICTNE e F /ey B 141CRT Move (& BIS Pop 35 X OB Push %
UHILCTF 4 27 OBE 275 BTH Y | /7 A oBTECTEFI TR
BLCOFRI CEWERAHAEL R\, FFIHCE Y 27 v 7HEFIET 5 ¢
ERARNAIRECTH 5o FRTFATERE L H 7R . ATHEDO T HIZSHEET
D7D, 2Ty 7 HEHNETE AR\ BB Move ZFESEIE tower I\
Td HFIHI X 2 5 EEARFIRETH b0 [ 14D Getelement 13+ 4%
TARTHBRFEFL T D, 1D LICfHET 5T 4 X7 ~OfEREE

Towers
900000

800000 [+

700000 i

600000 [

500000 [~

step

400000 [+

300000 [

200000 -

100000

o —
[

F
F
F
F
F
b
F
F
F
F
F

Getelement
(MSP+SSP*3 F)
(MSP+SSP*3 F+L)

14: fSXERIEA 7 v 78 (Towers)
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LECTH B ATHEDAZ— v 23sROoNTWE D, BFIHZ#EH T
5b0D, EfTAT v 7HIT/NE o

Puzzle [ HARZEREOHICEZ b/ E—R B DD T WL NI %EL o )
T 5 CEEEERT B0, ©E— X% 0D 588 Place &N FEIE Remove
BEUK, E—X%DH 5 T LAARETDH % B iHE T BB Fit 25
IS, ¥— 2O L DD K 5 & T 25O RIN—E I FF
FHHTAIRETH B0 TN L DOEENIRD IKRE D 720D, BIEEHEFHOARTH
BERDKE LB, BADEMDAT v 7HEHNRT 5 C L3 TE %,
E— 2% D0 5375175 B Trial N —7" Tl BHEEETI T,
PLEo 3 DO F O S L 5. T3, BIELFit 23R4, £ OfERIC
X 0 BH%L Place 35 X UFBEEL Remove OWEUNH L 2SIRTE T 56 Place 33X T8
Remove OFFUNH L 2SEfTE LT Fit 235FHFIFRIREDSGE DI Trial AD
N—7 % [X[EIHAE & 3 B BRI RIRECH b0 THUIC KD | Trial O —
7 BRI 2 S ICHIBIE b s 2 7 v 78U . B Fit DA3%F AT
FTEEDORT v 7HICIZIEE L o TDTcD | Trial NOAL—7 ICHFIH %
BT 5 C &I BRRITIT LA LT v BIBFit TR L HRZEREING
TEHRE S L T CBICA T 2 222 LT 5 0 —7 (B4 1591, Fit.L)
DMEFH S L, V=T BRI TOMREKRE o T OFER Puzzle DEFTR

Puzzle
5000

4500

4000

3500

3000

2500

step(*1000)

2000

1500

1000

500

0 L= |
T T e B B e e R e e R e T T e M B e R e S R e
a 8T LYIT LY IS8T LI LY » ST YL L8 fTE8ETg8IL ey
D= [SPKe] es . F [SPKe] 2% fj F [=p] 28 = (SRR [Sp
= £ £ 5 £ £ n £ £ § £ e
= S a7} o) 7} N o) 7} o 5] 7}

o o = o @ . o @ 7] o @
o »
2 a
= 7
=
=

15: S XERIENE R 7 v 78 (Puzzle)
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T 7B OGHNR L7235 R TE o 7 BB Place 5 X B
Remove ICEWT HEEDOL—T7 2MFEHE NS DD, BERE, AL H1AZERH
NOERYHEHZ 5720, V—T FAEFFTONRENE oo

Queens 8 DD 7 A — v BHWHBHEINAWEICEL 8 7 4 — vRfE% i
o 7 A=V BT %5285 HOHIES DB Try 23, FHRIVICHFUNH X
N5o BT R WGHT ORI B X EFHAIRECH 5 o B Try N
DN —7 ZX[EEAL & U [Fl—~T 2 Z2DHERZ 2D | HFIHO
BRDBKEL Do L WIS D | SSP OETORRIC, ATIE
ZIELL THIT 2 ¢ L dRE#ECH h | BRIFTICE 5 27 v 7 HH A
AJRECTH %o [ 16/ A —7 Doit. L (ZHIHEERHCEWEL . AT A X
DSHEFEA LT 5 7o DICERTE T T — 7 FFIHZSEAT & 2 b 0o,
MO AT v 7T HITNE

Trees b—7"Y —t%{75, /—F %V U —DOfICEIML TY —+ 3358843
BORLMEN S, L, / —F ZEMT 2R TOY Y —dFEICY —
P ENREETCH Y | [F TR DR CED / — N B2 ET 5 C & 13
HY 23 FRAHOMRGE A, L, 7 vr T ANTHRUHIE L BE]
# malloc ICHFIHE X UERIEFTHEHTE T3,

Queens
10000

8000

6000

step

4000

2000

0 IIII
L
=
=

o

(MSP F)

Try.L

Doit.L

(MSP F+L)
Try.L

Try.F

Doit.L
(MSP+SSP*3 F)
Try.L

Doit.L
(MSP+SSP*3 F+L)
Try.L

Try.F

Doit.L

16: SRR R 7~ 78 (Queens)
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B 179 DBEEL Rand PBEE malloc Z & < S IXEIE . W HEFS malloc
TR & A1, A —7 BRI ERISET 2 EA T E T 5o Bl malloc
([CHRITETZ H B 2O FFIH &@LU 728555 BRI 4 50 3
DOEITIOEZHRHT & 5, M —7 HBATEFTE H W75 CHIEE A>3
IR B malloc NICEZEAL—7 2374E L RW DOEEX #2572 0T
Hbo ZEAL—T BIETINAEWEE DI, malloc ICEEFFIFHZEHT
&5, TDk®D, Trees ICXf L CHRATEFTONL— T HEE~DFEHEITS &
TR L2 BY  H ATy 7 HOSEEINT %0 RW 2MRFi3 2 LRSS
DERF % LD L 35 &, =T HRIFEFTOHEICENT D | B malloc
DOEFIHZFREC A D « FFIHZEH L AWHECt L, 7' v 7 7 L4k
TS AT v 7 8% A0%HKCTE b0 %7 BEf Rand OFEFTIE Quicksort
D& E LFERRIC, V=7 BRIEFICE Y H TS,

FFT EpE7 —Y =M% 175, 7nf§AWKﬁ%ﬁﬁTT&f\EK»—
7 CGHERFTE NS M —THRIFHTREHT s 2 ic kb,
W —7 Fit.L(1) & ZDWNEAL—7 Fit.L(2) DFEST Eﬁ@%ﬂ%ﬂm%ﬁ
EWCHIE NG NE 7 T ATERERITS AL —7 Fit.L(3) dEEATFETIC
E0HIERR Ty TEBKREL Do 70T T LR E, =T DT
A Z ORI TH Y | 3T A X OHFZHLICIERET 5 ARZERITETIC

Trees

1000

800

600

step(*1000)

400

200

r

TLHSLESL JL2SLE8L TL2ILasL JL2SLass

o SET3ITIE T E8ETDITIE w8ETSITIER I 8EToITIR

D EZ2< 283 TSEZ2<E<C<8 AFTE<CE<CELT e E2<CELSLCS

S o§oox FEOFoox gg_osgoox PEgo5o0k
SO e00 =000 =<0 e00 L =E<LO 00
[ R 03 = O I 03 + O I 03 %] [ R} 3
o4 | o4 | o o | %] o |
a1 < << << < << << %) a1 < << << + a1 < << <<
2 1 2 1 = 2 1 & 2 1
| | = | = |

B4 17: S XEBIHERE A 7 78 (Trees)
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FFT

30000

25000

20000

step

15000

10000

5000

)
)
)
)

[T O s Bl e N e (TR N e R Dl
=4 [Ny el O SO Sy oz
o I 3388 L3338 oIITIE ITIT I8 8
2EEEES oEEEgS LEEES FEEZS
= 8 o 3 2 3 8
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