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A Register-Based Caching Technique for
the Advanced Performance of Multithreaded Models

Hoon Joon Kouh' - Young Feel Kwon'! - Weon Hee Yoo '™t

ABSTRACT

A multithreaded model is a hybrid one which combines locality of execution of the von Neumann model with asynchronous data availability
and implicit parallelism of the dataflow model. Much researches that have been made toward the advanced performance of multithreaded models
are about the cache memory which have been proved to be efficient in the von Neumann model. To use an instruction cache or operand cache,
the multithreaded models must have cache memories, If cache memories are added to the multithreaded model, they may have the disadvantage
of high implementation cost in the model. To solve these problems, we did nut add cache memory but applied the method of executing the
caching by using available registers of the multithreaded models, The available register-based caching method is one that use the registers
which are not used on the execution of threads. It may accomplish the same effect as the cache memory. The multithreaded models can compute
the number of available registers to be used during the precess of the register optimization, and therefore this method can be casily applied
on the models. By applying this method, we can alse remove the access conflict and the bottleneck of frame memories. When we applied the
proposed available register-based caching method, we found that there was an improved performance of the multithreaded model. Also, when

the available register-based caching method is compared with the cache based caching method, we found that there was the almost same execution
overhead.
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Caller irame pointer
Receive PE
Calleelself} frame pointer
Frame IO
Number of argument
Number of local vanable

Number of threads
Heturn_valug
Argument slot

Local varable slot

- Thread scheduling Infc.
{sc. sin)

=3} gy =Y PE



GFsds 2d@dM AEEE 94 ZRade (0%
2-2yek go) TR aPule e I I RO
2 EYHE, 4 A= BFS o J)e 2dER 4
ko shte] 2= 25 4 Qe 2U=ES 43S 94
e ﬂ.w?l ZH 9 v 2a{frame memory)E A}
gat}, ey dREele ~Hg AFger d8 Z=
5 A4 2ol 29 FRZFE &5 2Ebs
o Az dapd 2718 Af, 2o A3 34 59 A
2rp Az,

=zl FRe Zeql vrae HAso] &4 Z&q
(activation frame)& Aldsln, 24 2L Zgd o
Zo z2E HElz FAEG gz =g4ez dfd
~PER TA4Y ZE EFL o ZZAMdAM HHEHe
2 FYPHT I 2= do|HER S Pt 7 o
d sHod 2AEd g

gEsde dd 24 FEE oFF Ak T4 532
A A Zt TEA} HEEAE =eFHeE did 29
£2 744" 2T B0z FHHY, 3EFA L HEd
2= A3 Ade 873y, Fado &9
HEEate] 22 B5S AP g8 2z 2AFed
ols] &4 FHdS ZHY o Ao sjgriela)
& ¢lol(nonstrict functional language)®l S4del ols] &
229 7+ A= v Fr] sAAe] AR HEEAe =
EAME AR HEERe Ao Had gho] 44
d wjobct @t e s Frlz #Hrt o) Fo 3 5
T2 2= B5Y dde] sy, TEAE AiEAR
HE w8 E @S vEr] dlAA g2 Agwd g
Ao %l"ﬂ 9151-1 &2 2 }‘31]‘:71' g45H
dso] Faa

).
T

22 7|& ciE2 e 2o M aty 7)Y

tE~E B Ao 9L vis atde 27
=9 “‘%‘ T3 Frig 72, ags
o ol &3 UFLYn RdE FAss F47
47F A

FoUE 2EY 45 ﬂﬁ& ATE <E 2-1>

I ol o kX waez AnHI g iy Ry o
Fode 242 £ wont SddA o ’ﬁi*‘“’] yEd
AAE i3l A% FdE olFHslm itk ol E
xolgk Bdolx daMol dFd Ay T Ee &4
A tFEsds 229 L8 5 0 oA o] Utk Kavi
= ETS(Explicit Token Store) W&l Ze delg|Z2 4
A A g b= gFagc o] diste]l WHo A,
dele A+, -7 ASE dAstd ds F4E 453
et

al

CIELHE 29 d5 g 218 718 RAE 718 2 7iE 109

(B 2-1 71E UEAnE 290 Ms 84 g

A = = A o
Monsoon | HIF e | 843 | & wo] Zajei
TAM vlgwd | gAE |9 d4 -7 3]
P-RISC [ 0398 | 4% | dydg g
Tera MTA | 528 | 24 | YA E | slssfold] e ~5]3
*T ey | gy | dduE 743
DAVRID |HZ9d | 44 | Ad4dE 7+

I gEade gl E wo|ut mdoA] A
o] 4FE AHE Agsl fErE AW mdo A
7t BAdse ok a3, A4 Bl R, A Aot 2 At
a8 og kA AP 24D 5 odv) o|HFE &A
e Adar] s o8 sh o] AtEAD dE
A A B2 sHe2e A4l doleg wE Az
Aiglate gl Ad &S Fole Awg] 7Ige] Aty
AHIZ] ARk 71ge dagldte wAe ohel £AbF
9l Hytgla) =3 EAH o) 2 & dule]lo gz g
itk olef@ Aduig) Y|HE =Yoo A4 dHgL
Mg F AR neidE 29 Ede] HA WA
AMAE Frhstz] A% v&L odal AR Y=
AR Fe=

rsL' = m{N

]o

o

3. 718 EXIAH 21 HE oY

31 718 2R ~E Jlgk 2l

2 2RAME YFods 2y Ay 2d 4 4§
o] Z7bs Al gow Adel FUH S dr) s
Moz 7Hg dAze 7% g 71HE Aetdd tEs
HE 228 AP=ES £HAD o ~Y= T2 o
AXHE 7oz d4g 3 (29 3-8 28
ZzAMY FxE Yedd 2z Z2AME s ¢
el a3 A4 I3 AH(computation register)E 2] &
velz dA2HE AlgdtA gke e oA "5k 2
ek Alcket e BALE 2)eE A J)Pe 29 Es}

Memory Bus

< = RAegister
Computation

Register
Area

Avaliable Resigter
Area

Register Bus

Thread Processing Unit

Thread Processor

(18 3-1) AYE Z2AMMe| =



110 HEM2EB =R A HIBAT K 22(20016)

99 o AgHA & b8 dAZEHE o &3]
2 AFNE A=A dF2gs Bdd A5E ¥4
A 7122 gt

o] 7lY& =g winge HFH JE FrF A
o me Faow wgss myy drge P 57
HE #HAS AAst: when HA" dA2H Al
2= o GFL vl FU|F AAE At
Abgshe ¥718) oA AEE HEHc

EFrise 489 35 289 HRE /AT 9 Zd
o wWuzld HZez Br[3 AAE #HALE A A
ulstn o 2N o FojHrh Xy vRed=
715t 98 499 23S 2=9 # 2 s P
713 ABE 71N sty 718 ARE 7 ~de9 F7
g AF7ig 2d=9 AFgFEre #Hez ojFolxy Ut
grol 242 dvic AAHY g7 FH e 2d=Y F7
g AF7IS AHEE E718 AFE ZAAAA "3 F
718 A57F 00 H9d g ~H=E 4PA7]7] A8
#9 2o FPl ~d= X9 IPE ~d= A7z A
8.

1 #AAE 7h Alg 71HE (0¥ 32 AHes
Fgaivt, £33 dAE 1A 3= EZdA date £S5 9
A AHgEE dA2Y X5 HFE FAE dA2H
HA g FYPsu 2dc FPE s dagd A A
#H9 $£2 o 4 glong zz EZo] £ o AL
A g 7HE dAA2HE 7Y 5 gk g dALHY
£71 AAER AN s AA2HE o] &8 #HA2H
A B2g 948t a8 YAAH Add z=
T8 A 2ce 3§ HAA}E FUE dAEE
Yot Zgl WE H2 FEF HE ALE AARL

o o

3]

P

A v

Register b | Computatio Setting

Optmization ol Avaitabl Register
Process Register Cache Block Caching

Code Block
(38 3-2) 712 ERl2H 7|dh A4 71ge] 8 e

HA2E HH3 AHL 72 2z dsjo dFo] 5
F HA=H H43E ¢Ysi, *311591 A~ A3}
H 2 Chaiting® 22 Aelgg AgA0 71HE o438
o 8 Fci1] Chaitin® HIZ]&-El g dneFE A
A8 224 fd ded A s dALE Y FB
2 A5E e =5 guIR=ER s = )‘7*]
z FAgch Chaitin® ##~¥ 9 dus
zo ofd 2A4HE 2= 2AFY A Y wH~r°ﬂ
o] = wdo| AW 2y fELd=E 2

H 2= 2AZHE doHERS 2WYZE $2E o F
gelez gAse &2 A 2= ~AEHE dEEA @
ot Hrh meldq 7t el o HHof +F dALH
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Input : Code Block consisting of threads Ty, Tz, T3, ', Tm
Output : Code Block with Optimized Registers
1 forG = §; 1 <=m,; i++) do
2
Step 1 : /* live instruction analysis within a thread T; +/
Iic Analysis using [Algorithm 3-2};

3

4

5

6 Step 2 1 /+ Interference graph creation of Ti*/

7 AL, Creation based on I using [Algorithm 3-3] ;
3
9

Step 3 ¢ /* Coloring execution */

10 for(j = 1; j <= TSize;; j++) do

11 Select a node j of the interference graph ;

12 Select a color that is different from colors already
assigned to its neighbors ;

13 Set Color Tag of AL(j) to the color ;

14 end-for

15

16 Step 4 : /* Register allocation execution®/

17 Register Aliocation based on AL. using {Algorithm 3-4] :

18

19 end-for

(22| E 3-1) Register Optimization

(FF 3% (@GTAF 3-DI X 44 @A B
o) 4E WAE PASH YueFolth TSize 2d=
o 27], Re 2d= Beyole) Az AP s,
RlilE R @& AFshs g, 0PSE Aaue) A3, 1S
i1, 2l A9l 4F WAS Agshe W depan,

Input : Thread T of Code Block

Qutput : Array represented the scope of live thread instructions
1 for ( j1 < 1;j1 = TSizej;jl++ ) do

2 for (j2 = 1;j2 =TSize;i; j2++ ) do

3 ILS[1, j2] — FALSE ;

4 end-for

5 end-for

6

7 for {jl = 1;j1 =TSizei; jl++ ) do



8 IR « HResuit Uperand From nstruction at location j1
of Thread T;

9 Ialj1] — IR ;

10 Initialize OPS by { )

3 for ( j2 —j1 +1;j2 =TSize; ; j2++ ) do

12 OPS < Operands From instruction #t j2 of

Thread T;

13 If ( In[jl] = OPS ) then

14 v — 2 ;

15 end-if

16 end-for

17 for ( 2«31 +1;)2 = 1lv,;j2++ ) do

13 ILS[]1, j2] < TRUE ;

19 end—for

20 cnd-for

(YE[Z 3-2) Liveness analysis of instructions

(el 3-3)= (FTAZF 3D 5 s wAlel DA
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#gErh Allocation()2 ==& 4AAsb= ¥4 ALE 7
A aHLE gdste 9F d2EE Yehad

Input : Array represented the life scope of thread instructions

Output : The adjacency list representation of the interference
graph

1 for ( j1 <= 1;j1 =TSizei: jl++ ) do

2 Hnode « Allocation() ;

3 ALc(j1) — Hnode ;

4 Hnode.sreg — 1,

5 for ( j2 «— j1 + 1;j2 =TSize;; j2++ ) do

6 If { IL5{j1, j2] = TRUE ) then

7 Cuode +— Allocation() ;

8 Cnode.sreg «— 32 ;

9 Hnode link +— Cnode ;

10 Hnode — Cnode ;

11 end-if

12 Hnode +— Cnode ;

13 end-for

14 Hnode.link < NULL ;

15 end-for

(YD2|E 3-3) Interference graph creation

(F2EE 3% (FTAF 3D o WA BAD 9
2e] Bdg £Yie dnaFeln. T ZT B84 g
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o9 kA AASRE FERE ¥F Repors AA2E Y
2el, ALeE Zegg A3 94 glees Jehdnh =9
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CIEANE REC 85 SH42 QIS 712 XA J1% R 718 111

Bah= g, kA H AN gl H
Fahi= Ferolth

Input : Thread T; of a Code Block with TSizei
Adjancy list AL, of interference graph of T;
Qutput : Thread T; with register assignment

1 for(j = 1;j <= TSize,; j*++) do

2 k+—0;

3 oprd « operand(i, j, k)

4 whileloprd =+ 0) do

5 pos < 1

6 whileloprd * AL (pos) ->sreg) pos + pos + 1
end-while

7 Reotor +— Color of Color Tag in ALAPos) ;

8 Reg « Register corresponding to Reolor ;

9 Change operand(j, j, k) in instruction: j of T; to Reg

10 k—k+1

11 oprd < operand(, j, k)

12 end-while

13 end-for

(Z2|Z 3-4) Register Allocation

7HE EiA 2 7 A e 3 WA DAl A =8
He W] £& dA4E A3 sde Hdd" Agcs
E 4etd 2u=e] JE o oo AE HYE By
3] Ay AE HYE 7|vtez 7+ 29 Z(interfer-
ence graph)E MA@ Ady 4 Y=g rmezm
IHE g & A 88l bR~ AHss FPach

(29 3-3)2 o= 9l Zeado ZHE Wiy A=
2 749 Z= §Folr}, o] 3E BE9] 45 Ag=al

.
4

thrd3sl dA2E HAgA4E Agstd d2 AFe (2
4 3-9el Foizch

thrd0 : receive arg(
stop

thrdl : load 2 RO
store RO l_varD
stop

thrd : 2 load arg() RI
load |_var0 R2
div Rl R2 R3
store R3 1_varl
Stop

thrd3l : load 1_varD R4
load I_varl R5
mul R4 RS R&
load arg0 R7
sub R7 R6 R8
load 1 R9
le RY R9 R10
store R1) |_var?2
stop

thrd4 - load I_var2 R11
jmpt RI11 labelQ
load I_varl R12
jmp labell

labelD : load arg{ R12

lakell : store R12 I_var3
seqd 1 vard pfp
endf

(3% 3-3) O|EIE2S Dejnaipe| MAME Aglc 3c
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1: |

2: lpad {_varl R5

3: mul B4 R5 A6
4: load argd R4

5: sub R4 B6 R5
8: load 1 R4

7: e RS R4 A6
8: slore R6 |_var2

9: stop

{e)

Cotoring of Intererence: Graph Register Cptimization of a Thread
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