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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'"!

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 not 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 process of the register optimization, and therefore this method can be easily applied
on the models. By applying this method, we can also 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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Input : Code Block consisting of threads Ti, Te, T3, =, Tm
Output : Code Block with Optimized Registers
1 forG = 1; i <=m; i++) do

2

3 Step 1 : /* live instruction analysis within a thread Ti */

4 I Analysis using [Algorithm 3-2] ;

5

6 Step 2 : /> Interference graph creation of T/

7 AL, Creation based on Iic using [Algorithm 3-31;

8

9 Step 3 : /* Coloring execution */

10 forG = 1; j <= TSizei; 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 Allocation based on AL. using [Algorithm 3-4] ;

18

19 end-for

(¥D2|Z 3-1) Register Optimization
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Input : Thread T; of Code Block

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

2 for ( j2 < 1;j2 <TSize;, j2++ ) do
3 ILS[j1, j2] < FALSE;

4 end-for

5 end-for

6

7

for (j1 « 1;j1 <TSize;jl++ ) do




8 IR <- Result Operand From instruction at location jl
of Thread Ti

9 Iz[j1] < IR;

10 Initialize OPS by { }.

11 for ( j2 < j1 + 1;)2 <TSize;,; j2++ ) do

12 OPS « Operands From instruction at j2 of

Thread T ;

13 If ( Iz[j1] € OPS ) then

14 lv < j2;

15 end-if

16 end- for

17 for ( j2 « j1 +1;j2 < Iv;j2++ ) do

18 ILS[j1, j2} < TRUE;

19 end- for

20 end-for

(Y12|Z 3-2) Liveness analysis of instructions
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Input : Array represented the life scope of thread instructions

Output : The adjacency list representation of the interference
graph

1 for ( j1 < 1;j1 <TSize;;jl++ } do

2 Hnode < Allocation() ;

3 AL:(j1) < Hnode ;

4 Hnode.sreg < jl;

5 for ( j2 « 31 + 1;j2 <TSizei; j2++ ) do

6 ( ILS[31, j2] = TRUE ) then

7 Cnode « Allocation() ;

8 Cnode.sreg < j2;

9 Hnodelink < Cnode ;

10 Hnode < Cnode ;

11 end-if

12 Hnode < Cnode ;

13 end-for

14 Hnode link < NULL ;

15 end-for

(Y1T2|Z 3-3) Interference graph creation

(218 ZE 3-9) (ZaF 3-1DHY ul w1 dAA dA
28 #9& ¢yste gugdFolth Tie 2= &5 3l
= il 2d =8 JeEh, kE AFE T9 oo w3
ole] k& FAMAE YeEhlE ME, Reore AR 2EH
Ao, ALE A 4% AY H2EES Uehdth =

4 operand(i, j, k)& 2d= 19 pAA HHold kA

CHEAME 2O M5 42 218 78 BlKIAH 718 g 71y 111
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Input : Thread Ti of a Code Block with TSize;
Adjancy list AL. of interference graph of T;
Output : Thread T; with register assignment
1 for(j = 1;j <= TSize;; j++) do
2 k< 0;
3 oprd < operand(i, j, k)
4 while(oprd * 0) do
5 pos <« 1
6 while(foprd * AL{pos) ~> sreg) pos < pos + 1
end-while
Reoior + Color of Color Tag in AL (Pos) ;
8 Reg < Register corresponding to Reolor ;
9 Change operand(j, j, k) in instruction j of T; to Reg
10 ke<k+1
11 oprd < operand(j, j, k)
12 end-while
13 end-for

(YD2|E 3-4) Register Allocation

7Hg @A 2 vy A 71 A AR DA £
g dyo] & dx2H HAHZ JHe ddd 2d=
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thrd3e| @A ~8 FHAHHAE HEsteqd 2 2= (2
Y 3-4)el Foizrh

thrd0 : receive arg0

stop
thrdl : load 2 RO
store RO 1_var0
stop
thrd : 2 load argQ R1
load 1_var0 R2
div R1 R2 R3
store R3 I_varl
stop
thrd3 : load I_varQ R4
load I_varl R5
mul R4 R5 R6
load arg( R7
sub R7 R6 R8
load 1 R9
le R8 R9 R10
store R10 I_var?
stop
thrd4 : load I_var2 R11
jmpt RI11 label0
load |_varl R12
jmp labell
label0 : load arg0 R12
labell : store R12 I_var3
send 1_var3 pfp
endf
(32! 3-3) Ho[HERP IHZIRLE HME s IS
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Coioring of Interference Graph
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Register Optimization of a Thread
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