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Cache and Memory Performance
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Cache Miss Rate Measurements

Embedded Processor Core Instruction Set
Simulator is needed

Most Instruction Set simulators do not
Include Cache simulator

Cache simulation is a time consuming
procedure

Cache miss rate exploration to find the best
cache size and parameters needs days of
simulation
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Loop Type 1

Num _ misses = L _S L_S - 3 |nStr.

S
- INSTRUCTION 1
Num_misses : Number of instruction misses

L_s : Loop Size in number of instructi
B_s . Instruction cache block size ?R'%TRUC-”ON 2

INSTRUCTION 3
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Loop Type2:C s<L s<2*C_s
L s =6instr. C_s =4 instr.

INSTRUCTION 1 INSTRUCTION 1/5

INSTRUCTION 2 INSTRUCTION 2

INSTRUCTION 3

iy

INSTRUCTION 4

INSTRUCTION 4

INSTRUCTION 5 3 Conflict
Misses

|
|
|
|
|
|
| INSTRUCTION 3
|
|
|
|
|

Num _ misses = QJr(N —1)>< 2
B_s B_s

Num_misses : Number of instruction misses

L s : Loop Size in number of instructions
B s . Instruction cache block size

N : Number of loop iterations

C s : Cache size
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Loop Type 3
L s =17 instr.
L ____ | INSTRUCTION 1
Num _ misses = N x L_ z INSTRUCTION 2

: : : : INSTRUCTION 3
Num_misses : Number of instruction misses

L s . Loop Size in number of instructions |ysTRUCTION 4
B s . Instruction cache block size
N : Number of loop iterations INSTRUCTION 5
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Num _ references = L_s x N
B s
. Num _ misses
Miss _ rate = =
B Num _ references
Num_misses : Number of instruction misses
Num_references : Number of Memory references
L s : Loop Size in number of instructions
B s . Instruction cache block size
N : Number of loop iterations

Democritus University of Thrace - VLS| Design and Testing Center



The Proposed Methodology
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The Proposed Methodology: 15t Stage

(—- Input: C code -, o Counter Insertion -1
| e T |
CIENEY for (i=0;i<10]i++) : : for(i=0;1<105i++) | R Output ————-- |
. I counter[1]++; [ '
if(i<3 ' 2=l | _
o aga-iz | |G | | Results after code execution |
o | else | A |
‘S : a=a+i; o gggff‘?r[z]**’ | | Branch 1 :
N | + TS : | Type : loop |
————————————— I else I Counter 1: 10 executions |
: - - : :Branch 2 :
Al [ }a—a 1 L Type : if |
: } (I Counter 2: 3 executions |
______________ I
Step 1 : Pinpoint the Step 2 : Counter insertion
code branches Step 3 : Code executions

(a)
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The Proposed Methodology: 2"d Stage

v 1st iteration — Node 4
ANy 0t }
/{2nd iteration — NO

=0 {3rd iteration — Node
S o] de BEGIN
$L.2 \{4th iteratipn,— Node 2}

110 82, 16/($£p)

$3 ,10
o bne $3,$0,8L5 Node 1
& J $L1
(02 150 1 f ,_i_"_ _____________ T
g, [T 1w $2 16($€p)
v slt $63,%2,3
50, $|L.6 Node 3
— W] [152],]20 ($£p) Node 2 10
Hewl 8316 (Sfp) (- Input: Ccode -. - Counter Insertion -
ubus$2,352,8$3 g for Gisosiciaiisey | | Por(izOsisloiivh Outout —————
w $2 ' :’0 ’($fp) Branch 2 {'f <3 : : {counter¥1|]++; : : e
ﬂ/ \ 3 cov.nl ) . ENasH |} HECi<ED LI | I Results after code execution
kGl (@) else _ | .- |
$L6 . ] S i \ a=a+i; NO(PG: 4 }!gﬁiqrEEjjue 5 : i Bran(zpy;e oo
\ / l—\'ﬂ—$—2—,—n!0 (Sfp) g) b~ : : else 3 : : Counter 1: 10 executions
w 3,16 (Sfp) 2, L — | IBranch2: f !
J = T S
v ddu $2 1z f;g /(gg ) i ¥ i : C{)’ijentelr 2: 3 executions i
[ 7 D e !l ! A Lo ______
Step 1 : Pinpoint the Step 2 : Counter insertion
1w $3 16 ($fp) code branches Ste cj_)’d:goéje executions
addu$2,353,1 (@)
ove$3,$2 . . .
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The Proposed Methodology: 3" Stage

I st (yni I '$L2: |
| I uniquepath | *50 0 o 15 (srp) |
| 3iterations | st $3,%$2,10 |
| | bne $3,$0,%$L5 |
| flodet | $L5: |
| | Iw  $2,16($fp) |
[ * | slt $3,$2,3
| |  beq $3,%$0,$L6
I Node.3 I $L6: I
| 10 | lw o $2,20($fp) |
| [ hwo $3,16($fp) |
| | addu $2,%$2,%$3 |
| NodeB | $Liw $2 20($fp)I
| I 1w $3,16($fp) !
| | addu $2,$3,1 |
| I move $3,%$2 |
| Node 6 | sw 23,16($fp)l
I I3 L2 I
I 10 | $L1 I

2" unique path $'—%3 $2.16(SF
7 iterations sit $3:$2S10p)
bne $3,%$0,%L5

Iw  $2,16($fp)
,$2,3

beq $3,%$0,%L6

v $2,20($Fp)

subu $2,%$2,$3
sw  $2,20($fp)

J $L4
$L4:

v $3,16($p)
addu $2,%$3,1
move $3,%$2
sw  $3,16($fp)
] $L2

L _____ L1 _____

Step 1 : Extract all the unique
execution paths of assembly code
loops.

MIPS IV 64 bits
linstr. = 8 bytes

Unigue Path 1 :

Size : 120 bytes
Iterations : 3

Unique Path 2 :

Size : 128 bytes
Iterations :7

Consists of : 15 instr.

Consists of : 16 instr.

Output

Direct Mapped Cache with
Block Size 8 bytes:

Using Equations (1)-(5) for
variable cache sizes:
Num_References = 157

Cache Size: 32 bytes
Num_Misses, = 45
Num_Misses, = 112
Miss rate = 100%

Cache Size: 64 bytes
Num_Misses, = 42
Num_Misses, = 112
Miss rate = 98%

Cache Size: 128 bytes
Num_Misses, = 15
Num_Misses, = 16
Miss rate = 20%

Cache Size: 256 bytes
Num_Misses, =15
Num_Misses, = 16
Miss rate = 20%

Step 2 : Computation
of # of instructions
and # iterations of
each execution path

Output : Number of
instruction cache misses and
miss rate

(c)
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FICA Software Tool

Fast Instruction Cache Analyzer (FICA)

Web based Tool
PHP Language
MySQL Database

MIPS IV Architecture with compiler gcc
2.7.2

s+ Estimate the number of execution
Instructions, the number of instruction
cache misses and the miss rate

*» Extract the critical part of the application
which give high miss rate
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Number of Executed Instructions

Benchmark - Cg)slgs?ize (#Stilr?;?:ﬁifiilr?;) (#insfrlchtions) GO\SAs
FS 1,625|  1,138,860,504 | 1,135,823,110 | 0.26 %
HS 7,009 37,792,750 36,736,600 | 2.79 %
3SLOG 3,381 46,717,535 45,865,486 | 1.82 %
PHODS 3,372 70,865,874 69,375,838 | 2.10 %
Ss 2,587 590,420,249 | 589,448,105 | (0.16 %)
Wavelet 22,380 39,507,821 39,993,202 | 1.23 %
Cavity Detector 2,634 | 18,957,657,996 | 18,351,605,412 | 3.19 %
CQ 11,215|  6,133,172,759 | 6,299,874,815 | 0.26 %
FFT 2,681 687,624 620,154 |(9.81 %)
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Number of Instruction Cache Misses

Miss Rate Cache Size (bytes) Average
Block size8bytes | 64 128 256 512 1024 2048 4096 | error
FS Sim. |100.0 100.0 99.8 992 76.8 0.1 0.0

FICA|100.0 100.0 999 99.1 38.1 0.1 0.0] 5.6%
HS Sim. | 999 973 925 664 28 16 1.5
FICA|100.0 95.5 84.8 358 32 2.0 0.5] 60%
Sim. |[100.0 99.7 93.1 159 19 18 0.0
SSLOG FICA|[100.0 99.3 963 128 09 03 00| 1.3%
Sim. |100.0 99.9 99.6 96.7 31.7 0.8 0.2
PHODS FICA|100.0 100.0 979 948 155 09 09| 2.9%
SS Sim. | 999 999 989 799 0.5 0.1 0.0
FICA|100.0 98.9 979 412 0.0 0.0 0.0] 59%
W Sim. | 98.7 899 506 34 1.0 00 0.0
avelet

FICA|100.0 914 393 15 0.1 0.0 0.0| 24%
Cavity |Sim. |100.0 100.0 943 614 169 03 0.1
Detector | FICA|[100.0 100.0 924 283 04 0.0 0.0| 74%
CQ Sim. |100.0 994 89.1 465 96 04 0.0
FICA|100.0 100.0 73.7 58 0.0 0.0 0.0] 9.6%
Sim. | 99.8 98.7 957 87.7 7.1 05 0.2
FICA|100.0 98.0 92.7 43.1 6.1 47 47| 83%

FFT
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Estimation vs. Simulation Time

(seconds) Simpescalar FICA Speed Up
FS 2.278 0.9 2,531
3SLOG 93 1.3 75
PHODS 142 1.7 86
HS 76 4.5 17
SS 1.182 1.3 909
Wavelet 107 1.5 70
Cavity Detector 37.915 29 | (13,186)
CQ 32.268 13.3 2,426
FFT 11 0.9 12

Democritus University of Thrace - VLS| Design and Testing Center 16



Conclusions

Number of executed instructions and
Instruction cache misses can be
estimated without simulation process

Instruction cache memory decisions
can be taken from early design steps

Find out the critical points of the
application which give number of
cache miss

Instruction code transformations
could be applied

Democritus University of Thrace - VLS| Design and Testing Center 17



Future Work

Methodology extension for second level
Instruction cache (L2)

Tool extension to accept more embedded
processor cores (ARM, TI,...etc)

Application of the methodology to more
complex system architectures (e.g.
software control caches)

High level estimation of processor’s power
consumption using instruction level power
parameters
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