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(3) »xat ¥35¢ (Performance Bottleneck)
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A3t F 3 2. mProfiler #-3%1E F it Bhaar BTG AT 0 R ES S PR q,% NI ffu;{%—g
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eafi v 3 yx 20 ¥ bRy siB E B #03] (Software macromodeling) [18] v 3t 42 A&
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AFRIRLREN - 2P o SN f R oni AT AR R 2 N 0 T A - B
yI »q*;’ R REF T L (ARML1L MPCore BT 5 [23] [24] [25] ) @ F #i— 2
i H ;#‘M%ﬁ»;u S SLET R B AL R 2. TR 2 472 £ (mProfiler) s )I*P”;‘Iﬁ R

AL F R eniTE L iyn.e F Linux kernel 2.6.19 0 B % 1 £ ¥ GNU Toolchain for ARM

P mProfiler 448 78 45 (software architecture) » £ 4 W4 i pic & 7 82 48 4 3% o ok 34 &2
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4.1. $xH8 7 # (Software Architecture)

k3t H 4 02 mProfiler st % B AoB 1 2t 0 BlY RJFA AT 5 (ARMIL
MPCore Platform) ~ ¥ % k & (GNU/Linux) fri¢ * 4 425 (User Space) & = = § » 14
dAHAET NG A E AR S S HART D A e r N rrefe NG
B PHRMAATAFZTAREDTH > ¢ g R (lime) &7 5 (power) fp B T30 o

BORRY H LR > mProfiler 1 & & ui* FAeN X ER (R 1 2
"mProfiler” F 3 ATR) 0 5 P o 5k R g 7 g 38 mProfiler 13 (fork) P fRdx
8 (4-: benchmark program) =742 (process) » ¥ &3+ F ¥ v 2. 7% & i< (kernel
extension) i ¢ B 46 i W & P RGP T AL B G IRE AP P P ARV
78 & > mProfiler » € ¥ 23 F3E & seet e (systemcall) e SNHE BT W E AT S
ADC (Analog to Digital Converter) # & ens 5 F3 > ¥ 30 & 3| ensd F F 5
mProfiler ¥ o % B &M S L= (exit) 2 16 > mProfiler » ¢ RFLAAF > T BT &
T2 RS R FAREIF AL S RS F o T A0 R AN 240
HHino Bieg %0 endp L (scalability) &% > mProfiler » ¥ 2% ARMI11 MPCore 2
E g £25% (device driver) #-3% > a2 Br w22 45 3 WFI (Wait for Interrupt) #5558 0 12 i
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N\

Benchmark User

Profil
Program | mrroter Rowes Space

exit

Developed or [ System Call ]
extended by us

[j : Code Kernel GNU/Linux
. Kernel

: Time
- Data Extension v2.6.19

[ Device Driver }
ARM11
Hardware Performance and Energy Monitor Support MPCore
Platform

Bl 1 mProfiler #4837 15 8

4.2. »za & ¥ (Performance Analysis)

rimtsz A ko AP FH N2 1L (mProfiler) A R AR FEE AT TR
(Thread-Level Parallelism, TLP) ~ f 4T #= (Load Balance) ¢ 4 %8 »<i 357 (Performance
Bottleneck) ¥ = < 38 P 3T im > 14T R0 B P 2 o
421 #i78%k 5T 7R (Thread-Level Parallelism, TLP)

Aipie it oA I ENGE RHEAR) BB L IHAY (R 5
#2) A2 0 A AR BRIyl TEREBAILETIC BRI 0 &0 Spedst ol A
(life time) » 2% &FE - B I N T H LT AN FHPF R IR E D1 TRAMPF
mProfiler ¢ &4 # FHE 7 > B BRIFERA G N KPP BILZ TP BBt &

PER GRS RFHEHEEEF O P fEAR Y A BT EATE F AR R R R

\\\Xr

Hinehd 7 5 S R B am o

HoF R LS D ko gk E A Linux kernel ¢ kernel/fork.c #} % 4@ ¢
do fork() & :[26] » m f# F 2 kP F a4 kernel/exit.c # %@
do_exit() &3;9[26] - #F]#t mProfiler if & % At iEd BihE Y Se 2 257545 > = 5 BH
FAHmplE I RPEFRF AL E N RIR TR AL GEPPFR > LI A3HAE B

{7 450 task_struct 2 4v » R o
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4.2.2. § §T % (Load Balance)

FERIHLT © F el 5P AL B eor M TR R0 AR R 7

BT B e (T T G R LB R AT A S TR B

Bl S P g2 Bl TR0 B @G 22 o Lt > mProfiler s &

P

FEPRERE (run time) =% A& 3Ec bt b 3R 5 »f}% IR ) ’%ﬁ i 590 fR A

B FEE L S A ER L TR AL (FA A S

% Linux kernel # » ¥ 1= smp_processor_id() E & (macro) [26] #F 4
H 7P AR AR R B B T R & & kernel/sched.c ¢ schedule() &
Fep o BAP PPN EFEREEILEP RIS R IV BRERNERR T 2
BEFs Fant i e
4.2.3. #¥Esst 753 (Performance Bottleneck)
PREFHRPFLE- oo AP EP - BIRFHES FRREHDL A
TP A SR GFER (runtime) s & FpFRF (block time) o s R (other time) & 3 dr 8 3% 3-

FORE BREHSTRGE  EAHHFTEE CHEHEFTOTEREN L E

e
i
"
=3
‘.3;
o
T
Ping
E

(synchronization overhead) = % T {7 & #gicd - & 25 CAE R NS

(1) 4 &8 (life time)
HEAFEBAE N RIIHFEATEF LR VR IRY KPR ERET TR
P g4 4.2.1 - mProfiler 5 kernel/fork.c # %42 do_fork() 3
FrH T HE 2 = task_struct 2 {8 B 4atE IR FEHRF kernel/exit.c #
%@ do_exit() Sz (54 sk g

(2) R 7R (runtime)
7 AL BT epE o - mProfiler 0 REH TR AR EL 0 TR
FEHFER R Y 5050 (user mode) frirw $55¢ (kernel mode) T vt b o AR
FEHC A SRS R TR AT R AR R e R 2o

FAPCHA 0 A BAnf FER o R A A R FALS R Y T 5 hf s e



(system call) =« & % siefedenfe s\ 2 R ezl o T RF R E7 £ E 2 T Linux
kernel = kernel/sched.c #2 schedule() & #BF > TEHFEF 01 R

Z’}t moE xR A e (Context SWltCh) f{‘ f’r;P- (running State) E&@&Q;J—Eﬁ’k ’ )3 Zfﬁ

_~

B R EA e AR G (ready state) 54 P PER AR R oq % F R
;% (user mode) fri% < -3¢ (kernel mode) erpF fF vt IR E 4] * Kkernel f3d 7 32
task_struct p M 33t utime fr stime & B =75 4 o

(3) & Fp R (block time)
T HEF FFT AR (synchronization) & FepE B oo § - BARN R A E
FRARN TR S I RFEENE BN ORFEFEFZ L EELZ T (shared
data) kAP A NYEFLFAREFY > ZEFLST FTROIEE > RiFHEH
i F AR 4] (40 mutex, semaphore) k 3k £ % F L o mProfiler # ﬁd S
FReNZEFTEE RHHAFF R BEREFYTELPHNRT  2a DET
ALl o L B 5 2 % R hR R FRE o U AR Ty o A3 P ow A4
¥ POSIX Threads &0 38 B @ * 32 futex B H ~ 227 S Fp @ 0 0 F* A
kernel/futex.c #p o futex wait() S p B4p3tpF > # 4 Futex _wake()
S P SR RER o

(4) 2 v R (other time)
pUPE R D g end ﬁvi’tﬁﬂa‘r"%ﬁﬁ FRFEERFFEL PR AL &7 8
PE GBS ehl (T RASE B e AL A chH 6 (T A @ P BT

BAAWRE BBRLAW IR EAS P E Y AR F R E 7 e

-

-

BU R LW FEHEE T RT R e RE RS DL AE
4.3. # 5 #® % (Energy Estimation)

ML g i @ % 0 mProfiler 22 & 2 ARM11 MPCore z. Core Tile * 7 ADC (Analog
to Digital Converter) i % {8 ¥|# & (power) F 3%+ %k ARM11 MPCore 2. Core Tile
+E24 - ADC %% [24] 4@ 2 #77 3% ADC %% ¢ ¥ i g A B4 PLL
(Phase-Locked Loop) 1 /& & fo T im (B> 3 ¥t fie g g4 2 e TR 2 (8> %5 » ARM1L
MPCore =i ¥ (Emulation Baseboard) * #775 ® (SYS_SET_VOLTAGEX) * > 2 1 i #¥
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138 5 > @ 17 | 2 B PLL (Phase-Locked Loop) 77
BT R E 0 A E T P ehr F ol o
FIEZE (¢ F 4 pPie i e )

B & =(SYS_VOLTAGEO[19:8] * 610 ) uV
= ((SYS_VOLTAGE2[19:8] * 610)/ 2.5) uA
PLL:

% & ® =(SYS_VOLTAGE1[19:8] *610) uVv

7 inE = ((SYS_VOLTAGE3[19:8] * 610) /50 ) uA

B4 7% B (SYS_SET_VOLTAGEX) s #i=nt 2§58 ¥ %% ARMI11 MPCore 2

M

Core Tile &mip < # [24] » & @il 45 Benf M in 2 {5 > 7 17 kst vt

P ER Y AN e B g2 Bfe PLL chRR{e L E o P W > mProfiler ¢

& 10ms Bk - =oeret o B R

f:

(¢ 5 2 3ff1w) 4 PLL g B E4cd m i &
Bp AR B AR B DAL E e PLL hT 0T (Vag)  Z 9T % (lag) £ 24

(E) » B B %38 2 5 4o 7o
NS

NS
2V 2. N
Vavg == 1 Iavg = izlil 1 E:Ts';(\/i 1 )

S S
He > Ng EPHghadk® V) 2% | T BEHRE i % 0| IO B iE -~ Ts

IPHRPERTRER (U d 10ms)-

AVDD ISENSEB
VOLTAGE_CTRLB CH1
DAC1 = PsuU AVDD CH3
wa
ADC
VDDCORE ISENSEA
VOLTAGE_CTRLA CHO
DACO = Psu 1v2 CH
w2
PGOOD
- o .\q =
z| w z| @ Zl 2
52 5§ Y g, SI
(SRS of o 8 o
g & &3 <2
[serial write data register] [serial read data register
Control PLD
CT11MPCore
system registers serial interface
<
SYS_SET_VOLTAGEC SYS_SET_VOLTAGE2
(VDDCORE voltage) (VDDCORE current)
SYS_SET_VOLTAGE1 SYS_SET_VOLTAGE3
(AVDD voltage) (AVDD current)
System FPGA
Emulation Baseboard

Bl 2 Voltage control and voltage and current monitoring [24]
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PRre A FREI PN RRBE K S AL DE 4 FEP O SR TN

I
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Hy P82 345 5 b 12 ALPBench benchmark suite [27] ¢ & MPEG-2 decoder % &) » &

T %18 mProfiler ¥ B e AT KN TR ES o

vty A 4TIRG 0  ARP i e 58 mProfiler ARG PR T A BT TR
1 B ez AR T ACR] 3 4T 0 B¢ vk Tgh i d MPEG-2 decoder A A J) k2 #73

PREFDRI o d LEMIEFR B FIERERNERREN RN G LR

a

S ARk TR B AR A 7 (Task ID = 324) 2 A= 4pd (7 R eh
PR R BES TR SR SRR T T R G- P B SR

415 gt MPEG-2 decoder A 0ms~100ms 2 fF

”JT

EhE TR Bk d B 3F

—‘\J“g_" '1"1\ “

¥ 260ms~360ms 2 B > FREAEH - TR AT T g2 N & 100 ms ~ 260

SZE (A d Y- LEF) a4 4~5 BHEFHL LAY TEHREF H-

BLF e P /@@ Bl skl ERFHRLEFLT VP RESN IR EFEE ST TR

Thread-Level Parallelism
400000
350000 -
300000 -
250000 -
g | | .—
@ 200000 -
£
E
150000 - I =
||
[ | | f—
100000 -
50000 -
0|
324 325 326 327 328 329 330 331 332 333
Task ID

Bl 3 RNITHERETFRZIGRE
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AR S POt N R BB K 0 R S 0 Tl mProfiler 3% 4 &3k
P AT Aol 44T B kS e E g B 3Apk 0 F BRI TR (un
time) ~ & #pF & (block time) f-H v p¥ ¥ (other time) % = AP A fpn = > &= APFR
AR ARERTIRAGFTHENL GFDER - KB 4 BT EFRFRFLARAT NFER

MPEG-2 decoder #2:% ¢ » & B Fien1 (T4 e € 3 3 353 > I 324,327 - 333 &

= 'E“*{ = &;1:4- %g\g\ﬁjafuj,\ XL T oM@ _}i‘@; = j}}:ﬁf ?kﬁjlfﬁﬁtln\ﬁo i;, 33| A D eh
L1FE o 4ept 1 AR R RBR T I RN I PR R B2 A

BE 0§ ERARS i it (scalability) i o Tt S P g SN AR B K RS
Falorpl it BLBAEER L -ARFE R F RO RE A (T
BILE e $ FR 6P AL £ 1 R R el £ o

Fohok A GEPER KRG 615 ST 324 AR FHBAFIARE F 1 (TR
e Bl 4 BT A AT RRT ) RRARGHE- S R d o RS
AH BTN S AR AT AN AR ANMAPER AL AR R

BFEBRALNRF] TR SRELHREHE AT FRFIGTR > Y a5

ki

MR RB AL R R RE R TG RBIRR Y AL E P e h BN

i)

B B R R Ao 4oR] 3 1 X 130ms epFiE o kP 5 5 BT ARWEA

B4 MRILEP AR A T R IR HENE B ERREL -

Performance Bottleneck

400000
350000 +—f—
300000 +
— 250000
"
2
o 200000
£
150000 —f @ Other time
100000 x5 B Run time
50000 G F@ %_ B Block time
0 = s .- - - N - - 222
324 325 326 327 328 329 330 331 332 333
Othertime |215841| 7511 | 5511 | 1817 | 6403 |10499| 6260 | 6129 | 7798 | 5108
Runtime [126452| 4840 | 6915 |56314| 4384 | 4870 | 6868 | 4096 | 4884 |32479
Blocktime | 21019 0 0 0 0 0 0 0 0 0
Task ID
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AHFHET T0% rH R L AKE 0 ASTER e b R T 4 30% Ak 1

FSE R PREF S FP AR FEART T ELP A S R AR 0 okt 1 2 R
78 (4o ¥a%h 325,328,329,330,331,333) B E R FHUPFRFHE o
- BELEBRE AT RLEA R DRI B I T A R 8 pFRE R PP A

T hedhth 328 fr 329 A B FHEATARN k(T LA o AR 3¢ T OLRB NG

—\
-

BT

-\\

B A e Al ko BEH 5T U F 0 BHFHERTEAKE 0 5
EIEE P RGE  a IR 47 T PR 328 fr 329 4 BHFHEAA R L TR A
FA S (FIAREEFPIT) L F 5 %5 320 RFET TR 4% F %3 328
HEERT I B o 4 Bk 320 M TS AP RATE 328 RFENE A
HEE L -

v 2 mProfiler de B amcil AT FESGR S P

S
)/
L
T
&
Erul

F] TR RS g T TR T R B ;kl B & R TR FLFE 0 2 18 Sk Nk
BB F T EEE R AR I (e TSR TR A kR 2k

TR R $) 0 U 4o Bkl & AR D4R o

Load Balance
100% —_— —
90% ||l = e e 1 [ — —
80% - — — —
70% - — = -
o TR B = 0 s =
0 — —
Zg; [ [l o] R R —
PR v N e I e, N || N — |
30% 77)\!2! ] sl P B E | lﬂCore3
. = |
ig; bkt e ol bt PO E E Core 2
° bt [ bt bt [ — | m
0% — | Corel
324 | 325 328 | 329 | 330 | 331 | 332 | 333 @ Core 0
Core3| 0 0 6915 0 0 0 0 0 0 0
Core2| 0 0 0 |56314| 0 0 0 0 4884 0
Corel| 38450 | © 0 0 0 0 6868 0 0 |32479
Core 0| 88001 | 4840 0 0 4384 | 4870 0 4096 0 0
Task ID
g] 5 E’ i\‘. B fgj—
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52 £ %

A3 F % 2 mProfiler Rl gL B xk Aok 14edk 2 917 0 H oo w A1 ARMIL
MPCore &2 E (¢ 7 4 3 MPIL g2 Biw) & PLL ehT 3BT R ~ Ti07 i B4
Bz BB S ST RS AR N TBTRES T 0 RILE{e PLL 8
X 12V a T it AJ2 B 470mA =+ @ PLL R £ 190 mA =+
B B 04§ M PG ARMLL MPCore AL B chprw » 2 o
BRI ke 2R T Ao H 0 & AN A LA E AFIRT o B ST B Kk E B
B2 THFREETIHTIRE KA T LA ER Y P SALEP e hE (T
TETRPEF L 12V 21 0 8 FET IO o ROATEY R - ApPoe @ Ta Sy
AHe sz - R RE (T U0MA 2 ) i 3¢ m g AP - 3P R
FEST I mMA~2mMA Z4) PR BERRRFE L PR FLFL AFEEY D
ARMI1 MPCore 4 4+ } & i § power controller &1 4 ~ i 7 r2 g » 8 - 2 E 7w ih
RRME 0 §EARns AF SR ARM ik #[25] ¢ g MP1L RJZ E

SR w L A (power mode) (R W 6) 0 T FAAEE P L f b

F 7
voltage domain > e ¢ mProfiler &3~ i#[25] % % SCU CPU Status Register > ‘F{Kﬁ PEREN
P BSE B KT ¥ #5Y (normal mode) tr 3¢ 3 ¥R H-5% (power-off mode) & E_RER H

;¢ (dormant mode) I *% K AT ILE KA JL BRI 7 3 T WFI (wait for interrupt)
BN 0 B ek 3T TR tE R o d WEEM P AR ERSHT R FIL AP W E

BREAFREZPCEIINFR - 2L ENFETENT RS S

301 AR Es TR LT ias N

Processor (4-Core)
Average Voltage (uV) | Average Current (uA) Total Energy (ul)
1233549.394 469692.606 191203.41

% 2 PLL z X557 @ L iaF e w;i.;;

PLL
Average Voltage (uV) | Average Current (uA) Total Energy (uJ)
1242477.576 19039.764 7806.47
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The number of cores | Average voltage (uV) Average current (UA)
4 1230193.100 440731.588
3 1230057.070 439127.044
2 1230116.850 437874.348
1 1229793.550 436677.284
KMode :gz;lg U RAM arrays Wake-up mechanism
Rumn #ode Powered-up Powered-up Ni&
Everything
clocked
WFI'WFE Powered-up Fowered-up Wake-up on interrupis fexternal or timer/ WD,
Only wake-up L1 memory system only veake-up in case of SCU
legic elocked colierency request.
Dormant Poveered-off Retention External wake-up event to power controller.
statefvoltage
Powered- off Powered-off Powered-off External wake-up event to power controller.

B 6 MP11 CPU power modes [25]

p a mProfiler #73% E it & o ’ *ﬁf FH R EB AT 2P ADC & B
TRE ST EFEA S @ ADC k™45 frif i = # FH04] (power model) &
i B3] (energy model) kil eh= tdek o % ADC chigEhE (1) R L E

Fli A i AT 2 (4o pipeline stall) 542 € 0 (2) RBITA KT ELT > F

A
ETIS
8 fJﬂ

N
G

HAMADERER A& BL (1) A2 3R GUEHLDRERE - B 5

grebipch v f Q) 2 A Ed M A E TR TN RS R AE R

PR GuF EAR SR (P A hE BE L EZAFEEE-3) Epop € X I
& ARMI11 MPCore B4 T 5 ¢ ADC Wi i §ipl- HBAILR (£ 7 4 HAELE

Frow) LT B mE AR EREBAIZES > @7 mProfiler &2 8- 8k SLagi i

7

RS R FHEA LT FAAILEPC o d 2@ ADC ERAET G L dak g
Flpt A Fenn - £ gidiEd F 47 (power model) & &t & #i23] (energy model) =»

PRARFER RN DETE -
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