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2. CPUFreq I 5

CPUFreq T R 4ifi T drivers/cpufreq H3%, Moid 71247 24 CPU SR I K 1204
V%, B DVFS (BIASHEMRIFEE ). 1247 EE4T CPU B ABUR R Y R K 2. cMOos
DA SRR ROELL . S L, DR PR A R AR W] BRI DI FE

CPUFreq 4% .0 JZ LT drivers/cpufreq/cpufreq.c, ‘&N SoC ] CPUFreq Xz 1) 52,
RUT B —WHED, FFLH T —F notifier FIALE], AT LATE CPUFreq [ policy FIAIR B
AR B ) AR BI R R HaE k. F AN, fE CPU 3B AT MR K AR AR I EHE, N EZ I
loops_per_jiffy £t 2 K AEAH N AZ AL

1.1 SoC [¥] CPUFreq 3X 3 SZ 31

HAKH RS SoC () CPUFreq IR LB A R ESEHL L . AR, DL JZ T 58 BiiX
e,

CPUFreq 10 Z 824t 7 4n°F API Bt SoC VENE H £ ) CPUFreq 4K %)

int cpufreq_register_driver(struct cpufreq_driver *driver_data);

HZHA— cpufreq_driver ZitiATa%r, SEhr L, cpufreq_driver £24& 7 —AN B4R
SoC [¥] CPUFreq JXZN ) F- 44, %45 44T s

1. struct cpufreq driver {

2. struct module *owner;

3. char name[CPUFREQ NAME LEN];
4. u8 flags;

5.

6. /* needed by all drivers */

7. int (*init) (struct cpufreq_policy *policy);
8. int (*verify) (struct cpufreq policy *policy);
9.

10. /* define one out of two */

11. int (*setpolicy) (struct cpufreq_policy *policy);
12. int (*target) (struct cpufreq_policy *policy,
13. unsigned inttarget freq,

14. unsigned int relation);

15.

16. /* should be defined, if possible */

17. unsigned int (*get) (unsigned intcpu);

18.

19. /* optional */

20. unsigned int (*getavg) (struct cpufreq policy *policy,
21. unsigned intcpu);

22. int (*bios_limit)  (intcpu, unsigned int *limit);

23.

24. int (¥exit) (struct cpufreq policy *policy);



25. int (*suspend) (struct cpufreq_policy *policy);

26. int (¥*resume) (struct cpufreq_policy *policy);
27. structfreq_attr **attr;
28. };

HA ) owner B — 4k BB N THIS_MODULE; name J{ i /& CPUFreq MXEI44 7, U0
drivers/cpufreq/s5pv210-cpufreq.c ¥ & name A"s5pv210", Ul drivers/cpufreq/omap-cpufreq.c
WHE name N'"omap"; flags & —LeME /R EHIbRE, B, # K E T CPUFREQ_CONST_LOOPS,
W2 25 VR N % loops_per_jiffy AN2x R CPU AT 11544 1T A5 4k

init() B 1 & — > per-CPU WJIRAL BRI BUIR S, R4 — MBI CPU BB M R RIS %, 1%
BB, IR B2 cpufreq_policy (TREF S, 1E init()Rl 2 B8, ATEEAT 4D
TiE:
policy->cpuinfo.min_freq
policy->cpuinfo.max_freq

1% CPU SCREHI S/ MR FI B KR (AT A2 kH2) .
policy->cpuinfo.transition_latency

CPU BEAT MR V) i 7 B AUHEIR RN ZGhAD)

policy->cur
CPU MR iz
policy->policy

policy->governor
policy->min
policy->max

5E X 1% CPU [k policy, LA K EE policy 1t T 1% policy SCHFIIH /N B K CPU A%

verify() i 74 B8 B T X FH ) CPUFreq policy W B #H4TH S MESRIE M EIE1E 1E. kA
FRGE — AT policy I, %R E 2B A% 16— policy,governor,min,max I5E4A, verify()
25 & 1A e IR e R B AT B I o AR RO R B HAR S B, BT
5 By R 2 -
cpufreq verify within_limits(struct cpufreq policy *policy, unsigned intmin_freq, unsigned
intmax_freq);

verify() L AU R 22 /0 1 N R AR B 5 B4 70 [ L IAE policy->min £ policy->max
Z 8, DBERIERT, ATHERNER, SMEIE policy->min B policy->max.

#i K 240 ARM SoC A SEHL setpolicy() il 3 R AL, RIS B A B A& B — MR limit (R
policy->min FI policy->max) I §E /1, — R[] ARM SoC H J& 3 RF ik € 2| 5t — K5 € il % . setpolicy()
%A BRI 52— policy 40, IR policy £ E CPU NI B ZS4IR J #E B IT 1 limit
N policy->max F1 policy->min. # policy 24 CPUFREQ_POLICY_PERFORMANCE, M| & CPU N
B S A AR H T R M Ae AR, A dth, 2 policy ¥ CPUFREQ_POLICY_POWERSAVE,
MIELE CPU A BRI B B A 503 8 PE . T e 4 s AL

45K Z ¥ ARM SoC 2 5L H target()Fl 7 R 0, X bR EH TSR disc %, #2234
2. policy. target_freq fl relation. target_freq s& H AR, SZERIKS) R 2 B E ESLH]
CPU MK 3| i B2 T target_freq, I H ¥ € B A 2147 T policy->min £ policy->max 2 [H]
TEBEE SR BLIR target_freq MITE UL R, relation %y CPUFREQ_REL_L, M5/~ ¥ B (A2 B 1%
KT HET target_freq; relation #7& CPUFREQ_REL_H, W&/ B ISR N Z/N T 8% T
target_freq.



SEBR b, HT AR ER PLL S AER IS5 R, ARM SoC AN K &) sSEEILI A i) Bl = A2 4k
1E4E SoC i) CPUFreq JXEN&x e it — MR, EiZRIEENBITAE, Fit CPUFreq
O ESRAE T — PR RAH KA B APL
int cpufreq frequency table cpuinfo(struct cpufreq policy *policy,
struct cpufreq_frequency_table *table);

‘Bl cpufreq_driver [ init() & 3 B EL BT, F T4 policy->min Fl policy->max W& K
5 cpuinfo.min_freq 1 cpuinfo.max_freq #H & HI{H .
int cpufreq frequency_table verify(struct cpufreq policy *policy,
struct cpufreq_frequency_table *table);

‘B cpufreq_driver [ verify()sl i AW BT, FafR 2> 1 DMEW cPu SR T
policy->min %I policy->max JEFE I »
int cpufreq frequency table target(struct cpufreq policy *policy,
struct cpufreq frequency table *table,
unsigned int target freq,
unsigned int relation,
unsigned int *index);

'E S cpufreq_driver 1] target() Bl 54 BREU B T, 3R 0] 75 E € IPURAE M B R PR 5] .

B BARBIANTT, 1 4> SoC 1 CPUFreq UXZN1ISEH drivers/cpufreq/s3c64xx-cpufreq.c
FIAZ OS5

1. static unsigned long regulator latency;
2

3. #ifdef CONFIG_CPU _S3C6410

4. struct s3c64xx_dvfs {

5. unsigned intvddarm_min;

6 unsigned intvddarm_max;

75

8

9. static struct s3c64xx_dvfs s3c64xx_dvfs_table[] = {
10. [0] = { 1000000, 1150000 },

11.

12. [4]= { 1300000, 1350000 },

13. };

14.

15. static struct cpufreq_frequency_table s3c64xx_freq_table[] = {
16. {0, 66000 },

17. {0, 100000 },

18. {0, 133000 },

19.

20. {0, CPUFREQ TABLE END },
21. };

22. #endif

23.

24, static int s3c64xx_cpufreq verify speed(struct cpufreq policy *policy)



25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
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40.
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44,
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48.
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50.
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53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

if (policy->cpu != 0)
return -EINVAL;
return cpufreq frequency table verify(policy, s3c64xx_freq table);
H
static unsigned int s3c64xx_cpufreq get speed(unsigned intcpu)

{

if (cpu !=0)
return 0;
return clk get rate(armclk) / 1000;
H
static int s3c64xx_cpufreq_set target(struct cpufreq policy *policy,

unsigned inttarget freq,

unsigned int relation)

ret = cpufreq_frequency table target(policy, s3c64xx_freq table,
target freq, relation, &i);

fregs.cpu = 0;

fregs.old = clk_get rate(armclk) / 1000;

fregs.new = s3c64xx_freq table[i].frequency;

fregs.flags = 0;

dvfs = &s3c64xx_dvfs table[s3c64xx freq table[i].index];

if (fregs.old == freqs.new)

return 0;

cpufreq notify transition(&freqs, CPUFREQ PRECHANGE);

#ifdef CONFIG_ REGULATOR
if (vddarm&&freqs.new>fregs.old) {
ret = regulator_set voltage(vddarm,
dvfs->vddarm_min,

dvfs->vddarm_max);

#endif
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ret = clk_set_rate(armclk, freqs.new * 1000);

cpufreq notify transition(&freqs, CPUFREQ POSTCHANGE);
#ifdef CONFIG_ REGULATOR
if (vddarm& & freqs.new<fregs.old) {
ret = regulator_set voltage(vddarm,
dvfs->vddarm_min,
dvfs->vddarm_max);

#endif

return O;

static int s3c64xx_cpufreq_driver init(struct cpufreq policy *policy)

{

armclk = clk get(NULL, "armclk");

#ifdef CONFIG_REGULATOR

vddarm = regulator get(NULL, "vddarm");
s3c64xx_cpufreq config regulator();
#endif
freq = s3c64xx_freq_table;
while (freq->frequency = CPUFREQ TABLE END) {
unsigned long r;
/* Check for frequencies we can generate */
r=clk round rate(armclk, freq->frequency * 1000);
r /= 1000;
if (r != freq->frequency) {
pr_debug("%dkHz unsupported by clock\n",
freq->frequency);
freq->frequency = CPUFREQ_ENTRY INVALID;
}



113. /* If we have no regulator then assume startup

114. * frequency is the maximum we can support. */

115. if (lvddarm& & freq->frequency > s3c64xx_cpufreq get speed(0))
116. freq->frequency = CPUFREQ_ENTRY INVALID;

117.

118. freq++;

119. }

120.

121. policy->cur = clk get rate(armclk) / 1000;

122.

123. /* Datasheet says PLL stabalisation time (if we were to use

124, * the PLLs, which we don't currently) is ~300us worst case,

125. * but add some fudge.

126. &/

127. policy->cpuinfo.transition_latency = (500 * 1000) + regulator latency;
128.

129. ret = cpufreq frequency table cpuinfo(policy, s3c64xx freq table);
130.

131.

132. return ret;

133.}

134.

135. staticstruct cpufreq_driver s3c64xx_cpufreq_driver = {
136. .owner = THIS_MODULE,

137. flags =0,

138. -verify = s3c64xx_cpufreq_verify speed,
139. target = s3c64xx_cpufreq_set target,

140. .get = s3c64xx_cpufreq_get speed,

141. .init = s3c64xx_cpufreq_driver_init,

142. .name ="s3c",

143. };

144.

145. static int _init s3c64xx_cpufreq_init(void)

146. {

147. return cpufreq_register driver(&s3c64xx_cpufreq_driver);
148. }

149. module init(s3c64xx_cpufreq_init);

1.2 CPUFreq K] policy

SoC CPUFreq M3 R E | CPU W24, DLAIRML 7 IREME @S, HEEIH
ANEEH S CPU R MNIZIBITIEAT A Lo FETE MR AT 2B B bR, JEAT AR,
M| 54> CPUFreq ] policy (SEM&) #HRiE, XL policy W1 F#K:



CPUFreq 1] policy HEWE ST TV
cpufreq_ondemand PP DUIE 7 ST, 4 RG A I S N 3% F B shig s
cpufreq_performance |CPU DAfx #1217, HP scaling_max_freq

PG N ESGH. R5FH), IR ondemand AL, X BIZET3ha&
A5 B PR SR FH T 3 1) O =X

cpufreq_powersave  |CPU LU AKAIAIZ1T, HP scaling_min_freq

cpufreq_conservative

cpufreq_userspace il root H i il sys 45 #4 scaling_setspeed 5 B 4%

L ondemand policy ], "EAEHE CPU IR H R 24T CPU SR BT I%, HEERDY
AR UAR
For each CPU:
Every X milliseconds:
Get utilization since last check
if( utilization > UP_ THRESHOLD)
increase frequency to MAX
Every Y milliseconds:
Get utilization since last
check if( utilization < DOWN_THRESHOLD)
decrease frequency 20%
1E Android R4 H, NI T 14 interactive policy, 1% policy it & %f 2R FUK K] UI
LHAES, A UL A AT WIBTE, % policy 23 B8 MG AT A B Hif %8 CPU A .
PR, RGEPPIRAS BL N CPUFreq B Policy 2L [F] ¥ 58 T CPU AR Bk 28 '] target, CPUFreq
0 2 I K target MR AL 345 IKJZ FLAAK SoC [¥] CPUFreq BK3)), 1 BRANIE U1, 5¢ O (1)
A i«

cpufreq
policy

cpufreq
controller

target frequency

cpufreq
CPU
driver

software change frequency
hardware h J
CPU

1.3 CPUFreq 4 &8 W0 38 A1 14 A

Linux 3.1 &4 cpupower-utils AN N 1% tools/power/cpupower H 3%, 1%L HEY
H) cpufreqg-bench T H AJ#5 Bh TR 734K A CPUFreq JG X RSt AE 52 .



cpufreg-bench T B 1) TAF R HLZ B R LI 4T B 1 “ N ir- N 7 3
50, MM RGN A IEARN, RIETHEAEMH ondemand. conservative. interactive
Z% policy HITEIL T, MIFAFERIZH S51E performance i AR 20 N 5 R FE 18 5 5¢ AT 55 1) i) 1]
BT

L X IwEiz LRG, TN B AR BB R Gi 1 Jusr/sbin/5F5 H %, 181712 LH:

# cpufreqg-bench -1 50000 -s 100000 -x 50000 -y 100000 -g ondemand -r5-n 5 -v

S — RAIEE R, AT A Round n XFERIAT, ‘EE£W T-g ondemand &
F ¥ 52 F] ondemand policy #H%F T performance policy FITERELLS], R{EA:

Round 1 - 39.74%
Round 2 - 36.35%
Round 3 -47.91%
Round 4 - 54.22%
Round 5 - 58.64%
AR KR, FATEFFERF & K H Android [ interactive policy, 53137 1R 45
%:
Round 1 - 72.95%
Round 2 - 87.20%
Round 3 -91.21%
Round 4 - 94.10%
Round 5 - 94.93%
— M) B bn 2 X H CPUFreq A& TR AR A B L 5, YEREN iZ A performance XA~ & 1
At policy 15 N1 90% I 45 LU B FRAE

1.4 CPUFreq iE &1

PSS, CPUFreq F RG2S KHIESI: CPUFreq Y policy Z4LE# CPU Iz 1T MR
.

£ policy AR, k% 3 YA

CPUFREQ_ADJUST: FTA{EM notifier AT DAAR 4 6 14 5038 iR FE 1925 FE R A2 0 limit (R
policy->min Fl policy->max);

CPUFREQ_INCOMPATIBLE: BRIERTIHI policy %5 7] fE 2 5 B0hE 4R 1 Hi B, By M1
notifier A4 7] ASZE limit &% 5E s

CPUFREQ_NOTIFY: JIFA E:MH notifier #B<x 4% 25 #1871 policy &MY X & .

TESRRAAN RIS R, &KX 2 JOE A

CPUFREQ_PRECHANGE: #E#HEAT AR AL,

CPUFREQ_POSTCHANGE: .4 58 A% AT ,

notifier 58 3 NSEUE — > cpufreq_freqs HIE5HIMK, B cpu (CPU 5). old (it
A %) Al new (HLEMMME) X 3 M. Ki% CPUFREQ_PRECHANGE
CPUFREQ_POSTCHANGE LS 4N T
srcu_notifier call chain(&cpufreq transition notifier list,
CPUFREQ_PRECHANGE, fregs);
srcu_notifier call chain(&cpufreq transition notifier list,
CPUFREQ_POSTCHANGE, fregs);

ISR B B 5E 0 CPUFREQ_PRECHANGE BY, CPUFREQ_POSTCHANGE F{4:, T fidj B th 5 FH



Linux notifier HL#| W52 . 2240, drivers/video/sal100fb.c 7£ CPU MHR AT LT FEXT H &
BB AT AE G B E, W'E Y EM T notifier 37 7E CPUFREQ_PRECHANGE A1 CPUFREQ_POSTCHANGE
1 0L 53 A BEAT AN [F) R Ab 2

1. fbi->freq transition.notifier call =sal100fb_freq transition;

2. cpufreq register notifier(&fbi->freq transition, CPUFREQ TRANSITION NOTIFIER);
3.

4. static int

5. sall00fb_freq transition(structnotifier block *nb, unsigned long val,
6. void *data)

7. |

8. struct sal 100fb_info *fbi = TO_INF(nb, freq_transition);

9. struct cpufreq freqs *f = data;

10. u_intpcd;

11.

12. switch (val) {

13. case CPUFREQ_ PRECHANGE:

14. set_ctrlr_state(fbi, C DISABLE CLKCHANGE);

15. break;

16. case CPUFREQ POSTCHANGE:

17. pcd = get ped(fbi->fb.var.pixclock, f->new);

18. fbi->reg lcer3 = (fbi->reg_lccr3& ~0xff) | LCCR3_PixClkDiv(pcd);
19. set_ctrlr_state(fbi, C ENABLE CLKCHANGE);

20. break;

21. }

22. return O;

23. }

Ak, WHRAE RS suspend/resume IR CPU SR & kK A4k, Nl CPUFreq R R4
4% H CPUFREQ_SUSPENDCHANGE £ CPUFREQ_RESUMECHANGE iX 2 Ml 1.

3. CPUIdle K 7))

H AT ARM SoC K £ 3CFF JLANAN R IDLE 2251, CPUIdle 3R 51 R GiA-7E R H H st 2 X
XU IDLE RASBEATE L, IHRIE RFE ST IE AR IDLE 23] FAK SoC HIE/ZE
CPUIdle BRA S B A — 4> KLU T- CPUFreq YK S 414 3K ] IDLE 25K , F SL LA AN ] IDLE
RAS B HEAAR AR .

Xt T Intel R ZECA N1 5 5 SZ3F ACPICAdvanced Configuration and Power Interface,
R E AR E B LD, —BCH 4 DAFER CRE i co NERERE, C1 2 Halt IR
A, C2 s& Stop-Clock IR#&, C3 /2 Sleep IRZ):



State Power (mW) Latency (uS)
CO -1 0
C1 1000 1
C2 500 1
C3 100 57

M3 ARM T 5, %4 SoC X T+ IDLE FISEE 52522 5 LUK, e ] 541 IDLE 4] 323
T cPU ZE T WRI CER P R A IRZES, BRIERAER T, % SoC ARSI H S A
2 cpuldle 3R Zh, Ml 2 #E N cpu_do_idle(), Xt F ARM V7 i &, H sz BT
arch/arm/mm/proc-v7.S:

ENTRY (cpu_v7 _do_idle)

dsb @ WFI may enter a low-power mode
wii

mov pe, Ir

ENDPROC(cpu_v7_do_idle)

55 CPUFreq 211, CPUIdIe FYAZ -0 )2 $R 4 1 1~ API I T-VEMT— A cpuidle_driver 52471 :
intcpuidle register driver(struct cpuidle driver *drv);

FARHE TR AP SRIFEM — A cpuidle_device:
int cpuidle register device(struct cpuidle device *dev);

CPUIdle JX WA ZUET X5 CPU VEMAHRLE cpuidle_device, X ERHE X T2 CPU 1M
o i EZEEEAS CPU EM IR

cpuidle_register_driver()#52 1 4 cpuidle_driver Z5 kK148 %5 =50, % 451K Z CPUIdle
UK A, o AR

struct cpuidle driver {

const char *name;
struct module *owner;
unsigned int power_specified:1;

/* set to 1 to use the core cpuidle time keeping (for all states). */
unsigned int en_core tk irqen:1;
struct cpuidle_state states] CPUIDLE STATE MAXT;
int state_count;
int safe state index;
15
AR OB 12 1 A cpuidle_state (3, HSCH R A & FP AR IDLE 200 1S
B ERE T

1. struct cpuidle state {

2 char name[CPUIDLE NAME LEN];
3. char desc[CPUIDLE DESC_LEN];
4



16.

b

unsigned int flags;

unsigned intexit_latency; /* in US */

int power_usage; /* in mW */

unsigned inttarget residency; /* in US */

bool disabled; /* disabled on all CPUs */

int (*enter) (struct cpuidle device *dev,
struct cpuidle_driver *drv,

int index);

int (*enter dead) (struct cpuidle device *dev, int index);

name Al desc /& 1% IDLE ARZS 14 FR AN IR, exit_latency #&3B Hi% IDLE IR 75 B LR,

enter()/& 3 N\ 1% IDLE IR S I A7
BIEARTT, — A EAKA) SoC ) CPUIdle 3R BN 5241 7] W, arch/arm/mach-ux500/cpuidle.c,
‘B 24N IDLE 225, B “WFI” F1 “Apldle”:

26.
27.

staticatomic_t master = ATOMIC INIT(0);
static DEFINE_SPINLOCK(master_lock);
static DEFINE_PER CPU(struct cpuidle device, ux500 cpuidle device);

static inline int ux500_enter idle(struct cpuidle _device *dev,

struct cpuidle_driver *drv, int index)

staticstruct cpuidle driver ux500 idle driver = {

.name = "ux500_idle",
.owner = THIS MODULE,

.en_core tk irgen =1,

.states = {

ARM_CPUIDLE_WFI_STATE,

{
.enter = ux500_enter_idle,
.exit_latency =70,
.target_residency = 260,
flags = CPUIDLE_FLAG_TIME_VALID,
.name ="Apldle",
.desc ="ARM Retention",

2
b

.safe_state_index =0,
.state_count =2,



28. };

29.

30. /*

31. * For each cpu, setup the broadcast timer because we will
32.  * need to migrate the timers for the states >= Apldle.

33, *

34. static void ux500_setup broadcast timer(void *arg)

35. {

36. intcpu = smp_processor_id();

37. clockevents notify(CLOCK _EVT NOTIFY BROADCAST ON, &cpu);
38. }

39.

40. int __init ux500 idle_init(void)

41. {

42,

43. ret = cpuidle register driver(&ux500 idle driver);
44,

45. for_each_online cpu(cpu) {

46. device = &per_cpu(ux500_ cpuidle device, cpu);
47. device->cpu = cpu;

48. ret = cpuidle register device(device);

49,

50. }

51.

52. }

53. device_initcall(ux500_idle init);

5 CPUFreq 1Bk, 7E CPUIdle T~ R it A X B [1) governor SRHRFEfIIS #E AT IDLE 2K
WIS, X L6 governor fF5 CPU_IDLE_GOV_LADDER. CPU_IDLE_GOV_MENU. LADDER 7E
HENFIR Y IDLE 2 B g2 28 k1, & B 2 0 IDLE I E/E S 2%, T MENU 22 R
AR 2 N B ) B2 N H (1) IDLE 225 BiEE A T %A XSS MRS (%
Hik#E NO_HZ RS, AMKHT NO_HZ FL Bk, J&& W T WAZ I NO_HZ i,

N R T LADDER #HEM o #E €3, 1 MENU U AT fE BELEE M Co BE C3:




CPUIdle T RGLiLiE L sys [A] userspace 5 H T —Lbgh .

— R BEAS R Gt (1) /sys/devices/system/cpu/cpuidle, &I H A1) current_driver.
current_governor. available_governors %5 4% fi A LLZRELE % B CPUIdle [IIKZ)1E & LA K&
governor.

— 2K R RHEAS CPU f#)/sys/devices/system/cpu/cpux/cpuidle/, Bt 145 MR TR &
online 1t CPU HH & A[AE] IDLE 2251 1) name. desc. power. latency 2515 5.,

AV ERSAER, AL H Linux CPUIdle T R S0 B R 280 B0 R

User-level [ /sys/devices/system/cpu/cpuX/cpuidle ]
interfaces

[ /sys/devices/system/cpu/cpuidle ]

r~

governors ladder ] [ menu ]

\

v v
Generic cpuidle infrastructure I

acpi-cpuidlei l halt_idle l
v

VACPI processor driver

drivers

- T T

arch/platform specific drivers

4. PowerTop

PowerTop »& — K JFUE I A T 1647 B BV A8 70 A A R B2 M 1 T, 0062 T Intel
FFEE AR F0 ) https://01.org/powertop/, 4EP'# & Arjan van de Ven Al Kristen Accardi.
PowerTop A 734t R4 R AF I DhFE LB BIDIAE R, Ml BoR KRG ARP C RE (5
CPUldle Jx &%} Ri) F1 P ARZ (5 CPUFreq WXaNX ) IR R LG, B BT AR AR RAR 2.2, K
FI T 3T TAB I 54T AU o




Overview

The battery reports a discharge rate of 14.3 W
The estimated remaining time is 93 minutes

~

Summary: 165.5 wakeups/second, 0.0 GPU ops/secor 0.0 VFS ops/sec and 4.1% CPU use

Power est. Jsage Events/s Category Description
2.74 W 0o e = Display backlight
mw ¢ )evice USB device: USB Optical Mouse
7 mwW .G / 9.8 Interrupt PS/2 Touchpad / board / Mouse
mw G Devic Audio codec I ) Intel
mw Jevice dio code J: Realtek
> mwW 26, / / :0 -background none
5 mW 24, / . - ) nsho
mw 0¢ Device : AX88772
mw / Interrupt 7 ched(softirq)
mw 1915
mw /bin/Terminal
mw ehci_hcd:usb2
mw
3 mW
3 mwW
mw
mw
mw

lo¥o)

[o . X))
v w

--display :0.0 --sm-client-
] tasklet(softirq)
sktop --display :0.0 --sm-cli
console_callback
Interrupt [1] timer(softirq)

TELE3STEELE3LTTE
NN WS W,
oObbBLOW

5. Regulator X 3

Regulator #& Linux R4t FIRE B Bl Wit —, AU/ 441 CPUFreq IRB) 4 & fi H
BRIE L . Regulator IXZN FEASREH R h LB ICRIFR RS (40 LDO, B low
dropout regulator, Il ZZ&MRIES), FHIRMSRMAN B XL B TEERNED. —K
7E ARM HLEEHR I, &R T s — ML s e 4if, WK

Power U N N ——| Device 3
SupplY ( \H\!V Regulatoil> - ( EW Regulato_r_?/ ) 4

Device 4

Device 1

Device 2
Device &

4( HW Regulator 3 >—
—_— S —— Device &
Linux [1J Regulator T R AU API FH VM /74 — AN Fa R 2%
struct regulator_dev * regulator register(const struct regulator_desc *regulator_desc, const

struct regulator_config *config);
void regulator unregister(struct regulator dev *rdev);
regulator_register() BRI 2 NS H0 7> Il /2 regulator_desc 25 FI4AF regulator_config £514
WRIIHREE, BT R 0 XA A e 45 I P AT 1R AR 1 ) 2
struct regulator_desc {
const char *name; /* regulator {144 7 */
const char *supply name; /* regulator supply 47 */

int id;



unsigned n_voltages;

struct regulator_ops *ops;

int irq;

enum regulator_type type; /* /& Hi KL /& H i Regulator */

struct module *owner;

unsigned int min_uV; /* ZEPEBHE HL T AR selector [FFLE */
unsigned int uV_step; /* £ BLHE O BP NN L/
unsigned int ramp_delay; /* HL& S 580 N RET R HS (A] */

const unsigned int *volt table; /* F& T R ML 1L A0 HLE LT R */

unsigned int vsel reg;
unsigned int vsel mask;
unsigned int enable reg;
unsigned int enable mask;
unsigned int bypass_reg;
unsigned int bypass_mask;

unsigned int enable time;
15
FREERIPR T regulator_ops TRE ops & XX N A AR AR R VR I 2
B, 1B R A A 0 BR

struct regulator_ops {

/* enumerate supported voltages */
int (*list_voltage) (struct regulator dev *, unsigned selector);

/* get/set regulator voltage */

int (*set_voltage) (struct regulator dev *, int min_uV, int max_uV,
unsigned *selector);

int (*map_voltage)(struct regulator dev *, int min_uV, int max_uV);

int (*set_voltage sel) (struct regulator dev *, unsigned selector);

int (*get voltage) (struct regulator_dev *);

int (*get voltage sel) (struct regulator_dev *);

/* get/set regulator current  */
int (*set_current limit) (struct regulator dev *,
int min_uA, int max_uA);

int (*get current limit) (struct regulator dev *);

/* enable/disable regulator */
int (*enable) (struct regulator_dev *);
int (*disable) (struct regulator dev *);

\
4

by

SE



int (*is_enabled) (struct regulator _dev *);

b
{E drivers/regulator H3& &, & KEMHIECS A XN H Regulator JXl, 4 Dialog 1
DA9052. Intersil [] ISL6271A. ST-Ericsson [ TPS61050/61052. Wolfon [f] WM831x R%I%E,
B EN®RML T — dummy B Regulator WBI{E NS % .
struct regulator_dev *dummy_regulator rdev;
static struct regulator_init data dummy _initdata;
static struct regulator ops dummy_ops;
static struct regulator _desc dummy_desc = {
.name = "regulator-dummy",
id=-1,
.type = REGULATOR VOLTAGE,
.owner = THIS MODULE,
.ops = &dummy_ops,
b

static int __devinit dummy_regulator probe(struct platform_device *pdev)
{
struct regulator_config config = { };

int ret;

config.dev = &pdev->dev;
config.init data = &dummy _initdata;

dummy_regulator rdev = regulator register(&dummy_desc, &config);
if IS_ERR(dummy_regulator rdev)) {

ret = PTR_ERR(dummy_regulator rdev);

pr_err("Failed to register regulator: %d\n", ret);

return ret;

return O;

Linux ff] Regulator F RS2 ALIE P34 (Consumer) API DAL H AR AR FREL . W E .
IR PRI REAS B 4%«
struct regulator * regulator get(struct device *dev, const char *id);
struct regulator * devm_regulator get(struct device *dev, const char *id);
struct regulator *regulator_get exclusive(struct device *dev, const char *id);
void regulator put(struct regulator *regulator);
void devm_regulator put(struct regulator *regulator);
int regulator _enable(struct regulator *regulator);

int regulator disable(struct regulator *regulator);



int regulator_set voltage(struct regulator *regulator, int min_uV, int max_uV);
int regulator get voltage(struct regulator *regulator);

IXEEH 9 API ITHLAZ KELS GPIO - R 4Ll gpio_request(). Clock T R4t clk_get()~
dmaengine T &4t dmaengine_submit()Z5tHY, B THMKEE.

6. OPP

M5 SoC — A F IR Z MMM, fERGIBITIEREF, HATEEIA MBS IE 1T
TR AR R fE SoC W, F:2Y domain A LUIZAT/EEAR MRS IR, 1 HoAth
domain A LUIZAT7E S i (AR A B K, F2A> domain AT SCREMI<AR, HLE>XT A HFRA
Operating Performance Point (4’54 OPP).
int opp_add(struct device *dev, unsigned long freq, unsigned long u_volt);

HHT, TIOMAP CPUFreq MXaI I ZHAEH 1 OPP X ML SRIK IR CPU Jir S (AR A
HESIR . EFFHLRERE S, TI OMAPA it A & iE W4T CPU ¥4 [¥) OPP:
static struct omap opp_def initdata omap44xx_opp_def list[] = {

/* MPU OPP1 - OPP50 */

OPP_INITIALIZER("mpu", true, 300000000,
OMAP4430_VDD_MPU_OPP50_UV),

/* MPU OPP2 - OPP100 */

OPP_INITIALIZER("mpu", true, 600000000,
OMAP4430 VDD MPU_OPP100_UV),

/* MPU OPP3 - OPP-Turbo */

OPP_INITIALIZER("mpu", true, 800000000,
OMAP4430_ VDD_MPU_OPPTURBO_UV),

/* MPU OPP4 - OPP-SB */

OPP_INITIALIZER("mpu", true, 1008000000,
OMAP4430 VDD MPU_OPPNITRO_UV),

¥

/**

* omap4_opp_init() - initialize omap4 opp table

)
int __ init omap4 opp_init(void)
{
r=omap_init_opp_table(omap44xx opp_def list,
ARRAY SIZE(omap44xx_opp_def list));
return r;
}

device initcall(omap4 opp_init);
int __ init omap_init opp_table(struct omap_ opp_def *opp_def,
u32 opp_def size)



/* Lets now register with OPP library */
for (1= 0; i <opp_def size; i++, opp_deft+) {

if (!strncmp(opp_def->hwmod_name, "mpu", 3)) {
/*
* All current OMAPs share voltage rail and
* clock source, so CPUOQ is used to represent

* the MPU-SS.
&
dev = get_cpu_device(0);
b
r = opp_add(dev, opp_def->freq, opp_def->u_volt);
}
return 0;

£ %} device 5 fk$R % dev X B[ domain 31— ANHT i OPP, 4 freq A1 u_volt B A
2 OPP Xof B4 FR) 451 46 1 1
int opp_enable(struct device *dev, unsigned long freq);
int opp_disable(struct device *dev, unsigned long freq);
iR AP F T REFIZE IE AN OoPP, — HL#f disable, L available N false, 2 J5H
B BN AR E 9 IX A OPP sl AN AT BE 1o B, il BB AN E )G, REGEA P 1GHz
(UM (7 ESEIPII RS VA TF
if (cur_temp > temp_high thresh) {
/* Disable 1GHz if it was enabled */
rcu_read_lock();
opp = opp_find_freq_exact(dev, 1000000000, true);
rcu_read_unlock();
/* just error check */
if (\IS_ERR(opp))
ret = opp_disable(dev, 1000000000);
else

goto try_something_else;

H

R opp_find_freq_exact()FH T34 5 — Mg MM available DLAC Y
opp, JJFMy:
struct opp *opp_find freq exact(struct device *dev, unsigned long freq,

bool available);

G348k, Linux B4R 2 14244, opp_find_freq_floor()H]F- 34k 1 4~ OPP, ‘EIRIAIR ] |
BT B T 1R E AR opp_find_freq_ceil A1 T34k 1 /4> OPP, "B A T B ok T
Fa e AR, X 2 AN REU R AR
struct opp *opp_find freq floor(struct device *dev, unsigned long *freq);
struct opp *opp_find freq ceil(struct device *dev, unsigned long *freq);



AT H R T R AAS 23 S 4R 1 B B KR BN AR AR
freq = ULONG_MAX;
rcu_read_lock();
opp_find freq floor(dev, &freq);
rcu_read_unlock();

freq = 0;

rcu_read_lock();
opp_find freq ceil(dev, &freq);
rcu_read_unlock();

TERR BRAR A RIS, HSCHE IR AT P s B9 L s AR AT AT ABE A AR ez, AR
W, R 2 A APLZR T 3REUE OPP oy N R s FHA 2 «
unsigned long opp _get voltage(struct opp *opp);
unsigned long opp_get freq(struct opp *opp);

AT, 2HE CPUFreq WXENRK CPU W E N — SR MIH%, B R AN BCE H
JE, HACH AR N

soc_switch to freq voltage(freq)
{
/* do things */
rcu_read_lock();
opp = opp_find freq ceil(dev, &freq);
v = opp_get voltage(opp);
rcu_read_unlock();
if (v)
regulator_set voltage(.., v);
/* do other things */
H

U ] S AP R T SRERCE A% i S ) OPP (N4
int opp_get_opp_count(struct device *dev);

BT 42 2], TI OMAP CPUFreq IXZ) I )= s 5 FH 1 OPP X ML SR IKEL CPU Jr SCHF (¥ 43t
RMHEEY|FR . EFE omap_init_opp_table()ERE AN T AHR OPP, 7E TI OMAP S ()
CPUFreq B3} drivers/cpufreq/omap-cpufreq.c A, NI Bl T B4 % 2L opp_init_cpufreq_table()
SKAR Y T THI 7 K] OPP 7. CPUFreq AR K :
static int __ cpuinit omap_cpu_init(struct cpufreq_policy *policy)

{

if (!freq_table)
result = opp_init_cpufreq table(mpu_dev, &freq_table);

MIAE CPUFreq KB AT target ik i BA %L omap_target(), M{FH OPP AHICH] API SRFEE
TR

static int omap_target(struct cpufreq_policy *policy,



unsigned int target freq,

unsigned int relation)

{
1f .(mpu_reg) {
opp = opp_find freq ceil(mpu_dev, &freq);
\'/‘<;1t = opp_get voltage(opp);
b
b

drivers/cpufreq/omap-cpufreq.c fHXJ R ULECNIE, EAE<HIZ, W K>3 77 H K28 H
1 OPP, fEUE ML AT A 7 I Regulator API,

7. PM QoS

Linux WHZH) PM QoS RGEN N WA MM AR FPfeft 7 —&# N, @&udixAsn, Hp
AR E B S MR . —RE RFEHK M TR, i#EIL cpu_dma_latency, network_latency,
network_throughput XS5 K& wE; —RKEELNR AT LURTE B & MG R &k
per-device fJ PM QoS %K .

FEWAZASTA], 38Id pm_qgos_add_request() e 2l LI PM QoS 13K
void pm_qos_add_request(struct pm_qos_request *req,

int pm_qos_class, s32 value);
1#1d pm_qos_update_request() B&EA] DL BT VM AT PM QoS 153K :
void pm_qos_update request(struct pm_qos_request *req,
s32 new_value);
void pm_qos_update request_timeout(struct pm_qos_request *req, s32 new_value,
unsigned long timeout_us);

1#1 pm_qgos_remove_request() & £ AT LA & E3E M PM QoS 13K :
void pm_qos_remove_request(struct pm_qos_request *req);

BEINTE drivers/media/platform/via-camera.c X PG LK F, MG LB )G, @it
an N iEA) AT BABE LR cPU HE €3 ZLI VR FE IDLE:
static int viacam_streamon(struct file *filp, void *priv, enum v412_buf type t)

{

pm_qos_add_request(&cam->qos_request, PM_QOS CPU DMA LATENCY, 50);

XN, fE cPUldle T 24T, 24 PM_QOS_CPU_DMA_LATENCY 75 3K [ 1% 1 i £
EEW) CHRA, U0 drivers/cpuidle/governors/ladder.c H:
static int ladder_select_state(struct cpuidle driver *drv,

struct cpuidle_device *dev)



int latency_req = pm_qos_request(PM_QOS_CPU_DMA _ LATENCY);

/* consider promotion */
if (last_idx < drv->state _count - 1 &&
ldrv->states[last_idx + 1].disabled &&
ldev->states_usage[last_idx + 1].disable &&
last residency > last_state->threshold.promotion time &&
drv->states[last_idx + 1].exit_latency <= latency_req) {
last_state->stats.promotion _count++;
last_state->stats.demotion_count = 0;
if (last_state->stats.promotion_count >=
last_state->threshold.promotion count) {
ladder do_selection(ldev, last idx, last_idx + 1);
return last_idx + 1;

LADDER 7E %&£ 2 3k N IR Z IR CARSHT, & CIRAEN exit_latency B/ T
pm_qgos_request(PM_QOS_CPU_DMA_LATENCY)75 3] PM QoS i R i ZEIR .
FIFER)Z B BT drivers/cpuidle/governors/menu.c H1:
static int menu_select(struct cpuidle driver *drv, struct cpuidle device *dev)
{
struct menu_device *data =& get cpu var(menu devices);
int latency req = pm_qos_request(PM_QOS_CPU DMA LATENCY);

/*
* Find the idle state with the lowest power while satisfying
* our constraints.
&/
for (i= CPUIDLE DRIVER STATE START; i < drv->state count; i++) {
struct cpuidle_state *s = &drv->states][i];
struct cpuidle state usage *su = &dev->states usage[i];

if (s->disabled || su->disable)
continue;

if (s->target residency > data->predicted us)
continue;

if (s-—>exit_latency > latency req)
continue;

if (s->exit_latency * multiplier > data->predicted us)



continue;

if (s->power_usage < power_usage) {
power_usage = s->power_usage;
data->last_state idx =1i;

data->exit_us = s->exit_latency;

b
b
return data->last_state idx;
}
YRGSk G, 18 W R iEA) 2 A0 iR X PM_QOS_CPU_DMA_LATENCY 44 BE 22K B
H:

static int viacam_streamon(struct file *filp, void *priv, enum v412_ buf type t)

{

pm_qos_remove request(&cam->qos_request);

AL £ IX B TP S QoS KR B E] FIE B FE drivers/net/wireless/ipw2x00/ipw2100.c,

drivers/tty/serial/omap-serial.c, drivers/net/ethernet/intel/e1000e/netdev.c 5.

N R N A] L@ [A] /dev/cpu_dma_latency Fl/dev/network_latency iX#fH %4417 A
BNERKL QoS HITEREE R .

8. CPU P #E Ik

KT CPU #ddk I BARSLIN T, W25 (Linux SR EBHESKZRE) —3L SMP XL
FRAHSCI /NS, AEE MO T 2tk http://vdisk.weibo.com/s/oGuO8. — ki, ZEH P
ZZ () A] LLiE i /sys/devices/system/cpu/cpun/online 45 2 K E— CPU ] online A offline:
# echo 0 > /sys/devices/system/cpu/cpu3/online
CPU 3 is now offline
# echo 1 > /sys/devices/system/cpu/cpu3/online

%l “echo 0 > /sys/devices/system/cpu/cpu3/online” <[4 CPU3 [T, cPU3 LIriE
PP I 2 HARR cPu b, PRIEX ML cPu3 i, RGuhRGeIEH e . —H
%L “echo 1 > /sys/devices/system/cpu/cpu3/online” XT3 CPU3, CPU3 X A[LZ 5 R4t
MBI, RS TS

EARRG S, CPU BIEHK AT IMEA— R 7 0, ERGERB/NINHE, ZhAK
Ml CPU, 1ERGE I KN, FIFE 2T offline Y1 CPU. H A Linux WIZH KA H 1)
E AT CPU HEAT BAEAR LA, A998 s A0 A IR HE B S S L B AT SR X HLLL
Tegra3 Nl & JF.

Tegra3 X vSMP (variable Symmetric Multiprocessing) 284, 3t 5 /> cortex-a9 Ab# %5,
Hrp a N ohmtERe i 6 %, 1A IRTIFEBH ) LP #4:



Core 2

Core 3 Core 4

FERGIBATIEREY, SMRYE CPU TV ARThFEAL PR A M my IR AL BEAR o BRULZSL, 4
M EPERE ARM #Z O B 2R Z 4T 1500, sh S5 H Linux kernel SZF#f#) CPU hotplug #£4T CPU
(] UP/DOWN #1F .

FH4E/T EeePad 1217 M ik RN H, #id dmesg A WZH BRHSLIGIE T 2
(R FHE K DA S G RZ AN LP 4% 2 [A] ) By 25 D) #6k -
<4>[104626.426957] CPU1: Booted secondary processor
<7>[104627.427412] tegra CPU: force EDP limit 720000 kHz
4>[104627.427670] CPU2: Booted secondary processor
<4>[104628.537005] stop_machine cpu_stop cpu=0
<4>[104628.537017] stop_machine_cpu_stop cpu=2

A

<4>[104628.537059] stop_machine_cpu_stop cpu=1
<4>[104628.537702] _ stop_cpus: wait_for completion_ timeout+
<

<5>[104628.537960] CPU1: clean shutdown

A

4>[104630.537092] stop_machine_cpu_stop cpu=0
4>[104630.537172] stop_machine_cpu_stop cpu=2
4>[104630.537739
<4>[104630.538060
<5>[104630.538203] CPU2: clean shutdown
104631.306984] tegra_watchdog_touch
e P i Ak B 5 IS D)6 A 2 25 1) 46t
[104666.799152] LP=>G: prolog 22 us, switch 2129 us, epilog 24 us, total 2175 us
[104667.807273] G=>LP: prolog 18 us, switch 157 us, epilog 25 us, total 200 us
<4>[104671.407008] tegra_watchdog_touch
<4>[104671.408816] nct1008 get temp: ret temp=35C

A

A

__stop_cpus: wait_for completion timeout+

]
]
]
]
]
]
4>[104628.537810] __ stop_cpus: smp=0 done.executed=1 done.ret =0-
1C
]
]
]
] __stop_cpus: smp=0 done.executed=1 done.ret =0-
]

[
[
[
[
[
[
[
[
[
[
[
[
[
4>

<3>
<3>



<3>[104671.939060] LP=>G: prolog 17 us, switch 2127 us, epilog 22 us, total 2166 us
<3>[104672.938091] G=>LP: prolog 18 us, switch 156 us, epilog 24 us, total 198 us
AT, AT K 4 4 G core 2BENATIGEIL, T 4 4~ G core I 1 4 LP core Z [,
SRIGIZAT FBIEAT cluster V). X —FF 73 #RRAE AL TSI, M tegra Y cpufreq JXZ)
(DVFS BKZ))) B8 KBk AHRAKS ] T
http://nv-tegra.nvidia.com/gitweb/?p=linux-2.6.git;a=tree;f=arch/arm/mach-tegra;h=e5d1ff
22f5¢5629f3c8078e1db308a4b45fa382¢e;hb=rel-14r7
] ) B 5 2 &4 4 core
A~ core BT LA IE I8 F is_lp_cluster() R AW 4 HT AT CPU A2 LP 182 G AbFEES:

1. static inline unsigned int is_lp_cluster(void)

2. |

3 unsigned int reg;

4. reg =readl(FLOW_CTRL CLUSTER CONTROL);
5 return (reg& 1); /* 0 == G, 1 == LP*/

6

R[1452 FLOW_CTRL_CLUSTER_CONTROL %5 17 %% I Wr i >k H /2 G core i /2 LP core.

G core F LP core cluster [ ] # i Hl

7 AT P Y1 ¥ 45 G: M4BT P AT T LPcluster, CPUFreq W B HI U7 i LP FE T+
WERABEHEIIPR, Bl TEGRA_HP_UP:

1. caseTEGRA HP_ UP:

2 if(is_Ip_cluster() && !'no_lp) {

3 if(!clk set parent(cpu_clk, cpu_g clk)) {

4 hp_stats update(CONFIG_NR_CPUS, false);
5. hp_stats_update(0, true);

6 /* catch-upwith governor target speed */

7 tegra_cpu_set _speed cap(NULL);

8

%5 21 N G TI# 4 LP: H AT AT T Geluster, CPUFreq IXBhH U HHF G core
EEMEMED P TIEMEIIR, B TEGRA_LHP_DOWN, H £ 12 cPUID A/MT nr_cpu_ids
(Lhr ERBEHBREEMN T RAE CcPUOEFEE):

caseTEGRA HP DOWN:
cpu= tegra_get slowest _cpu_n();
if(cpu <nr_cpu_ids) {

1.

2

3

4.

5. telse if (lis_lp_cluster() && !'no_lp) {
6 if(!clk_set parent(cpu_clk, cpu_lp clk)) {

7 hp_stats update(CONFIG_NR_CPUS, true);
8 hp_stats_update(0, false);

9 /* catch-upwith governor target speed */

10. tegra_cpu_set _speed cap(NULL);



11. } else

12. queue delayed work(

13. hotplug_wq, &hotplug work, down_delay);
14. }

15. break;

DI SEBR 1R AEE clk_set_parent() 5B CPU MIAQE Bl LT, 3 340 40 AR 55 b L e L,
1A BRETE R n ADNDIRE, SERR A I Bh, &Y 7 G A LP cluster:

clk_set parent(cpu_clk, cpu_lp_clk) ->
tegra3 _cpu_cmplx_clk set parent(structclk *c, struct clk *p) ->
tegra_cluster control(unsigned int us, unsigned int flags) ->
tegra_cluster switch prolog()->
tegra_cluster _switch_epilog()

G core B A& #AHIK

fATB 3647 G core M7 plug Al unplug:

3% % 31H BT AT T G cluster, CPUFreq JXZh H| it i F Geore & & FEM X /M TR E
ITFR, EJ TEGRA_HP_DOWN, H#H{EH cPuID /N T nr_cpu_ids (LB EEM TEF 2

AN 2L EH Geore EE) , X ARIBK CPU, B & tegra_get_slowest_cpu_n() A <&
[l 0, MUBRE CPUO EAVEE, BEAVIB]E P (WRGR 2!

1. caseTEGRA HP DOWN:

2 cpu=tegra_get slowest cpu n();

3 if(cpu <nr_cpu_ids) {

4 up = false;

5. queue_delayed work(

6 hotplug_wq,&hotplug_work, down_delay);
7 hp_stats_update(cpu, false);

8 H

3% 5 41480 4T T G cluster, CPUFreq I3 H| Wi i F Geore TFE R BEME X TR A
ITPR, BP TEGRA_HP_UP, IR £, F# IRZA&AN TEGRA_CPU_SPEED_BALANCED, HJf—
A core; W B IR A N TEGRA_CPU_SPEED SKEWED , W] 3¢ — 4 core .
TEGRA_CPU_SPEED_BALANCED & X2 M4 AT FT A Geore BRI B & T HREME N
50%, TEGRA_CPU_SPEED_SKEWED 1 & 2 ¥ FT 2D FH 2 4 Geore ERKIMEAL T TR
¥ 25%, B cPU SEERTEZ A core B HI# .

1. caseTEGRA HP_ UP:
2. if(is_Ip_cluster() && !'no_lp) {



4 telse {

5 switch (tegra cpu_speed balance()) {

6. /* cpu speed is up and balanced - one more on-line */
7 case TEGRA CPU_SPEED BALANCED:

8 cpu =cpumask next zero(0, cpu_online_mask);
9 if (cpu <nr_cpu_ids) {

10. up =true;

11. hp_stats_update(cpu, true);

12. }

13. break;

14. /* cpu speed is up, but skewed - remove one core */
15. case TEGRA CPU_SPEED SKEWED:

16. cpu =tegra_get slowest cpu n();

17. if (cpu <nr_cpu_ids) {

18. up =false;

19. hp_stats_update(cpu, false);

20. }

21. break;

22. /* cpu speed is up, butunder-utilized - do nothing */
23. case TEGRA CPU_SPEED_ BIASED:

24, default:

25. break;

26. }

217. }

RS H TEGRA_CPU_SPEED_BIASED B2 1 & SUEA 1 ANLLE Geore HIANRAR T fe s
AR F) 50%E & A R SKEWED 2614, Rl & “BIASED”, I87% 4 ik “SKEWED” FIFERE, Alf A
BT A AL

HHT, ARM I Linux #: X #B7E M\ FH T big LITTLE 2289 K, CPU #Ifik DL A2 i FE 2% 05 T
BERPER S o 7E big LITTLE 224, K w1t RE DhFE A 51 1) Cortex-A15 FNFHMIK 14 RE L #E
{KHY Cortex-A7 HEAT T 454



GIC-400

Interrupts Interrupts
Cortex-A15 Cortex-A15 Cortex-A7 Cortex-A7
Core Core Core Core
10
Coherent
L2 L2 Master

\ 4 v \ 4

CCI-400 (Cache Coherent Interconnect)

v v

Memory Controller Ports System Port

big.LITTLE AbEEF 15T 5 75 A LI E LA BUta M AL B 2% . Cortex-A15 ARFE A8 2 H i
EIF R I ERE B = AR IO FE ARM AbEESS, T Cortex-A7 AbFEZS 2 H AT L IF K 51T REM)
ARM ] R Ab B 28 . AT LLFI ] Cortex-A15 4b 3 % () 1 g Sk K 40 8 1 TAE 8k, 1
Cortex-A7 1] DL 24 AL B B FHLEIHR 70 TAE Sk, X Sedi /R AR E 2430, M
S A AR EE AT IR AR AT S .

=JEAE CES (HFrW M) 2013 K4 EKAT | Exynos 5 Octa \IZ# 3L #L 8, X
FRAL PR 28 2 R ] big LITTLE 45K %5 — 3K CPU.

9. Suspend to RAM

Linux 3 ¥ STANDBY. Suspend to RAM. Suspend to Disk 25/ AL, — AR A 2=
i A A SE I Suspend to RAM, R R GEPIRAS IRAFE T WAEH, JEK SDRAM B T H BIHHRE,
FEH PSR R E 2% .. DEHRA T Linux RSt 5CI Suspend to Disk, ‘BE5
Suspend to RAM AR AT & FFA KN, Ja& ML RAFPREREE THIAL, S8)5 shutdown
BNRA.

Working State
A A A
Standby Resume
A\ 4
Standby State
'?\ Suspend Resume
\ to from
RAM RAM
\4
Shallow:
minimum latency Suspend State
Deep: maximum power savings Hibernate Restore
from
RYUPPELLL ~ Hibernation
\4

\‘\.___> Hibernate State

Power Off

i@ id A /sys/power/state 5 A “mem” T4 Suspend to RAM A%, 7E Linux W%



H, Suspend to RAM [ REURFE W B (EWRERIEEIE R U 2GR freeze #HFE. &%
X% suspend AKX RG] suspend A 25

> shor

acquire pm_mutex

v

sys_sync PM: Syncing file systems ... done.

v

console switch

v

suspend notifiers

v

freeze tasks

abort

freeze console

v

suspend device class

A4

suspend device type

v

suspend device bus

v

set firmware waking vector
_prepare _PSW (Prepare wake devices)
_PTS (Prepare to Sleep)

_SST (System indictor status)

disable non-boot CPUs

v

disable interrupts

v

.suspend_late()

v

suspend system devices

v




1E Linux W% device_driver Z5#)7, &H —/ pm i, E&— dev_pm_ops 251K
o5, B ZgAEY, $% T Suspend to RAM Fl1 Suspend to Disk FT 75 ZL) callback %Y

1. structdev_pm ops {

2 int (*prepare)(struct device *dev);

3 void (¥*complete)(struct device *dev);

4 int (*suspend)(struct device *dev);

5. int (*resume)(struct device *dev);

6 int (*freeze)(struct device *dev);

7 int (*thaw)(struct device *dev);

8 int (*poweroff)(struct device *dev);

9 int (*restore)(struct device *dev);

10. int (*suspend_late)(struct device *dev);
11. int (*resume_early)(struct device *dev);
12. int (*freeze late)(struct device *dev);

13. int (*thaw_early)(struct device *dev);

14. int (*poweroff late)(struct device *dev);
15. int (*restore_early)(struct device *dev);
16. int (*suspend noirq)(struct device *dev);
17. int (*resume_noirq)(struct device *dev);
18. int (*freeze noirq)(struct device *dev);
19. int (*thaw_noirq)(struct device *dev);

20. int (*poweroff noirq)(struct device *dev);
21. int (*restore_noirq)(struct device *dev);
22. int (*runtime_suspend)(struct device *dev);
23. int (*runtime_resume)(struct device *dev);
24, int (*runtime_idle)(struct device *dev);
25. };

H a1 LB HEFZ L & 1E platform_driver. i2c_driver A1 spi_driver ZE52fih, DL k45
KR ) 2 25 PM callback 6% . U drivers/i2c/busses/i2c-omap.c 1 H]:

29. static struct dev_pm_ops omap_i2¢c_pm_ops = {

30. SET RUNTIME PM_OPS(omap_i2¢ runtime suspend,
31. omap_i2c runtime resume, NULL)
32. };

33.

34. static struct platform_driver omap _i2c_driver = {

35. .probe = omap_i2¢c_probe,

36. .remove = devexit p(omap_i2¢c remove),
37. .driver = {

38. .name = "omap_i2c",

39. .owner =THIS MODULE,

40. .pm = OMAP_I2C_PM_OPS,

41. .of match table = of match ptr(omap i2c_of match),



4. 1
43. };

{H/Z platform_driver. i2c_driver. spi_driver 25 &5 A, {1SREREH T it B Y] suspend.
resume A [ &3

struct platform_driver {
int (*probe)(struct platform_device *);
int (*remove)(struct platform_device *);
void (¥*shutdown)(struct platform_device *);

1.
2
3
4
5. int (*suspend)(struct platform_device *, pm_message t state);
6 int (*resume)(struct platform_device *);

7 struct device driver driver;

8 const struct platform_device _id *id_table;

9

¥

7E Linux M0 )2, SEbr BRI GIEFEAT xxx_driver.driver.pm.suspend() ik 72 BRI %L, 7E
A EANEERTEN T, $ATIEF ) xxx_driver.suspend(), U1 platform_pm_suspend() )i 45 il

rE:

1. int platform pm_suspend(struct device *dev)

2. |

3 struct device driver *drv = dev->driver;

4. int ret = 0;

5.

6 if (!drv)

7 return 0;

8

9 if (drv->pm) {

10. if (drv->pm->suspend)

11. ret = drv->pm->suspend(dev);
12. } else {

13. ret = platform_legacy suspend(dev, PMSG_SUSPEND);
14. }

15.

16. return ret;

17. }

— MR PE, RSB suspend ANFIBRELH, RS KANZE & K EP4A
F &R AR, resume BN 58 Al A [ [1#4E . 7E Suspend to RAM [1] suspend Al
resume HFEH, RGKEJGERTA RSN RS TAEER . 7T IHRIXA SR, oTRfE
AENAZ Y PM_DEBUG &I, 1R AETE suspend il resume KL FEF, FH B A ZHIFT ENME B LA
FevE BRI VE 4N R FE . W] LLFE Bootloader 1% i 45 N % 1 bootargs W % B br &
no_console_suspend.

FEFE Linux B2 2] — BT ARM SoC IR RE T, % R St suspend HIN I 75 HE A AL



FEAEAH N arch/arm/mach-xxx H1 528 platform_suspend_ops )% 54 BR L, — A% 35 B szl
I enter A1 valid i, FF¥ %S platform_suspend_ops %5 R 4R E o N 1Z @ AP
suspend_set_ops()7 /M3t 24, Ul arch/arm/mach-prima2/pm.c Hf]:

1. static int sirfsoc_pm_enter(suspend_state_t state)

2. |

3 switch (state) {

4 case PM_SUSPEND MEM:

5. sirfsoc_pre_suspend power_off();
6

7 outer_flush all();

8 outer_disable();

9 /* go zzz */

10. cpu_suspend(0, sirfsoc_finish_suspend);
11. outer_resume();

12. break;

13. default:

14. return -EINVAL;

15. }

16. return 0;

17. }

18.

19. static const struct platform_suspend_ops sirfsoc_pm_ops = {
20. .enter = sirfsoc_pm_enter,

21. .valid = suspend_valid only mem,

22. ¥

23.

24. int _ init sirfsoc_pm_init(void)

25. 4

26. suspend set ops(&sirfsoc_pm_ops);

27. return 0;

28. }

FIRRAGH ) sirfsoc_pre_suspend_power_off()2 ¥ R 4t resume [RIK J5 55T T 44047 1
PrEE L BEAE N SoC MK B fE A (ARl SIRFSOC_PWRC_SCRATCH_PAD1), FilbfT %
B MR Y A R A

1. static int sirfsoc_pre suspend power off(void)

2. |

3 u32 wakeup_entry = virt_to_phys(cpu_resume);

4

5. sirfsoc_rtc_iobrg writel(wakeup_entry, sirfsoc_pwrc_base +
6 SIRFSOC_PWRC _SCRATCH_PADI1);

7

8 sirfsoc_set wakeup_source();



9.
10.
1.
12.
13. }

sirfsoc_set_sleep_ mode(SIRFSOC_DEEP_SLEEP MODE);

return 0;

M cpu_suspend(0, sirfsoc_finish_suspend) A & A B SoC #H < VL & S I 1 25 £
sirfsoc_finish_suspend() 3. I 58 i Ja AL UL AOKS R4 B TR FEIERR, JF & SDRAM T H kil
FORSHIE AR, BRI AR & B AR T45 E 18 Fo

10. Runtime PM

B 45 H ) dev_pm_ops Mk, FH 3 AN LL runtime JF 3k B A 51 PR 2L -
runtime_suspend(). runtime_resume()F1 runtime_idle (), &4 Bhi% £ 5¢ BE 47 I 1) LR

.

1.
2
3
4.
5
6
7

¥

Linux $2ft—

struct dev_pm_ops {

int (*runtime_suspend)(struct device *dev);
int (*runtime_resume)(struct device *dev);

int (*runtime_idle)(struct device *dev);

A5 API LUE T8 % T LA B H LRI T I MRS :

int pm_runtime_suspend(struct device *dev);
Sl R4 1) suspend, HATAHISH] runtime_suspend R, ATiEAHE ) runtime_suspend
BRE  BIKHE 40 T iU ok s I Y callback BRI

A A

e e T
W N = O

if (dev->pm_domain)
callback = dev->pm_domain->ops.runtime_suspend;
else if (dev->type && dev->type->pm)
callback = dev->type->pm->runtime_suspend;
else if (dev->class && dev->class->pm)
callback = dev->class->pm->runtime_suspend;
else if (dev->bus && dev->bus->pm)
callback = dev->bus->pm->runtime_suspend;
else
callback = NULL,;

if (!callback && dev->driver && dev->driver->pm)

callback = dev->driver->pm->runtime_suspend;

HA Y dev->pm_domain. dev->type->pm. dev->class->pm. dev->bus->pm #HV callback



BRECERAAAAERIE LT, A BB N B IKBN K1) runtime_suspend BRELHAT .

int pm_schedule_suspend(struct device *dev, unsigned int delay);

“UIREE” 251 suspend, ZEIR delay ZFP )5 K suspend TAEHEAN pm_wq ZEfFBASI, 45

RN T delay Z )5 AT A K H runtime_suspend ER%L

int pm_request_autosuspend(struct device *dev);

“YHPE” 541 suspend, autosuspend [KJZEIRF 5, suspend [ TA/ET H #% B 3N B

Hle

int pm_runtime_resume(struct device *dev);

51 K& 1) resume, HATAHIEH runtime_resume BRI

int pm_request_resume(struct device *dev);

KAL— N resume [IIER, ZiFRWEHEAN pm_wq FEFFBAS .

int pm_runtime_idle(struct device *dev);

Sl R & idle, PATHIIEHT runtime_idle R4,

int pm_request_idle(struct device *dev);

R —N A idle (TG R, ZIERWZEEN pm_wq SR A1

void pm_runtime_enable(struct device *dev);

B8 15 £ 1 runtime PM S HF.

int pm_runtime_disable(struct device *dev);

A8 1B A4 runtime PM SCHF o

int pm_runtime_get(struct device *dev);

WMBe RS AT, LT clk_get(), 2SI BA I runtime_resume.

int pm_runtime_put(struct device *dev);

RN S TR, BT ck_put(), S E5] K% &1 runtime_idle.

ERARM RS IRsH, —RIHENDZE SIS probe()i 1247 pm_runtime_enable()
ff §& runtime PM XCHF, fEEATE R B E AT “ pm_runtime_get() -> it T/ >
pm_runtime_put() "1 5] . 1l drivers/i2c/busses/i2c-intel-mid.c 1°C & At 243X 5 (1] i2c_algorithm
ff) master_xfer() i i B % intel_mid_i2c_xfer(), 7E&i2 1’CAEHITTHAT pm_runtime_get(), 5%
%5 AT pm_runtime_put():

1. static int intel mid i2c xfer(struct i2c_adapter *adap,
2. struct i2c_msg *pmsg,
3. int num)

4. {

5. pm_runtime get(i2c->dev);

6.

7. pm_runtime put(i2c->dev);

8 }

E RS IRshH, BT LRSI U 775517 suspend. idle F resume A~ —
JE I, A suspend RS I IE AR S 75 22— L[], 2R ¥4 A2 AE suspend i B
—E I A], AEEE Y suspend WIS 7 KRBT I FES o BT AFRATT AT ARFE 1 00 ok e R A W& AE
TN T —BANE A N suspend (MO, — AN — B A A g, Eaf—
BRI AR, BTk, —2i & IKEh 1% & 8 autosuspend AT 4 fs

TEHAT EAE B2 75 B pm_runtime_get(), #:4F 58 5 /4T pm_runtime_mark_last_busy()
F1 pm_runtime_put_autosuspend(), — H. autospend [ delay #/3, H¥& 41400 o,



M 5] &ZAHS runtime_suspend() N\ B EL A A . — AN 8L R VRGN .

1. foo _read or write(struct foo priv *foo, void *data)
2. {

3. lock(&foo->private lock);

4. add_request to_io_queue(foo, data);

5. if (foo->num_pending_requests++ == 0)
6. pm_runtime_get(&foo->dev);
7. if (!foo->is_suspended)

8. foo process next request(foo);
9. unlock(&foo->private lock);

10. }

11.

12. foo_io_completion(struct foo priv *foo, void *req)
13. {

14. lock(&foo->private lock);

15. if (--foo->num_pending_requests == 0) {
16. pm_runtime_mark_last busy(&foo->dev);
17. pm_runtime put autosuspend(&foo->dev);
18. } else {

19. foo process next request(foo);
20. }

21. unlock(&foo->private lock);

22. /* Send req result back to the user ... */
23. }

24,

25. int foo_runtime suspend(struct device *dev)

26. {

217. struct foo_priv foo = container _of(dev, ...);
28. int ret = 0;

29.

30. lock(&foo->private lock);

31. if (foo->num_pending_requests > 0) {
32. ret = -EBUSY;

33. } else {

34, /* ... suspend the device ... */
35. foo->is_suspended = 1;

36. }

37. unlock(&foo->private lock);

38. return ret;

39. }

40.

41. int foo_runtime resume(struct device *dev)

42. {



43, struct foo_priv foo = container_of(dev, ...);

44,
45. lock(&foo->private lock);
46. /* ... resume the device ... */
47. foo->is_suspended = 0;
48. pm_runtime_mark_last busy(&foo->dev);
49. if (foo->num_pending_requests > 0)
50. foo_process_requests(foo);
51. unlock(&foo->private lock);
52. return 0;
53. }
11. B&

Linux WA% ) PM HEZR K AR 2 AL, il 2R IX SR AL 2 18] AR ASOC R 72538 1B IR
ERtATAAR, SRAIE®R VAT PM BIRAE, XSGR BT L A B DA AT RE I T
ALK LA



