


=R 2% A7 (Cache) /4

AT AR AT ?
o BEACREAL, WEHILEE GEHFRETAG) A IIHGR.
o I SRR A 8 P HS 0 S
© TR AT B ML T T AR e (0 SR e
o IARETE: AR AR OB E A, S AR I O Bt S 1. e
WUF AT ARG, S B — S
o WPIEIRHSTE: WU R R RO E, B TORS BRI ALt (55

» %4717 (cache line)
o B I —HAFERR AL E . AT R ) BNk

« ZefrarH (cache hit), Z95 R FIEPR/R S CEAFERATH
« ZEA7 R (cache miss), Zijj A FIEHE /18 S ANTESEAT B
Lyy
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R ZAFN Y

o MEBRER R VTR P A7 A AR ML E RS, SR B N B CarffE
AL E KN

c ARG, WEBMNEALH . REAGRK, T NAFE S E B,
[l IS TN 22 47

- 170 He (Cache Allocation)

o ZZA7EIE (Cache miss) B, fEZFTRKI—MIE, FHHH S A 85 72X AL
=

« M (Read-allocate) : fEFAT IR KAERAFGRARRS, FHATRAEDTL . FTE W TRAEH
A7k B A2 B4
« S (Write-allocate): 7EMHT 'S #E R AEGAFHCRRS, BATEAEAL.

o TR AT I ML AT R — EU ]
o T U AR R A7 2 (R U R AL
o A BERYRAAE 2 AR B
Lys
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Cacherit

« IXiZ (Eviction) :

o MZEFHPBEE—AN2471T (cache line), N IEE &AL B 1t #2Write of an entire
cache line on the bus

 RAET M “dirty” IGAATREE I ARAT B AR
o Dirty R HRAE I 7 TS [ B 77 38 P OB A K

» [B]5 (Write-back):
« U, WM, RIEBER TR “dity”
o YIXNEAATHT AT B ), P EIES 27+

* 1% 5 (Write through):
o SR I R R T AT AT A
o AT ABEFRIE N “dirty”

gmented
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ey

o PNEBLLZE AT SRS HE IR :

1.

2.

life.augmentsd

EE (LEE S )
s FIN B R AA /T — A fif s

- =Data

nl’5 (e 55D
A E NS E | p2yed

RAM




Cortex-M7 51 2217

o KM PhEhry, Ll rERe

- ¥

L AT AV 2 AF A PTAE R, 70 JTHC B R/ N(STM32F 7+ #4-4KB)

HAEAXIM$E [1H 2247 (TCMSHAHBPH)
o PESARIRTE 2 IR G247, VU g A B = s 22 A7
* XTARMV7E-M & 48 B2 fr) B R

o HPNCachedey A, HEIHTHIAHIS T 7745,
« fif fiCache2x Xt R G A R



Cortex-M7 =135

o BIHSCRE N A ZRAF B
* 1% 5 (Write Through), % 5 7 it (write allocate)
« WBRA: =] 5 (Write-Back), % A 5 73 i ( WBRA)
« WBWA:[1] 5 (Write-Back), 5 4 Hit (write allocate)

o[855 A Iofe e

o A X UM R SRy
o JEEAEAREAR, DURRERI A7 — it

» frf icache ECCHSTE N 4T (STM32F7 A FECC)



Cachelt]—Z |-

o WK — BRI SR

. PRI
o AL EA R E NI E BT
o IXULX IHKE ERIN A1 22 7 £|D-Cache
o T WIEREAS HHE X227 o5 (NERFlash, AN Ffiges) » TEBEFRAK
o RINZEAFXTIX LS X 2 E T, BAERS
o JHITE A 1T cacher I 4Ed
« Cortex-M7 IS #AFE R 4Rl WK
 [FHESENE GEEMPURE)
« {fiISIWT@CACR ( Shared = Write Through)
o JEIL$E4ED-cache, A5 AT A BT B 2% IED-Cache #:1E
o HoAth I & 1S EAEEXT Cortex-M71] i,
o HLUfEE Cortex-M7 Dache H 345 .

life.augmentsd
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AT AT 2%

o G EJE T EMPUREAT I E

o IX L JE M [FRE AT AXIM/Cache 2 1 _F AR B2 R S A 52
- B

o (HT HZ P masterdt Z 7] — P 2 BN (—SBUEIRIIE)

o BRAXTEEE I AZ VA FED-Cache B2 77

« Xfl-cache®&H §Ma— = [ X did & 2 4 22 A7
o 7BCIRRS

o EHi- BRI RE A AE

o N — BAAHIT (e.g memset())

o 1EE —VERE EECREISAC, (EX 2 e s AU H

« X |1-Cachelfi &, BT A B 77 FC SRS ERA S0 o Be (3H 5182 HI#1E)
o fEhifde R

« Normal — 7] LA# 2247 ( peripheral on cacheability/shared attributes)

« DEV/SO — X HT-Devices- NEEH 22 1F.

Lys

life.augmentsd
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ol Gl

0x0000 0000
0x2000 0000

0x4000 0000

0x6000 0000

0x8000 0000

0xA000 0000

0xC000 0000

0xE000 0000

0xE010 0000

Lys

life.augmentsd

Ox1FFF FFFF

O0x3FFF FFFF

OX5FFF FFFF

OX7FFF FFFF

OX9FFF FFFF

OXBFFF FFFF

OXDFFF FFFF

OxEOOF FFFF

OXFFFF FFFF

Code

SRAM

Peripheral

RAM

RAM

Device

Device

PPB

Vendor_SYS

Normal

Normal

Device

Normal

Normal

Device,
Shareable

Device,
non-shareable

Strongly-
Ordered

Device

XN

XN

XN

XN

XN

WBWA

WBWA

WT

Typically ROM or flash memory.
Memory required from address 0x0 to support
the vector table for system boot code on reset

SRAM region typically used for on-chip RAM

On chip peripheral address space

Memory with write-back, write allocate cache
attribute for L2/L3 cache support

Memory with write-through cache attribute

Shared device space

Non-shared device space

1MB region reserved as the PPB. This
supports key resources, including the System
Control Space and debug features.

Vendor system region



wIaa AR BELL Caches

« I H# (power-on)Efif}, 7EffRER]T, |-cachefID-cache sz 4= Hi# 1
J% C(invalidate)
 CachefTFr%E(Tag) fvalidfi;
o WISRAKFEM, WIRES 9| AR P A AT Ll 147N
o VER: WENR, WREMNITRAMEKELTER, AR MX—P

 |-Cache:
o I ICIALLU 4728 KA % 4~1-Cache

» D-Cache:
o FEIIE i/ D-CacheFfAE %

o N T ARUEEHER —8UE, DITEERBED-cache 2 B X Hab 4775 #H
o ANAEAE H [B] 5 T i 75
o WA 4 Mot v] fe & E R B
‘Yl

life .augmented
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S -
?FEE??EEIJZ:
o 1.5 20 HE0x20010000 (SRAMIL) AbFFUE128F i W] tE 1k N OX55.

2. Flashh 1128 715 1% = 414HaSRC_Const_Buffer$% Il #]SRAM1
Hi4i:0x20010000 (pBuffer).

- 3.AC B JHEEDMA, 1 DMA¥E Hi 4 MSRAMI 13l 11:0x200100004k
# 1 2|DTCM RAMA %4 4H aDST_Buffert.

- DMAfE#ISERE, LEDL &

« 4 ¥ Flashd % 41aSRC_Const_Buffer 5 DMATE 4 B %41
aDST Bufferi# 47 Ebi
o WRA—FENLED2 7.
« —FENILED3 5%

gmanted STM32F756x Hands-on



Lo 1 A2

DTCM

L1 data cache

DMA controller

|  AXlI-to-AHB |

aSRC_Const_B
uffer

2.8 CPUBEHE M
FLASH#% Nl #|SRAM

<—»| SRAM1_Buffer

life.augmented SJ{M32F756x Hands-on




Cortex-M7 4 — 21—
EL Cache=< vs CacheJt

/* Enable D-Cache */
SCB_EnableDCache();

ENVES

LED1 &LED3 = LED1 &LED2 =

Flash5DTCMIIEE—2  Flash5DTCMIEIE A 34




Cortex-M7 Zdis — 2t
e _ HTiECachet: e
o ffifitD-cache

#% Fill 128 bytes with 0x55 pattern */
memset ( (uintd_ t*) SRAM1 ADDRESS START, 0Ox33, sizeof (a3RC_Const Buffer)):

{fifeD-Cache LF Shepod o FEpshle Dabs cicke (uncomment follewing line to enable Data Cache #/
\ /* Enahle Data cache */

5CE EnableDCache();

o FEXYAIAFIX T HE R, ATTECache 3k .

for (counter = 0; counter < ﬁsizeuf:aSRC_Cunst_Buffer}f&}; counter++)
2.8 CPU E 5 I {
FLASH#£ Il 3#|SRAM \ *pBuffer++ = aSRC Const Buffer[counter];:
}
f#% Step-2 : Perform cache clean operation by software (uncomment following line to

* gnsure coherency by software) */

RN =
HATE Cachef{E \ /* Clean Data Cache */
SCB_CleanDCache () ;|

o JIA HIdirty line#i#t [ 5 FISRAML, {54F 7 cache Ml — 17 ik
) 508 A — S

e LED1 &LED3/]=

e Flash5DTCMH i %dE—3

Lys

life.augmentsd



Cortex-M7 i35 — 21
Eo N —E5E M

LLL

b

e fHHEMPU, B SRAM1FIMPUJE:MEIS (write-back)ii NiE S

(write-through)

FA* F1l1l 128 bytes with 0x55 pattern #/
memset { (uintd_ t*) SRAM]1 ADDRE3SS START, 0x33, sizeof (a3RC_Const_Buffer)):

F* Etep-3 : Enable MFU and change SRAM region attribute (uncomment follewing line to
* et write-through policy on JRAM) #/
MPU_Config():

F* Etep-1 : Enakle Data cache [uncomment following line to enable Data Cache #/
/* Enahle Data cache */
3CE_EnableDCache() ;

F* Etep-£ : Forece all CEU accesses to be write-through (uncomment following lins to
# zet gll CFU accesses to cachable region a5 write-through) #/

/* FORCE WRITE THROUGH(): */

for (counter = 0; counter < (sizeof (aSRC _Conat Buffer)/4); counter+t)
{

*pBuffer++ = aSRC_Const_Buffer[counter];
}

o FTA KIdirty line#B#: F15 FSRAML, {RiF 7 cachefl 217 fi% 2
) I ) — 30
« Flash5DTCMA & —2, LED1 &LED3/] 5%
KYI
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Cortex-M7 45— 2
—__ SIWT@CACR

e fHEEMPU, SRAM1FIMPUJEMBEE NS (write-back).

A% Fill 128 bytes with 0x55 pattern */
memset ( (uintd_ t*) SEAM]1 ADDRESS START, 0Ox35, sizeof (a3RC_Const Buffer)):

A% Etep-3 : Enakle MFU snd change SRAM region attribute #/
MEU Configi();

A% Etep-4 : Forece all CEU accesses to be write-through (uncomment following line to
* zet gll CFU accesses to cachable region &5 write-through) #/

__FORCE_WRITE THROUGH() :

A% Etep-1 : Enakle Data cache (uncomment following line to enable Data Cache #/
/* Enahle Data cache */
3CB_EnableDCache () ;

for (counter = 0; counter < (sizeof (aSRC Conat Buffer)/4); counter+t)

i
*pBuffer++ = aSRC Const_Buffer[counter];

}

o FTAHIdirty line#l#k [0S BISRAML, {RiE T cachefl 17 2
) B ) — 30
« Flash5DTCMA %4 —%k, LED1 &LED3/] 5%

Lys
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Cortex-M7 5 DMAZ [A I EHE — 3 o
o BITA AT, Cortex-M7HN % 5DMAFLZESRAMLH 1 — N EdEbuffer:

SRAM1

SRAM1_Buffer }

A

» WiZ 5 DMAZ 8] i) 2 — 2ctim ok 1 i 3Fh 5145 2 1 ARAIE:
1. B SIWT@CACR 2% 11 %f SRAM1 1T cache
2. E%ﬁ#?él‘ﬂD—CacheﬁJﬁE, o KBTS Cache A, B 8dE Bl 5 247
1

3. fIJFCachelfg, MITUSRAMIE NES JEME

o (EXMIFHDMAR HFrbuffer NgE#E 2247 (LEDTCMH) , B HE 2L
Pr—E e ) B, AR A — 20 iR @ [F AR A AT BE K AEAEDMAFY B AR
buffer =, R EE—nI #2247 113 Fbuffer 1.
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a7

Coremark =

Coremark results (BIEESBAEDTCM)
6 ART ON orll - Cache ON

ART OFF or | - Cache
QFF
ll \
ST N

< < < < < <
A S ST NS

CoreMarks / MHz
= N w D (6]

o

O O O 19

S <0 <@ <® @ @ « @ e
\fb\Q \’b\(\ 4 <4 <4 & & \?‘Q RN oy RN oy &
*® ° S ¥ X N N » 8 N N N N
. » » » N\ N\ L N\ \J N\ N\ N\
N N <L o <O O S Qd S O 8 S 9
O O Q ) Q 3 3 . < < < < <
6‘<\ N N & & ¢ © &0 & & & O
9 x> N4 0 > > > ’b\ N\ N N "\
R S o \,0"5\ N SO & & &S
N\ N\
é\“+ & & ORI S G & & K
& X s & = Q 2 Q&
Q@ < N \0 @O Q® A\ \Q
& 2N < & 5
&S Q@ N N
Q\ Q\ Q\ \<<
K S & 3
\{b \{bb \{bb ’bb
o o c o®

Ly REGHATALE

life.augmentsd



CoreMarks / MHz

07

Coremark #

Coremark results (fRAZEEMITCMINAT)

. D - Cache ON
[ !
5
4
D - Cache OFF
3 A
2
1
0
RAM-DTCM SRAM2 D- FMC-SDRAM SRAM1 D- FMC-SRAM D- SRAM1 D- SRAM2 D- FMC-SRAM D- FMC-SDRAM
Cache ON swapped D- Cache ON Cache ON Cache OFF Cache OFF Cache OFF swapped D-
Cache ON Cache OFF

A E /A

Lys
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AR N E8 1

and>
ayAy

320 load instructions from different memory locations
and the execution from RAM-ITCM

90

number of cycles / 320

80
70
60
50
40
30
20
10
0 .""""_“_‘l

S @ @ & @ @ g g <©° @ @ @ @ @ @

N bec’ be" & Qfo(’ sz»(’ beo & <& & & & & & &
SRS o IR o 9 & N © © © 9 © ©
N Q S N > Q \ <O Q Q Q Q Q \%
N\ N SN o @ & < O & ?:\5 & N\ >
¥ ¥ & N & £ N S ¢ R X «
< S < S K ¢ = & a X R 2 N
< 3 U = < @ @ G N < N
@ < \)C,)Q < <(® Y
QQ'Y %‘6 QX‘ \SO
,@ & Q .(\6
R N R \°
. Q
Q\\O Data location N
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CONFIDENTIALITY OBLIGATIONS:
THIS DOCUMENT CONTAINS SENSITIVE INFORMATION.

IT IS CLASSIFIED “MICROCONTROLLERS, MEMORIES & SECURE MCUs (MMS) RESTRICTED AND ITS DISTRIBUTION IS SUBMITTED TO ST/MMS
AUTHORIZATION

AT ALL TIMES YOU SHOULD COMPLY WITH THE FOLLOWING SECURITY RULES:
- DO NOT COPY OR REPRODUCE ALL OR PART OF THIS DOCUMENT

- KEEP THIS DOCUMENT LOCKED AWAY
- FURTHER COPIES CAN BE PROVIDED ON A “NEED TO KNOW BASIS”, PLEASE CONTACT YOUR LOCAL ST SALES OFFICE OR

DOCUMENT WRITTER.

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences of use of
such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject to change without notice.
This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of STMicroelectronics.
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