DEPARTMENT OF CONTROL AND INSTRUMENTATION
Kolejni 4, 616 00 Brno
| ‘ tel.: +4205 4114 1113 fax: +4205 4114 1123

‘ E-mail: kucera@feec.vutbr.cz, http://taceo.eu

BRNO UNIVERSITY OF TECHNOLOGY .
FACULTY OF ELECTRICAL ENGINEERING AND COMMUNICATION )

e

Operaéni Systémy Reélného Casu

VIIL.

Pavel Kucera

CAK, E112
kucera@feec.vutbr.cz




RTOS - IX

Obsah

1. Sprava pamétiv RTOS
2. DMA
3. Dynamicka alokace




RTOS - IX

Sprava pameéti v RTOS
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Sprava pameti v RTOS

real-time odezva, nutno dat pozor na preteceni (LIFO
struktura), znalost prekladace, reentrantnost funkci

neni nikdy dostatek, zpomaleni zplsobeno segmentaci a
strankovanim, Ize dosahnout real-time odezvu. Problémy v
RTOS vznikaji pfi pouziti mechanismu virtualizace pameéti.

dynamick& pamét, kterou proces vyzaduje za bé&hu. Casta
alokace a dealokace zpusobuji fragmentaci a tim zasadni
problém s real-time odezvou.




page

page fault
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Intel Xx86 — memory page

(stranka) je blok fyzické paméti o urcité delce
(4 MB), ktery je vyuzit jako interface mezi fyzickou
pameéti a externim ulozistém — nejCasteji HDD.

je preruseni (vyjimka) generovana v MMU (Memory
Managemen Unit) procesoru, kdyz proces pfistupuje
do adresniho prostoru, ktery neni nahran ve

fyzické pameéti.
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Zabraneni page fault

V RTSS je kazda pamét’ a proces implicitné chranén proti mechanismu
strankovani.

Ve Win32 je v pfipadé nutnosti mozné zabranit strankovani jednou z
nasledujicich funkci:

Rt LockProcess uzamkne vSechny oblasti ve virtualnim adresnim
prostoru procesu ve fyzické paméti.

Rt Unl ockPr ocess odemkne vSechny uzaméené oblasti paméti
procesu a umozni tak jejich strankovani.

Rt Comm t LockSt ack vymezi pro zasobnik oblast paméti ve fyzicke
paméti a zabrani jejimu strankovani.

Rt Conmi t LockProcess Heap vymezi pro haldu procesu oblast paméti ve
fyzické paméti a zabrani jejimu strankovani.
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Alokace chranené pameti v RTX

Rt Al | ocat eLockedMenory

Alokuje pamét' v nestrankované oblasti fyzické paméti (max. 256 MB). Tato
pameét je alokovana béhem startu OS a je hodné fragmentovana. Aby byl
process v RTX pfi alokaci této paméti uspésny, mél by se spustit pfi boot
sekvenci. Funkce vrati pointer do virtualniho adresniho prostoru procesul.

Rt Fr eeLockedMenory

Uvolni pfed pamét’ alokovanou v nestrankované oblasti OS.
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Alokace chranéneé pameéti v RTX

/1 virtual menory address returned by Rt AllocateLockedMenory
static PVO D vAddress;

voi d mai n(voi d) {

ULONG si ze=4096; // bytes to allocate

/1 Al'locate nenory

vAddress = Rt Al'l ocat eLockedMenory(size);

if (!'vAddress) {
printf("\nFailure on Rt AllocateLockedMenory\t");
printf("Error=%\n", GetlLastError());
return; // if this fails - no use to continue

}

el se {
printf("\nSuccess on Rt All ocat eLockedMenory\n");
printf("Virtual nmenory address = Ox%08X\ n", vAddress);
/Il Wite to the nmenory
*vAddr ess= 0;

/| Free nenory

f ('Rt FreeLockedMenory(vAddress)) {
printf("\nFailure on RtFreeLockedMenory(0Ox%®8X).\t", vAddress);
printf("Error Code = %\ n", GetlLastError());

}
el se {

printf("Success on Rt FreeLockedMenory(0x%X).\n", vAddress);
}

Exi t Process(0);
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DMA — primy pristup do pameéti

ADDRESS BUS

@
S
CEMTRAL 1o E.{IEI?I.E,.IETR?
PROCESSING
UNIT (CPLI) MEROR'Y INTERFACE @ ACCESS
o CONTEREOLLEER
E‘E @ @ (DMAC)
@ @ | ] [T []
@ DATA BUS
COMTROL BU=
DATA TRAWSFER WITH 4 DM4 CONTRCOLLER source: wwi.compeng.dite
I/O zafizeni zada o DMA pfenos dat. 6. Datajsou I/O zafizenim vloZzena na datovou
DMA Zada signadlem HOLD = 1 o pfidéleni sbérnici.
sbérnice. 7. Data jsou I/O zafizenim potvrzena. Pfesun
CPU potvrdi DMA fadici pfidéleni sbérnice dat byl ukoncen.
signalem HLDA = 1. 8. DMATadi¢ vrati fizeni sbérnice, HOLD = 0.
DMA fadiC adresuje sbérnici. 9. CPU potvrdi prevzeti sbérnice, HLDA = 0.
DMA potvrdi I/O zafizeni pfenos dat. 10. Cely cyklus 1 - 9 se opakuje tak dlouho,

dokud neni pfesunut cely blok.
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DMA — primy pristup do pameéti

HRQ
~ HLDA

DAK[0:3] A7) ‘

DRQIO:3] DI70]

AEN

CLe . DMAC ]
RESET 8237

. DI7:0] ;

IOWC IORC

IORC : owe

Al3:0] MRDC

cs MWTC |




Single
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DMA — pfimy pfistup do pameéti

Example of transfer mode

DMARG
HLDRQ
HLDAK U J
DMAAK __ L ™ g

i g
Data - - O 0 4 - - - &F - 0F

| S N S

[

— L

When DMARQ i receired, DhA fransfer e executed
once, and the bus mastership is released to the
CPU. If CMARQ i input again, DA transter is
executed again. This operation is repeated as long
a2 DMARD i input and until TC/END is reached.

Single step

?IEISTET Eocortiened epgew when there k&
DMARD =10 bager DNA regqiest.
OMAAK e e

Data - - O 0 3 0 0 3 -
TC/END

When DhidREQ i recepred, Dhdd transfer and the
bus cycle ofthe CPU are alternateby repe ated urdil
TC/EM D &= reached.

Cemand

LIMARTY
HLDEG _j

HLDwk __r
DMAAK

Dat -~ - - [ O OF - - & - -0

e e e

Bz b wot g Razed. — e
-

Ar

This mode seems similar to the single-frarsfer mode.
However, onhy Dbl transtfer is executed and the
bus mastership is not released tothe CPU as long
& DMARLD & input.

When DMARQ i no longer nput, the bus mastership
is released to the CPU.

Block ihursty

Tratatar & coNTNied eles Whe b The e &
DMARD r— 00 ouger DA request,

HEE? — Bus iz not released. = | anly WA transfer is executed and the bus
DMAM{_l e mastership iz not released to the CPU, until
TC/EMD & reached.
Data - - O+ O OF O OF O O3 - -
TCIEND

Thiz mode seems similar to the single-step
tran=fer mode. When DhARD &= input, homwewver,

DhAR D Dbl requestiperiphearal = DhdAC)
HLDRQ : Hold request (DMAC = CFPLUY

:Hold acknowledge (CP U — DALY
Dl Dbl acknowledge (D MAC — peripheral)

HLD Al

source: http://www.necel.com/en/fag/f_tech.html
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DMAvV PC
DRQI0...7] - DMA Request -
I/O zafizeni zada o DMA prenos. T, Hoo | o
- =
DRQS Master HLDA Q
e >|  DMA AN £
DAK]O...7] - DMA acknowledge oes | Controller | —> 8
DMAC potvrzuje 1/0 zafizeni DMA “oncs — 2
prenos. T )
N
TC - Transfer Complete o B ZRER
DMAC informuje I/O zafizeni, ze vSechna =~ o, |
data byla prenesena. . S
orat | Controller ([ prooe
AEN - Address Enable e >
Aktivni, kdyz DMAC master nebo slave 2= >
prevzal sbérnici. AEN zablokuje rekaci

I/O zafizeni na I/O command line na
sbérnici ve chvili, kdy DMAC adresuje
pamét (ne 1/O prostor) a soucasne
VyStaVi I/ O Command Iine- source: http://www.acm.uiuc.edu/sigarch/projects/cambot/SCB_Prot_02.html
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DMAvV PC

MRDC - Memory Read Command -
DMAC indikuje paméti, ze ma PN HOD |
poskytnout data. oo ] Master 4B 7
E Controller |——> g
MWTC - Memory Write Command ‘__r — 2
DMAC indikuje paméti, Ze ma zapsat s | )
data. N — olael
o 2 |8 bl
IORC - IO Read Command one |
DMAC indikuje 10 zafizeni, e ma i Siave
poskytnout data. o1 oM e,
DROC >
IOWC - 10 Write Command s >
DMAC indikuje 10 zafizeni, ze ma

zapsat data.

source: http://www.acm.uiuc.edu/sigarch/projects/cambot/SCB_Prot_02.html
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DMAvV PC

Standardni p Fifazeni DMA kanal G v PC

~N~N oo o0~ WON P+ O

16-bit
8/16-bit
8/16-bit
8/16-bit
none
16-bit
16-bit
16-bit

8-bit
8-bit
8-bit
8-bit
16-bit
16-bit
16-bit
16-bit

none

Some sound cards

Floppy disk controller

LPT1: in ECP mode

DMA controller cascade

Some sound cards; ISA SCSI host adapter
ISA SCSI host adapter

Some sound cards; ISA SCSI host adapter
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DMAvV PC
DMA Controller Slave Master
DRQ# 0 1 2 3 4 5 6 7
Memory Address Register {5, | 0on | 0an | 06h | cOh | cah | csh | cch
I/O Address
Page Register 87h | 83h | 81h | 82h | (none) | 8Bh | 89h | 8Ah
Count Register I/0O Address | 01h | 03h | 05h | O7h | (none) | C6h | CAh | CEh

DMA Controller Slave  Master
Control Register I1/O Address | 08h DOh
Mode Register I/O Address OBh D6h
Mask Register I/O Address OAh D4h
Clear Byte F/F I/O Address OCh D8h
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DMA — pfimy pfistup do pameéti

http://www.cast-inc.com/cores/c8237/index.shtml
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Alokace spojitého bloku v RTX

Rt Al | ocat eCont i guousMenory

Rt Fr eeCont i guousMenory

Rt Get Physi cal Addr ess

Rt MapMenor y

Rt UnmapMenory

alokuje spojitou oblast ve fyzické paméti a
namapuije ji ve virtualnim adresovacim prostoru
procesu.

uvolni spojitou obast ve fyzické paméti.

vrati adresu ve fyzické paméti kam je alokovan
spojity blok.

namapuje oblast ve fyzické paméti do
virtualniho adresniho prostoru procesu v RTX

odmapuje oblast ve fyzické paméti do virtualniho
adresniho prostoru procesu v RTX
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™) 3

RtMapMemory

Rt MapMenor y namapuje oblast ve fyzické paméti do virtualniho adresniho prostoru
procesu v RTX

Prototype
PVA D
Rt MapMenor y(
LARGE | NTEGER physAddr,
ULONG Lengt h,
BOCLEAN CacheEnabl e
)
Parameters
physAddr LARGE INTEGER urcuje bazovou adresu fyzické paméti uréené
k namapovani do virtualniho adresniho prostoru procesu.
Lengt h 32-bit slovo obsahujici délku bloku pameéti.
CacheEnabl e urcuje, zda-li Windows pouziji k pfistupu k tomuto bloku pameéti

cache pamét.
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static PVO D vAddress; /1 virtual nmenory address returned by RtAll ocateContiguousMenory
static LARGE | NTEGER pAddress; // physical nenory address returned by
voi d mai n(voi d) {
LARGE_| NTEGER maxPhyAddr; //hi ghest physical nmenory address
ULONG si ze=0; //bytes to allocate
maxPhyAddr . QuadPart = OxFFFFFF;
si ze= 0x1000; // Size in KB
vAddress = Rt Al l ocat eConti guousMenory( size, maxPhyAddr); /1 Allocate menory
if (!'vAddress) {
printf("\nFailure on Rt AllocateContiguoushMenory\t");
printf("Error=%l\n", GetlLastError());
return;
}
el se {
printf("\nSuccess on Rt All ocateConti guoushMenory\n");
printf("Virtual menory address = Ox%9©8X\ n", vAddress);
/'l Get the physical address
pAddress = Rt Get Physi cal Addr ess(vAddress);
if (!pAddress. QuadPart) {
printf("\nFailure on RtGetPhysical Address(0x%98X).\t, vAddress");
printf("Error=%l\n", GetlLastError());
}
el se {
printf("Success on Rt Get Physical Address(0x%®8X).\n", vAddress);

/'l Free nenory
if (!'RtFreeContiguousMenory(vAddress)) {
printf("\nFailure on
Rt Fr eeCont i guousMenory(0x%98X).\t", vAddress);
printf("Error Code = %\n", GetlLastError());
}
el se {
printf("Success on Rt FreeConti guousMenory(0x%X).\n", vAddress);
}
}
Exit Process(0);
}
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Dynamicka alokace

Pfi dynamickeé alokaci vznika problem s velikosti dostupné paméti a
deterministickou odezvou pfi zadosti o pamét. ReSeni:

« dynamicka alokace paméti pfi startu (boot phase) — extremni
plytvani, nemozné v malych RTOS

« dynamickéa alokace v haldé — problém s fragmentaci a real-time
odezvou
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Heap (halda)

Heap
<velikost alokovaného bloku
Free «Ukazatel na dalsi alokovany blok
Space
v
...... »ukazatel na volnou pamét
Blk Desc |t . .
Heap Desclz] " *ukazatel na prvni alokovany blok
Heap Heap Heap Heap Heap Heap Heap
Free Free Free Free Free Free Free
Space Space Space Space Space Space Space
Blk Desc > Blk Desc = | Blk Desc’|* Blk Desc =
Allocated Allocated Allocated Allocated
Blk Desc’® | Blk Desc? Blk Desc | | Blk Desc’|® Blk Desc =
Allocated Allocated il Allocated j Allocated j Free
Blk Desc'® | Blk Desc [¥| | Blk Desc” Blk Desc’ Blk Desc’ Blk Desc [ 1]
Allocated Allocated ] Allocated ] Allocated ] Allocated ] Allocated
Blk Desc’|= | Blk Desc > Blk Desc’ Blk Desc’ Blk Desc’ Blk Desc’ Blk Desc |~
Allocated Allocated ] Allocated ] Allocated ] Allocated ] Free Free
Blk Desc }*| | Blk Desc Blk Desc’l | | Blk Desc | Blk Desc’} | | Blk Desc’ Blk Desc |1
Heap Desc Heap Desc] | (Heap Desc)”| [Heap Desc)_| Heap Desc|_| |Heap Desc] Heap Desc|”|

Zdroj:

WWW.COMSCi.us
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Heap

Béhem chodu aplikace dochazi ke ztraté pameéti (v hladé je alokovan blok, k
némuz neexistuje z aplikace pointer — pamét’ zlistane neuvolnénd). ReSenim
muZze byt pouziti smart-pointert v exception handling.

Alokace je Casto provadéna po blocich (pool). Bloky by mély mit takovou
velikost, aby uspokaijily libovolny pozadavek o pamét (plytvani).

Nékteré RTOS nabizi rGzné haldy s rtzné velkymi memory-pool.
Césteéné Feseni je pomoci garbage collector mechanismu. V RTOS v3ak
velmi problematické. Nutno pouZzit zdvojenych pointert, coz zvySuje

vypocetni naroc¢nost jak aplikace, tak ¢isténi paméti.

Mnoho RTOS pak pamét v haldé nenabizi vibec.



Rt Comm t LockHeap

CGet ProcessHeap

HeapAl | oc

HeapReAl | oc

HeapFr ee
Heap$Si ze

RTOS - IX
Heap v RTX

vymezi pro konkrétni haldu oblast paméti ve
fyzické paméti a zabrani jejimu strankovani —
WIN32.

vrati HANDLE na haldu procesu.

alokuje blok paméti v hladé. Alokovana pamét
je nepresunutelna.

realokuje blok paméti v haldé. Funkce umozni
zmeénit velikost bloku a jeho adresu.

uvolni blok paméti alokované v haldé.

vrati velikost pameétového bloku alokovaného v
haldé.
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HeapAlloc

HeapAl | oc alokuje blok paméti v hladé. Alokovana pamét’ je nepfesunutelna
Protoype
LPVA D
HeapAl | oc(

HANDLE hHeap,

DWORL Fl ags,

DWORD Byt es
);
Parameters

hHeap HANDLE na haldu, ve které bude pamét alokovana.

Fl ags urcuje parametry alokovaného bloku. Lze specifikovat:
HEAP_ZERO_ MEMORY, kdy bude alokovana pamét inicializovana
na nulu.

Byt es Velikost alokované paméti v bajtech.
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Sprava paméti ve WIN32

Calculation Time vs. Matrix Dimension in WIN32
AMD 64 X2 Dual Core 4600+, 3GB RAM
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Sprava paméti v RTX
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Calculation Time vs. Matrix Dimension in RTX
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Sprava paméti v RTX

—=— Static allocation in WIN32
—=— Static Allocation in RTX
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Sprava paméti v RTX

Calculation Time vs. Matrix Dimension
AMD 64 X2 Dual Core 4600+, 3GB RAM
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Sprava paméti v RTX

Calculation Rate vs. Matrix Dimension
AMD 64 X2 Dual Core 4600+, 3GB RAM

—e— Win32/RTX Dynamic Allocation

100 150 200 250 300
Matrix Dimension [ ]

350

400

450



