’ CHALMERS Maskinorienterad programmering

Maskinorienterad programmering, fordjupning

Ur innehallet:
Mer om parameterdverféring och registerspill
Aktiveringspost med ARM Cortex M4
Kodgenerering - ISA
"Kodoptimering"

Malsattningar:
Att fa en storre forstaelse for maskinorienterad programmering
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CHALMERS

Tillfalliga variabler pa stacken

| stallet for registerallokering av lokala variabler

kan man reservera en position pa stacken.

Exempel:
void

{

char
lc =
}

£( void )

lc;

5; <

J
o
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PUSH
SUB
MOV
ADD
STRB
ADD
POP

{LR}
SP,SP, #1
R2, #5
R3,SP, #0
R2, [R3]
SP, SP, #1
{PC}

@ R3

= &lc

| subrutinen refereras har da variabeln 1c som [SP, #0].



' CHALMERS Maskinorienterad programmering

Aktiveringspost — prolog och epilog
Men SUB SP,SP,#1 fungerarinte speciellt bra. Stacken maste vara rattad for nasta
eventuella "push"-operation. Hardvaran har optimerats for stackrorelser i multipler av 8.

Utrymmet som skapas pa stacken kallas aktiveringspost (stack frame). For att inte anvandningen
av SP ska lasas upp anvander GCC register R7 som pekare till aktiveringsposten.

f:
PUSH {R7,LR} pro|0g
SUB SP,SP, #8 12 LR LR och R7 Prolog,
MOV R7 , S P R7 f('jre pro'og mU|t|pe| av 8
8
ADD R3,R7,#7 | oo < lc=R7+7
s Lokala
MOV RZ2, #5 variabler som
STRB R2 ’ [R3 ] 0 R7 efter pro|og multlpel av 8
MOV SP ’ R/ . Minskande
ADD  SP,SP, #8 epilog adresser
POP {R7,PC} L

Stackens totala utrymme for den lokala variabeln blir har 8 bytes, 7 bytes ar "utfylinad"
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Aktiveringspost, ARM Cortex M4

—~
stack top
Reserverat for Sparade
tack :
s >~ register och ev.
heap top Reserverat for "utfyIInad"
B dynamisk
minneshantering
<
e Programmets Lokala
heap low —9» globala variabler — variabler och
N ev. "utfylinad"
)

adresser

l
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Parameterdverforing till, och returvarden fran subrutiner

Parametrar, tva metoder kombineras

Via register: snabbt, effektivt och enkelt, begransat antal
Via stacken: generellt

Returvarden
Via reqister: for enkla datatyper som ryms i processorns register RO och ev. R1
Via stacken: sammansatta datatyper (poster och falt)

Register Anvandning
R15 (PC) Programraknare
R14 (LR) Lankregister
R13 (SP) Stackpekare
R12 (IP)
R11 Dessa register ar avsedda for variabler och som temporéra register. .
R10 Om dom anvands maste dom sparas och aterstallas av D etalj erna StyrS aVv
R9 den anropade (callee) funktionen . " . .
RS konventioner "application
R7 Speciellt anvander GCC R7 som pekare till aktiveringspost (stack frame) . . 9
R6 Ockséa dessa register ar avsedda for variabler och temporarbruk b INa I’y IN te rfa ce (AB I )
R5 Om dom anvands maste dom sparas och aterstallas av ’ ”
Ré den anropade (calle) funktionen Procedure call standard
R3 parameter 4 / temporarregister Dessa register sparas normalt sett
R2 | parameter 3 / temporarregister inte over funktionsanrop men om,
R1 | parameter 2/ resultat 2 temporarregister sa ar det den anropande (caller)
RO | parameter 1/ resultat 1/ temporarregister funktionens uppgift
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Parameteroverforing via stacken

Exempel: Foljande deklarationer ar gjorda:
int a,b,c,d,e;
Visa hur foljande funktionsanrop kodas i assemblersprak:
f(a,b,c,d,e);

L6sning:

SUB SP,SP,#12
LDR R3,e

STR R3, [sp]
LDR RO, a

LDR R1,Db

LDR R2,C

LDR R3,d

BL f

ADD SP, SP, #12
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Maskinorienterad programmering

Konventionerna sagar att vi
anvander register R0O,R1,R2,R3,

(i denna ordning) for parametrar som
skickas till en subrutin.

Ovriga parametrar laggs pa stacken.

SP
12 fore
anrop
e
0 <——SP
Minskande
adresser

J
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Tankbar komplikation: "Registerspill"

Dvs. register som anvands for parametrar behovs i den

anropade subrutinen.

Vi loser problemet genom att, i prologen, spara aven
parametrarna i aktiveringsposten:

f:

PUSH {LR,R7}

SUB
MOV
STR
STR
STR
STR

ADD
POP

SP,SP, #16
R7,SP

RO, [R7,#12]
R1l, [R7,#8]
R2, [R7,#4]
R3, [R7,#0]

SP,SP,#16
{PC,R7}
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L anropande)

24

20

16

12

e[SP, #24]

LR (i "f")

R7 (fore prolog)

alR7,#12]

b[R7,#8]

C[R7, #4]

d[R7, #0]

<—— R7=SP




{) CHALMERS

Returvarden via register

Returvarden via stack

Den anropande funktionen ska da forst reservera utrymme for returvardet.
En pekare till detta utrymme laggs sedan som forsta parameter vid anropet:

Exempel:

typedef struct coord{
int x,y,z;
struct coord *ptr;
} COORD;

COORD f( void )

{
static COORD start;

return start;
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Storlek C-typ Register
8-32 bitar | char/short/int | RO
64 bitar long long R1:RO

GCC genererar foéljande kod:
@ forbered stack for returvarde

SUB

MOV

BL

PUSH
LDR
MOV
LDMIA
STMIA
MOV
POP
BX

SP, SP,#16
RO, SP
£

{R4,R7}
R2,=start

R4,R0

R2, {RO,R1,R2,R3}
R4, {RO,R1,R2,R3}
RO, R4

{R4,R7}

LR




CHALMERS

Kodgenerering, C - ISA

Kodgenereringen styrs med flaggor till kompilatorn, viktiga parametrar ar
« val av instruktionsuppsattning (ISA) for anpassning till aktuell maldator
* kodforbattring, dvs. optimering m.a.p nagot kriterie.

Maskinorienterad programmering

-mthumb

3251 168 Mz ARM processerSTRF40T

USB dabug part.
arsiuls il vircdstor

Expansonstuss foc
anpassade tlbehirshot

Ingdrukton

Cottex
M

Cortex
M0+

Cotiex
1

Corex
M3

Corex
M4

Cotiex
M7

Ak

(| ADC, ADD, (ADR), AND, ASR, B, BIC, EKPT, BLX, BX, CMN, CMP, CP3, ECR, LOM, (LOMIA, LONMFD),
_ — _ LOR, LDRE, LORH, LORSE, LORSH, L5L, LR, MO, MUL, MVN, NOP, ORR, POR, PUSH, REV,

march armV6 m RE‘!.I'“IE REVSH, RDFL RSB, 58C, SE‘v.l' STM, ‘STMh'-". S'I'I'l.ﬂEﬁ.‘ STF{ STRB ETRH SUB, SV, SP{'I'EE:
S¥TH. TST, UXTE, UXTH, WFE, WFI, YIELD

\ | EL DMB. DSE, 158, MRS, MSR

J2-bit

CENZ CBZ. 1T

16-hit

ADC, ADD, AND, ASR, B, BFC, BFI, BIC, COP, CLREX, CLZ, CMN, CMP, DBG, ECR, LDC, LOMA,
LDMDB LEIF{ LDHE LDHET LDHD LEIHEI'{ LDREXE, LDREXH, LDRH LDRHT, LDREB LORSET,
LDHEI—FF LDRT, MCH L5L, LER, MLE MCRR, MLA, MOV, MD”-.I'T MRC, MRRC, MUL, MVN, NOP,
CRN, ORR, PLE, PLDW, PLI, PDP PUSH, REIT, REV, REV16, REVSH, F'.CH RAX, RSB, 3BC, SBFX,
EDI'I." SEV, SMLAL, SMULL, EEP.T STC, STMDE, ETF'L 3TRE, 3TRET, 3TRD, 3TREX, ETHE}{B
STREXH, STRH, STRHT, STRT, SUE, SXTE, 3XTE, TBE, TEH, TEC, TST, UEFX, UDIV, UMLAL,

-march=armv/-m

J2-bit

A

> UM'JLL UEP.T I..III'E L.Dﬂ'l'l WFE WFI‘r'IELD

SADDE, SASK, SEL SHADD1E, SHADDS, sl-msx SHsm: SHSUEHE EHEUE-E SILABE, SMLAET,
SMLATE,SMLATT, SMLAD, SMLALEE, SMLALET, SMLALTE, SMLALTTSMLALD, SMLAWE, SMLAWT,
SMLSD, SMLSLD, SMMLA, SMMLS, SMMUL, SMUAD, SMULES, SMULET, SMULTT, SMULTE,
SMULWT, SMULWE, SMUSD, SSAT18, 554X, S5UB16, 55UBE, SXTAB, SKTAB16, SXTAH, SXTB16,
UADD16, UADDS, UASX, UHADD16, UHADDS, UHASK, UHSAX, UHSUB16, UHSUBS, UMAAL,
UQADD16, UQADDS, UGASK, UQSAX, UQSUE1E, UQSUBS, USADS, USADAS, USAT1E, USAX,
USUB16, USUBS, UXTAB, UXTAB16, UXTAH, UXTB16

-march=armv’/e-m

J2-bit

\

we
(DSP)

. WAES, VADLD, WCME, VCMPE, WCWT, VCVTH, VDI, VLOM, VLD, WNLA, VNILS, VMOV, VMRS,
-mfloat-abi=hard VIMSF, VMUL, VNES WMMLA, VNMLS, VNMUL. VPOP, VPUSH, VSORT, VSTM, VTR, VSURB

J2-bit

5P
FPU

5P
FPU

_mfpu:fpv4 _Sp_dl 6 - aubbel precizion

J2-bit

FFU
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Kodoptimering -
optimalitetskriterier

-00 optimera med avseende pa kod som ska
"debuggas". Innebar att stacken anvands
for lagring av saval parametrar som
lokala variabler, inte speciellt "bra" kod.

-0 Optimera for snabb kod, kan t.e.x "rulla
upp" sma loopar...

—-0s Optimera for minimal kodstorlek

—01 Optimera mera for snabb kod

—02 Optimera annu mera fér snabb kod

—-03 Optimera fullt for snabb kod

-fexpensive-optimization Tillampa
aven de mest tidsodande
optimeringsmetoderna
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littleloop: -00

PUSH
SUB
ADD
MOV
STR
B
.L15:
LDR
LDR
ADD
LDR
STR
LDR
ADD
STR
.L14:

LDR
CMP
BLE
MOV
ADD
POP

{R7,1LR}
SP,SP,#8
R7,SP, #0
R3, #0

R3, [R7, #4]
.L14

R3,=g

R3, [R3]
R2,R3, #1
R3,=g

R2, [R3]
R3, [R7, #4]
R3,R3, #1
R3, [R7, #4]

R3, [R7, #4]
R3, #3

.L15
SP,R7
SP,SP, #8
{R7,PC}

Maskinorienterad programmering

int g;

{

}

void littleloop (void)

for (1i=0;1<4;i++)
g++;

2

~

littleloop: (-03)

LDR
LDR
ADD
STR
BX

R2,=g
R3, [R2]
R3,R3, #4
R3, [R2]
LR

10



CHALMERS Maskinorienterad programmering

Kodoptimering - flyktiga variabler

Globala variabeln delay count uppdateras av en avbrottsrutin

static volatile int delay count;

void main(void) main:
{ LDR R2,=delay count
while(1)
{ LDR R3, [R2]
if( delay count == 0) CMP R3, #0
break;
} BX LR
}
static int delay count; main:
void main(void) LDR R3,=delay count
{ LDR R3, [R3]
while(1) CMP  R3, #0
{ BEQ  .L20
if( delay_count if:gz::::>
eak;
} .L20:
} BX LR
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CHALMERS

Kodoptimering —
"for hand” - exempel

Anropssekvens: (formellt):
LDR RO,=from

LDR R1,=to
LDR R2,s1ize
BL memcpy

Stackens utseende
| "'memcpy” efter
prolog

R7(fore prolog)

20

from [R7, #12]
12
to [R7, #8
8 [ ]
size [R7, #4]
4

Minskande
adresser

J
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void memcpy( char from[],

char to[],
unsigned int size )
{
while (size > 0){
size = size - 1;
to[size] = from[size];
}
}
Intrade
<memcpy(frum,tu,size)>
prolog
R7 . .
och size«—size-1
SP to(size)«—from(size)
( REWWR )
Uttrade
epilog



CHALMERS

Kompilatorflagga —-00 ger
"Naiv kodning", av blocken

prolog

<memcpy(from,to,size)>

memcpy_ 2
Size«—size-1
to(size)«—from(size)
epilog
( RETUR )
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memcpy:

memcpy prolog:
PUSH {R7}
SUB SP, SP, #20
MOV R7,SP
STR RO, [R7,#12]
STR R1, [R7, #8]
STR R2, [R7, #4]

memcpy 1:
LDR R3, [R7, #4]
CMP R3, #0

BEQ memcpy epilog

memcpy 2:
LDR R3, [R7, #4]
SUB R3,R3,#1
STR R3, [R7, #4]
LDR R2, [R7,#8]
LDR R3, [R7, #4]
ADD R3,R3,R2
LDR R1, [R7,#12]
LDR R2, [R7,#4]
ADD R2,R2,R1
LDRB R2, [R2]
STRB R2, [R3]
B memcpy 1
memcpy epilog:
ADD SP, SP, #20
POP {R7}
BX 1r

Maskinorienterad programmering

R7(fére prolog)

20|

from [R7,$12]

to [R7, #8]

size [R7, #4]

Minskande
adresser

R7
och
SP
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memcpy :
. . . . e - memc . memcpy_ prolog:
Kodfdrbattring, ingen onddig py: _ PUSH {R4,LR)
. . . memcpy prolog:
minnesanvandning, dvs. PUSH {R7}
. . SUB SP,SP, #20
registerallokering, MOV  R7.SP
"forbattrad for hand" STR RO, [R7, #12]
STR R1, [R7, #8] 1.
STR R2, [R7, #4] memepy_ L:
memcpy 1:
_ CMP R2,#0
Registerallokering: éﬁij iirﬁﬁ#‘” BEQ memcpy epilog
RO: from, ersatter [R7,#12] BEQ  memcpy epilog memcpy_2:
R1: to , ersatter [R7,#8] memcpy 2: SUB  R2.R2. 41
. , .. LDR R3, [R7, #4] i
R2: size ,"ersatter [R7,#4] SUB  R3.R3, $1
R3: temporar STR R3, [R7, #4]
. A LDR R2, [R7,#8]
R4 : temporar IDR R3. [R7. $4] Xg\é Eg,ig y
ADD R3,R3,R2 e
. L e MOV R4,R1
Vi gor dessa substitutioner och i, i; EEZ i}ﬁ] ADD R4,R4,R2
kommenterar darefter ut de ADD  R2,R2,R1
instruktioner som da blir LDRB R2, [R2]
overflodiga STRB B2, [R3]
- memc ° e llIT;eIT}pr—l LDRB RB, [RB]
pyA_DDp SE?'SP #20 STRB R3, [R4]
bop {R%} ! B . memcpy 1
BX 1r memcpy epilog:
POP {R4,PC}
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vi jamfor med GCC...

var forbattrade kod..

memcpy :

memcpy 1:
CMP
BEQ

memcpy 2:
SUB
MOV
ADD
MOV
ADD
LDRB
STRB
B

POP

memcpy prolog:
PUSH {R4, LR}

R2,#0
memcpy epilog

R2,R2, #1
R3,R0
R3,R3,R2
R4,R1
R4,R4,R2
R3, [R3]
R3, [R4]
memcpy 1

memcpy epilog:

{R4, PC}

GCC-genererad kod (-O3)

Maskinorienterad programmering

void memcpy( char from[],
char to[],
unsigned int size )
{
while (size > @){
size = size - 1;
to[size] = from[size];
}
}

@void memcpy( unsigned char from[],
@ unsigned char tol[],
@ unsigned int size )
memcpy :

B L1
L2

SUB R2,R2, #1

LDRB R3, [RO,R2]

STRB R3, [R1,R2]
Ll

CMP R2, #0

BNE L2

BX LR

Vi inser att vi far svart att gora jobbet battre an kompilatorn...
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Fler exempel pa kodférbattring...

Code motion
* FOr operationer pa "loop-invarianter”
Dead code elimination
« Kod som aldrig exekveras tas bort
Out-of-order
* Instruktioner arrangeras om for att undvika “stall”
* Villkorliga brancher (branch prediction)
Loop unrolling
« Undvik iterationer — ersatt med repetitioner.
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