Levels of Representation
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Functions in C

mainiy {

int 1,7:

l = facberial (107
Implementing Functions in MIPS

1 = factorlial (25
]
int fasterial (Ant ny

1f (<1 robtmrmn 1:

ratorn neforstarial (n-1)
]
What happens when making function calls?

Functions in C (step 1)

mainl o

Functions in C (step 2)

Eainil {

int 1.,7: int 1.3:

1 = factoriad (1O} 1 = facberial (107

] = factorlal [Z5): J = factorlal (25):

i 1

int factorigl (it ) { int fasterlial (Ant ny

if (B<1] ratorm 1: if [(n<l}) Eatorn 1

raturn n*foctorial in-1) ;

I The program’s flow of 1 Arguments and return values
control must be changed. a are passed back and forth

ratonrn n+fostarlal (n-1) :




Functions in C (step 2)

mainfl

(i)

1 = factoriadl (1O}

] = factorlial [(Z5):

}
int factorial (imt m]

if [(6<1] ratorm 1:
raturn n*foctorial in-1) ;

i Local variables can be
allocated and destroyed. z

C

Function Call Example (1/4)
- sumfa,bj;... ™ a,b:5s0 551 %

}

int sumiint x, int ) {
return ey

}
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Function Call Example (2/4)

. sum{a b} /* 8 b-%=0, Ss1 %)

C  int sumiint x, int y)
return x+y;
1

I address {shown in decimal)

I 1000 add Sal 50, 4z=ra Fx=n
1004 add 5a1.5s1,5zera #Fy=b
1008 addi Sra, bzera, 1016 #iro=1014

5§ 123 sum & jump o sum
1016 _..

2000 sum: add $v0,5a0,5a1

2004 jr  Gra £ new instruiction

Function Call Example (4/4)

. sum{a b} /* 8 b-%sD Ss1 #/

C }

int sumiint x, nt w) {
return x+y;

}

« Questton: Why use §r here? Why nat simply use | ¥
" Answer: sum might be called by many places, so we
| can' t return to a fixed place. The calling proo to
P sum must be able to say “retum here” somehow.

5
add S+0,5a0.5a1

D004 gr Sra # mew instriction

I :gﬁ In MIPS, all instructions are
P 1008 4 bytes, and stored in
g 1012 memory just like data. 5o
1014 here we show the
2000 addresses of where the
2004 programs are stored.
Function Call Example (3/4)
. Sumia, by, .
i int sue(int ¥, Lt ) |

Eaturn x+y:
i
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address (shown in decimnal)
L0000 ad4d4 Sab. S50, . STaro
L0004 add Sal.Ssl.STarEo
1008 jJal aom
1012

2000 sum: ad4 Sv0, Sal . Sal
ZOo04 9z Sra

MIPS Registers for Function Calls

Registers way faster than memory, s0 use
registers

- S5a0-5a3: four argument registers to pass
parameters

- Svi-%v1: two value registers to return
values

- Sra: one return address register that saves
where a function is calfed from.

- $50-557: local variables




MIPS Instructions for Function Calls

* Invoke function: jump and link instruction (jal}

- Mink™ means storing the location of the calling
site.

- Jumps to label and simultan=ously saves the
location of following instruction in register $ra

Jol ProcedureAddress
* Return from function: ju e register instruction {jr
- Unconditional jump to address specified in

Warnings and Problems

#® & problem: What if a funotion use=s a register that
the main program needs after the funotion call?

- Things g=t really nasty with nestedfrecursive
funotions

18

register
J¥ Sra
Nested functions
¥ Laf 5 say A calls B, which PR
calk C. & Put B3 orge in Sal-%c%
al & @ Sr3 = A2
— The argumests for thg call &
to C woald be placed in
fali-5a5, thos sverwrixng ‘.
tho origizal argusscets for " & Put Ca orgs in $a0-fes,
B. ¥ mraxing B o argal

jmal € # Sra = B2
- Simmlarly, jal T everwriges & B ofm o s oy
the robere addrass that was # thia goTrT
sxoad i Sra by the sarlior

plB.

ir ira

Calling Conventions

Solution

#* Solution: spill registers to memaory (stack)

- save "important” registers to memory before
funotion call

- restore these registers after the funotion call

* Who spills? Caller or calles=?

1k

Who saves the registers?
v Argumernt 1: The caller knows which registers are
impaortant to it and should be saved. So caller skould save.

v Argument 22 The calle= kmows exactly which registers it waill
use and potentizlly overarte 5o calle= should sawve

v Baoth approackss may wastefully save registers they don't
really mead to.

v But the caller and calles must not assume anything abouwt
=ach other

- may b= wriben by difTerent peopde or compsnies
- showld be ables o interface with any caller calles

v Sodution:

Caller assumes call=z will d2stroy: $60-300 Sa0-fa3 wl-Evi
Calle= assumes caller will meed:  §50-357 Im —




