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Pointer Recap Variablesand SaM
* Pointer: (see video) * Scope:
- variable type - Global variables
- points to another location in memory - Local variables
¢ Operators: - Parameters
- & get address e Concerns:
- *: dereference (get value: two kindsleft, right) - what goes on heap?
e Pointer values: - what goes on stack?
- |left (as expression, LHS of assignment) * relative to FBR?
* get address pointed to * relative to program?
eex)int* p; int v; p = &, print(p); * Organization:
*p = 10; // value of v? - stack _
- right (RHS of assignment) * absolute addressing
* get value from address pointed to * relative addressing
eex)int k; k = *p; - heap '
print(k); print(*p); // output? * allocation

* accessing
* deallocation



Absolute Address (Stack)

* Global variables in program:
- Tostorea valuev at location :
e PUSHI MMv: Stack[SP}— v; SP++
e STOREABSI : Stack] ] « Stack[SP-1]; SP--
- Toretrieve a valuev from locationk:
o PUSHABS k: Stack[SP}— Stackk]; SP++
* Java-style example:

H . ADDSP 3 . H H
i nt rv; bUSH W 10 Note: B_all assignments are
int x; STOREABS 1 expressions, which means...?
i . PUSHI MM 20 ; |
int vy; STOREABS. 2 (templates are different!)
x = 10; PUSHABS 1

— . PUSHABS 2
y = 20; ADD
rv=x +y,; STOREABS 0

. ADDSP -2

return rv; STom

Heap

¢ Allocation:
- mal | oc(int)
- returnsvoi d* pointer to first cell in heap
* what does that mean for stack?
¢ what does that look like?

{ int* p; }
{ p=<int*> malloc(3); ... }
Stack Heap

Relative Address (Stack)

¢ |ocal variables in functions
¢ |nstructions:
- To store a valug at location :
e PUSHI MM v: Stack[SP}— v; SP++
o STOREOFF i : Stack] +FBR]« Stack[SP-1]; SP--
- To retrieve a valug from locationk:
¢ PUSHOFF k: Stack[SP}— Stackk+FBR]; SP++

Heap (continued)

* Accessing:
- *(address)
« the* deferences the location
* the address can be an arithmetic expression
(pointer —pointer, pointer«int)
e pointer + int iscommon
i nt calledoffset
- examples:

*(p+0) *(p+l) *(p+2)

- L-value:* (address) = expr
- R-value:* (addr ess) andnane=* (addr ess)



Heap (continued)

* Deallocation:

- Must free allocated space
* Stack?
* Heap?

- Heap use$r ee
o free(voi dpointer)
* returns O

free(<voi d*>p);

Samcode P& H (continued)

* Storing an address:
p = & ;

- Global:
PUSH MWA a
DUP
STOREABS p
ADDSP -1

- Local:
PUSHFBR
PUSH MM a
ADD
DUP
STORECFF p
ADDSP -1
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Samcode for Pointersand Heap

¢ Pointer declaration:

- declaratiort ype* var

- example) nt* p;
« ADDSP 1

- Could usePUSH MMVA 0 for "default" memory address
¢ why bother withPUSHI MVIVA?

¢ assumes all pointers have defaulhaf |
e what'snul | ?

 do Bali variables get defaults?

Samcode P& H (continued)

¢ Allocate heap:

nal | oc(2);

- Push space for 2 cells
- Push address of'tell

on Stack
- Code:
PUSHI MM 2
MALLCC
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r—
{71 SaM Simulator - test.sam

FHie Run Debug Display Sam

Program Code: Stack:

Heap:

o e’ X

Registers:

0: PUSHIMM 2
1: MALLOC
2:STOP

0: M : 9996

Console:

7 llacation (3iz: 2)]
[ a995:1:0
[ ass7:m:0

pC 2
FBR: 0
sP: 1

HP: 1000

Exit Code; 8396
Warmning: Your program leaks memory
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Samcode P& H (continued) Samcode P& H (continued)

* Freeing memory: * Accessing values on heap:
- Memory leak: - operations:
* allocated memory that remains on heap after prognaas e putting (L-value or R-value?)
* bad! memory "leaks" away from total available e getting (L-value or R-value?)
« responsibility of programmer to free heap allocatesinory - to access heap cells:
free(voi dpoi nter) ¢ need to get to address of heap:
- Side note: * need to add to address of heapp+2)
* what's automatic garbage collection? - questions to answer with Samcode:
- Samcode: * where/how do you get heap address?
* push address of object Answer:
» FREE » once you have address, how to put/get?
e PUSHI WM 0 (see next slide)
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Samcode P& H (continued) Samcode P& H (continued)

Instruction Example Demonstration e Storein heap (L-Va|ué,( ep) :el):
code_for_el // push el
& M—sp SP DUP /1 duplicate for result of assignment
5 code_for_ep // push ep (could involve arith expr)
4 SWAP /1 swap order of one copy of ep and el
PUSHIND T 3 STOREI ND /1 V[V[below] <- V[top]
e o L PUBHIRG o ADDSP -1 /'l deallocate result of assignnent
T 1| * Get from in heap (R-valu&( e+0) ):
ol code_for_e /1 heap
PUSHDM® 2 PUSH MM of fset _of _cell // offset
ADD /'l h+o
6 : PUSHI ND /1 V[top] <- V[V[top]]
5 i 5
4[E P —» 4
STORETND PUSHIMM 2 3 s
Vvw o< Vspot  |PUSHIMM 10 | » RBHE R DY
SPe SP-2 STOREIND 1 1
oEE EiEE
PUSHIMM 2 STOREIND
PUSHDNM 10
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