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Dynamic memory allocation is a feature we take for granted in high-level languages such
as C++ and Java. Behind the scenes, such languages have a runtime heap manager handling pro-
gram requests for storage allocation and deallocation. Generally, the heap managers work the
same way: on startup, they request alarge block of memory from the operating system. They
create afreelist of pointers to storage blocks. When an allocation request is received, the heap
manager marks an appropriately sized block of memory as reserved and returns a pointer to the
block. Later, when a delete request for the same block is received, the heap frees up the block,
returning it to the free list. Whenever a new allocation request is received, the heap manager
scans the freelist, looking for the first available block large enough to grant the request.

Assembly language programs can perform dynamic allocation in a couple of ways. Firgt,
they can make system callsto get blocks of memory from the operating system. Second, they
can implement their own heap managers that serve requests for smaller objects. In this article,
we show how to implement the first method. The second method (heap manager), will be | eft for
another article. The example program is a 32-hit protected mode applications running under
Microsoft Windows.

You can request multiple blocks of memory of varying sizes from MS-Windows, using
three simple Windows API functions: GetProcessHeap, HeapAlloc, and HeapFree.



2 Chapter -

GetProcessHeap returns a 32-bit integer handle to the program’s heap area. Save this
handle and use it when calling other memory-related functions. Using this function, you can
request (allocate) memory without having to create your own heap.

HeapAlloc returns the address of block of memory from an existing heap, identified by a
heap handle. The allocated memory cannot be moved. If the memory cannot be allocated, the
function returns NULL (0).

HeapFree frees a block of memory previously allocated from a heap, identified by its
address and heap handle. If the block is freed successfully, the return value is nonzero. If the
block cannot be freed, the function returns zero and you can call the GetL astError API function
to get more information about the error.

Here'sagood URL to begin reading about these functions. If the URL changes, search for
Memory Management Reference on the Microsoft MSDN Web site:

http://ww. nsdn. mi crosoft.com |ibrary/default.asp?url=/Iibrary/en-
us/ menor y/ base/ menory_nanagenent _r ef erence. asp.

Example Program Here's a short program named heaptest.asm that uses dynamic memory
allocation to create and fill a 1000-byte array:

.data

ARRAY_SI ZE = 1000

NULL = O

pAr r ay DWORD ? ; pointer to block of nenory
hHeap DWORD ? ; handl e to the process heap
dwFl ags DWORD HEAP_ZERO MEMORY ; set nmenory bytes to all zeros
str1l BYTE "Cannot allocate heap menory!", 0dh, Oah, 0

str2 BYTE "Witing data into the array...", 0dh, Oah, 0

. code

mai n PROC

| NVOKE Cet ProcessHeap
nov hHeap, eax

; get handl e heap

; allocate the array's nenory
| N\VOKE HeapAl | oc, hHeap, dwFl ags, ARRAY_SIZE
. I F eax == NULL
mov edx, OFFSET str1l
call WiteString
jmp quit
. ELSE
nov pArray, eax ; save the pointer
. ENDI F

; "Cannot allocate..."



; Fill the array with all "FFh"

nov edx, OFFSET str2 ; "Witing data into..."
call WiteString

mov  ecx, ARRAY_SI ZE

nov esi, pArray ; point to the array
L1
nov BYTE PTR [esi], OFFh ; insert a byte in the array
inc esi ; next |ocation
| oop L1
; free the array
| N\VOKE HeapFree, hHeap, dwFl ags, pArray
quit:
exit
mai n ENDP
END mai n

Linked List Example A student at Florida International University named Gabriel Perez used
the Windows heap application API to create a menu-driven program that creates a linked list of
names and id numbers (see LinkedList.asm). It inserts, finds, and removes list nodes, showing
how dynamic allocation can be used in a more practical way than our first example.

TI TLE Li nked List Exanple (Li nkedLi st. asm

; Uses dynamic allocation to interactively build a linked |ist

; of STRUCT objects. Has a nice interactive menu al so

; Witten by Gabriel Perez, a Conputer Science student at Florida
; International University, 11/18/2002.

; Used by perm ssion.

| NCLUDE | rvi ne32.inc
ID_MAX = 10
LASTNAME_MAX = 20
TRUE = 1

FALSE = 0

CUSTOMER STRUCT

i dNum BYTE | D_MAX DUP( 0)
| ast Nam BYTE LASTNAME _MAX DUP( 0)
next Nod DWORD 0

CUSTOMER ENDS

sunX EntryFi el ds = (S| ZEOF custoner. | ast Nam + S| ZEOF
customer. i dNum



.data
hHeap DWORD ?
dwByt es DWORD ?
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dwFl ags DWORD HEAP_ZERO MEMORY

progTitle BYTE "DYNAM C MEMORY ALLOCATI ON VI A APl CALLS", 0
opt A BYTE "A) DI SPLAY CURRENT LI ST OF CUSTOMERS", O

opt B BYTE "B) SEARCH CUSTOMER', O

opt C BYTE "C) ADD NEW CUSTOMER', O

opt D BYTE "D) UPDATE CURRENT CUSTOMER', O

opt E BYTE "E) DELETE EXI STI NG CUSTOMER', O

opt F BYTE "F) EXIT PROGRAM', O

sel ecti on BYTE "PLEASE ENTER YOUR DESI RED SELECTION: ", 0

newCustTitle BYTE " ---

ENTER A NEW CUSTOMER --- ", 0

creat eNodMsg BYTE " DO YOU WANT TO ENTER A NEW CUSTOVER ? Y/N. ", 0

cust | dvsg BYTE "ENTER THE CUST ID. ", 0

cust Last Msg BYTE "ENTER THE LAST NAME OF CUSTOVER: ", 0

di spl ayNot hi ng BYTE " --- THERE ARE NO CUSTOVERS | N MEMORY ---",0
titleMsg BYTE "---- LINK LIST CONTENTS ----",0
custldlnfo BYTE "CUSTOMER ID: ", 0

cust LNanel nf o BYTE " CUSTOMVER LAST NAME: ", 0

spacer BYTE "-----ccmm e e e e e e e e e e - - "0

cust Sear chivsg BYTE " --- CUSTOMER SEARCH --- ",0

get Searchl d BYTE "PLEASE ENTER THE CUST ID TO DI SPLAY: ", 0
foundMsg BYTE " --- CUSTOMER FOUND ---",0

del et edMsg BYTE " --- AND REMOVED ---",0

not FoundMsg BYTE " !l CUSTOMER NOT FOUND !!!!" 0O

newl nf oMsg BYTE " --- NEW CUSTOMER INFO ---",0

cust Updt Msg BYTE " --- CUSTOVER SUCCESFULLY UPDATED --- ",0
row BYTE O

col um BYTE 24

i dNunber BYTE (1D _MAX+1) DUP(0)

| ast Nane BYTE (LASTNAME _MAX+1) DUP(0)

response BYTE ?

searchld BYTE (1D _MAX+1) DUP(0)

head DWORD ?

tail DWORD ?

cur r Nod DWORD ?

pr evNod DWORD ?

next Nod DWORD ?

f oundVvar BYTE FALSE

t hi sCust CUSTOVER {}



. code

mai n PROC
| NVOKE Cet ProcessHeap
nov hHeap, eax

nov dwByt es, S| ZEOF cust oner

nov eax, yel | ow+( bl ue*16)
cal |l Set Text Col or

cal | creat eNewNode
nmov head, eax

ENTRYPO NT:

nov eax, tail

nmov curr Nod, eax

cal |l programvenu

call get AndCal | Sel ecti on
cnp response, 'F

j ne ENTRYPO NT

call crlf
call waitMg

ENDOFPROGRAM  exi t
mai n ENDP

cr eat eNewNode PROC
| N\VOKE heapAl | oc, hHeap, dwFl ags,
nov tail, eax
ret

cr eat eNewNode ENDP

addTwoCol utm PROC
add row, 2
nov dl, col um
nmov dh, r ow
call gotoxy
ret

addTwoCol utm ENDP

programvenu PROC
call drscr
mov row, 0
nov dl, 20
nov dh, O
call Cotoxy

dwByt es
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nov edx, OFFSET progTitle
call witeString

call addTwoCol umm
nov edx, OFFSET opt A
call witeString
call addTwoCol umm

nov edx, OFFSET opt B
call witeString

call addTwoCol umm
nov edx, OFFSET opt C
call witeString

call addTwoCol umm
nov edx, OFFSET opt D
call witeString

call addTwoCol umm
nov edx, OFFSET opt E
call witeString

call addTwoCol umm
nov edx, OFFSET opt F
call witeString

ret
programvenu ENDP

get AndCal | Sel ecti on PROC
nov dl, 0
nov dh, 24
call gotoxy
nov edx, OFFSET sel ection
call witeString
call readChar
nov response, al

| N\VOKE Str_ucase, ADDR response

nov al,'A
nov ah,'B
nov bl,'C
nov bh,' D
nmov cl,'E

.1 F (al == response)



call showContents

. ELSEI F (ah == response)
call getSearch
call waitMg

. ELSEI F (bl == response)
call getData
call noveToHeap
call waitMg

. ELSEI F (bh == response)
call getSearch
.1 F (foundVar == 1)

call update

.ENDI F
call waitMg

.ELSEIF (cl == response)
call getSearch
.1 F (foundVar == 1)

cal |l del et eNode

.ENDI F
call waitMg

. ENDI F

ret
get AndCal | Sel ecti on ENDP

showCont ent s PROC
nov edi, head
nov ebx, 00h

call drscr

nov edx, OFFSET titl eMsg
call witeString

call COlIf

Call CIf

DI SPLAYSTART:
crmp [edi +suntX EntryFi el ds], ebx
j € NOMORE
nov eax, [ edi]
nov prevNod, eax
call displ ayCust oner

add edi, SI ZECF t hi sCust .| ast Nam
nov edi, [edi]
nov curr Nod, ed

JMP DI SPLAYSTART
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NOMORE: cal | wait Msg
ret
showCont ents ENDP

di spl ayCust omer PROC
call Crlf
mov edx, OFFSET cust | dl nfo
call witeString
nmov edx, edi
call witeString
call Crlf

nmov edx, OFFSET cust LNanel nf o
call witeString

add edi, SI ZEOF t hi sCust. | dNum
nmov edx, edi

call witeString

call ClIf

nov edx, OFFSET spacer
call witeString
call ClIf

ret
di spl ayCust omer ENDP

get Dat a PRCC
call drscr
nov edx, OFFSET newCustTitl e
call witeString
call Crlf
call Crlf

nov edx, OFFSET cust | dMsg
call witeString

nov edx, OFFSET t hi sCust. i dNum
nmov ecx, | D_MAX
call readString

nov edx, OFFSET cust Last Msg
call witeString

nov edx, OFFSET t hi sCust. | ast Nam
nmov ecx, LASTNAVE_MAX
call readString



cal | creat eNewNode
nov eax, tail
nmov t hi sCust . next Nod, eax

ret
get Dat a ENDP

nmoveToHeap PROC
nmov esi, OFFSET t hi sCust
nmov edi, curr Nod

I NVOKE Str_copy, ADDR thisCust.idNum edi

add edi, SI ZEOF t hi sCust. i dNum
I NVOKE Str_copy, ADDR thisCust.|astNam edi

add edi, SI ZEOF t hi sCust. | ast Nam
nov eax, (CUSTOMVER PTR [esi]). next Nod

nov [edi], eax
ret
noveToHeap ENDP

get Search PRCC
call drScr
nov ebx, 00h
nov edi, head
crmp [edi +suntX EntryFi el ds], ebx
je NOTH NG

nov edx, OFFSET cust Sear chMsg
call witestring
call COlIf

nov edx, OFFSET get Searchld
call witeString

nov edx, OFFSET searchl d
nmov ecx, | D_MAX
call readString

call searchLi st
j mp endproc

NOTHI NG
nov foundVar, FALSE
nov edx, OFFSET di spl ayNot hi ng
call witeString
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ENDPRCC:
call crlf
ret

get Sear ch ENDP

sear chLi st PRCC
call drScr
nov edi , head
nmov ebx, 00h
nov prevNod, edi

SEARCHL OOP:
nov eax, [ edi]
| N\VOKE Str_conpare, ADDR searchld,
je FOUND
nov prevNod, edi
add edi, suntX EntryFi el ds
nov edi, [ edi]
crp [edi +sunf Ent ryFi el ds], ebx
j € NOTFOUND
j mp SEARCHLOCOP

FOUND:
nov foundVar, TRUE
nov curr Nod, edi
Call CIf
nov edx, OFFSET foundMsg
call witeString
call displ ayCust oner
i mp AWAYW THYQU

NOTFOUND:

nov foundVar, FALSE

call COlIf

nov edx, OFFSET not FoundMsg
call witeString

call COlIf

AVAYW THYQU: ret
sear chLi st ENDP

updat e PROC
nov dl, 0
nov dh, 6
call Cotoxy

nov edx, OFFSET newl nf oMsg

edi
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call WiteString
call Crlf

nov edx, OFFSET cust | dMsg
call witeString

nmov edx, OFFSET t hi sCust. i dNum
nmov ecx, | D_MAX
call readString

nov edx, OFFSET cust Last Msg
call witeString

nmov edx, OFFSET t hi sCust .| ast Nam
call readString

nmov edi, curr Nod
I NVOKE Str_copy, ADDR thisCust.idNum edi

add edi, SI ZEOF t hi sCust. i dNum
I NVOKE Str_copy, ADDR thisCust.|astNam edi

add edi, SI ZEOF t hi sCust. | ast Nam

call crlf

nov edx, OFFSET cust Updt Msg
call witestring

call crlf

ret
updat e ENDP

del et eNodePRCC
nov edi, curr Nod
add edi, suntX EntryFi el ds
nov eax, [ edi]
nov next Nod, eax

nov edi, curr Nod
.if(edi == head)

nov head, eax
.endif

nov edi, prevNod

add edi, suntX EntryFi el ds
nov eax, next Nod

nov [edi], eax
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nmov edi, curr Nod
| N\VOKE heapFree, hHeap, dwFl ags,

call COlIf

nov edx, OFFSET del et edMsg
call witeString

call Crlf

ret
del et eNode ENDP
end nmain

edi
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