Some may have heard of the fary-tde Debug Ves,
which gives its name to our debugger. You can find the
true gory of the debug vest, and the reasons some VO
1.0 projects have probably faled, together with our
debugger, a the following Web page:

http://ourworld/compuserve/homepages/atrimborn

The debugger presented here is naturdly not suitable for
every problem. It should be used if “conventiond”
debug methods, including using the integrated debugger,
do not lead to the target, or leave questions open.

Such a debugger is naturdly very suitable for Multi-
Language Projects, if, for example, the control flow goes
from Visud Objects code to a C-DLL and back again,
for example, in the Visua Objects Library Source, which
contains numerous run time cdls. Often in these situa:
tions, no error information is available, and requires a
much longer debug session.

Retrospectively, it must be sad that CA-Visud Objects
itsdlf, as expected, is a powerful language for system pro-
gramming VO's language permits direct access to the
entire Win32 API, as well as manipulation of memory,
pointers, and complex structures, etc. Severd runtime
functions help when handling strings and dynamic arrays
Together with the clearly structured Debug API, the
basic gructure of a debugger was rapidly created.
Thanks to GUI library, the Ul is dso no great obstacle
Re-usable components like the Disassembler or some Ul
items could be totdly encapsulated, and actudly re-used
thanksto OOP. Along with the practice, auseful debug
ging tool has been created, which idedly complements
the existing debugger and demonstrates, how much the
goplication of VO's language can prove its worth as
developingtool, even if the present project needs neither
DBFsnor SQL servers

Professiond software debugging under Windows NT.
D. Zimmer . d.

How Debuggers Work. 1 B. Rosenberg.

Ansgar Trimborn
Email: TriAn02@CAl.com

Uwe Holz

Environmental
and mysterious:
the Garb age Collector
2.5

ly correct , fast

of VO

Recycling wasn’t invented
yesterday. As in real life, pro-
duces a running application
lots of garbage or data-waste.
What does really happen to it?
Does VO deserve the Energy
Star? Why does VO support
dynamic memory allocation?
How does the Garbage
Collector work? These and
other questions are discussed
in the following contribution.

The demand for a Garbage Collector was there from the
down of the compiler history. With the advance of the
first object-oriented programming languages the pro-
blem became even more acute, because gpart from the
elementary variables such asintegers, floating-point, cha-
racter buffers etc. object references dso came into the
play. Theseare pointers likewise, however the structures,
to which these pointers refer, can be very complex. The
complexity rises with the inheritance level as well as with
the number of objects used in the respective classin the
form of instance variables

The problem in using these objects is the automatic
release of the used storage aress as well as releasing dl
contained object referencesin the correct order when the
respective instance ‘expires. Thisexplicit or implicit pre-
cisdly timed release of memory is dready a task that
should be handled by a Garbage Collector.

In C++ for dl used object ingtances hidden and
cdls are generated which map respectively to
and f functions of the interna hesp manager.
Memory dlocation outside of C++ - objects is the res-
ponshility of the developer. C++ hasaquite intdligent
heap manager for object instances. However, it does not
riseto the level of a‘Garbage Collector ‘.

It isadirty job, but somebody hasto do it.

Wha isthen the Garbage Collector and what task should
it fulfill? Here is a possible definition:

is a component of the run time
library of a development system, which takes care of
dlocating and releasing of memory used to store varia
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bles. Theadlocated memory areahasto be optimaly used
and automatically defragmented.

From the developers point of view this seems to be an
obvious and quite legitimate demand. However, the
implementation of this mechanism isfor many compilers
so complicated that they rather giveit up. In practice only
few established development systems do offer a Garbage
Collector. The mogt prominent of these are naturdly
CA-Clipper and CA-Visud Objects and Jva

The following remarks focus on the Garbage Collector
(GC) of CA-Visud Objects 25. Many notes probably
aoply to other collectors as well.

In order to understand best how a system with a Garbage
Collector works, | gtart with a quite simple example.
The following function will display a message by using
MessageBox():

FUNC TestDyn (c1 AS STRING, c2 AS STRING)
LOCAL cTemp AS STRING
cTemp = _ ENTITY__ + “ “ + cl
MessageBox(0, cTemp, c¢2, MB_OK)
RETURN

The function only ataches the name of the entity to the
message passed as argument c1. The message isthen dis-
played by MessageBox()l he caption of the message box
is passed as c2. The example is nothing more
then smple gtring addition by the means of VO languag

If you remove the locd variable type declaration
STRING the example will become much more complex:

FUNC TestNoDynl (pl AS PSZ, p2 AS PSZ)
LOCAL pMsg AS PSZ
LOCAL pTemp AS BYTE PTR
LOCAL nSize AS INT
LOCAL nTemp AS INT

nSize
nTemp :
pPMsg

PszLen(pl)
PszLen(__ENTITY_ )
MemAlloc(nSize + nTemp + 2)

IF pMsg !'= NULL_PSZ
pTemp = pMsg
MemCopy(pTemp,;
PTR(_CAST, _ ENTITY_),;
nTemp)
pTemp += nTemp
MemCopy(pTemp,
pTemp += 2
MemCopy(pTemp, p1,
pTemp += nSize
BYTE(pTemp) = 0

PTR(_CAST, “ 9, 2)

nSize )

MessageBox(0,
MemFree(pMsg)
ENDIF
RETURN

pMsg, p2, MB_OK)
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This example could be converted to C line by line. Data
types used are exactly the same. Without dynamic strings
it isthe developers responsibility to dlocate memory buf-
fersfor complex variables MemCopy() hasto be used for
string addition and some pointer arithmetic is required
too. The example can be optimized dightly if you leave
memory dlocation to the compiler. To do so adtatic array
is declared. The compiler will reserve the necessary
memory on the stack.

FUNC TestNoDyn2
PASCAL
LOCAL DIM abMsg[ MAX_PATH]
LOCAL pTemp
LOCAL nSize
LOCAL nTemp

(b1 AS PSZ, p2 AS PSZ) AS VOID

AS BYTE
AS BYTE PTR
AS INT
AS INT

nSize
nTemp :

= PszlLen(pl)

= PszlLen(__ENTITY_ )
pTemp = @abMsg[1]
MemCopy(pTemp,;

PTR(_CAST, _ ENTITY_),;
nTemp)
pTemp += nTemp
MemCopy(pTemp,

pTemp += 2
MemCopy(pTemp, p1,
pTemp += nSize
BYTE(pTemp) = 0

PTR(_CAST, “ ), 2)

nSize )

MessageBox(0, @abMsg[1], p2, MB_OK)

RETURN

No matter which of the two versonsis used it requires
the same effort: the size of the memory buffer hasto be
planned by the programmer. This and some more consi-
derétions to be taken care of to implement this trivid
function are a potentid source of error. They have
nothing to do with the actua business logic of the appli-
caion, are annoying and waste of time and money.

Of course, using the C++ CString class would substanti-
aly smplify such problems

The presented example is just one of many. It demon-
strates only the advantages of the dynamic data type
STRING. The compiler takes care of memory dlocation
by making cdls to internd run time functions Cleaning
is done by the Garbage Collector, while the compiler
generaes the necessary information. Further data types
the compiler and the Garbage Collector take care of in
such anice manner are and

To understand how it actudly works requires a closer
look through the ‘microscope’.

We continue with the example dready presented. The
‘microscope’ will be Ansgar's debug tool (see
‘GoVest!" the contribution by Ansgar Trimborn).

for your safety it is strongly recommended to
put on the



S0 equipped thefour lines of the function TestDyn() can
be decoded to the assembly code level. The assembler
source text tells us a lot @out the interaction between
compiler and the GC:

[1] FUNC TestDyn (cl ...
AS STRING

[2] LOCAL cTemp
PUSH EBP
MOV EAX , ESP
MOV EDX, 0x00426051

CALL O0x10115E (1)
MOV EBP , ESP
MOV ECX, 4
CALL Ox1001CF (2)

PUSH EBX

PUSH EDI

PUSH ESI

MOV EAX , TESTDYN
MOV EDX, GCTest

CALL Ox1009E8 (3)

[4] cTemp := _ ENTITY__ + “ “ + cl
MOV EBX , 0x1001c9
MOV [EBX] , 5h
MOV EAX , “TESTDYN: *“
PUSH EDX
MOV EDX , [EBP+8]
CALL 0x101140 (4)
POP EDX
MOV [EBP-4] , EAX
[5] MessageBox(0, cTemp, c2, MB_OK)
MOV EBX , 0x1001c9

MOVI[EBX] , 6h
MOV EAX , Oh
PUSH EAX

MOV EAX , [EBP+12]
CALL 0x10113b (5)
PUSH EAX

MOV EAX , [EBP-4]
CALL 0x10113b (5)
PUSH EAX

AND EAX , ffffh
MOV AX , Oh
PUSH EAX

CALL MessageBoxA

[7] RETURN

CALL Ox100A51 (6)
CALL 0x101163 (7)
POP ESI

POP EDI

POP EBX

LEAVE

RETF 8

Most of the assembly code logic does not differ from
that of other compilers. Of interest for us are dl num-
bered cdlsto specid run-timefunctions They guarantee
that dynamic variables c1, c2 and tempare automaticaly
managed.
Here are the respective explanations:
1 Initidizes GC data
2. Checks the stack pointer.
3. Initidizes cal stack data

The function cdl to concatenate the strings

and . The string addi-

tion strings is dready

done by the compiler. The result is the literd
string
5. Cdlsthe String2Psz() function to make sure that
no NULL-pointer is passed to MessageBox().
Releases run time call stack data
Releases runtime information about al dynamic
LOCALS

N o

Point (1) guarantees that dl locd references to dynamic
memory are updated automaticdly. By (7) these referen-
ces are ‘forgotten’ and will be ignored by the subsequent
defragmenting of the dynamic memory.

The question is when does defragmenting of dynamic
memory happen?

In generd any run-time function which requests new
dynamic memory may trigger the GC. This depends on
whether the more or less fragmented dynamic memory
pool is still cgpable to make the just requested memory
buffer available. If tha requested memory is not availa-
ble it is cleaned up with no mercy. If not enough free
bytes are there after cleaning up, the dynamic memory
pool is extended. This comes & the expense of the
system and al other applications We will get back to this
later.

The use of dynamic variables is very convenient.
However, this comfort comes a a price that everyone of
you must have aready experienced in oneway or another.
Because of the permanent dynamic memory defragmen-
ting addresses of the variables change congtantly, or more
precisdly - with each run of the GC. This is where the
name ‘Dynamic memory dlocation’ comesfrom. Now, if
gatic and dynamic variables are mixed a high explosive
‘mixture’ like dynamite may develop in no time This
dynamic can often be so strong that the gpplication ends
much sooner then planned. Following notes about dyna
mic memory will help you to better understand your
goplications and the sometimes very odd behavior they
exhibit.

Every VO gpplication runs a start-up a so-cdled initidi-
zaion routine where various initidizations of runtime
DLLstake place

All functions declared like

PROC <funcname> _INIT<n>

are cdled by thisinitidization routine.

The dlocation of dynamic memory is anong the most
important tasks of the run-time initidization.
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16 MB isrequested from the operating system by defaullt.
Keep in mind that under Win32 each gpplication can
request up to 2 GB of virtud memory. VO applications
are very cooperative with the sysem. The default vaue
of 16 MB (16777216 or 0x01000000) can be changed by
the following registry entry:

HKEY_CURRENT_USER
Software
ComputerAssociates
CA-Visual  Objects
Runtime
“MaxDynSpace”=<dwNewValue>

Applications

Whoever wants or needs to hold enormous amounts of
data in memory (eg to load severd hundred DBF
recordsinto an array) can boost the application with this
setting For dl threads started in addition to the main
process the maximum dynamic memory size can be et
likewise. The respective registry entry is:

“MaxThreadDynSpace”"=<dwNewValue>

From the running gpplication the vaue can be queried by

The amount of memory set by is not
requested directly a the sart of the application. It isonly
reserved by the Win32 function . While
the application is running individua segments of this
reserved pool are successively used. The number of used
segments can be queried with

Normally the size of reserved memory is sufficient. If it
is exhausted and al segments are occupied the applica-
tion says good-bye with the enlightening error message
‘Dynamic Memory Low'.

This normaly unwanted effect can aso be forced by cd-
ling in the start method of the application. In
this case the GC is shut off permanently and defragmen-
ting will never take place. The dynamic memory manager
will use only new segmentsin the reserved pool until the
vaue of is reeched.

Related functions are DyninfoMax()and DyninfoUsed()
DyninfoMax() returns the size of free memory till avai-

lable within the dynamic pool in bytes DyninfoUsed()
returnsthe size of the occupied part of the entire dyna-

mic memory pool. Both vaues added result in the maxi-

mum size of the dynamic memory. The function

Dynshrink() has a specid use It can reduce the number

of used segmentsto the minimum. Normadly stay al used

segments of the dynamic memory pool in reserve even if

some are dready ‘freed’ by defragmenting. They build an

‘active’ immediately usable reserve. DynShrink() can

change this behavior. A short example demongtrates the
use of the discussed functions:

FUNC TestMem()

LOCAL c AS STRING
? “Memory after collection:”
CollectForced()

__ShowMem()

garbage
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?

? “Using 10 MB”

c = Space(10000000)
ShowMem()

“Freeing up 10 MB”

go

ynShrink()
__ShowMem()
5

RETURN

STATIC FUNC __ShowMem() AS VOID PASCAL

? “Dynamic Memory free R
DyninfoMax()

? “Number of used segments:
DynInfoSize()

? “Dynamic Memory used
DynInfoUsed()

? “Reserved size
DyninfoFree()

This short program produces the following log:

Memory after garbage collection:

Dynamic Memory free 16772820
Number of used segments: 1
Dynamic Memory used 4724
Reserved size 16777216
Using 10 MB

Dynamic Memory free 6772808
Number of used segments: 245
Dynamic Memory used 10004736
Reserved size 16777216
Freeing up 10 MB

Dynamic Memory free 16772820
Number of used segments: 1
Dynamic Memory used 4724
Reserved size 16777216

So far, the discussion was about operation of the GC and
specificaly about managing the dynamic memory pool.
I n the example above defragmenting was explicitly forced
by calling CollectForced().

Normdly the GC works in the background and defrag-
menting happens when necessary. Nevertheless the acti-
vities of the GC can be traced down quite well. The
addresses of the appropriate varigbles can provide aclue
whether it did dam again:

FUNC TrapDynamic()
LOCAL c AS STRING
LOCAL a AS ARRAY
LOCAL o AS OBJECT
LOCAL f AS FLOAT
c := SubStr2(“DynTest”, 1)
a = ArrayNew(10)
0 := ErrorNew()
f = 123456 - 78.90
? “Dynamic Data:
? PTR(CAST, c¢), c¢
? PTR(CAST, a), a
? PTR(CAST, o), o
? PTR(CAST, f), f

Space(10000000)



after  CollectForced():
PTR(_CAST, c¢), c
PTR(_CAST, a), a
PTR(_CAST, 0), o
PTR(_CAST, f), f

NN N N ) )

The request for 10 MB will trigger the GC. The new
addresses of dl locd dynamic variables are clear tracks
that are normally of no particular interest. Herethelog:

Dynamic Data:

0x014528BC DynTest

0x014528CC {[0000000010]0x014528CC}
0x01452948 {(0x0078)0x01452948}
0x014529C8 1155,66

... after  CollectForced():
0x024511B4 DynTest

0x024511C4 {[0000000010]0x024511C4}
0x02451124 {(0x0078)0x02451124}
0x024511A4 1155,66

CLASS ERROR

CLASS ERROR

Another way to caich the ‘Collector’ red-handed is
the function

_RegCollNotifyStart(<pFunc>, .T)).

The firg (optiond) argument is a pointer to a user-defi-
ned function, which is cdled with each start of the GC.
The second parameter switches this festure on (.T.) or
off (.F).

FUNC TrapDynamic()

E\’.egCoIINotifyStart(@_Beep()| .T.)

FUNC _ Beep() AS VOID PASCAL
MessageBeep(OxFFFFFFFF)

The function __Beep(will expose the GC with a short
beep every timeit istriggered. Of course, log file outputs
can be usad to trace the behavior of the GC more preci-
sely.

(Editors note: log files are favorites of Uwe Holz)

Next to the question when does the GC become active,
there are some other aspects that can be of interest
during error detection:

How often did the collector run?
Which references to the dynamic memory pool exist
a acertain point in time?
The answer to thefirst question iseasy to obtain by using
the CollectCount() function.
The second question is somewhat more complicated. It
could be redefined like:

Isit possble to get an overview of al active variables of
thetype and or of
dl active variables of one of these types?

When Meinhard Schnoor-Matriciani confronted me with
this question in the lobby of the DevCon'97 in
Nuremberg, | was a first somewhat skepticd. | thought

that no application developer needs such internd infor-
mation. However, he managed to convince me, so we
made the function CreateGCDump() available in version
2.0b. It provides asngpshot of the dynamic memory use
This can be used for diverse purposes as the function

from the SDT 99/ 01 ‘support corner’
proves A generd overview of dl activereferencesto the
dynamic memory could be created on the bass of the
function below:

FUNC DumpDynamic(nMax AS INT);
AS INT PASCAL

LOCAL pDump AS _GCDUMP

LOCAL gce AS _GCENTRY

LOCAL nAlloc AS INT

LOCAL n AS INT

LOCAL i AS INT

LOCAL c AS STRING

LOCAL oTemp AS OBJECT

LOCAL nRet AS INT

DynLock()

nAlloc := _SIZEOF(DWORD) + nMAX * ;
_SIZEOF(_GCENTRY)

pDump := MemAlloc(nAlloc)

IF pDump != NULL_PTR

pDump.nEntryCount ‘= nMax
n := CreateGCDump(pDump, 0)

FORi = 1 TOn
gce = @pDump.gceli]
__DumpEntry(gce)
nRet += 1

NEXT

MemFree(pDump)
ENDIF
DynUnLock()
RETURNnNRet

STATIC FUNC __DumpEntry (gce AS _GCENTRY);
AS VOID PASCAL

?
? “Reference: gce.pDynMem

? Type __TypeString(gce)
? Size : Y gce.nSize

? Value __ValuesString(gce)

sores information about the current
dynamic varigbles into the structure

STRUCT _GCDUMP
MEMBER nEntryCount
MEMBERDIM gce[1]

AS DWORD
IS _GCENTRY

The storage space for this structure has to be daticdly
dlocaed by the user in order not to fasify the informa
tion about dynamic memory of the goplication. Thefirst
member of the structure nEntryCountdeterminesthe
maximumnumberof dynamic varigbles that can be exa-
mined. This number corresponds to the amount of
memory dlocated for the structure. Information about
individud referencesis sored in the structure

. The structure contains exactly
nEntryCountstructures of the type The
structure is defined as follows:
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STRUCT _GCENTRY

MEMBER nGCType AS DWORD
MEMBER nVarType AS DWORD
MEMBER pDynMem AS PTR
MEMBER nSize AS DWORD
MEMBER ppRefDynMem AS PTR

MEMBERDIM abValue[48]  AS BYTE
Besides the type of the respective variable defined by

, we should aso pay atention to the following
parameters.

The address of the varidble in dynamic memory
pDynMem

The address of the variable within the applications
memory ppRefDynMem

This vaue can by used to determine the name of the
function or method, which uses the respective variable
from the MAP file

The cregtion of the MAP file of an gpplication
can be st up in the regigtry:

HKEY_CURRENT_USER
Software
ComputerAssociates
CA-Visual Objects 2.5
VOLink
“MAP”="1"

The default vdue is ‘0. No MAP file is crested by

default.
| decided againgt placing the source code for the auxilia:
ry functions and here

because the complete source code is on the companion
CD anyway. The presented function
can be quite useful for error detection and demonstrates
just one possible use of .Alogiscre
ated by usng *? operator, which cdls the termina win-
dow function . To ensure that dl determined dyna
mic pDynMem pointers _GCENTRY) remain
vaid we have to put a bregk on the GC using the func-
tion DynLock().
There is some room for improvement in this example;
eg low-leve filefunctions could be used to createthelog
file
Whaever modification of the routines presented you
choose to make, the tracks of the GC can be quite well
unveiled by CreateGDump(), and
. It is up to you and your fantasy
how to put these meansto use | would liketo turn to the
next topic - operating speed.

Consdering the task the GC hasto perform the question
is- a what price?lsrecycling in generd not quite expen-
sive? Thisis one satement politicians are never tired to
tel us about. | can cdm you down. The Garbage
Collector is very fast. The time delays are insignificantly
small. A short test:
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Thefunction congtantly dlocates new dynamic
memory for the addition of two strings After leaving the
function this memory becomes unused and could be
used again. Thisis an ided condition for a performance

test, only thecdl to hasto beremoved from
the previous example:
FUNC TestDyn2 (c1 AS STRING, c2 AS STRING);
AS VOID PASCAL
LOCAL cTemp AS STRING
cTemp = ¢l + c2
RETURN

For asmple test it should be sufficient to cdl this func-
tion in aloop and switch the garbage collector dternéti-
vely on or off:

DEFINE MAXLOOP:= 10000
FUNC TestPerform  (ICollect AS LOGIC);
AS VOID PASCAL
LOCAL i AS INT
LOCAL nTemp AS FLOAT
LOCAL nCollect AS INT
LOCAL cTemp AS STRING
IF llCollect
DynLock()
ENDIF
cTemp := Space(100000)
nCollect = CollectCount()
nTemp := Seconds()
FORi = 1 TO MAXLOOP
TestDyn2(“Life is easy”, “Info")
NEXT
nTemp := Seconds()-nTemp
nCollect := CollectCount()-nCollect
? ‘“Garbage collector is
IF ICollect
?? ‘“active”
ELSE
?? “not active”
ENDIF
? 0 Elapsed time: nTemp
? Collections nCollect
5
RETURN

Thetest usngthe function was performed
on aWindows NT4.0/ Workstation PC with Pentium 90
processor.

FUNC Start
SetDefault(“\temp”)
SET ALTERNATETO gctest.log
SET ALTERNATE ON
TestPerform(.T.)
TestPerform(.F.)
SET ALTERNATETO
WAIT

The log \temp\gctest.logroves the following results:



Garbage collector is active
Elapsed time: 12,01
Collections : 5
Garbage collector is not active
Elapsed time: 11,91
Collections : 0

With atotd time of 12.01 seconds for the whole appli-
cation run the five collector runs need exactly 0.1
seconds. Thisis less than 1 % of the gpplication runti-
me. The result probably spesks for itsdf and needs no
further comment.

Preceding tests show the use of various functions, parti-
cularly for anayss or error detection. The following
table provides the summary of these functions.

_DynCheck()  Tests whether the dynamic memory
and its references are correct

_DynWipe() I nitidizes the dynamic memory with a
bit pattern

_RegColINotifySart() Registers an UDF for the

GCrun
CollectCount() Number of GC cdls
CollectForced() Triggersthe GC

CreateGCDump() Creates adump of al active referen-
ces to the dynamic memory

DynCheckError()Like with amessage in
the event of an error

DyninfoFreg() Totd volume of the dynamic memory
pool

DyninfoMax() Free areaof the dynamic memory

DyninfoSze() Number of used segments

DyninfoUsed() Areaused of the dynamic memory

DynLock() Blocks the GC

DynShrink() Reduces the current size of the dyna
mic memory to the minimum number
of segments

DynUnLock() Unlocksthe GC

InCollect() Tests whether the GC is active

IsDynPtr() Tests whether an addressis situated in
the dynamic memory of the current
Thread

IsDynMem()  Test whether an addressis situated in
the dynamic memory

RegigerAxit()  Register an object to receive Axit()
message

RegiserKid()  Register adynamic object for update

after agarbage collection

UnRegisterAxit() Terminate registration of an object to
the GC

UnRegisterKid() Remove the registration of an object
tothe GC

Tab 1: Dynamicmemoryfunctions

Apart from thesefunctionsthere are registry entries, dre-
ady presented, which determine the size of the dynamic
memory. This smal summary concludes the remarks
about the dynamic memory. Next comes the concept of
datic storage addressesin VO.

The dynamic memory pool is convenient and comforta:
bleto use, but for certain purposesits useis not suitable
First among these come dl interfaces to other systems
More precisdly: interfacesto gpplicationsor DLLS, which
are cregted using other development systems such as
C/ C++, Ddphi, Visud Basic etc. For these purposestwo
different concepts which based on the concept of aga
tic memory pool are available:

The Hegp manager
Old space functions

The VO Heagp manager is comparable to similar systems
in other languages It dlows to request and release
memory storage areas. Intelligent management of these
addresses ensures that released aress are reused as soon
asther size corresponds to that of the new request. The
downside of this concept is a certain fragmenting of the
memory, especidly with applications running non-stop
around the clock.

The managed addresses are guaranteed to be static, what
ensures the compatibility with other sysems. MemAlloc()
is used to request storage Each address dlocated this
way must be released a some point explicitly by
MemFree(). If you fail to ensure this memory losswould
occur during gpplication run, so caled memory lesks and
the release takes place only & the end of the gpplication
by the cdeanup of the static memory pool. The use of
these two functions was dready demonstrated. Hereisan
overview of the most important Hegp manager func-
tions

MemaAlloc() Allocates memory buffer of acertain
sizein bytes

MemCheckPtr() Tests specid aress for integrity

MemFreg() Releases memory buffer

MemTotd() Totd amount of memory requested
from static memory pool in bytes

Memwalk() Tests dl dlocated areas for integrity

Tab 2: ImportantHeapmanagerfunctions
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The hegp manager is kind of low-level system for stetic
addresses It is particularly suitable to request a memory
buffer to hold structures It is hardly suitable to produce
satic addresses for dynamic VO variables For this pur-
pose Old space functions are available which adso use the
memory pool of the Hegp manager. These functions
generate referencesfor dynamic datatypeswhose addres-
ses do not change The program should release these
addresses explicitly with respective old space functions
Hereisan overview of the old space functions:

DynToOldSpace( ) Copy a dynamic object to

static allocated memory.

DynToOldSpaceArray( ) Copy an array to static
memory

DynToOldSpaceFloat( ) Copy a float to static
memory

DynToOldSpaceObject( ) Copy an object to static
memory

DynToOldSpaceString( ) Copy a string to static
memory

IsOldSpace() Test whether the varia-
ble is static

IsOldSpaceArray() Test if an array is sta-
tically stored

IsOldSpaceFloat() Test if a float is sta-
tic

IsOldSpaceObject() Test if an objects s
static

IsOldSpaceString() Test if a strings is
static

OldSpaceFree() Free up static memory
created by
DynToOldSpace()

OldSpaceFreeArray() Release an array

OldSpaceFreeFloat() Release a float

OldSpaceFreeObject( )
OldSpaceFreeString( )

Release an Object

Release a string

These functions have to be used only under exceptiond
circumstances. Sill, sometimes there are weighty reasons
to transform dynamic variables into staic ones:

Parsing of large strings by means of pointer arith-

metic

Use or production of COM Objects

Reducing load on the Garbage Collector when using
large strings of globd nature

The following example shows how to move large strings
or memory buffers from dynamic to staic areato relieve
the load on the GC:
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GLOBAL cBuffer ~AS STRING
/I Generated at application start
cBuffer := Space(100000)
cBuffer = DynToOldSpaceString(cBuffer)

/I Application code
/I Release the memory
OldSpaceFreeString(cBuffer)
RETURN

The daic nature of the old space variables can be chek-
ked by the following test:

FUNC TestOldSpacel()
LOCAL cOld AS STRING
LOCAL aOld AS ARRAY
LOCAL oOld AS OBJECT
LOCAL fOld AS FLOAT

cOld DynToOldSpaceString(;
SubStr2(“DynTest”, 1))
DynToOldSpaceArray(ArrayNew(10))
DynToOldSpaceObject(ErrorNew())
DynToOldSpaceFloat(;

123456 - 78.90)

aold
o0ld
fold

“OldSpace Data: *“
PTR(_CAST, cOld), cOld
PTR(_CAST, aOld), aOld
PTR(_CAST, 00ld), 00ld
? PTR(_CAST, fold), fold
ollectForced()

“ ... after CollectForced(): “
PTR(_CAST, cOld), cOld
PTR(_CAST, aOld), aOld
PTR(_CAST, 00ld), 00ld
PTR(_CAST, fOld), fOld
OldSpaceFreeString(cOld)
OldSpaceFreeArray(aOld)
OldSpaceFreeObject(oOld)
OldSpaceFreeFloat(fOld)

ECEENEENEEN I @ EESEENERNEENEEN)
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The results held in the log show that the GC moved the
dynamic data but could not hurt the old space data

OldSpace Data:

0x00C1B9B4 DynTest

0x00C1B9EC {[0000000010]0x00C1B9EC}

0x00C1BA94 {(0x0078)0x00C1BA94} CLASS ERROR
0x00C1BB3C 1155,66

... after  CollectForced():

0x00C1B9B4 DynTest

0x00C1B9EC {[0000000010]0x00C1B9EC}

0x00C1BA94 {(0x0078)0x00C1BA94} CLASS ERROR
0x00C1BB3C 1155,66

Findly another smal trick to show how to make sure in
the Init() method of aclassthat the ingtances are stored

by the hegp manager:

CLASS  Cstatic
EXPORT cDynamic AS STRING
METHODInit CLASS Cstatic
LOCAL oSelf AS OBJECT
LOCAL pSelf AS DWORDPTR
1 Assign  dynamic string



SELF:cDynamic := ;
SubStr2(“Don’t collect me”, 1)

" Copy SELF to OldSpace
oSelf := DynToOldSpaceObject(SELF)

" Get Stack pointer to SELF
pSelf := PTR(_CAST,DWORD( CAST, BP)+12)

" Update SELF by Oldspace pointer

DWORD(pSelf) := DWORD(_CAST, 0Self)
RETURNSELF
The method should release the memory:

METHODAXit() CLASS CStatic
OldSpaceFreeObject(SELF)

The use of this specid classis demonstrated here:

FUNC TestOldSpace2()
LOCAL o AS OBJECT

o := CStatic{}

? “o before CollectForced()
PTR(_CAST, o)

? " o:cDynamic
PTR(_CAST, o:cDynamic)

? o:cDynamic

CollectForced()

? “o after CollectForced()
PTR(_CAST, o)

? " o:cDynamic
PTR(_CAST, o:cDynamic)

? o:cDynamic

RETURN
As expected, the GC did not change the address of an

object instance. Otherwise it behaves completely normd,
asthelog shows:

o before CollectForced() 0x00C1B9B4
o:cDynamic 0x00C1B9F4

Don't collect me

o after CollectForced() 0x00C1B9B4
o:cDynamic 0x00C1B9F4

Don't collect me

The Garbage Collector is a mostly undocumented CA-
Visud Objects run-time subsystem. This has its reason,
in principle the request and release of storage aress
should happen automaticdly. Thus this contribution is
essentidly informativein nature. It supposed to make you
aware of the implications related to thoughtless use of
gatic memory and the danger of mixing static and dyna:
mic variables. In addition it will, perhaps help to shed
some light on the operation of the Garbage Collector.

Still, certain gpplications and add-ons achieved such high
level of complexity and operate 0 close to the system
level that this knowledge can be important, particularly

for error detection. Information presented here may help
to prevent certain problems or isolate and recover from
errors fagter.

| refrain here from the judgment whether the Garbage
Collector isup to theinitidly formulated criteria, whether
it is fast and makes development of applications essier,
or israther an obstacle. | leave this ddlicate matter to the
discretion and wisdom of others In any case, | wish you
during your daily work to have as little as possible cons-
cious contact with the Garbage Collector or the unplea
sant consequences of  ‘ingppropriate use of dynamic
memory varigbles

Uwe Holz
Email: HoluwO1@CAl.com
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