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l. lXTR0DUcTtoil

ln orÉr mrdinate ætivitiæ within a computer s/stem, it is customary to centralize manryment of
scaræ resources such æ RAI'|, timers, dlsk spæ, interupts, etc.

This document is a functíonal spæifiætion of the l1emory l"lanaær, one 0f the R0l1 bæed æpabiiity
mdulæ in Cortland. lt is intenffi to ærve æ a mÉl for ditionol æpabiliV mdulæ.

2. REFERENCES

tü ¿ franevort tur lnplenenling Rln- and RAfT-ilased Capabilily tTodules in
Cor I /and, J. Jatcaynsk i, 6 / 4/ / 85.

Í.2J Car I land Capaò i / i I y /'/odu le / n t er face,,J. .Jatcafnsk i, 6 / I / gS,

[5] t J Relerence f7anual-ltolumes / & Z,Apple.

t4l 5þnAard Speciftcalion /'or lTicroprocessor 1peraling Syslens lnlert'aces, Draft,
IEEE T6k 855, Revision 6.0.

l5l lnside lTacinlosh, chapler /8, îTemory lTanager,Applecomputer, rnc., 198s.

5. 6[¡r1tS

The êign triæ to meet the foilovring pals:

I l] Conformity to the specifications in References I I ] end [2].

[2J Tronsparency: The llernory llançr makes no æsumptions obout mernory usqa, and thus it
makæ no automatic memory reservations.

[3] Adaptability: The l"lemory l'lançr &termines what memory exjsts in the mæhine and msnêges
all of it.

[4] Rppropriate features: Ïhe llemory llanager provides fætures that use knorledç of the 65816
end Cortland memory stnucture to simplify the appliætion program.

[5] Simplicity: The l1emory llanager Prwides only the mæt bæic memory bækkeeping functions.1. FUNCTIOI{AL SPECI FICÚITICIH

4-l 0vervier

The llemory llan4er ( tltt ) prwi&s a way for s/stem and application programs to kæp træk of
mem0ry usage. Ïhe Hll implements ælls to initieliæ itælf , to allmte, modify, and fræ æntìguous
blæks of memory, and to obtain information about the state of the 1111. Since Coriland hæ no
memOry mançment hartrare, ærræt memory management depends on wperation among all
memory uærs.

A major pal of the l'1emory I'lanryr is simplicity. Thus, in æntræt to the llecintosh llemory
llan4er ( Ref. [5] ), tne Cortland llemory llanaçr' prwides only non-relæatable ægments.
Consequently, it dG not support such ænæpls æ handle, purging, and locking,wnicfi apply
only to relæatable segments. As a ræult, the system places a ler-çr-burden on theïæn to manry
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memory htelllgently since lt úæ not prwlÉ automatlc fræ spæ ænsolldatlon. Also, in the
interæt of simpliciÇ, the llemory llonqer öes not support llæ-ìike heop zones.

4.2 Operational Parameters

The l1emory llan4er's permonent æpability module number is 2.

The l1H allætæ RAH in contiguous blæks ælled segments. Eæh.segment ænsists of an int4ral
number of fixed siæ ollæation units, eæh of which æntains 256 bytæ aligned on a 256 byte
( poç) boundary. Thus, a segment is o pry-oligned blæk of RAll æntaining on integral number of
pæ.

There is no pre&fined limit on the number of allæated segments or on the amount of memory that
æn be man@. the Hl'l allæatæ table spæ for itælf æ næded to kæp træk of allæated ægments
ond the aroilable memory.

{.5 Structure of Colls

tll1 ælls ænform to the structure hribed in Referenæs I l] ¿nd [2]. All parameters and neturn
voluæ exæpt the eror cæ.are pææd and returned in the parameter blæk. The error æde is
returned in the A rEister md the C status bit. When a function returns with a non-æro emor code,
all of the return parameters are unêfined. The first four bytæ of every panameter blæk æntain
the flq and function Íêntifier ûæribed in Ref. [2]; this úcr¡ment 6ribæ only the parameter
bytæ starting at offsat 4 in the parameter blæks.

{.{ Dcccription of Calls

1.1.1 Bmt lnltlallze

ïhis function initialiæs the llH at bæt time by finding all arailabìe memory and initializing the
F1H's intennal tables.

FN= I

There are no parameters be¡ond the function iÉntifier at the beginning of the parameter list. Ihis
funct'ion must be exæuted before ælls to any other l1l1 functions.

Emors:

$ l0 lnÍtializet'ion failed

1.1.2 Application Stortup

This function performs no operation, but is required by Ref. I l]
FN=2.

Errors:

Alwcys returns suæessfu I ly.

4.1.3 Application Shutdorn

This function performs no operÉtion, but is required by Ref. I I ]
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FN-3.

Errors:

Always returns successfu I ly

1.1.1 Âllæate Segment

This function allætæ a ægment of specified lengh and læation, a segment of spæified length in a
spæified bank, or a segment of spæified len$h arrywhere in RAll. ln the l€st cæe, the æller
indicatæ whether or not the sEment may straddle an interbank boundary. Ihe ægment is allæated
only if fræ memory mæting the given ænstraints is arailable.

FN=4.

the parameter blæk is æ follows:

Offset l{ame Type

Flode dæcribes the nature of the memory allmtion. Leçl forms are

Bits Function
?65{321 0

I
5-6
7
E- r0
It-r3
r4- t5

00------
0r L-----
10LS----
-.--FRBR

S=0
S=l

moû valuelobcl valueb¡nt value
length value/r'æultbas¿ value/næult
s¿gnum ræult

ollmte segment of qiven lenqth and given bæe dress
allmte segment of given length æmpletely within a spæified bank
allæate segment of given length anyrhere in fræ memory
4 lmv-onder bits næerved by Apple-must be æro

I'lyphens indiæte bits that are not used. L and s ha¿e the folloring signifiænce:

L=0 oìlocqte a sEment of the specified s.ize
L= I alìæte the largest availabìe segment that mæts the other ænstraints

ollmted segment must not strdìe interbank boundary
allæted sEment may strdle interbank boundary

The bits indicated by RRRR may be used in future versions of the memory manager to spæ'ify ærtain
attributæ to be attæhed to the allmted segment.

Label is a value spæif ied by the æller to encode arbitrary informatjon abcul the segrnent. The 1111
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remembers thls value þut G nothlng wlth lt.

Banl is uæd only in mde O lL-----. lt tells the l1l1 the bank in which to allocate the segment. lt
is ignored in all other mo6.

As an input value, length givæ the length of the segment to be allæated in Mæ. The input value is
ignored when L= l. ln all other cts€s, the l1l1 rounds this field up to the næræt ollæation unit
boundary. ln ell modæ, length is used æ a næult field that g'ivæ the len$h of the allæted s4ment
in ùytæ. ïhe ægment will always æntain an integral numbe¡' of allmtion units.

/san inputvalue, b¡se is usedonly in moé 00------ tospecify theaüressof the lorest byte in
the segment t0 be allæated. The mm seb enough lor orÉr Þlts t0 ær0 s0 that the sqment will be
aligned on an allætion unit boundary. ln all modes, bass is used æ a ræulf to specify the base
aüræs of the allæated segment.

Segnum is a result æsigned by the 111"1 to iÉntify the segment in subæquent ælls.

The üfoult seorch orür ætablished ot initioli¿otion is æ follo'vs: Search the banks in order from
highæt bank number toward lorest bank number. Within eæh bank, search from higher dresses
toward lffier dresses. Chæ the first fræ blæk hot is big enough to æmmodate the requæt
( "first fit') and satisfiæ the other ænstraints. When the ægment must be in a spæific bank,
seanch only that bank from high end toward lor end.

Emors:

$ l0 lniticlization failed or wos nc/er performed
$ I I lnvalid mode parameter
3 l2 l1emory unarailable
$ l¡ l1emory manqer. ran out of table spæ

.t.,1.5 lldify Segment

Thls funct'lon lncræ or €reasæ the siæ of an'alredy allæated segment þy aüing 0r removing
ollæation units at the lsw end or high end of the segment. A ægment æn be inreæed in siæ only if
djænt spæ of the spæified siæ is arailable.

FN.5.

The parameter blæk is æ follsvrs:

0ffset llame Type

4-5
6
7-9

stgnur¡ value
mode value
length value

Segnum identifiæ the segment to be modified.

llode tells how the ægment is to be mdified:

00------
0t ------
I 0-s----

reduæ siæ by fræing allæation units at lq#er ôddresses
reduæ siæ by fræing allæation units at higher addresses
increase siæ by ding allmtion units at lower addresses
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I l-5---- inreæe size by ding allætion units at higher dræses

S hæ the following signifiænce:

S=0 the ditional storaç must not strdlle an interbank boundary
S= I the dditional storage may strdclle an interbank boundary

Length givæ the number of Mæ by which the segment is to be reduced or increæd in sìze. The
111"1 rounds lengûh upward to the næræt integral allmtion unit.

Errors:

$10
$ll
$t2
$t5
$tq

lnitialiætion failed 0r w6 nèver performed
lnvalid mode parameter
llemory unarailable
Hemory manager ran out of table space
lnvalid segnum value

1.1-6 Frea Scament

ïhis function returns a cumently allæated segment to the pæl of ryailable RAll.

FN=6.

ïhe parameter blæk is æ follors:

0ff:ct ilomc Type

4-5 segnum value

Segnun identifiæ the segment to be returned to the pæl of ayailable memory. After this æll , the
volue of sqlnün no lonçr refers to the fræd segment.

Emors

S lO lnitialiætion faiied 0r w6 never performed
3 tq lnvalid segnum value

4.1.7 Oet Segment Humber

This function returns the segment number of the sEment æntaining a spæif'íed memory address.

FN'7,

The parameter blæk is æ follors:

Offset Name Type

4-6 ddress value7-6 segnum ræult

Address is an arbitrary RAll or R0l1 ddress.
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Segnum læntlfies the segment ( lf any) contalnlng the given dlræs..

trrors:

$ l0 lnitioliætion failed 0r wæ nwer performed
$ l5 6iven eddress not æntained in arry segment

1-1-6 Oet Segment lnformation

This function returns informotion about a specified sEment.

FN=E.

The parameter blæk Ís æ follsws:

0ffset Name Type

Segnun iêntifiæ the qment whæ information is to be retrieyed

Laôel is the label value recorüd when the segment wæ allmterl.

Length is the segment length in bytes

Basa is the bæe dræs of the ægment.

Errors:

3lO lnitiallætion failed 0r was nwer perfonmed
3 l+ lnvolid scgnum value

1.1.9 6et Search Order

This function returns the number 0f RAll banks and a pointe¡ to a table that lists bank numbers in
the order they are æarched by the 1111. The ælling prûgrom may reorÊr the table entriæ æ
ûsired. Subsequent ælls to allæate segment will use the nerv æarch order. The caller should
dlsable intemupts while rærÉring the table. fltis is a dangerous ca// that should ôe used
only þy syslem soflware.

FN=9

ïhe parameter blæk isæ follotvs:

0ffset Hame Type

.{-5
6-7
E- 10il-t3

4-5
6-8

scgnun valuelaüel result
length ræultbæe result

numbanls ræult
searchtable pointer result

Xumbanks givæ the number of 64Kby RAl"l banks in the mæhine.
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S€Erchtable polnts to the mm table that llsts the ffirch orer 0f the banks. The tabte contains
nunbanls one-byte entries, eæh of which gives o bonk number. When præing o æll ts
al locate segment, the l1l1 æarchæ the banks for fræ spaæ in the order given inthis table. The
æller may rærder the toble 6 6¡red.

Emors:

. $ l0 lnitialization failed 0r was nwer performed

.t.5 Error Summory

Whene/er a function returns a non-æro error code, all ræult panametens in the parameter list are
unÉfined.

$ l0 lnitialization failed or was narer performed

lf the initlaliætion function fails or is ne/er e¡<æuted, none of the other functions
will work.

3l I lnvalid mode parameter

ïhe node parameter of either the allmte or modify function is improperly
spæified.

$ l2 llemory unayailable

A memory segment ænnot be allæated bpcause the specified area of RAll is
either non-existent or alnedy allæated, 0r there is lnsufficient ayailaÞle
memory.

l1emory mônqer ran out of table space

The memory m6nær ænnot perform the requæted function bæauæ it hæ run
out of internal table spæs. This will happen only when there is almæt no fræ
memory arailable.

$ lq lnvalid segnum value

The given value of sq¡num dæs not ærræpond to any allæated ægment.

3lS Oiven dress not æntained in any ægment

The given value of arH¡sss is not æntained in any allocated ægment.

4.6 Additional Functionality

Sereral other useful functions æn be performed by using combinations of the existing functions.
fhese are not impìemented diræily bæause they are ud infnequenily.

For example, a progrem æn ëtermine the size of the ollætion unit by attempting to allæate a
ægment of length I byte. lf the call is sucæssful, the length field of the allocate segmentparameter blæk will neturn the number of bytæ in the aliæation unit. The prqram should, ofcourse, exæute the free segment function to return the memory to the availabie pæI.

$t3
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