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This specification is on the memcry management uhit for
the FT-€8X series c¢f Fcruward Technology processors. First
we begin by cefining some terms.

All addresses are given in rFrexadecimal., -We will either
urite the word hex, precede the rumeric digits with "Cx", or
toth. Trese formes are synonymous. :

The Virtual Address is the zddress 24 bits wide coming
cut of the 68000 proceesor chip and being presented to the
remory translation herdwzre; i.e. the secgcment and page map
registers. The logical address occurs ir the context space
¢s given by the <context register wuwhich is independently
vriteble by the programmer at sddress hex ECOQ0C00. Sixteen
contexts are possible, lzbeled zero throuch fifteen. They
ére wuritten by stering a context of positive polarity in the
context register at CxEOQOCO0C0. The bits for the context must
te-stored in the high orcder four bits of the data word. For
sxample, to write context seven into the <context register.,
cne would load & 68000 register with 7000 hex and write it
to location ECCCOC. The virtual address  so far
tntranslzted, 1is the address generated by the softwazre pro-
¢ram being run. A1l virtual addresses ccme from the 68C00
chip. 2411 addresses 1less than O0Ox20CC00 go completely
through the memory menagement unit. Alternately stated, if
the wvirtual address resides in the lower 21 bits of the
processor’s 24 bit address rznge, it is translated by the
remory management hzrdwzre. A&ddresses zbove 0x200000 (hex)
refer to loczl, on-board I/0 space and are given in the 68X
User’s Manuszl. Any address whkich we hzve herein called a
virtual zddress, lyirg between hex loccations (0 and hex locca-
tion 1FFFFF, that 1is one 1less than hex 20000C, are
translated by the memory manzgcement harduare. ‘The memory
ranagemert hzrdware ccnsists of the segment map and the page
map. There are two levels of trenslation. The first 1level
¢f translation occurs in the segment mzp whrere the virtual
eddress is transleted into a logical address to leter be
presentec to the page magp for further trzrslestion. The high
crder six bits of the virtual adcress are translated in the
csegment map to produce #n eight bit cutput from the segment
map. To be more preciser, thes four bits from +the context

foce. No. 78=-0014-00



register plus. address bits A15 - A20, inclusive, are fed
into the segment map. These ten bits a2ddress one of 1024
locations, the size c¢f the segment mzp. The output is eight
Eits c¢f logiczl address presented to the page maps, and four
Eits of prctection informztion. This segment protection
inforration is fed to @ memory error prom whose functicn is
to catch addressing vioclationes and produce a bus error.
Now, the eight address bits which o©n the schematic =zre
c2lled XA15 through XA2¢, are fed directly to the page map.
The high order two bits, X821 and XAZ22, zre not used in the
current implementation, XA1S through XA20 and the virtual
zddress bits A11 through A14 fornr 10 bits of address sup-
rlied tc the pzge mep. These ten bits of address, agein
virtual zddress bits A11 thrcugh A14, and logical =&ddress
Eits XA1S5 +through XA20, select cne of 1024 page map regis-
ters. The output of the page mep is thke physical memory
zddress, thzt is the adcress thst is actually passed to the
thysical memcry, whether it resides on the processor board.,
2 multibus memory board, a multibus I/0 space board, or the
proprietery FT-768. Addresses tc any of these four are ocut-
cut from the pecge map. There are tuelve bits of physical
zddress cutput frcm the page maps, on the schematics labeled
¥A11 through MA22. Address bit numbers zre zlways-given in
cecimal c¢cn the schemstico The low order eleven virtual
zddress bits combine uwith the high order twelve page map
cutput address bits to fcrm the 23 bit physicel address that
is ¢epplied to the physicel wmemory, uwhether it be local
remory, e¢xtended memcry, multibus memory or multibus 1/0 as
Frevicusly described. The tigh order fcur bits output from
the page map are used for moce control. Recall 'nouw that
there are sixteen total tits output from the page map, while
there are only tuelve total bits output frem the segment
rape. Thke page map hich order four bite are taken 2¢ fol-
lows.

The most sigﬁificanﬁ bit is 1labeled - the '"used"” bit.
This bit is set cutomaticelly by the processor harduare
uhenever any lccation within that page is accessed.

The secend mest significant bit is the dirty bit. This
it is set whenever zny location within the page is written,
tut not when it is reed. Tocether these two bits allcw the
cperating system to keep track of dirty pages, that is modi-
fied pages, fcr lzter swzppinrg or for virtual memory manzge=
mrent. .

The next two bits which would be identified as the 13th
end 12tk bits are taken together as a unit. If they have
value binary CC we are tzlkirg atout 2 local memory =&ccess.
Value one, that 1is binary 01, gives & local 1/0 address.
Local I/C is not implemented. Therefore, this gives an
cffective non-existent memory lccation. This is a valuable
mode for operzting syster designers which sllows them +to
mark unucsed pages of ¢ process’s address space non-existent,
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¢hich mezns that zn zttenrpted sccess here by 2 malicious or
erroneous user programs, wculd cause & tus error and be
trapped uwuithcut harm by the operating system. These tuwo
bits, with velue tinzry 10, translate to bus memory, or more
grecisely, multibus memory. The final condition,  that is
value binary 11, 1is Ltus 1/0, or more precisely, multibus
I/0. These. twe bits, &s you cen sees give ycu the opportun-
ity to break your addressing range into four zddress spacess,
local memory sddress spacesr non~existent zddress space, mul-
tibus memory zddress space ard multibus I/0 zddress space.

Nows, let’s have a brief sumrary. The context register
is & four 'bit register that can bte written to, usirg the
high order fcur bits of the data bus, by writing to local
on-board :» location hex EQOO0CC. The segment maps are a 1024
register map which can be written to usirg the 1low order
twelve ©Lkits of the datz bus with the address to be written
into the segment maps forming the low order eight bits, DO
through D7, and the prctection bits in the next four bits.,
that is C8 through D11 irclusive. The segment map is  writ-
ten at the address it is also read, that is the first seg-
rent map register recides at OxCCO0000. The second segment
rap register resides st CxCQECO00. Thre third segment map
register resides zt CxC1CCC0, the fourth at O0xC180CC. As
you can sees each register is written with an address delta
Fex 8C00. Hex 8000 is 32768, or precisely the size in bytes
cf a segment. We have here then, that zddressing the seg-
rent registers to modify their contents is dcne by using the
same address that wculd read out their contents, under nor-
ral grogram flow. This makes it quite straichtforward, con-
ceptually, to keep track of which segment register.you are
zttemptirg tc modify. Thre page map recisters work in a
cimilar fashion. The pace mep registers zre a2ddressed after
the segment map registers ere set upe. As mentioned ezrlier,
every acdress of every program that falls between hex 0 and
hex 200C00 dis ~—translated. Tris includes addresses of
instructions whose intent iec tc modify the segment cr page
rapse. Trerefore, a small amount of planring is required +to
set up the board initially, that is to write the contents of
the segment meps and page maps. I1If a simrple rule of thumb
is fecllcwed, it bteccmes quite straightfcrward. The rule of
thumb is, set up the sec¢ment mzp registers first mapped
straight +through, that 1is virtual address is identical to
logical sddress, i.e. write hex C intoc segment map register
Cr hex E0CO .into segment map register 1, which is addressed
¢t hex 8C00, hex 100C0 into segment map register 2 which |is
tddressed at hex 1CCCO and so.cn. This gives you 2 linear
two megabyte address spzce . for vyour 1lcgical address to
¢ddress vyour pace mapse and will result in a very simple
method of writing your ertire 1024 recister page map. In
the page mep,r eack pzge is hex B8CC bytes, thus the first
rage map exists 2t lccation hex A0C0CC. The second register
exists &t hex AQ08C0, the third register at AQ10CC, the
fourth register 2t AC180C anc¢ so on. The page map registers
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gre thus written with tteir ccntents 2t steadily increasing
cddresses with a delta velue of hex 800 &and an offset of
CxAQCCOO. The contents of the page map registers are writ-
ten by putting the 12 bits of physical address in the 1low
crder 12 bits of the 16 bit werd znd the 4 mode bits into
the high order 4 bits of the 16 bit word. Thus the pece map
mode control exists in the high order nibble of the 16 bit
word cr data lines 015 thru C12. Dota 1linmes D11 +thru 00
contain the 12 most significent bits of <the physical
égddress.

Now a few examples to help clarify the iésues.

Lets assume that the se¢ment map is set up in a linear
gddress ‘r'space fashion as described esrlier, that is segment
registers C conteins 0, segment register 1 contains 8CCO,
segment register 2 contains 1000C hex and so on. If we wish
to write virtuasl sddress Ox0 to physicel address (x0 in
local memory on the processcr board we would then urite a
Cx00CC into the page map register OxC. If hocwever we wish
to write to physical locetior Cx800 uhen we urote to virtual
eddress (xC we would write OxCCO1 into the page map register
Cx0. If we wished at virtual address Cx0 to actually access
rultibus memory address (xQ we wculd load the page map with
Cx2000C. If with virtuzl address Ox(0 we wished to write to
multibus I/0 spsce OxC we would 1load +the page map with
Cx30CC. If, 3s & final example ue wished to write with vir-
tual zddress Cx0 to non-existent memory ue uwould 1lozd the
page map with Cx1C00. :
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