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SCOPE

This specification describes the operation of the optional
Memory Management Unit (MMU) nsed with the NABU-12C0 system.

APPLICABLE DOCUMENTS
For additional information, refer to the following

publications:

NABU-1200 Engineering Specification.

GENERAL DESCRIPIION

The MMU consists of a printed circuit board which plugs
into the slot provided on the NABU-1200 CPU board.

The MMU performs the following functions:

1. Provides the operating system with multitasking
capability and memory access protection.

2. Dynamically allocates a maximum of 256 Kbytes of memory
to each user in a multi-user environment (128 Kbytes
for data + 128 Kbytes for code).

3. Multitasking operating systems such as CP/M and XENIX
can be implemented via the MMU.

COMPANY CCORFIDENTIAL



P

ENGINEERING
SPECIFICATION

PAGE 5 of 23
SPEC XXXXXXXX
REV.
DATE 82-05-25

cPu ]
P,
5Y5/ (SYSTEM mMopE)
|1y TORCY, TOMWCS
H— LK > R/W
CONTROL
ADDRE 55
All-A1
il * DECODER > Erratfa
] 5 ADRWIS/
4 ¢ DISABLE CPY ADDRESS 3
MODE - JOS/
1 SELECTION {Oe5ABLE STSTEm 1/0)
4 §2-5¢ STATUS | MMUEN/ (ENABLE HMU)
DECODER p—
Cl‘ll.. N HZ
WALTF | uArT
DECTECTTION
CLEAR
[4 55 > IHTERRU'T{ k'“11 .
" FLAG . .
$TATUS DECTECTION TRANSCENVERN
_ or-jog
CoTRG
DATA
fHw/ 1 ZERD
AooREss FASE o HWDIS/
H—e -t p=v XA16 ~xA12 PROTECTION CHEMORY WRITE
PROTECTON)
r A
Zro _ ADBRESS i
J—{ L f103-08 | TASK # 3-STATE RRSLATOR
A10-41 MUX . DT - BUFFER %s-an2
i (1K RAr) | nHoP CTRANSIATGY
4 1 |—] L&A= za12 . ADORESS)
LN 1
DMA 05 -be 3 ' —
- —
11 J STATE P NABU
€4S § o OACK1/, DALKY J BUFFER MM U MOOULE.
l Mlﬂm MHAL-MHMAd BLOCK DIAGRAM
! oeacw ). (Hul | Juwg 82°
Pigure 1 KMU Block Diagram

COMPINY CONFIBENTIAL




FFE TP S L SR SR ) _ - —_ -

SPECIPICATION REV., -—-

DATE B82-04-22

4.0 BLOCK DIAGRAM

Figure 1 is a block diagram of the NABU-1200 MMU. This
seciion describes the function and use of each component
conprising the block diagram.

4.1 Control Logic

The Control Logic section manages the MMU enable/disable
function and I/0 access.

4,2 3-State MDX

When the map is loaded to the Address Translator {(RAM), the =
addresses (Al0-Al) are passed through the 3-State "4 =
Multiplexer. When the map has been loaded, the lod%
addresses (AlQ0-Al) are disabled.

4.3 3-State Buffers

The 3-State Buffers handle DMA access (diskette operations).

4.4 Address Translator

The Address Translator requires the following inputs and
produces the Al19-Al2 translated addresses.

P N * : )
i, i Vnrroch the sode
\T1. 7% mdsk umber g o
“2.77 Code fetch/Data fetch signaly
T3 S nddress bltsAlZ—A];E. 4 . u{ . S L‘% [ a
: | . | . @ P e’ e d 7 "i_\g,.l;{/["\ .»f-;'a
' : S . AN S 'g-?.;‘(-\ =L otz
Address bits Al2-Al9. -
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The MMU is enabled via an I/0 instruction which activatés &»
one-way latch.,. When this latch is opn, the MMU cannot be
disabled until the system is reset. i}

The program that enables the
physical memory location, bo
activated. To ensure this,

the MMU must be in the logic

MMU must reside in the same
th before and after the MMU is'»
the instruction that activates |
al 0th block of the program.

When_thé%@ﬁ?*ismenébled,_?llnméﬁbryﬁaccessuﬁincludihg DMAY

cycles) is mapped accordingly. |

—

_When the MMU is enabled, -

two modes of operation’are'possibléb B

1. . SYSTEM. §

.2.,.‘TASK.3

0

1/0 operéfibné are ﬁdééible
Address Translator is loaded

mode only. T (0 opz &= 190l in witr pade | (oo b

oniyAiﬁ'SYSTEHwhcdég The
via I/0 instructions in SYSTEM

In TASK_m)éde”,:'the logical Oth block of data is write- 3

protécted.a

}

rio .
The logical Oth block of data amné—eede (Task and System)
must be mapped at absolute address 00000H-OOFFFH.

g
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SYSTEM-To~-TASK Transition

The instructions that control the transition from SYSTEM
mede to TASK mode must reside in the leogical 0th bleock of

the program. These instructions perform the following
functions:

l. Save the SYSTEM mode context.
2. Set the Task number.
, L fuct e on 14
3. . Set the Jam signal (1/0 instructionj? — *Euok moke. ce
, o : ~
4. Set the MMU to TASK Mode (I/0 instruction). -

5. Load the Task information (except for the flags, code
segment , and program counter).

6. Execute a Return from Interrupt (IRET) instruction.

TASK-To~SYSTEM Transition
TASK-to~SYSTEM transition is invoked by: f
of a specific I/0 and

1. 'SystemWCails_f_via_execution7
HALT instruction sequence. g

2. All maskable interruﬁts. ; 3

The following operations are performed when the system is
switched from TASK Mode to SYSTEM Mode:

T

1. I“TﬁefprOééssdf'Iﬁter:dpt'Ackﬁbwiédééméiéhaléetsﬂthe.Mﬁﬁrflmlyt

b=

to‘""SYkS'I‘EM""AMddWe".*? es poe ore Fetdod View weeiem dlodta

2. ‘@Hélf}ééé;fééde segﬁent,_aﬁd;ﬁrdéfémgééﬁﬁtef;ﬁféjﬁushed;ﬁ§

" onto the stack (because the Jam signal is still_ON, the 3.

TASK"data-area"is-used, rather than the SYSTEM data g
area) - - T T

3. Control is passed to the corresponding interrupt
handler.

4, The task context is saved in the TASK data area.

5. The Jam signal is reset,
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. 5.3 Address Translator

The Address TransSlator can manaye a maximum of 15 tasks, 3
plus the system. Generally, when the System signal is OFF,A
the TASK.area is used; when the System signal is ON, the ."
SYSTEM area is used. Zfable 1 illustrates the logic used to
determine the output.

| !

! System Signal | Jam Signal E Code/Data Fetch | Result |

et i A i e e —— I e e —— — e i i e - e ——— — . e o e e i i—- — - — — i PO . o ]

| | | | |

| ON I ON | Code | System f

. | ON | ON | Data | Task |
! ON | OFF | Code | System i

i ON | OFF | bata | System. |

| OFF | ON ] Code I Task |

l OFF | ON | Data | Task |

| OFF | OFF | Code i Error i

] OFF | OFF | Data | Error |

R ) e e et lze—m===mo|

. Table 1 Address Translator Logic
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PROGRAMMING INFPORMATION

Address Translator Loading

The Address Translator is loaded and verified via 1/0
instructions (except in TASK Mode}). Table 2 illustrates the
Translator map assignment. :

Example: the following instruction sequence maps the 0th
page of system code to page 0 of physical memory.

MOV DX,800RH :get I/0 address for page 0

MOV AL,O ;get page number
OUT DX,AL ;set translator map

NPLUY CONPIDENTIAL
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A e s A-“, Py Ce . fr el - -f_- f\../\__:r‘{" _\ H Sy
,‘____If%’_#_ ot = _’I?L“f-_ R Hf_“_'-_;_ii:’:;_:”f;: A f L
| l [
| CODE | DATA |
Pt ol
| i I I [
| Page No. | I/0 Address | Page No. | I/0 Address |
kaintetuiisiall iutubaiwsatatauiansiuil A S i o ]
| I | !
System | 0 ] 800 1 0 | 840 1
(Task 0) ] 1 | 802 [ 1 I 842 1
g 2 | 804 ]y 2 : 844 |
| 3 | 806 l 3 | 846 [
| 4 I 808 I 4 i 848 |
| 5 | 80A | 5 I 844 1
I 6 | 80C | 6 | 84C |
i 7 | 80E | 7 | 84E 1
] 8 | 810 | 8 I 850 |
| 9 ! 812 | 9 | 852 |
| 10 I 814 | 10 I 854 |
i 11 | 816 | 11 | 856 I
| 12 i~ 818 I 12 ] 858 1
| 13 l 81A f 13 | 85A
i 14 | 81C | 14 | 85C -=—-\0ofkﬁg“’*I“L
f 215 | 8lE ! s B5E< LA . | N
| 16 1T 820 | 15 N ‘—ﬁso=a;c$w«ﬁHQIWﬁu
| 17 ! 822 | 17 | 862 -
I 18 ! 824 1 18 | 864 —<— <oppses To
l 19 l 826 | 19 I 866 |
i 20 i 828 - 20 | 868 [
| 21 | 82A ! 21 [ 86A I
l 22 | 82C | 22 | 86C |
| 23 | 82E | 23 i 86E [
| 24 | 830 f 24 i 870 |
| 25 | 832 | 25 | 872 |
l 26 i 834 | 26 I 874 |
I 27 ! 836 I 27 | 876 !
! 28 ] 838 | 28 | 878 I
| 29 I 83A ! 29 ! 874 . |
e | 30 ; 83C | 30 | 87C i
I 31 | 83E 1 31 ! 87E |
el ot Pt iz e P 1

COMPANY

Table 2 Translator Map Assignment
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]
| CODE | DATA ]
| it e
! I f | ! I
! | Page No. | I/0 Address | Page No, | I/0 Address |
P atabe] bubsatiutatuatabutell bttt A St
I ! I { I | ,
| Task 1 | = 0 ! 880 ] 0 | 8CO =~ {ul sy Feil
] "‘D “ -ui:-‘“,’"f ‘ 1 f gg2 ] 1 I BC2 CS I . : )
| 3eo | 2 | 884 l 2 | 8C4 i
| i 3 i 886 | 3 f 8C6 I
| ! 4 I 888 i 4 ! 8C8 I
| | 5 | 88A ] 5 | 8CA ]
| | 6 ! 88C ! 6 | 8ceC |
| | 7 | 88E | 7 | 8CE !
[ ! 8 [ 890 | 8 1 8D0 t
| I 9 i Bg2 ! 9 i 8D2 |
| { 10 [ 894 | 10 | 8D4 |
| | 11 | B96 i 11 ! 8D6 ]
| | 12 i 898 i 12 | 8D8 1
! | 13 | 89A I 13 { 8DA !
| | 14 | BAC T | 14 | 8DC i
- 1 15 1 8AE <& 15 | 8DE _ A AT
I e codf5" 16 | 8BO A | 16 i BEQ —=— per AN
| | 17 | 8B2 T4 | 17 | 8E2 ]
- I 18 ] 8B4 ¢ fu | 18 | 8E4 !
l } 19 | B8B6 oL | 19 | 8E6 |
| | 20 | -8B8- ga & 20 ] BES8 |
| | 21 | ~-8BA A4 21 | 8EA |
! I 22 | 8Be thc | 22 | 8EC |
| | 23 | Jﬁﬂ%-ircl 23 | 8EE l
! | 24 | 8B0 ! 24 | 8F0 |
| | 25 i 8B2 | 25 | 8F2 |
I | 26 |- 8B4 i 26 i 8F4 |
| ! 27 I 8B6 | 27 | 8F§ I
| } 28 i 8B8 | 28 ! 8F8 |
! | 29 ! 8BA | 29 | 8FA |
| | 30 ] 8BC | 30 | 8FC |
‘a} | 31 | 8BE I 31 | 8FE !
: |

Table 2 Translator Map Assignment
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6.2 Command Description

Table 3 describes the instructions,

for the commands.

data,

SV e

DATE 82 05-25

and 1/0 addresses

I

| Command ix/0
| Function
!

|Address|Instruction|

l—______h..,.u_— [ e e A o —— - — e

AL, Content

ouT

ouT

ouT

ouT

ouT

ouT

IN

IN

ouT

OuT

ouT
HLT

(not relevant)
00H
01H

(See Table 3.1}
00H
01H

(not relevant

(not relevant)

(See Table 3.2)

{See Table 3.2)

(not relevant}

—— e — S S E—— —— — A Wl S— T S i —— — e Sl —

l}I Enable MMU I 20H
;I Set SYSTEM Mode I 228
; I Set TASK Mode I 228
a, I Load Task NumberI 24H
; I Reset Jam SlgnalI 26H
I Set Jam Signal I 26H
I Clear System I 26H
| Call |
'JI Clear NM1 I 28H
; I Floppy disk I
¢ | I/0 register | 2AH
I I Bard disk I
7% | I/0 register | 2CH
IIK\I System Call i 308
—1

I
|
I
I
l
I
|
|
!
I
I
I
|
I
|
!
I
I
I
I
l
I
|
|
I
!

i
I
I
!
I
I
!
[
I
I
I
|
I
[
I
!
I
|
!
!
I
!
I
|
i
!

Table 3 Command Description
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e — e — At —— —— — S T — — ey W Sl WA N T W— AL i e — —

m—— — p— — i — ——

L L a1 g 1 1 D 1 1
St e ge i s e e i i~ e e i e
ciete e az e ne e ne iz i iz e i
el ede e e e T e T A= I 7 a7

T T T R T I G I T L T T Ly
E [ [t 1N jon | 5_ O i~ | 8_ 9_ —t g l* l_ —~ i
SHe | | k» ETIVEL IV kﬁ sl o | hoe [ ae ] k“ x|
S_S_SﬂS_S_S_S_Sﬁs.S_S iy} S_S_S_S_
milmi|laloi]e]] o] a_ @ | a_ o | o||lo|ici|lm a_ o |
@ T“ T“ T“ T” TH T_ T" T~ Tm B T_ T“ Tﬁ T"

———r —— Rt i A ——— . — — T W et A P e SN A bt S w——

@

Table 3.1 AL Contents — Task Number
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) | ! ] | | I | i |
. | 0 | 0 [AY6] L4} L3| L2} L1| LOJ
et P el Fetond Pt ottt et el
b | | | ! =
| ] | | Sat— | Task number
| D | (see Table

|

| doooo—— oozl 3.1)

| e
!
[

| 0 | Code |

st el f———

11 I pata |

—— G — il T — — . —

——_] 0 | lower 64 K|
- — — | | -1
{ 1 | upper 64 K|

{ |

Table 3.2 AL Contents - DMA Por Floppy/Hard Disk

CoOMPANY CONFILENTIAL



¢

Enable MMU
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To enable the MMU, the following steps are performed.

1. Reset Jam Signal:

MOV  AL,D
our 26H,AL
2. Set Task number to System:
MOV  AL,O
ouT 24B,AL
3. Set SYSTEM Mode:
MOV  AL,O
ouT 22H,AL

4, Activate MMU:

ouT

SYSTEM-To-TASK

To pass control from SYSTEM Mode to TASK Mode,

20H,AL

steps are performed:

1. Save SYSTEM Mode context:

PUSH
POSH
PUSB
PUOSH
PUSH
POSH
PUSH
POSH
PUSE
PUSHF
HOV
HOV

COMPANY CONFIDENTI

AX
BX
CX
DX
SI
DI
BP
DS
ES

system_sp_save,SP
system_ss_save,SS

Al

the following
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Load stack information from task:
MoV cr, task-sp-save
MOV 85, task_—ss:save
Load task number:
MOV AL,task—number
ouT 24H,AL
Clear System Call and send EOI to Interrupt Controller:
IN 26H,AL' sclear—system_call

- MOV A&,GZH : send-EOI1
ouT 4A2H,AL

Set Jam signal:

MOV  AL,1
OUT H, AL
6

Set MMU to TASK Mode:
MOV AL,l
ogT 22H,AL

Restore task context (excluding flags, which are
auvtomatically picked up on the IRET instruction):

POP ES
POP bS
POP BP
POP DI
POP SI1
POP DX
POP CX
POP BX
POP AX

Execute Return from Interrupt Instruction:

IRET -
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System Call Interrupt Handler

Wwhen a System Call occurs, the following steps are

performed:

1. Save context of task making System Call {(Task area):
PUSH AX
PUSH BX
PUSH CX
POSEH DX
PUSH S1
POSH DY
PUSH BP
PUSH DS
PUSH ES

, ) ) - STE T A . .
Note that the flags need not be saved % System Calls are
activated via interrupts,- flags are saved during interrupt
handling.” ™"

2. Check whéthér_System Call is activated”via'ﬁropeg%
System Call instructions: o

IN _ AL,20B ;if bit 0 of AL set, then proper
* ;system call :

’ .
- a N 5 =l - — -

3. Reset Jam Signal: PF&’.-C—L:{.:.A éﬂ OWT 2O

MOV AL,O : . ) .

OUT 26H,AL (’f/lv\ +Hreg2¢ o Soumc Qsc_.m:{«f»;'—.
G- SzyaﬁLﬂu Caﬁjﬂ)

4, Save stack information from task (System area):

ROV task—sp-save,SP
MOV task—ss—save,SS5

A
e / gl R P« =
- . . ; , e peet e AT
= ;> TN A A SR K¢ ~ A SR
I ot L .’ - — e e — D ~ ‘.’(
G AN Gt '_\?t A PURIGE S o j-‘ A - ‘ - o .
f
o £ .. - ]
<& Tt S s ST T e R -
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5. Restore system context:

MOV sp,system”_sp_save
MOV §5,system_ss”save

POPF

POP ES
POP DS
POP BP
POP PI
POP SI
POP DX
POP Cx
POP BX
POP AX

5. Execute System Call.

Other Maskable Interrupt Handlers

To reset the interrupt, a context switch will be required in
addition to the normal codes. Refer to the NABU-1200
Programming Documentation for details.

Non-Maskable Interrupt Handlers oy ptne 'a{ sl éjﬁZﬂJols
v pu~&@k. ‘fJ]Aﬂfuﬁ

When a non-maskable interrupt occurs, ‘t

are performed:

fa . :
he following steps

1. The flag word saved on the task's stack is modified so
that the interrupt flag bit (bit 9 of the flag word) is -
set. '

2. The NMI register in the MMU board is reset:
IN AL,28H

3. The Return from Interrupt Instruction (IRET) is
executed. o

T o sgs madla

Pave

COMPANY CONFIDENTIAL
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7.0 PERFORMANCE

(To be announced).

8.0 INTERFACES

{To be announced).
9.0 PHYSICAL SPECIFICATIONS

9.1 Power Requirements

(To be announced).

8.2 Environmental Concerns

The MMU operates in the same environmental conditions as the
CPU board.

9.3 Physical Size

(To be announced).

10.0 RELIABILITY AND SERVICIKG

(To be announced).

10.1 INSTALLATION AND MAINTENANCE REQUIREMENTS

{To be announced).
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DATE 82-05-25

CODE 1 DATA
I,__f.__.-,.u_-——-—-_aw—— - e o e — — [_._._..«..,_h...._-.‘_,,_._._._._.—— - ——— i —
I [ | |
| Page No. } I1/0 Address | Page No. | I/0O Address

e e = — ——— l...,_.-_-._,_-_m«” e ———— o ——— — — |——————->‘—-—— [- e .t e o e e T e
[ | | ]

Task 2 | 0 I 900 i 0 ] 940 =
[ 1 ! 902 | 1 f 942
| 2 I 904 | 2 ] 944
{ 3 { 906 | 3 [ 946
| 4 i 908 | 4 | 948
| 5 | 90A | 5 } 94A
| 6 | 90C I 6 ! 94C
I 7 | 90E | 7 | 94E
{ 8 l 910 f 8 | 950
| 9 l 912 | 9 | 952
| 10 ] 914 | 10 I 954
| 11 ! 916 I 11 ! 956
[ 12 | 918 ] 12 | 958
| 13 ! 91A t 13 ! 952
I 14 I 91C ] 14 | 95C
! 15 } 91E [ 15 f 95E
I 16 | 920 | 16 | 960
] 17 | 822 | 17 | 962
{ 18 | 924 | 18 { 964
f 19 | 926 ! 19 I 966
| 20 | 928 | 20 | 968
[ 21 ] 92A | 21 | 96A
! 22 | 92¢ | 22 ] 96C
| 23 | 92E { 23 { 96E
| 24 | 930 ! 24 | 970
| 25 I 932 | 25 | 972
| 26 ! 534 | 26 | 974
| 27 | 936 i 27 | 976
{ 28 | 938 { 28 i $78
| 29 | 93a | 29 | S7A
] 30 ] 93C | 30 | 87¢C
| 31 | 93E ! 31 ] " 9FE

) ettt e et ettt P

P ———— AR P R sl e

COMPRNY

Table 2 Translator Map Assignment
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DATE 82-05-25

|
I CODE | DATA |
| e e ittty ettt ———————]
| I | I ! i
| | pPage No. | I/0 Address | Page No. | 1/0 Address |
!—~“—"——-~l-“—*—“"~~-"I-—***———***“—I""***““-“——I"““““”*“**‘*‘“*I N e
] | | I ! ~ |2
| Task 3 | 0 ! 980 | 0 | 9co  =S-—— DMV
| | 1 | 982 | 1 i ac2 |
[ | 2 | 984 | 2 t 9CA |
| | 3 | 986 ! 3 | 9C6 |
| | 4 ! 988 | 4 | aC8 i
] | 5 ] 98A | 5 | 9p0 ]
| ] 6 { 990 | 6 | 9
| I
{ | 29 | 9BA | 29 | . |
| | 30 | 9BC 1 30 | SFC |
} : 31 } 9BE { 31 i 9FE !
bl [Satatas et f ol s i i

Table 2 Translator Map Assignment (Con‘t)
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