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APPENDIX C 

MEMORY MANAGEMENT UNIT 

C.l GENERAL 

The Memory Management Unit (MMU) is a hardwore option which provides 

memory addressing and protection facilities for the P8S7 system. The MMU 's a 

system slave which operates under CPU Bus control. The thiee main functions of 

the MMU are: 

• 
• 
• 

C.2 

Address translation which extends memory addressing up to 128k v!orcls. 

Page Usage Timing for dynamic program relocotion on 0 poge bosis. 

full memory protection. 

Address Translation 

The primory function of the MMU is to <'xtend fT1f'mory oddressing up to 128k physicol 

words while retaining the 32k-word logical oddress sclection from the CPU instruction 

(Figures C-l and C-2). 

• A sixteen-segment toble is prr-Ioaded with perge addresses by a sirqle 

Tobie lood instruction. 

• [oeh CPU/memory t,ansfer 'IrQ fh" MMU (MMU tr"nslotian) fhpn uSC's ti,,, 

four most-significont oddress lines (SO-3) to sekct 0 tuble segment, and 

thus 0 poge oddress, while fhf~ 12 least-significont address hits scI0(' 0'10 

of the 2k words within the paCJe. 

• A Tobie Store instruction con be used by software to occess the 16-.,.ord 

segment table for testing or ciynomic r"lacotion. 

C.3 Page Usage Timpr 

The function of the Poge UsoCJc Timer is to keep track of which paCJes hove not bert' 

accessed within a certain Poqe r'~esidcncy Parameter (V'/inciov: Inte,voll. Tili'I)(]lCI'Y"'!>" 



is based on the number of MMU translations and is derived from a software constant 

and an MMU hC!rdware constant of 1024 (210). 

• 

• 

• 

• 

C.4 

An eight-bit (0-255) software constant is loaded into the MMU b'y a 

WER instruction. This interval time count is used as a software constant 

cornman to all 16 page timers. 

Each MMU translation resets the timel for the addressed page, and is 

counted as an "interval" time unit. 

Each time the interval count is complete, a single page timer (located 

in the MMU scratchpad) is inclemented, and the next sequential page 

timer is selected in preparation for the succeeding page-timer count. 

A non-addressed page thus counts to overflow after 0 number of·MMU 

translations e/jual to the software constant times the hardware constant 

1024 (210), os follows: 

Window interval (count 0-255). 

Sequential count through all 16 poge timers (2 4 ). 

Full six-bit poge timer (2 6 ). 

Memory Protection 

Each of the 16 words loaded into the segment table by the TL instruction includes, 

In addition to the page address, two memory-protection bits established by software. 

• 

• 

C.5 

C.6 

Bit 6 (E) -- The Poge Error bit is set to restrict the page to System Mode. 

If on address translation in User Mode (FU set) attempts to access the page, 

the translation is blocked ond MFAULTN is sent to the CPU. 

Bit 7 (R) -- The Read-Only Poge bit is set to restrict the page to read 

operotions only. If an address translation in User Mode attempts a write 

operatian on this page, the tronslatian is blacked and MFAULTN is sent 

to the CPU. 

SOFTWARE CONSIDERATIONS 

System/User Operations 

The main memory is divided into a System port and a User part, with the System 

part always located at the beginning of the memory (lowest addresses). The System 

part contains the supervision pragroms (monitors) ond their ossociated working 

areas (tables, buffers, etc.). The User port contains the user's running progloms 01 

real-time tasks, etc. The CPU operates in either System Mode 01 Usel Mode, ond 

certain instructions are restricted to System Mode only. 

C.7 The system port of memory is locoted in the beqillninq of memory ond is 

"limited to the first 32k word positions. Addressing the System part 01 memory is 

done with the 16-bit logical address directly from the CPU, Gild tht: MMU is not 

used. However, the System is able to extend its addlessing by IJsi",] the cxt<:"d"d 

instructions (EL, ES, MVSU, MVUS) which use MMU tronslatian. 

C .8 The maximum length of a single user progrom is J2k words, divided into 

pages of 2k words. The CPU addresses a user location with tire 16-l;it 10'jicol 

oddress. The MMU translotes the first four bits into a six-bit physicol 1)0ge odd"", 

(which was previously loaded into the MMU). The remaining 12 bits from the CPU 

then select one of 2k words within the selected page. 

C.9 System mode instructions used by the MMU: 

• 

• 

• 

L) loads 16 physicol'page addresses and protection bits from 

memory into the MMU segment table. This mlJst be done prior to addless 

translations through the MMU. 

Table StorejTS) stores the 16-word segment table (including page addl"sses, 

protection bits, and page timers) from the MMU into memory. 

Write External Reg;steJ (WER) loads a Window-Intervol soft wore constant 

into the MMU for use with the page timers. The WER instruction is not 

exclusive to MMU operations. 

Address translation is usually performed by the MMU while the CPU operates in 

User Made, and the MMU does memory-protection checkinq. There Gle, how"ver, 

four System-Mode instructions which are used for address tronslation operations: 

• 

• 

Extended Load (EL) and Extended Store (ES) ole used by the System to 

access the User area of memory to read or write 0 single word. 

Move Table User-to-System (MVUS) and System-to-Usel (MVSU) arc L1sed 

by the System to transfer blocks of data between the Uscr area of memory 

and the System area. 

The only difference the MMU notices for these System-Mode address tronslation 



operations is that the lIser-mode bit (FU) is not active, and the MMU does not 

do the memory-protection checking. 

Cl0 The Operating System must load the segment table every time a new 

User progrom is given control. The Operating System is also responsible for 

sending the J 8-bit physical nrldresses of the User's I/O buffers to the I/O channels 

(I/O Processors or DMA controllers). 

CII Page R"plnccment F aciliti"s 

CI2 Window Interval. The required window interval count (N) to obtain 

a specific pogc residency time (T) is: the time (T), divided by the overage memory 

oeee,s time (+f.), divided by the hardware constant (1024). 

J O? 4 . +f.. N or Nc T .:. +f. .;. 1 024 

r 01 exornple, if a page residency time of lOOms is desired and the average memory 

access time (+f.) is 2f1scc, the window interval count (N) is: 

I OOrns ~ 

( .13 

2f1sec 

\ 
\ 

1024 50 
\ \ Set into MMU by WER instruction. 

Hardware constant (count through 16 timers of si)( bits 

each) 

Average memory access time: produces one count each time 

for address translation. the MMU is accessed 

[lit M (08) is set by the MMU whenever a wrile 

()Pclotion (~j'lrr. instluctiord is. pf:dormcd on a specific page. This feature 

indieotc, te, lire Oper,dill:; System when a page needs to be swapped out before 

(J new pr()~JI(l1n )(~:Fnent is IO(lded at the same plucc. If not necessary, a direct 

f)'/01-'NlitirlrJ is possihle, IC'j.1Jltinq in a large saving of time. 
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( .14 LOG IC DESCRIPTION 

The MMU logic description is organized into the different operating sequences of 

the MMU. A general block diagram of the MMU is provided in Figure C-3. The 

cietoiled logic is shown in Figure C-I 0 at the end 

cliffe,cnt opernling sequences used in the MMU are: 

• T obi" L ood 

• fable Store 

• \V[I~ -- Interval Time Loading 

• Trollslolion Operalion 

• l!lcr·(~m('nt T imef 

• Poge F 01)11 

C .15 Table l.ood 

the logic description. The 

The CPU storts tl", Tobie Lood operotion (Figure C-4) in the MMU by sending 

TMt,H0. The CPU controls the operation with the signal BSYCPUAN which it 

s('ncis for ('0':1, of the 16 po'lC oddresscs to be loaded into the MMU segment table. . . . 
T Plv\~·j is reC('i'/cd frnm the memeny each time the data from the memory is valid. 

TMMH 
'108 I 

BjYcr!JA~J 

AIO 

~... 0:;( 

1 I ') 

( J S P /\ 

nOHf:MN 

.: I 

ihe fMMN signal resets counter CTSPA (via TI..5 and CTSPAZON) so thot 'PT'''''! 

table position 0 is selected for the first entry. The active signal TLSN enobl"s 

CTSPA countinq and selects the counter input to the SP-AddrE'5S Select')r '/. ith e 

high SPAS. 

C .16 When Ihe memory is ready with the data, TRMN goes octive ond rcrn()V"s 

the reset clamp STARTZON from the START flip-floD. The following high trOlls;tioll 

of OSC then sels START. The MMU clock Tl, 12, T3, T4 runs when ST.f.f;r is sct, 

synchronized on OSC from the CPU. One word with the page address end ~ern''';­

protection information is goted from BIO inlo the s"gment t"ble at tim" T3. i\ Iso 

at T3, DONEMN is sent to the CPU to request the next word transfer. 

C .17 Next Word Trnnsier. The CPU responds to DONEMN by droppinq 

BSYCPUAN. The MMU increments the CTSPA count at the troiling edqc of 

BSYCPUAN to select the next position in the scqment toble. START resets 0n Ihe 

first rising OSC after BSYCf'LJAN drops, and is Ireld rcscd when TRMN 90CS 

inactive. When mernory is reody with data, TRMr'J 90es octive ond the MI.~U 

f--.-.----~ 

1::0 i ,'0 

I~ I ' 



'L"lu<'llce (START, clock cycle, BIO· segment taGle, [)ONEMN) is repeated to 

I 00 d t his IV Or d . 

C,18 Last Word Transfer. The CPU drops TMMf'-1 after it receives the 16th 

DONEMN from the MMU. The inactive TMM signal in the MMLJ blocks further 

,ending of DONEMN to the CPU. In all othel respects, the MMU sequence for 

Ih" lost NOld tlollsfer is identicol to the previous transfer" 

C.19 Tab I eSt ore 

,he CPU storts the Table Store operation (Figule C-5) in the MMU by sending 

BOMf'N, The CPU controls the operation with the signal BSYCPUAN which it 

sends for each of the 16 segment-table words to be transferred out to memory. 

Ti<MN i, received from the memory each time the BIO data from the MMU has 

been accepted. The CPU uses TRMN 10 know when to initiole each transfer. 

111" BOMFN signal resets counter CISPA Ivio TtS and CTSPAZON) so that 

:.egmcnt took, position 0 is ~ple(.ted t')r the first t:nlry The active signal TLSN 

enables CTSPA counting and selects the counter inaut to the Sf'-Addr<:ss S"I,'ctor 

with a loigh SPAS. 

C20 The MMU uses BSYCPUAN and BOMFN to gate the first segment-table 

w;:>rd (including page address, memory protection, and pClge timer infurmation) 

onto the BIO to the memory. When the memory has acc.e~>t"d the duto, TI<tAN 

goes active and removes the reset clamp STARTZO~~ from the STAin flip-flop. 

The fallowing high transition of OSC then sets STAin. fhe START si(jllOl resets 

CTSPAZON to ollow the CTSPA counter to increment ot each truiling edge of 

BSYCPUAN. START and the MMU clock continue to operate v/ith each BSYCf'IJ/\li 

inputl but are not used for the rest of the Table Store operotion. 

e21 Each successive word is gated from the MMU segment lable onlo the 

BIO lines by the BSYCPUAN signal. The trailing edge of BSYCPU,Ad'1 inClerne"rc 

CTSPA to select the words sequentially from the segment table, The (I'll ICllninol(', 

the operation after the 16th word transfe, by d, oppinq the BOMI ~" ,irJllol, 

> 135--
).1 Q$j 

0,---.--------,-----1 
;;100 r-r...! >0 ») 1>40!>1 >40j 

-6 

CT,)PAlOGJ 

(lSP!-

j ~~-----1 j---------------------j 

.-.-------b~~R~D oE --·3-1-f::-3~]\GE3- EI~iiE3 
''':'':')5 '--·---~v--~ 1- -i :_ --i 

- GoU!d onto BIO by < 75 " 71 

I the MMU, but not 

I ·d.:Jlidoted in memory 

\ I II I I Ul I I I I I I I Ul I In I I I I II I In I In I I I I I 111 n 
\ l-- -- -

t--~ 
... 1___ _---:-::-\1......-... __ ..-::-:-: 
-~L9M!.!"~-2--S--T.ART I SEGME~c:TI SEGMENT T5 

i~ only used once, to re~et CTSPAZON 
~------~t r---------~ 

tJOllS Tirne~ in ns. 

OSC 5ignol is not c.umplete; shows only the relofiomhip LeIwe-en 

edge~ of BSYCPUAN ond 05(,101 conllolling START one:.. clock times. 

r igure C-5 Table Store Sequence 



C.72 WER -- Il\telv(ll Timo Landing 

T he CPU loods the window inlerval software constant inlo the MMU with oWER 

il\struction U"iqul(> C-6). The CPU 5101 Is the operation by activating BSYCPUAN 

'Jl1d, at the some time, placing Ihe MMU address on the MAD08-ls lines and 

plaein:) the window intelval softwOIe constant on the BI008-15 lines. When Ihe 

MMU decociel logic ektects its own address on the MAD lines and Ihe WER 

instl uction code !,MAD04 0), signal MAREN is activaled. Wilh decoded-address 

'i(1nol M/lf\l:N octive. the CPU timing signal TMEN sets flip-flop CLNBUF. The 

CLNBlJF output gotes the inlerval time from the BIO lines into Ihe BUFTIME 

legi,tel ond olso, in conjunction with TMEN, generates the timing response 

,i'1nnl Tf;MN hock to the CPU. 

C.73 The CPU lesponds to fRM~J by terminaling BSYCPUAN 10 Ihe MMU. 

The trailing "delC 'Of BSYCPUAN, gated by CLNBUF, sels the FCTIME flip-flop. 

';:ith FCTIM[ Sf't and the intClval time loaded in Ihe BUFTIME regisler, the MMU 

is rcady fOI PO'J~-time counling dUling the address-translation operations. When 

tlw CPI) d,ops lMU.J, the MMU lesets CLNBUF (via CLBUFZO, CLBUFZON) and 

drops the ncMt'-J sirJnal to the CPU. 

,,' 'I. I i ~----­

"(I 

'Ir, 

1,'1 

, 
I' I, 

, I 

-----I 
or' 

C',ndilion r~('ody 101 

rtiT-' -1 im" (')l}ntill'J 

dUI d H, AddH~~'; 
; r)n (),P"lfll i on-,. 

C.24 Tmnslntion Operation 

The CPU aclivates signal TMMU to indicate a memory Ironsfer re'luiring Mlv\U 

address translalion (Figure C-7). The MMU scratchpad addless selector is 

swilched to Ihe SOO-03 inpul by the inactive SPAS (FINCRN. tLSN"l. Tlv\MU 

and BSYCPUAN togethel gate the physical page address lSPOO-OS) f,am the 

location selected by the logical page address (500-03). 

C .25 The START flip-flop is set on Ihe firsl rising edge of OSC after BSYCPU/l~~ 

is received. Each trailing edge 0f OSC then increments the MMU clock. The 

signals TMMU.START .FIN(R'N (HANSL) set Ihe BUr08D seleclor 10 test the 

WRITE signal from Ihe CPU. TRANSLN, logelhel with TMMN.FINCR, sets the 

ALU to Ihe Logical-Zero' mode (F(N'CRN 10 the Mode input pin 8 selects Logical 

operations). The leading edge of T3 gates Ihe addressed-word timer from SP08-IS, 

Ihraugh the ALU, to Ihe Buffer: this resets the timer (bits 09-15) and sets bit 8 if 

Ihe operation is a Write operalion. The Buffer contents ore reloaded into SPOS-IS 

01 the trai I ing edge of T3. 

C.26 Wheo the SP word is (Jccessed by SOO-03, the bits 6 and 7 arc compared 

wilh Ihe CPU command bits FU and V/RITE. If bit 6 is sel (Jnd FLJ is active 

(System Mode only bit (Jnd User Mode), ERI\Ol\N is generClted. If bit 7 is set Clnd 

WRITE is (Jclive (Read-Only bil and Write command) and tU is set (USCI Mode i , 

ERRORN is generated and MFAULlN is sent to the CPU, This crlor condition 

prevenls setting TMRr at T2, and blocks the ",,,cling of .[ MRF to memolY, thus 

blocking the memory tronsfel. 

C.27 If the memory check is COllect, the TMI,F flip··flop is sct at T2 b/ the' 

rising edge of OSC. TMi\F Clnd START togethel send timing signal TMFN to the 

memory. 

the CPU. 

C.28 

When the memory port of the transfer is complete, rt sends 

The CPU responds bydlopril1C} ElSYCPlJAN to the MMU. 

'.-r"." , 
11\/\1\1',1 fl-' 

During Ihe fi,sl translation operation hllowinq u wu, insh'Jetion, 

flip-flop FCTIME is set. \Vhcn BSYCPUAr'-l drops (Jt th£' end of the fi"l 

Iranslalion, the complement of thee soflv/are cOllslont is qoled f,om the fll.:r TI~:\ 
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Each succeeding translation increments N J until 
CTIMETC is produced by full count. 

Figure C-7 Translation Sequences 



registe l into the CTIME counter. When BSYCPUAN drops at the end of all 

succeedinq translations, CTIME is incremented. 

C. 29 Incrcrnent Timer 

TII(' complement of the software constant IS loaded into CTIME from the BUFT 1M 

le'lister (Figure C-8). Each translation in clements CTIME so that it will be full 

when the number of translations equals the software constant. When the trailing 

edel" of BSYCPUAN increments CTIME to full, CTIMETC is produced. The next 

rising edele of OSC then scts flip-flop rINCR. The same edge of OSC also 

lescts TMRF (nOlmol tlanslation sequence). With TMRF removed from the CET 

input of CTIME, the CTIM[TC output drops. 

C. 30 The IINCR flip-flop activates SPAS so that thp scratchpad add less 

",lector ,cl('cts the CTSPA souref'. The active FINCR signal also sets the Al.U 

and th,.' BUIOBD selector to the alithmetic A' I mode. At the leading edge of 

time T3, the sClotrhpad poge tinH" (bits 08-15) selected by CTSPA is gated , 
through the ALl! into Ihe BUFFER. At Ihe trailinel edge of T3, the buffer contents 

arc loader! bock into the scratchpad, now incremented by 1. FINCR is reset 

by thc Ttl clock, and thc inactive FINCR si[lnal then resets T4 to end the increment 

timer l)equcrlr:~. 

(,31 T MI,r: is generated during the slJcceeding translation sequence and, 

SInce CTIME slill contoins its flJll count, the CTIME output is reactivated. At 

the end of th0 tl(Jllslotion then, CTI/vIETC couses the trailing edge of BSYCPUAN 

to incrern"nt Ilw (TSPA counter (lor selecting the next page timer) and to reload 

tl", CTIME '.o'Jnlcl Vlith the complement of the software constant from the BUFTIM 

I c(]ir,tc r • 

C.32 Page Fault 

A page fault is detected during a normal Translation sequence if a Uscr Mode 

operation (FU set) accesses a System-Mode-only page (bit 6 set) or if a Write 

operation is attempted (WRITE signal) in User mode on a read-only page (bit /' set). 

The resultant ERROR signal inhibits the T MRF flip-flop and blocks the sending of 

the memory timing signal TMR~I. The flip-flop FAULT is set at time T2 (Figure C-9l. 

FAULT generates the Mf-AULTt~ signal to the CPU, gates the SOO-03 bits int') the 

S-Buf register, and sets the BIOSO flip-flop. 

(. 33 BIOSO and BIOSI are now spt (co l,O) to select the P-Buf source 'Ira the 

BIO Select circuit. The CPU responds to MFAULT by sendine! BOMFN and 

BSYCPUAN to the MMU. These two signals together gate the P-Buf contents 

(POO-15) onto the BIO lines to the CPU. At the tlailing edge of BOMFN, 

BIOSO is reset and BIOSI is set (cO, 1) so they select the S-Buf and INTAD 

sources via the BIO Select circuit. The next time BSYCPUAN and BOMFN 

are received together from the CPU, the MMU gates the segment-table addless 

(500-03) and the MMU interrupt code (INTADO-5) onto th" BIO lines. 

(,34 The CPU activates BSYCPUAN once betwl'ell Ihe two BOMI'N signals 

to transfer its PSW to memory. Since BOMFN is not active, however, there is 

no action taken in the MMU at that time. 

Stack after Page Fault Interrupt 

o 4 8 

0 0 0 o I SO-tl I INTADO-S 

PSW 

PO-IS 

S = page number 

P = program counter or aborted instruction' 

13 15 

I 0 ° MMU 
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=l 
-J 
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C.35 INPUT/OUTPUT SIGNALS 

CPU· MMU Signals 

BSYCPUAN 

BOMFN 

FU I 
o 

GFETCH 

OSCFLO 

500-03 

TMMN 

TMMU 

CPU has Bus control. Validates Bus signals and controls all 
MMU operations. 

Table Store control signal. 
Page-fault stack-loading control signal: 
1st -- to read aborted instruction-counter value; 
2nd -- to read logic page address which set page fault and 

the program level of the page-fault job, coded on the 
MMU card. 

CPU In User Mode. Any memory violation sets page fault. 
CPU in System Mode. 

Fetch cycle is executed by CPU. Instruction counter value 
is loaded into MMU P-Buf register. 

CPU clock signal, used by MMU far internal timing. 

Logical page address from CPU P-register. 

Table Load control signal. 

Translation control signal; for page-address translation, memory 
protection check, and memory activation by the MMU. 

MMU· CPU Signals 

DONEMN 

MFAULTN 

MMUABS 

MMU reply during Table Load as each segment is loaded. 

Page fault is detected during translation. 

Held at Ov (inactive) when MMU card is in place. 

BUS· MMU Signals 

BIOON-ISN 

C LEARN 

TMEN 

TRMN 

MAD04-IS 

WRITE 

Data used during Table Load and WER operations. 

Clear signal for initializing system. 

WER instruction timing for loading the software constant into 
the MMU BUFTIM register. 

Memory reply: 
-- During Table Load and Table Store validates data. 
-- During translation releases memory activation. 

Address lines to: 
-- select the MMU during WER instruction, and 
-- stare the CPU instruction-counter value during each Fetch 

instruction cycle. 

CPU command for store cycles. Used during translation to test 
for page fault (read-only page and User Mode), and sets segment 
table Modified-Page bit (8) of accessed page (if no page fault). 

·------~---------------.-

( I? 

MMU - BUS Signals 

BIOON -15N Data used during Table Store or Page-Fault stack loading 
operations. 

• MADI28,64, 
0-3 Memory address lines for physical page addresses from the 

segment table. 

TMRN Activates memory during page address translation, if there 
is no page fault. 

TRMN External register reply to CPU when software constant is 
loaded during WER instruction. 

C.36 CIRCUIT BOARD AND COMPONENTS 

The Memory Management Unit is implemented on a double-sided printed circuit 

board. Component locations are shown on Figure C-II. The MMU uses connector 

3 for GP Bus connections and power, and connector 5 for special CPU control 

signals. The MMU parts list is given in Table C-I. A list and guide of the 

integrated circuits used by the MMU is provided in Figure C-12. 

C.37 ADDRESS/INTERRUPT U-UNKS 

The U-link connections for both the external-register address of the MMLJ and the 

interrupt level address are shown on Figure C-II. For both groups of U-links, the 

least-significant bits are at the top and the most-significant are at the bottom. 

The examples shown on Figure C-II are set up for the standard external-register 

address and standard interrupt level of the MMU (address /80 and level 47 10), 
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MMU/EXTERNAL REGISTER 
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ADDRESS SELECTION ~ 
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•• - I'IMU Sill 100 aSH. 

• • 

9 
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0w wo~ ill 
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Figure C-II MMU Cord Layout 
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