Chapter 4 —Input/Output Organization

4.1. After readingthe input data,it is necessaryo clearthe input statusflag before
the programbeginsa new readoperation.Otherwise the sameinput datawould

bereadasecondime.

4.2. The ASCII codefor the numbers0 to 9 canbe obtainedby adding$30to the
number Thevaluesl0to 15 arerepresentetly thelettersA to F, whoseASCI|
codescanbe obtainedby adding$37to the correspondindpinary number

Assumethe outputstatusbit is b, in registerStatus,andthe outputdataregister

is Output.
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4.3. TCA4,7DA4, TEA4, TFA4.

4.4. A subroutings calledby a programinstructionto performa functionneededy
thecalling program.An interrupt-servicgoutineis initiated by aneventsuchas
aninput operationor a hardwareerror. The functionit performsmay not be at



all relatedto the programbeing executedat the time of interruption. Hence, it
mustnotaffectary of the dataor statusnformationrelatingto thatprogram.

4.5. If executionof the interruptedinstructionis to be completedafter returnfrom
interrupt, a large amountof information needsto be saved. This includesthe
contentsof arny temporaryregisters,intermediateresults,etc. An alternatie is
to abortthe interruptedinstructionand startits executionfrom the beginning
afterreturnfrom interrupt. In this case theresultsof aninstructionmustnot be
storedin registersor memorylocationsuntil it is guaranteedhat executionof
theinstructionwill be completedwithoutinterruption.

4.6. (a) Interruptsshouldbe enabled exceptwhenC is beingserviced.The nesting
rulescanbeenforcedby manipulatingheinterrupt-enabldélagsin theinterfaces
of A andB.

(b) A andB shouldbe connectedo INTR,, andC to INTR;. Whenaninterrupt
requests recevedfrom eitherA or B, interruptsfrom the otherdevice will be
automaticallydisableduntil the requesthasbeenserviced. However, interrupt
requestgrom C will alwaysbeaccepted.

4.7. Interruptsaredisabledbeforethe interrupt-serviceoutineis entered.Oncede-
vice i turnsoff its interruptrequestjnterruptsmay be safelyenabledn the pro-
cessor If the interfacecircuit of device i turnsoff its interruptrequestwhenit
recevestheinterruptacknavledgesignal,interruptsmay be enabledat the be-
ginning of the interrupt-serviceoutine of device i. Otherwise,interruptsmay
be enabledonly aftertheinstructionthat causeslevice i to turn off its interrupt
requeshasbeenexecuted.

4.8. Yes,becaus@therdevicesmaykeeptheinterruptrequestine asserted.

4.9. The control programincludesaninterrupt-serviceoutine,INPUT, which reads
theinput charactersTransferof controlamongvariousprogramgakesplaceas
shawvn in thediagrambelow.

INTERRUPT

A numberof statusvariablesarerequiredto coordinatethe functionsof PROG
andINPUT, asfollows.



4.10.

BLK-FULL: A binaryvariable,indicatingwhetherablockis full andreadyfor
processing.

IN-COUNT: Numberof charactersead.

IN-POINTER: Pointsat the location wherethe next input charactetis to be
stored.

PROG-BLK: Pointsatthelocationof theblock to be processedy PROG.
Two memorybuffers are neededgachcapableof storinga block of data. Let

BLK(0) andBLK(1) betheaddressesf thetwo memorybuffers. The structure
of CONTROL andINPUT canbedescribedasfollows.

CONTROL BLK-FULL :=false
IN-POINTER := BLK(0)

IN-COUNT :=0
Enableinterrupts
i:=0

Loop

Wait for BLK-FULL
If notlastblockthen{
BLK-FULL :=false Prepareo readthe next block
IN-POINTER:= BLK(1 — 7)
IN-COUNT :=0
Enableinterrupts}
PROG-BLK :=BLK(7) Procesgheblockjustread
Call PROG
If lastblock thenexit
1= 1—14
EndLoop

Interrupt-serviceroutine
INPUT: Storeinput characteandincrementiN-COUNT andIN-POINTER
If IN-COUNT =N Then{
disableinterruptsfrom device
BLK-FULL :=true}
Returnfrom interrupt

Correction: In the last paragraph, change “equivalent value” to “equivalent
condition”.

Assumethat the interfaceregistersfor eachvideo terminal are the sameasin
Figure4.3. A list of device addressess storedin the memory startingat DE-
VICES, wherethe addresgjivenin thelist, DEVADRS, is thatof DATAIN. The
pointersto dataareasPNTRn, arealsostoredin alist, startingat PNTRS.

Note that dependingon the processarseveral instructionsmay be neededto
performthefunctionof oneof theinstructionsusedbelow.



POLL Move #20,R1 UseR1 asdevice counter:

LOOP Move DEVICES(R1),R2 Getaddres®f devicei
BitTest #0,2(R2) Testinput statusof a device
Branch£0 NXTDV Skip readoperationif notready
Move PNTRS(R1),R3  Getpointerto datafor device i
MoveByte (R2),(R3)+ Getandstoreinput character
Move R3,PNTRS(R1) Updatepointerin memory
NXTDV Decrement R1
Branch~0 LOOP
Return

INTERRUPT SameasPOLL, exceptthatit returnsoncea character
is read. If severaldevicesarereadyat the sametime,
theroutinewill beenteredseveraltimesin succession.

In casea, POLL mustbeexecutedatleastlO0timespersecond.ThusT )4, = 10
ms.

Theequivalentconditionfor caseb canbeobtainedby consideringhe casewhen
all 20 terminalsbecomereadyat the sametime. Thetime requiredfor interrupt
servicingmustbelessthantheintercharactedelay Thatis, 20 x 200 x 1079 <
1/e, or e < 250,000 char/s.

Thetime spentservicingtheterminalsin eachseconds givenby:
Casea: Time= 100 x 800 x 10~? ns= 80 us
Caseb: Time= 20 x r x 200 x 1072 x 100 = 400r ns
Caseb is abetterstratgy for » < 0.2.

The readermay repeatthis problemusing a slightly more completemodelin

which the polling time, P, for caseq is a function of the numberof terminals.
For example,assumeéhat P increasedy 0.5 us for eachterminalthatis ready
thatis, P = 20+ 20r x 0.5.

4.11. (a) Readtheinterruptvectornumberfrom thedevice (1 transfer).
Save PCandSR (3 transferson a 16-bit bus).
Readtheinterruptvector(2 transfersiandloadit in the PC.

(b) The68000instructionrequiringthemaximumnumberof memorytransfers
is:
MOVEM.L DO0-D7/A0-A7,LOC.L
where LOC.L is a 32-bit absoluteaddress. Four memorytransfersare
neededo readthe instruction,followed by 2 transfersfor eachregister
for atotal of 36.

(c) 36for completionof currentinstructionplus6 for interrupthandling,for a
total of 42.

4.12. (a) INTAL = INTR1
INTA2 = INTR2 - INTR1
INTA3 = INTR3 - INTR1 - INTR2




(b) Seelogic equationsn parta.

(c) Yes.

(d) In thecircuit below, DECIDE is usedto lock interruptrequests.The pro-
cessorshouldsetthe interruptacknavledgesignal, INTA, after DECIDE
returnsto zero. Thiswill causethe highestpriority requesto be acknawl-
edged. Note that latchesare placedat the inputs of the priority circuit. -
They could be placedat the outputs,but the circuit would be lessreliable
wheninterruptschangeat aboutthe sametime asarbitrationis takingplace
(racesmayoccur).
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4.13. In the circuit given below, register A recordswhich device was given a grant
mostrecently Only oneof its outputsis equalto 1 atary giventime, identifying
the highest-priorityline. The falling edgeof DECIDE recordsthe resultsof
the currentarbitrationcycle in A andat the sametime recordsnew requestsn
registerB. This preventsrequestshatarrive laterfrom changingthe grant.

The circuit requirescarefulinitialization, becauseone and only one output of
register A mustbe equalto 1. This outputdetermineghe highest-priorityline
duringagivenarbitrationcycle. For example,if theLSB of A is equalto 1, point
E2 will beequalto 0, giving REQ2the highestpriority.
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4.14. Thetruthtablefor a priority encodetis givenbelow.

1 2 3 4 5 6 7|IPLy IPL; IPLg
0O 0 000 0O 0 0 0
1 0 0 0O OO O 0 0 1
x 1 0 0 0 0 O 0 1 0
Xx x 1 0 0 0 O 0 1 1
X x x 1 0 0 O 1 0 0
X X x x 1 0 O 1 0 1
X X x x x 1 0 1 1 0
X X X x x x 1 1 1 1

A possiblemplementatiorfor this priority circuit is asfollows:
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IPLy = qa+ a5 + a6 + a7
IPL; = g6 + q7 + [PLa(q2 + q3)

IPLo = q7 +q5 - 46 + IPLa(qs + q1 - q2)

4.15. Assumethat the interfaceregistersare the sameasin Figure 4.3 andthat the
characters$o be printedarestoredin thememory

* ProgramA (MAIN) pointsto thecharactestringandcallsDSPLY twice

MAIN MOVE.L #ISR,VECTOR Initialize interruptvector
ORI.B #$80,SATUS  Enableinterruptsfrom device
MOVE #$2300,SR Setinterruptmaskto 3
MOVEA.L #CHARS,A0 Setpointerto charactetist
BSR DSPLY
MOVEA.L #CHARS,A0
BSR DSPLY
END MAIN

* SubroutineDSPLY printsthe charactestring pointedto by AO
* Thelastcharactein thestringmustbethe NULL character

DSPLY
RTS
* ProgramB, theinterrupt-serviceoutine,pointsat the numberstringandcalls DSPLY
ISR MOVEM.L  AO0,—(A7) Save registersused
MOVE.L NEWLINE,A0 Startanew line
BSR DSPLY
MOVEA.L #NMBRS,A0 Pointto the numberstring
BSR DSPLY
MOVEM.L  (A7)+,A0 Restoreregisters
RTE
* Characterandnumbergo bedisplayed
CHARS CcC IAB ...Z/
NEWLINE CB $0D, $0A, 0 Codedfor CR, LF andNull
NMBRS CB $0D, $0A
CC /01...901...901...9/
CB $0D, $0A, 0

WhenlISR is enteredthe interruptmaskin SRis automaticallysetto 4 by the
hardware.To allow interruptnesting the maskmustbe setto 3 atthe beginning
of ISR.

4.16. Modify subroutineDSPLY in Problem4.15to keepcountof thenumberof char
actergrintedin registerD1. BeforelSRreturnsjt shouldcall RESTORE,which
sendsanumberof spacecharacter§ASCII code20;6) equalto thecountin D1.



4.17.

4.18.

4.19.

4.20.

DSPLY
MOVE #$2400,SR Disablekeyboardinterrupts
MOVEB DO,DATAQOUT Printcharacter
ADDQ #1,D1

MOVE #$2300,SR Enablekeyboardinterrupts
RESTORE MOVE.L D1,D2

BR TEST
LOOP BTST #1,STATUS

BEQ LOOP

MOVEB  #$20,DATAOUT
TEST DBRA D2,LOOP

RTS

Notethatinterruptsaredisabledn DSPLY beforeprinting a characteto ensure
thatno furtherinterruptsareacceptedintil the countis updated.

The deluggercanusethe traceinterruptto executethe saved instructionthen
regain control. The dehuggerputsthe saved instructionat the correctaddress,
enabledraceinterruptsandreturns. The instructionwill be executed.Then,a
secondnterruptionwill occur andthedehuggerbeginsexecutionagain.Thede-
buggercannow removethe programinstruction,reinstallthebreakpointdisable
traceinterrupts thenreturnto resumeprogramexecution.

(@) Thereturnaddresswhichisin registerR14.svc,is PC+4,wherePCis the
addres®f the SWI instruction.

LDR R2,[R14,#-4] GetSWI instruction
BIC R2,R2#&FFFFFF00 Clearhigh-orderbits

(b) Assumethat the low-order 8 bits in SWI have the valuesl, 2, 3, ... to
requestservicesnumberl, 2, 3, etc. Useregister R3 to point to a table
of addressesf the correspondingoutines,at addressefR3]+4, [R3]+8,
respectiely.

ADR R3,EntryTable Getthetablesaddress
LDR R15,[R3,R2,LSI#2] Loadstartingaddresf routine

Eachdevice pullstheline down (closesa switchto ground)whenit is notready
It openghe switchwhenit is ready Thus,theline will behighwhenall devices
areready

Therequesfrom onedevice maybe masledby the other, becaus¢heprocessor
may seeonly oneedge.

INTR I
REQ1 —I—I—




4.21. AssumethatwhenBR becomesctive, the processomssertBG1 and keepsit
assertedintil BR is negated.

Dev. 3 asserts BR

BR1 L A I
BG1 — L
BG3 | L
BESY [ L

A I R
Processor %‘ P Dev. 1 4 P Dev. 3 4 P

4.22. (a) Device 2 requestghe bus andrecevesa grant. Beforeit releaseghe bus,
device 1 alsoassert8R. Whendevice 2 is finishednothingwill happenBR and
BG1remainactive, but sincedevice 1 doesnotseeatransitionon BG1it cannot
becomeahebus master

(b) No device mayasserBR if its BG inputis active.

4.23. For betterclarity, change BR to BR anduseaninverterwith delayd; to geneate
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Assumingdevice 3 assert8G4 shortly afterit dropsthe busreques{delayd.),
aspuriouspulseof width W = d; + 3d — ds will appeaonBG4.

4.24. Referto thetiming diagramin Problem4.23. Assumethatboth BR1 andBR5
areactivatedduringthedelayperiodds. InputBG1will becomeactive andatthe
sametime the pulseon BG4 will travel to BG5. Thus,bothdeviceswill receve
abusgrantatthe sametime.



4.25. A statemachinefor the requiredcircuit is givenin the figure belov. An output
calledACK hasbeenadded,indicatingwhenthe device may usethe bus. Note
thattherestrictionin Solution4.220 above is obsened(stateB).

BUSREQ, BG, BBSY/BR, BG{+1), BBSY, ACK
00x/0000 10x/1000

10x/0000

x0x/0000
x1x/0100

110/1000
0xx/0000

1xx/0011

4.26. The priority registerin the circuit belowv contains1111for the highestpriority
device and0000for thelowest.
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4.27. A larger distancemeandongerdelayfor the signalstraveling betweerthe pro-
cessomndtheinputdevice. Primarily, thismeanghatts — ¢4, t3 — t2 andis — t3
will increase.Sincelonger distancesnay also meanlarger skew, the intervals
t; — tg andty — t3 mayhave to beincreasedo cover worst-caseifferencesn
propagatiordelay

In the caseof Figure4.24,the clock periodmustbe increasedo accommodate
themaximumpropagatiordelay

4.28. A possiblecircuit is givenbelow.
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4.29. Assumethat the display hasthe bus addres=E40. The circuit belov setsthe
Loadsignalto 0 duringthe secondhalf of thewrite cycle. Therising edgeat the
endof theclock periodwill loadthedatainto thedisplayregister

D3
Do

—

A
s 7-segment
} 4-bit Display
Aq Register
Ag

— ) Load

Read/Write —‘>of
Clock

4.30. Generat&IN,,,.;+. in thesamewayaslLoadin ProblemP4.29.Thissignalshould
load the dataon D6 into an Interrupt-Enabldlip-flop, IntEn. The interruptre-
guestcannow begenerateésINTR = SIN - IntEn.

4.31. Hardwareorganizationanda statediagramfor the memoryinterfacecircuit are
givenbelow.
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4.32.

4.33.

4.34.

4.35.

4.36.

(a) Oncethe memoryrecevestheaddressanddata,the busis nolongerneeded.
Operationsnvolving otherdevicescanproceed.

(b) Thebus protocolmay be designedsuchthatno responseés neededor write
operationsprovidedthatarrival of theaddressanddatain thefirst clock cycleis
guaranteedThe mainprecautiorthatmustbetakenis thatthe memoryinterface
cannotrespondo otherrequestsintil it hascompletedhewrite operation.Thus,
asubsequenteador write operatiormay encounteadditionaldelay

Notethatwithout a responseignalthe processois notinformedif thememory
doesnot receve the datafor any reason.Also, we have assumedh simpleuni-
processoernvironment.For adiscussiorof the constraintsn parallel-processing
systemsseeChapterl 2.

In the caseof Figure 4.24,the lack of responsewill not be detectedand pro-
cessingwill continue,leadingto erroneousesults. For this reasona response
signalfrom thedevice shouldbe provided,eventhoughit is not essentiafor bus
operation.Thescheme®f bothFigures4.25and4.26provide aresponseignal,
Slave-ready No responsavould causethe bus to hangup. Thus, after some
time-outperiodthe processoshouldabortthe transactiorand begin executing
anappropriatebuserrorexceptionroutine.

Thedevice maycontainabuffer to holdtheaddreswalueif it requiresadditional
timeto decodat orto accessherequestedlata.In this casetheaddressnaybe
removedfrom thebusafterthefirst cycle.

Minimum clock period= 4+5+6+10+3= 28ns
Maximumclock speed= 35.7MHz

Thesecalculationsassumeno clock skew betweerthe sendermndtherecever.

t1 — to > busskew =4 ns

to — t1 = propagatiordelay+ addresslecoding+ accesgime
=1to5+6+5t010=12to21ns

ts — to = propagatiordelay+ skaw + setuptime
=1to5+4+3=8to12ns

ts — t3 = propagatiordelay= 1to 5 ns

Minimumcycle =4+ 12+8+1=25ns

Maximumcycle =4 +21+12+5=42ns
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