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Name:

Problem1 (20points)

Part a (4 points): The VAX hasan instructionINSQUE ptr1, ptr2 which causesthe nodepointedto by ptr1 to be
insertedinto a doubly linked list immediatelyafter the nodepointedto by ptr2. We saythe doubly linked list is a

supportedin theVAX ISA.

Part b (5 points): ThePDP-11hadseveraltwo-operandinstructionswith theformat

���������
	����
15                12   11                               6     5                                0

�����
�	�� �������

one-operandinstructionswith theformat

15                                                          6     5                                0
�������
	����
�����
�	��

andzero-operandinstructionswith theformat

15                                                                                                   0

�����
�	��

TheADD instructionhadopcode0110.Theprefix property guaranteed

.
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Name:

Problem1 continued

Part c (6 points): Thevirtual memorymanagementsystemis calledinto play on every memoryaccessinstruction.
In additionto translation,the right to accessthe informationin the memorylocationis determined.The logic is as
follows:

LOGIC

COMBINATIONAL YES/NO

Identify thethreeelementsthatareinput to thecombinationallogic requiredto make theyes/noaccessdecision.

Part d (5 points): A pagetablehasabaseregisterandalength(akalimit) register. Thepurposeof thelengthregisteris

.

Whatwould happenif wedid not haveone?

.
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Name:

Problem2 (20points)

Part a (10 points): You aregivenfour 1 MB, 8-bit wide, DRAM chipsto build a 4 MB, 2-way interleaved,word-
addressablemainmemoryof a little-endiancomputer. Specifythebit fieldsindicatedin theshadedregionsfor each
unspecifiedsignal.
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COMBINATIONAL LOGIC
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PROCESSOR A

D[15:0]

Write thelogic equationsCE� , WE� , ...,CE� , WE� in termsof theinputsshown. Do notusemoreinputsthanrequired
to specifyeachoutput.
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4



Name:

Problem2 continued:

Part b (10 points): Supposethe memorysystemof Part a waschangedto byte-addressable. That is, the four 1
MB, 8-bit wide DRAM chipsform a 4 MB, 2-way interleaved,byte-addressablemainmemory. Specifythebit fields
indicatedin theshadedregionsfor eachunspecifiedsignal.
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COMBINATIONAL LOGIC

D[15:0]

A[ 21 : 0 ]

ME
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DS

PROCESSOR B

TheISA for ProcessorB supportsLDB, LDW, STB,andSTW instructions,but doesnot supportunalignedaccesses.
NotetheadditionalcontrolsignalDS(datasize),where1 designateswordaccess,and0 designatesbyteaccess.Write
thelogic equationsfor CE� , WE� , ..., CE� , WE� in termsof theinputsshown. Do not usemoreinputsthanrequired
to specifyeachoutput.

CE� =

CE� =

CE� =

CE� =

WE� =
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Name:

Problem3 (20points):

A physicallyaddressedcacheis onein which thephysicalmemorylocationsof eachcacheline canbeinferredfrom
its tagstoreinformation.

We wantto designaphysicallyaddressed,4-wayset-associative,write backcachewith a randomreplacementpolicy.
Line sizeis 8 bytes.Virtual memoryis byte-addressable,with a 32-bit addressspace,andthepagesizeis 4kB. Phys-
ical memoryhasa 26-bit addressspace.The memorymanagementsystemrestrictsevennumberedvirtual pagesto
evennumberedphysicalframesandoddnumberedvirtual pagesto oddnumberedphysicalframes.

We wantto beableto accesstheTLB, tagstore,anddatastoreof thiscacheconcurrently.

Sowe do not have to worry aboutback-translationtables,restrictionson sharedframes,or invalidatingthecacheon
a context switch,we insist thata line of physicalmemorycannotbepresentin morethanoneslot in thecacheat the
sametime.

Part a (10points): Whatis thelargestsize(in bytes)of thedatastoreof thecachethatwill satisfyall of theabove?

Bytes

Part b (10 points): Whatis theminimumsize(in bits)of thecorrespondingtagstore?

bits
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Name:

Problem4 (20points)

A machinehasa two-level virtual addresstranslationmechanismsimilar to theVAX.

Themachine’smemorysystemis definedasfollows:

Virtual MemorySize:4KB
PhysicalMemorySize:256Bytes
PageSize:32 Bytes
Memoryis byte-addressable

Virtual addressspaceis partitionedinto P0 space,P1 space,systemspaceandreserved space.The spacea virtual
addressbelongsto is specifiedby themostsignificanttwo bits of thevirtual address,with 00 indicatingP0space,01
indicatingP1space,and10 indicatingsystemspace.

A PTEconsistsof aValid bit, 3 bits for protection,aReferencebit, aModifiedbit, andthePageFrameNumber(PFN).

Part a (2 points): Whatis theminimumsizeof aPTEin Bytes?

Bytes

Part b (2 points): UsingthePTEsizefrom parta,whatis themaximumsizeof aprocess’P0pagetablein Bytes?

Bytes
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Name:

Problem4 continued

Part c (8 points): If P0BRis x8C0andtheSBRis xC0,whatis thephysicaladdresscorrespondingto virtual address
x243?Assumethatthevalid bit of a PTEis its mostsignificantbit andthePFNis storedin its leastsignificantbits.

Thefollowing blocksarethecontentsof aselectedareasof physicalmemorythatyoumayneedto solvethisproblem:

xCE x8000 xE0 x8004 x00 x0002 x80 x0438
xD0 x0007 xE2 x00A0 x02 x8002 x82 x0000
xD2 x8003 xE4 x0003 x04 x8001 x84 x8005
xD4 x0000 xE6 x0007 x06 x0134 x86 x0002

Note: Theremaybemoreinformationcontainedherethanneededto solve theproblem.

PhysicalAddress:
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Name:

Problem4 continued

Part d (3 points): Let’s saythatduringthetranslationof virtual addressx243,thevalid bit of the2ndPTEencoun-
teredwasa0, resultingin apagefault. Whatrangeof virtual addressesin P0spacewouldalsoresultin thispagefault?

From to

Part e(5 points): Let’ssaythatduringthetranslationof virtual addressx243,thevalid bit of the1stPTEencountered
wasa0, resultingin a pagefault. Whatrangeof virtual addressesin P0spacewouldalsoresultin thispagefault?

From to
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Name:

Problem5 (20points):

We wish to usetheunusedopcode1010to implementanew instructionFETCH&OP, which loadsaword from mem-
ory, performsan operation(OP) on it, andstoresthe resultbackto the samememorylocation. The original value
which wasloadedfrom memoryis savedin R7,andtheconditioncodesaresetbasedon thatvalue.OPcanbeADD,
AND, or XOR. Thesecondoperandcanbeeitherthecontentsof a registeror animmediatevalue.Thespecification
of this instructionis asfollows:

AssemblerFormats
FETCH&ADD SR1,SR2
FETCH&ADD SR1,imm5

FETCH&AND SR1,SR2
FETCH&AND SR1,imm5

FETCH&XORSR1,SR2
FETCH&XORSR1,imm5

Encodings

��� �������
15                12   11   10    9    8           6    5           3     2          0   

�! �"$#�%'&)(�*

�! �"$#�%'&)(�* +�
15                12   11   10    9    8           6    5     4                       0   

, -.-./

��� ++ � + � (�*

��� ++ � + � (�*

Encodingof the2-bit valueOPis asfollows:
ADD/00
AND/01
XOR/10
Thevalue11 is reserved

Operation

TEMP = MEM[SR1];
if ( bit[5] == 0 )

MEM[SR1] = TEMP OP SR2;
else

MEM[SR1] = TEMP OP SEXT(imm5);
R7 = TEMP;
setcc();
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Name:

Problem5 continued:

To implementFETCH&OP, wehaveaddedthefollowing structuresto theLC-3bdatapath:

1. A 16-bit registercalledTEMP

This requiresanew controlfield, LD.TEMP, which is theloadenablesignalfor theTEMPregister.

2. A two-inputmux,AMUX, to theA input of theALU.

This requiresanew controlfield, AMUX, specifiedasfollows:

SR1/0,theSR1sourcefrom theregisterfile

TEMP/1,thevalueof theTEMPregister

3. A two-inputmux,ALUMUX, to thecontrolinput of theALU.

This requiresanew controlfield, ALUMUX, specifiedasfollows:

ALUK/0, theALUK bits from thecontrolstore

X/1, the2-bit signalX

SR2MUX

16
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16
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OUT
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REG
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16 16
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Figure1: Modifieddatapathto supportFETCH&OPinstruction
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Name:

Problem5 continued:

Part a (2 points): Identify the2-bit signalX shown on thedatapathdiagram:

X:

Part b (10 points): We show the beginning of the statediagramnecessaryto implementFETCH&OP. Using the
notationof theLC-3b StateDiagram,addthebubblesyou needto implementtheFETCH&OPinstruction.Your job
is to describeinsideeachbubblewhathappensin eachstateandassigneachstateanappropriatestatenumber. You
shouldbeableto implementthis statediagramusing5 or 6 new states.

NOTE: Yoursolutionmustwork for instructionswhereSR2is R7 e.g.FETCH&ADD R1,R7

[IR[15:12]]
BEN<−IR[11] & N + IR[10] & Z + IR[9] & P State 32

S1

S2

R

1010

R

10
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Name:

Problem5 continued:

Part c (8 points): The processingin eachstateyou just addedis controlledby assertingor negatingeachcontrol
signal.Entera 1 or a 0 asappropriatefor themicroinstructionscorrespondingto thestatesyouhaveadded.

NOTE: Pleaseusetheencodingsspecifiedon thenext pagefor all thesignals.
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Table1: Datapathcontrolsignals
SignalName SignalValues
LD.MAR/1: NO(0),LOAD(1)
LD.MDR/1: NO(0),LOAD(1)

LD.IR/1: NO(0),LOAD(1)
LD.BEN/1: NO(0),LOAD(1)
LD.REG/1: NO(0),LOAD(1)

LD.CC/1: NO(0),LOAD(1)
LD.PC/1: NO(0),LOAD(1)

GatePC/1: NO(0),YES(1)
GateMDR/1: NO(0),YES(1)
GateALU/1: NO(0),YES(1)

GateMARMUX/1: NO(0),YES(1)
GateSHF/1: NO(0),YES(1)

PCMUX/2: PC0 2(0) ;selectpc0 2
BUS(1) ;selectvaluefrom bus
ADDER(2) ;selectoutputof addressadder

DRMUX/1: 11.9(0) ;destinationIR[11:9]
R7(1) ;destinationR7

SR1MUX/1: 11.9(0) ;sourceIR[11:9]
8.6(1) ;sourceIR[8:6]

ADDR1MUX/1: PC(0),BaseR(1)

ADDR2MUX/2: ZERO(0) ;selectthevaluezero
offset6(1) ;selectSEXT[IR[5:0]]
PCoffset9(2) ;selectSEXT[IR[8:0]]
PCoffset11(3) ;selectSEXT[IR[10:0]]

MARMUX/1: 7.0(0) ;selectLSHF(ZEXT[IR[7:0]],1)
ADDER(1) ;selectoutputof addressadder

ALUK/2: ADD(0), AND(1), XOR(2),PASSA(3)

MIO.EN/1: NO(0),YES(1)
R.W/1: RD(0),WR(1)

DATA.SIZE/1: BYTE(0), WORD(1)
LSHF1/1: NO(0),YES(1)

Table2: Microsequencercontrolsignals
SignalName SignalValues

J/6:
COND/2: COND� ;Unconditional

COND� ;MemoryReady
COND� ;Branch
COND� ;AddressingMode

IRD/1: NO, YES
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Figure2: A statemachinefor theLC-3b
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IRD

Address of Next State
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Figure4: Themicrosequencerof theLC-3b basemachine
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