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Problem 1 (20 points)

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

supportedn the VAX ISA.

Part b (5 points): The PDP-11hadseveraltwo-operandnstructionswith theformat

15 12 11 6 5

T T T
OPCODE SRC SRC2/DST
1 1 1 1 1 1 1 1 1

one-operandhstructionswith theformat

15 6 5

SRC/DST
1 1 1

[ .
OPCODE
L

andzero-operandéhstructionswith theformat

15

OPCODE
1

The ADD instructionhadopcode0110. The prefix property guaranteed
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Problem 1 continued

Part c (6 points): The virtual memorymanagemensystemis calledinto play on every memoryaccessnstruction.
In additionto translation the right to accesshe informationin the memorylocationis determined.The logic is as

follows:

COMBINATIONAL

LOGIC

Identify thethreeelementghatareinputto the combinationalogic requiredto make theyes/noaccesslecision.

YES/NO

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

Whatwould happenf we did not have one?
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Problem 2 (20 points)

Part a (10 points): You aregivenfour 1 MB, 8-bit wide, DRAM chipsto build a 4 MB, 2-way interleaved, word-
addressablanain memoryof alittle-endiancomputer Specifythe bit fieldsindicatedin the shadedegionsfor each
unspecifiedsignal.

COMBINATIONAL LOGIC
u’| u?’ u| i ur'| oo’ uP| uf _
Ol =2 ol =2 Ol =2 Ol =2 [ = 1]
CE WE CE WE CE WE CE WE
20xg 20xg 20x8 20yg |~ [ ]
i I i i
[ 1 711 ] [ 1 11 ]
v \ \ v
1
D[15:0]
Y
A[20:0]
PROCESSOR A ME
W

Write thelogic equationCEy, WEy, ..., CEs, WE3 in termsof theinputsshavn. Do notusemoreinputsthanrequired
to specifyeachoutput.

CEo

CE1 =

CE2 =

CEs

WE, =

WE1 =

WE2 =

WE3 =
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Problem 2 continued:

Part b (10 points): Supposehe memorysystemof Part a was changedo byte-addressable Thatis, the four 1
MB, 8-bit wide DRAM chipsform a4 MB, 2-way interleaved, byte-addressabl@main memory Specifythebit fields
indicatedin the shadedegionsfor eachunspecifiedsignal.

COMBINATIONAL LOGIC -
| uf M ur| i uf’ | uf
Ol =2 Ol = Ol =2 0. =2 [ ]
CE WE CE WE CE WE CE WE
20x8 20x8 20x8 20x8 - [ ) ]

A A

A

| D[15:0]
A[21:0]
ME
PROCESSOR B W
DS

TheISA for ProcessoB supportd DB, LDW, STB, andSTW instructions but doesnot supportunalignedaccesses.
NotetheadditionalcontrolsignalDS (datasize),wherel designatesvord accessand0 designatebyte accessWrite
thelogic equationdor CEy, WEy, ..., CEs, WE;3 in termsof theinputsshavn. Do not usemoreinputsthanrequired
to specifyeachoutput.

Ck =

CE1 =

CE

CE;

WE,

WEl =

WE2 =

WE;
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Problem 3 (20 points):

A physicallyaddressedacheis onein which the physicalmemorylocationsof eachcacheline canbeinferredfrom
its tag storeinformation.

We wantto designa physicallyaddressed}-way set-associate, write backcachewith arandomreplacemenpolicy.
Line sizeis 8 bytes.Virtual memoryis byte-addressableyith a 32-bit addresspaceandthe pagesizeis 4kB. Phys-
ical memoryhasa 26-bit addresspace.The memorymanagemensystemrestrictseven numberedvirtual pagesto
evennumbereghysicalframesandodd numberedrirtual pagego odd numberedhysicalframes.

We wantto beableto accesshe TLB, tagstoreanddatastoreof this cacheconcurrently

Sowe do not have to worry aboutback-translationables restrictionson sharedrames,or invalidatingthe cacheon
a context switch, we insistthata line of physicalmemorycannotbe presenin morethanoneslotin the cacheat the
sametime.

Part a (10 points): Whatis thelargestsize(in bytes)of the datastoreof the cachethatwill satisfyall of theabove?

Bytes

Part b (10 points): Whatis theminimumsize(in bits) of the correspondingag store?

bits
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Problem4 (20 points)

A machinehasatwo-level virtual addresgranslatiormechanisnsimilar to the VAX.

Themachines memorysystemis definedasfollows:

Virtual Memory Size: 4KB

PhysicalMemory Size: 256 Bytes

PageSize: 32 Bytes

Memoryis byte-addressable

Virtual addressspaceis partitionedinto PO space P1 space systemspaceand resered space. The spacea virtual
addresdelongsto is specifiedby the mostsignificanttwo bits of the virtual addresswith 00 indicatingPOspace01

indicatingP1spaceandl0indicatingsystemspace.

A PTEconsistof aValid bit, 3 bitsfor protectiona Referencéit, aModified bit, andthe PageFrameNumber(PFN).

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

Bytes

Part b (2 points): Usingthe PTE sizefrom parta, whatis the maximumsizeof aprocessP0Opagetablein Bytes?

Bytes
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Problem4 continued

Part ¢ (8 points): If POBRis x8C0andthe SBRis xC0, whatis the physicaladdressorrespondingdo virtual address
x243?Assumethatthevalid bit of a PTEis its mostsignificantbit andthe PFNis storedin its leastsignificantbits.

Thefollowing blocksarethe contentof a selectedareasof physicalmemorythatyou mayneedto solve this problem:

XCE | x8000 XEO | x8004 x00 | x0002 x80 | x0438
xDO0 | x0007 XE2 | xO0AO0 x02 | x8002 x82 | x0000
xD2 | x8003 XE4 | x0003 x04 | x8001 x84 | x8005
xD4 | x0000 XE6 | x0007 x06 | x0134 x86 | x0002

Note: Theremaybe moreinformationcontainecherethanneededo solve the problem.

PhysicalAddress
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Problem4 continued

Part d (3 points): Let's saythatduringthe translationof virtual addresx243,the valid bit of the 2nd PTE encoun-
teredwasa0, resultingin apagefault. Whatrangeof virtual addressem POspaceavould alsoresultin this pagefault?

From to

Part e (5 points): Let's saythatduringthetranslatiorof virtual addresx243,thevalid bit of the 1stPTEencountered
wasa0, resultingin a pagefault. Whatrangeof virtual addressem P0spacewvould alsoresultin this pagefault?

From to
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Problem5 (20 points):

We wish to usethe unusedpcodel010to implementa new instructionFETCH&OR which loadsa word from mem-
ory, performsan operation(OP) on it, and storesthe resultbackto the samememorylocation. The original value
whichwasloadedfrom memoryis savedin R7, andthe conditioncodesaresetbasecdbn thatvalue. OP canbe ADD,

AND, or XOR. Thesecondoperandcanbe eitherthe contentsof a registeror animmediatevalue. The specification

of thisinstructionis asfollows:

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

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

FETCH&XOR SR1,SR2
FETCH&XOR SR1,imm5

Encodings
15 12 11 10 ,9 8 6 5 3
T T T T T T T T T
FETCH&OP 1010 OP | O SR1 0 0 0| SR2
1 | | | 1 | | 1 1
15 12 11 10 9 8 6 5 4
T T T T T T T T T
FETCH&OP 1010 OP | 0| SRI 1 imm5
1 1 1 1 1 1 1 1 1

Encodingof the 2-bit valueOPis asfollows:

ADD/00
AND/01
XOR/10
Thevaluellisresered

Operation

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

el se

MVEM SR1]
R7 = TEMP;
setcc();

= TEMP OP SRz,

= TEMP OP SEXT(i mb);

10
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Problem5 continued:

To implementFETCH&OR we have addedhefollowing structurego the LC-3b datapath:

1. A 16-bitregistercalledTEMP
Thisrequiresanew controlfield, LD.TEMP, whichis theload enablesignalfor the TEMP registet

2. A two-inputmux, AMUX, to the A input of the ALU.
Thisrequiresanew controlfield, AMUX, specifiedasfollows:
SR1/0,the SR1sourcefrom theregisterfile
TEMP/1,thevalueof the TEMP register

3. A two-inputmux, ALUMUX, tothecontrolinputof the ALU.
Thisrequiresanew controlfield, ALUMUX, specifiedasfollows:
ALUK/0, the ALUK bits from the controlstore
X/1, the 2-bit signalX

IR[11:9] H0% 3 REG
< | PR SRIMUX
c 77 FILE J/
R7 —1

LD.REG—| <
3 |sre  sri| 3| 207 IR[1L9]

1 SRz OUT OUT <74 51
~—%— IR[8:6
DRMUX o [T RIS

16 16

LD.TEMP —*

ALUK 724>

X =]

ALUMUX

Figurel: Modified datapathio supportFETCH&OPInstruction
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Problem5 continued:

Part a (2 points): Identify the 2-bit signalX shonvn onthe datapathdiagram:

X:

Part b (10 points): We shav the beginning of the statediagramnecessaryo implementFETCH&ORP Using the
notationof the LC-3b StateDiagram,addthe bubblesyou needto implementthe FETCH&OPInstruction. Your job
is to describeinside eachbubblewhathappensn eachstateandassigneachstatean appropriatestatenumber You
shouldbe ableto implementthis statediagramusing5 or 6 new states.

NOTE: Your solutionmustwork for instructionsvhereSR2is R7 e.g. FETCH&ADD R1,R7

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

77 =

S1 10

S2

ol

12
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Problem5 continued:

Part ¢ (8 points): The processingn eachstateyou just addedis controlledby assertingor negatingeachcontrol
signal.Entera 1 or a0 asappropriatdor the microinstructionsorrespondingo the statesyou have added.

NOTE: Pleasausetheencodingspecifiedon the next pagefor all the signals.
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Tablel: Datapathcontrolsignals

SignalName Signal Values
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: PC+2(0) ;selectpc+2
BUS(1) ;selectvaluefrom bus
ADDER(2) ;selectoutputof addressadder
DRMUX/1: 11.9(0) ;destinatioriR[11:9]
R7(1) ;destinatiorR7
SRIMUX/1: 11.9(0) ;sourcelR[11:9]
8.6(1) ;sourcelR[8:6]
ADDRIMUX/1: PC(0),BaseR(1)
ADDR2MUX/2: ZERO(0) ;selectthevaluezero
offset6(1) ;selectSEXT[IR[5:0]]
PCofset9(2) ;selectSEXT[IR[8:0]]
PCofsetl1(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: Microsequencecontrolsignals

SignalName Signal Values
J/6:
COND/2: COND; ;Unconditional
COND; ;MemoryReady
COND; ;Branch
CONDs; ;Addressingviode
IRD/1: NO,YES

14



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

LDB

To 18 15

QAR<—LSHF(ZEXT[IR[7:O]]9

13
T0 18 5R<-SHF(SR,A,D,amt
set CC

PC<-PC+LSHF(0off9,1))
PC<-BaseR

To 18

To 18

R7<-PC
PC<-BaseR

R7<-PC

To'18 GC<—PC+LSHF(Of‘fl

1

i

To 18

To 18 CR< PC+LSHF(of‘f9

1)
)CMAR< B+off€D CAR< B+LSHF(off6} CAR< B+LSHF(off6) CMAR< B+off6)

set CC
/

To 18

\

24

NOTES

MDR<-SR[7:0]

B+off6 : Base + SEXT|[offset6]
PC+0ff9 : PC + SEXT[offset9]

23
C@DR< M[MAR[15 1]9 CDR< M[MAFDD MDR<-SR

*OP2 may be SR2 or SEXT[imm5| DR< MDR
** [15:8] or [7:0] depending on *1bR<- SEXT[BYTE DATA] M[MAR ]<-MDR M[MAR]<-MDR**
set CC
MAR[O]
L R
To18 T018 To18 To19

Figure2: A statemachinefor theLC-3b
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GateMARMUX

—?/MARMUX

A A

16 16

LD.REG—>

3
SR27L|>

SR2
ouT

SR1

<—ADDR1MUX 16

l<t-4-DR
3
OUT [@/4SR1

e I

v

—l>; SR2MUX7

Y

CONTROL

Y

6
SHF \vLIR[S:m

|<<—DATA.SIZE o)
LOGIC WE RW
l<—MAR[0]
LOGIC | MIO.EN
DATA.
y SIZE v é
WE1 WEO
16 ADDR. CTL.
MEMORY LoGIC
2 |1
MDR LD.MDR MEM.EN
MIO.EN i
[y
16 A6
LOGIC

|<+——DATA.SIZE
l<—MARI0]

INMUX

[ [
yOUTPUT

}kkl

Figure3: TheLC-3bdatapath
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J5]

0,0,IR[15:12]

|

J[4]

J3]

COND1

J

CONDO

BEN

J2]

J

Branch

N

J1]

ARN

Ready

IR[11]

J[0]

~—

ie

Address of Next State

<}— IRD

Figure4: Themicrosequencesf the LC-3b basemachine
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