Sample EECS 370 FInRelANSWERS

Youwill have 1 hour, 50 minutesto work on this exam,whichis closedbook. You mayusea
calculator

Thereare6 problemson 13 pagesYou areto abideby the University of Michigan/Engineer-
ing honor code.Pleasesign below to indicatethat you have abidedby the honor codeon this
exam.

Honor code pledge: | kra neither gien nor recefed aid on this>am.

Signature:

Name:

Unigname:
Problem 1 out of 25
Problem 2 out of 25
Problem 3 out of 10
Problem 4 out of 15
Problem 5 out of 15
Problem 6 out of 10

Total: out of 100
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1. Pipelining (approx. 25 minutes)

TheProject3 implementatiorof the LC-900did notincludethejalr instruction.Yourjob is to
modify the Project3 pipelineto includejalr. Assumethe PCis writtenin the EX stageof jalr, and
thatjalr works muchlike a branch:instructionsarefetchedafter the jalr, thenturnedinto noops
whenthe PCis written. The PC+1valueis written to regB in the writebackstage,aswith most
instructions.

Following this question is the Project 1 description of the LC-900 in case you need it.

A. Fill in the pipeline timing diagram below. Assumethe jalr jumps to the instruction
after the shadedregion.UselF* and ID* in the sameway they were usedin class.If a stage
executedout the results(that would have goneto the next pipeline register)are tur nedinto a
NOOP, write the stage name and ass it out (e.gEX).

cycle numbef 0 1 2 3 4 5 6 7 8
WB

jalr 12 IFE 1D EX MEM

add333 IF B

sw 04 100 E

nand555

add222 IE ID EX |MEM (WB

For eachoccurrenceof forwarding, write the following line (filling in the 3 specificitems
between the angle brackts <>):

<pipeline stage name>n cycle <cycle number>gets data frompipeline register name>

EX in cycle 5 gets data from WB/ END
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B. Fill in the pipeline timing diagram below. Assumethe jalr jumps to the instruction
after the shadedregion.UselF* and ID* in the sameway they were usedin class.If a stage
executeshut the results(that would have goneto the next pipeline register)are turnedinto a
NOOP, write the stage name and @ss it out (e.gEX).

cycle numbef O 1 2 3 4 5 6 7 8 9 | 10
lw0 1100 IE [ID [EX |MEM|wWB

jalr13 IE ID* |ID EX |MEM | WB

add222 I |IE |1

sw 0 4 100 IE

nand 555

add 6 6 6 IE |ID |EX |MEM |WB

For eachoccurrenceof forwarding, write the following line (filling in the 3 specificitems
between the angle brackts <>):

<pipeline stage name>n cycle <cycle number>gets data frompipeline register name>

EX in cycle 4 gets data from MEM VB
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C. During the EX stageof jalr, the PC is written with the target address.Here are the
Project 3 typedefsfor the pipeline registers.Cir cle all fields that could be written to the PC
during the EX stage of jalr.

typedef struct |FIDStruct {
int instr;
i nt pcPlusli;

} | FI DType;

typedef struct |DEXStruct {
int instr;
i nt pcPlusli;
i nt readRegA;
i nt readRegB;
int offset;

} 1 DEXType;

t ypedef struct EXMEMStruct {
int instr;
i nt branchTarget;
int al uResult;
i nt readRegB;

} EXMEMType;

t ypedef struct MEMABStruct {
int instr;
int witeData;

} MEMABTYpe;

typedef struct WBENDStruct {
int instr;
int witeData,;

} VBENDType;

| DEX. r eadRegA

| DEX. pcPl usl

EXVEM al uResul t
MEM/B. wr i t eDat a
VBEND. wr i t eDat a

Sample EECS 370 Final—ANSWERS 4 0f 13



Unigname:

The LC-900 is an 8-register, 32-bit computer. All addresses are word-addresses.
The LC-900 has 65536 words of memory. By assembly-language convention, register
0 will always contain 0 (i.e. the machine will not enforce this, but no assem-
bly-language program should ever change register 0 from its initial value of
0).
There are 4 instruction formats (bit O is the least-significant bit). Bits 31-
25 are unused for all instructions, and should always be 0.
R-type instructions (add, nand):
bits 24-22: opcode
bits 21-19: reg A
bits 18-16: reg B
bits 15-3: unused (should all be 0)
bits 2-0: destReg
I-type instructions (lw, sw, beq):
bits 24-22: opcode
bits 21-19: reg A
bits 18-16: reg B
bits 15-0: offsetField (a 16-bit, 2’'s complement number with a range of
-32768 to 32767)
J-type instructions (jalr):
bits 24-22: opcode
bits 21-19: reg A
bits 18-16: reg B
bits 15-0: unused (should all be 0)
O-type instructions (halt, noop):
bits 24-22: opcode
bits 21-0: unused (should all be 0)
Instruction Opcode Action
add (R-type) 000 add contents of regA with contents of regB,
store results in destReg.
nand (R-type) 001 nand contents of regA with contents of regB,
store results in destReg
Iw (I-type) 010 load regB from memory. Memory address is formed
by adding offsetField with the contents of regA.
sw (I-type) 011 store regB into memory. Memory address is formed
by adding offsetField with the contents of regA.
beq (I-type) 100 if the contents of regA and regB are the same,
then branch to the address
PC+1+offsetField,where PC is the address of the
beq instruction.
jalr (3-type) 101 First store PC+1 into regB,where PC is the
address of the jalr instruction. Then branch to

the address now contained in regA. Note that if

regA is the same as regB, the processor will
first store PC+1 into that register,
branching to PC+1.

halt (O-type) 110 Increment the PC (as with all instructions),
then halt the machine (let the simulator notice
that the machine halted).

noop (O-type) 111 do nothing.

then end up
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2. Cache Analysis (approx. 25 minutes)

Your EECS380 programis generatingaccessesn a processowith a CPU cache.The CPU
cachehasa block size of 4 bytes.The only datastructurein your programis an arraywith 4096
elementsEacharrayelements 1 byte. Thereis oneinput paramete(stride) to your program.
Your programreadsthe arrayaccordingto the parametestridein the following pattern(yes,this
is an infinite loop).

byt eAddress = 0;

while (1) {
read array[ byt eAddress % 4096];
byt eAddress += stride;

For example with stride= 4, theaccesgpatternwould be:byte0, 4,8,12,16, ..., 4088,4092,
0,4, 8...Ignoretheaccesseduringthefirst time throughthearray(i.e. give the missrateafterthe
programhasbeenrunningfor avery longtime andhasgonethroughthe entirearraymary times).

Assumethe CPU cacheis direct-mapped. Fill in eachentry of the following tablewith the
CPU cachemissrate for a gven combination of stride and cache size in bytes.

Cache Sizein Bytes
Stride 512 1024 2048 4096 8192
1 25% 25% 25% 0% 0%
4 100% 100% 100% 0% 0%
16 100% 100% 100% 0% 0%

Now assumehe CPUcacheis fully associative and L RU. Fill in eachentryof thefollowing
table with themissrate for a gven combination of stride and cache size in bytes.

Cache Sizein Bytes
Stride 512 1024 2048 4096 8192
1 25% 25% 25% 0% 0%
4 100% 100% 100% 0% 0%
16 100% 0% 0% 0% 0%
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3. Cache Performance (approx. 10 minutes)

Your job is to computethe CPI of a non-pipelinedcomputerwith split instructionanddata
cachegbothof which arewrite-backcaches)Cacheandmemoryaccessesannotbe overlapped.
You are given the following information (not all of which is needed) Compute the CPI (to 3
decimal places), then check thedatain thetables below that was needed to compute CPI. We
will grade on getting the correct CPIl and on checking only that information that is needed.

CPI for each type of instruction Workload information

check if Type qf CPI check if Type qf Per cent of
needed || Instruction needed || Instruction | Workload
R-type 4 R-type 40%
Iw 5 Iw 25%
S 4 S 20%
beq 3 beq 15%
jalr 2 jalr 0%
Cache information
check if
needed
time to read a cache block from memory 11 gscles
time to write a cache block to memory 12 gycles
I-cache size 128 KB
I-cache block size 32 bytes
I-cache associatity 2
I-cache replacement pojic FIFO
I-cache miss rate 5%
D-cache size 1 MB
D-cache block size 128 bytes
D-cache associaity 4
D-cache replacement pajic LRU
D-cache miss rate 10%
% of D-cache accesses that cause write-backs 2%
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CPI with perfect cache = 40%*4 + 25%*5 + 20%*4 + 15%*3 = 4.1

CPI penalty due to imperfect I-cache = 100% * 5% * 11 = .55

CPI penalty due to imperfect D-cache = 45%*10%*11 + 45%*2%*12 = .603
total CPI = 5.253
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4. Virtual Memory Analysis (approx. 15 minutes)
Consider the follewing computer with a CPU cache and virtual memory system:

« The size of a virtual page is 256"\ bytes. The computer has 1024 bytes of memory

» Thesizeof the CPUcaches 64 bytes,with a block sizeof 16 bytes.The CPU cacheis direct-
mapped and pisically addressed.

* The TLB has 2 entries, is fully assocvati and uses LR replacement.

» Pagefaultsarehandledasfollows: the operatingsystemloadsthe pageinto physicalmemory
withoutchanginghe CPUcachethenrestartghefaultinginstruction.If thereis morethanone
free plysical page, the pagedlt handler uses thedwest-numbered page.

Your job is to analyzethe following trace of virtual addressegall addressesare from lw
instructionsandarebyte addr esses): Ox4ce0,0x8ef4,0x3e38,0x4ce8 After eachmemoryrefer-
enceis completedshav the contentsof the pagetable,the TLB, andthe CPU cache(only shav
valid entries).For eachmemoryreferencealsostateif it is a pagefault or not, TLB hit/miss,and
CPU cache hit/miss. All answers should be ixdakecimal.

Space for your answers issgn on the nd 2 pages of thexam.
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After address Ox4ce0

page table

TLB

CPU cache

Virtual Page #

Physical Page #

4c

0

Virtual Page #

Physical Page #

4c

0

CacheBlock #

Memory Block #

0

1
2
3

Circle thetypesof misseghatwerecausedyy Ox4ceO:pagefault, TLB miss,CPU cache
miss.Page ault, TLB miss, CPU cache miss

After address 0x8ef4

page table

TLB

CPU cache

Virtual Page #

Physical Page #

4c
8e

0
1

Virtual Page #

Physical Page #

4c

0

8e

1

Cache Block #

Memory Block #

0

Oe

1
2
3

1f

Circle thetypesof misseghatwere causedy 0x8ef4:pagefault, TLB miss,CPU cache
miss.Page fult, TLB miss, CPU cache miss
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After address 0x3e38

page table

TLB

CPU cache

Virtual Page #

Physical Page #

3e 2
4c 0
8e 1

Virtual Page #

Physical Page #

3e

2

8e

1

CacheBlock #

Memory Block #

0

1
2
3

Circle thetypesof misseghatwerecausedy 0x3e38:pagefault, TLB miss,CPU cache
miss.Page ault, TLB miss, CPU cache miss

After address 0x4ce8

page table

TLB

CPU cache

miss.TLB miss

Virtual Page #

Physical Page #

3e 2
4c 0
8e 1

Virtual Page #

Physical Page #

3e

2

4c

0

Cache Block #

Memory Block #

0

1
2
3

3] 1§
w]| D

Circle thetypesof misseghatwerecausedyy Ox4ce8:pagefault, TLB miss,CPU cache
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5. Virtual Memory and TL B (approx. 15 minutes)

Considera virtual memorysystemwith an 8-page fully associatie physicalmemory The
systemusesa4-entry direct-mapped LB to speedup translationThe TLB containsonly transla-
tion information (no dirty bits, LR bits, or protection bits).

Below is anincompletepicture of the currentstateof the memoryand TLB. All pagenum-
bersaregivenin hexadecimal.Fill in the missingentries.If thereis morethanone possibility,
write down all possibleentries.If thereis not enoughinformationto fill outanentry, notethisin
the blank. Assume that each TLB entry points to a page that is currentlysicadlmemory

physical memory page # virtual page#
31
1 5¢c
2 17
3
4 22
5
6 3
7 24
TLB entry #|| virtual page# | physical page#
0
1 29
2 82 3
3 6

TLB entry 2 ==> physical memory page 3 has virtual page 82

physical page 6 ==> TLB entry 3 has virtual page 3 (because TLB entry 3 has

physical page 6)

TLB entry 1 ==> any physical page (but not physical page 3) could have virtual
page 29 ==> physical page 5 has virtual page 29

physical page 1 ==> TLB entry 0 could have mapping of (5c, 1)

physical page 7 ==> TLB entry 0 could have mapping of (24, 7)

note: virtual pages 31, 22, and 17 cannot be in TLB entry 0 (since it's direct

mapped)
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6. 1/0 Performance (approx. 10 minutes)

You areanalyzingthe memoryperformancef a singleprogramrunningon a processowith

avirtual memorysystem(pagesizeis 4 KB). Thedisk usedby thevirtual memorysystemhasthe
following characteristics:

constant seek time of 10 milliseconds (i.e. all seeks 1@kmilliseconds)
rotates at 7200 velutions per minute

has 2000 yinders

stores 80 sectors per track

has a sector size of 512 bytes

The programissues100 memoryinstructionsand 1000 R-type instructions.40 of the 100

memoryinstructionscausepagefaults. 15 of the 40 pagefaultsreplacea pageof datathat has
been stored to since itas brought into memary

How much time does this program spenaitimg for disk I/0?

Total number of disk I/0Os = 40 + 15 = 55

Rotation time = 60/7200 = 8.3 ms ==wesage rotation = 4.17 ms
Transfer time =4 KB /40 KB * 8.3 ms =0.83 ms
Time for each disk /O =10ms +4.17 ms + 0.83 =15 ms

total time waiting for disk I/O = 55 * 15 ms = 825 ms
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