EECS 370 Final (Fall 2000, Lecture 1)

You will have 1 hour, 50 minutes to work on this exam, which is closed book. You may use a

caculator.

There are 4 problems on 9 pages. You are to abide by the University of Michigan/Engineering
honor code. Please sign below to indicate that you have abided by the honor code on this exam.

Honor code pledge: | have neither given nor received aid on this exam.

Signature:

Name:

Unigname:
Problem 1 out of 25
Problem 2 out of 20
Problem 3 out of 15
Problem 4 out of 40

Total: out of 100
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Unigname:

1. Short Answer (approx. 25 minutes)

A. Recall that the error correction code (ECC) scheme described in dasapable of correct-
ing a single bit errotConsider an ECC scheme where ECC bitzxaye computedver data
bits a,b,c,d as folles:

x=parity(a,b,c)
y=parity(b,c,d)
z=parity(a,b,d)
If asinglebit-flip occursandresultsin a=1,b=1,c=1,d=1;x=0, y=0, z=1,whatwerethecor-
rect values for a,b,c,d?

B. Consider a byte-addressed machine with a 32-lygiphl address space and ggibally
addressedacheThecachds 16 KB in size,4-way setassociatie, has8 bytewords,anduses
64 byte blocks. Which bits of the address specify the set number (i.e. théditgjethe tag,
and the dket? The least significant bit of the address is bit 0.

C. Consider a computer which is byte addressed, has a 36-bit address space, and has a page size
of 4 MB. Eachpage-tablentryoccupiesl6 bytes.How muchmemoryspacewouldit take to
store the maximum-size page table?

D. Complete the folleing analogy:
(TLB is to the page table) as (memory is to the )?

E. Consider a disk that rotates at 12,00@hations per minute, has amaaage seek time of 11
milliseconds, and transfers datd thfe disk surdce at 16 MB/second. What is theeeage
time to read a randomly located 512 byte secto® ¥nswer should be in milliseconds, and
should be accurate to 3 decimal places.
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2. Cache Analysis (approx. 20 minutes)

Your EECS380 programis generatingaccessesn a processowith a CPU cache.The CPU
cacheis 2048bytesin size.The only datastructurein your programis an arraywith 4096 ele-
ments.Eacharrayelements 1 byte. Thereis oneinput paramete(stride) to your program.Your
programreadsthe arrayaccordingto the parametestridein the following pattern(yes,thisis an
infinite loop).
byt eAddress = O;
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 number of bytes per block..

Number of bytes per block

Stride 1 8 32
1
4
16

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.

Number of bytes per block

Stride 1 8 32
1
4
16
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3. Virtual Memory (15 minutes)

Considera byte-addressedomputerwith a 32-bit virtual addressThe size of a virtual page
is 1 KB. Thecomputethasl6 MB of physicalmemory Thesizeof the CPUcaches 128KB, and
the CPU cacheis direct-mappedand physical addressedThe TLB has4 entriesandis direct-
mappedThesizeof apage-tableentryis 4 bytes.Your taskis to describehe stepsneededn this
computerto load a byte of datafrom virtual addressADDR. Assumethatno writebacksoccurin
the TLB, memoryor cache.

Below are four incompleteand out-of-order stepsinvolved in getting data from virtual
addres?ADDR to theprocessar_abelthefirst stepas“START”. Whentheentireprocesss done,
gotothestep“DONE”. Multiple choicesarespecifiedas{choicel| choice2| choice3};circle the
correctchoice.Fill in the blanks( Wwith anappropriateequation(you may specifyeither
bit fields or use arithmetic operations).

Step A. In the page table entry, look for information that specifies the {virtual | physical}
pagenumberlf thepageis {invalid | dirty}, {stall thepipeline|trapto theoperatingsystem}
and load the page from {CPU cache | disk}. Otherwise construct the {virtual | physical}
address{VA |PA)= Gotostep

Step B. Read the page table entry from memory for {virtual | physical} page number
Load{TLB | CPUcachd memory}with thecontentf thisPTE.

Goto step .

Step C. Look in TLB slot for {virtual | physical} page number
If it isintheTLB, readthe{pagetableentry|virtualaddress

| user data} from the TLB and goto step . If not in TLB, goto step .

Step D. Look in the CPU cachéfor {virtual | physical}address If.in
theCPUcacheyeadthe{pagetableentry| userdata}from the CPUcachetransferit to the
{memory | processor | TLB}, and goto step . If not in the CPU cache, load the CPU

cache with data from the {TLB | memory | disk} and goto step .
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4. Pipeline Design (appox. 40 minutes)

A. Consider the following LC-900 assembly-language program (the Project 1 LC-900
description is on page 9 if you need it):

Assembly-language program testl

(0) start Iw O 1 end
(1) sw 0 1 test
(2) noop
(3) noop
(4) noop
(5) noop
(6) noop
(7) test noop
(8) noop
(9) noop
(10) end hal t

Describewhat this assembly-languagerogram does(accordingto the LC-900 architec-
tur e specified in Poject 1). What is the addess of the last instruction executed?

B. The Project 3 pipeline ssmulator will not execute this program correctly (i.e. itsresults vio-
late the specification of the LC-900 architecture). Briefly describe what assembly-language
testl would do when run on the Project 3 pipeline simulator, and explain what causesthis
erroneous execution.
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C. For questionsAC and 4D, you will replacethe separatenstructionand datamemories
used in Project 3 with a single, unified memoryahdelov:

port 1 port 1
address read dat

v

Unified
Memory

port 2 port 2
—® address read dat

y

port 2
write data

port 2
write enable

*

Note that the unified memoryhastwo ports,andhencecando two memoryoperationsper
cycle. Port1 canread(it cannotwrite), andis to be usedfor fetchinginstructionsduring the IF
stage.Port 2 canreador write, andis to be usedfor loading and storing dataduring the MEM
stage.Your pipelinesshouldbe assimilar aspossibleto Project3’s pipeline:5 stagegIF, ID, EX,
MEM, WB), forwardingto resohe mostdatahazardsassuméranch-not-ta&nto resole branch
hazards.

Youfirsttry replacingtheinstructionanddatamemoriesrom Project3 with theabove uni-
fied memory(you make no otherchanges)Doesthis new pipeline correctly executeassembly-
language program test1? distify your answer.
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D. Replacing the instruction and data memory with the unified memory exposes a new class
of hazards for assembly-language programs like the one below (test2). Question 4D is about how
to modify the pipeline to resolve this new class of hazards.

Assembly-language program test2
(0) start Iw 0O 1 end
(1) sw 0 1 test
(2) test noop

(3) noop

(4) noop

(5) end hal t

Describethe new classof hazardsand the circumstancesn generalthat leadto the haz-
ard. In particular , describe the dependencyelationship that leads to the hazard.

Describe at a high-level how to fix the unified-memory pipeline simulator to detect and
resole the new class of hazards. Your solution should not slow down programs that have none of
the new hazards.

Which pipeline stageof what instruction detectsthe new hazard, and what specificcon-
dition indicates the new hazard?

What does yur solution do when the new hazard is detected?
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Fill out the pipeline timeline below to show how your fixed pipeline would execute
assembly-languageprogram test2. Use IF* and ID* to indicate stall cycles (as was donein
class).If a stageexecutesbut the results(that would have goneto the next pipelineregister)are
turnedinto a NOOR write the stagenameandcrossit out (e.g.EX). Recallthata haltinstruction
stops the machine when halt reaches the MEM/V¢i&tex

We've provided anextra pipelinetimeline asscratchspace Cir cle the timeline you want us
to grade.

Assembly Pogram| O 1 2 3 4 5 6 7 8 9 | 10| 11
©) w0 1end IF | ID | EX |MEM| WB
Q) sw 0 1 test
(2) test noop

3) noop
(4) noop
(5) end halt

Assembly Pogram| O 1 2 3 4 5 6 7 8 9 | 10| 11
©) Iw01end IF ID | EX |MEM| WB
(1) sw 0 1 test
(2) test noop

3) noop
(4) noop
(5) end halt

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 fromrxpipeline register name>
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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 (Ilw, 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 (J-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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