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Name:

Problem 1 (25 points)

Part a (4 points): Today’s microprocessors run at more than 1 GHz. Some of them more than 3 GHz. This causes
errors due to alpha particles. That is errors that are not due to the logic, and if the instruction is executed a second
time, it will probably (with very high probability) execute correctly. We call them soft errors. Suppose we do not have
any way to test for soft errors, and we just continue to execute as if the error had not occurred. For each of the items

below, put a check mark if a soft error in that item could cause a program to execute incorrectly.

Branch History Register of the 2-level predictor:
LRU bit in a 2-way set associative cache:

Protection field in the PTE of a virtual page:

<5 |

7 condition code:

Part b (5 points): A 10 by 4 matrix is stored in column major order, starting at location 2000. We wish to load the
third row of the matrix into V0. To execute the vector load correctly, what values must be present in:
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Part c (4 points): A Pﬁ-level branch predxctor is mplemented which keeps 12 bits of history for each of the 1
branches in the progranf. How many saturating 2-bit counters does it take to implement this predictor?
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Answer:

Part d (5 points): The IBM 360/91, you recall is the computer for which Tomasulo’s algorithm was designed. While
the computer was executing, someone hit the halt button and found that the contents of the three reservation stations

in front of the adder are as shown below.
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ADD instruction, how many 'ycles will it

Assuming the adder is fully pipelined and takes four cycies to exccute an ADD instruction, how many

run button? Explain.

take to complete the three ADD instructions after somebody hits the run buttot:
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Arbitration Unit (CAU) of a bus based system containing two potential bus masters has

Part e (7 points): The Central
the following state machine:
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What is the plus or minus of this CAU over the priority encoder schemes we have discussed in class?
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Problem 3 (20 points):
An array A consists of N one-byte elements, stored in N consecutive locations of memory, starting at address x4000.
A programmer wishes to add the integer P to each even numbered element A, but does so by the very curious
method of adding 1" to each even numbered element, and then iterating that process P times. The C iod segment
looks like this:

for (i =0; i< P; i++ )

1

1

for ( index = 0; index < N; index = index + 2 )
A{index] = A[index] + 1;

}

Assume the compiler allocates registers for the loop variables i and index, amn and that the values P and N are also in

registers before the code segment starts executing.

Your job is to compute the cache miss ratio during execution of this program segment if the processor has a 1 KB,

2-way set associative, physically addressed cache. Line size is 8 bytes. Replacement is LRU.

Show all work below. You may leave the answers as fractions.

Parta (S points): N=512,P=10  Ngle '~ Foy N= 312, the entive Q7w
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Part b (5 points): N=512, P=50 (s 1n Ane cache

Part ¢ (5 points): N=2048,P=10

Part d (5 points): N=2048,P=50
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on a machine similar to the IBM 360/91, ie., out-of-order

The following sequernce f instruc
execution using the Tomasulo algonithimn.

g4 l2 13 th4 15 ! ’
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However, in this machine, the re only tWO reservation statiom each in frontof the adder and the multiplier, as shown
below:
R SR2— RS Vl‘"“SR}——"\"”_'SR2—’"‘
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e Note the extra yalid bit RS_V asso¢ iated with each reservation station entry. It indicates whether a reservation
station entry is "live.” That is, when an instruction is written to & reservation station at the end of the decode
stage that bit is set ©© 1. When an nstruction co mpletes execution (in WB stage), that bit is set to 0. That is, th
instruction remains live in the reserval sation station unul it completes execution and writes back its result.

o ADD takes 4 cycles ED.E JWB). MUL takes 7 cycles (F, TD.E1E2E3 B4 WB) and is fully plpclmcu

o In Decode stage, instructions are decoded, renamed and stored v available reservation station (one whose

RS_V bitis setto 0)-

e A source operad and is ready for execution in the €y© mmediately following the WB stage of the instruction that
produced it.
Parta(9 points): Assume ali resery n stations are initially empty (.., theirk S_V bits are all 0s). The first instrac-
tion (ADD R2R2R3) is fetched in vele 1. Show the state of the reservation stal tations in the above drawing at the end
5 the next page.

n "f th R mster Alias Table are shown on t2e

=

of cycle 8. The initial contenis
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Problem 3 continued:

Part b (6 points): Show the contents of the Register Alias Tabie at ih

Initial Contents of RAT
V | TAG | VALUE
R1| 1| — i
R2 | 1| — 2
R3 | 1 | — 3
R4 | 1 | — 4
Rs | 1] — | 5
R6 | 1| — | 6 |

gy |
110

Contents of RAT at End of Cycle 8

v | TAG | VALUE
re O M2 |
rR2 || | R I
R3 | O | M) 3
R4 || | ~ 4
RS | | - 5
Re | || — €

&
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- Problem 4 (20 points)

vnchronous bus system from problem 1 of Probiem Set ( roduced on pages 15 and 16). To improve
efﬁ_ v we decided to allow the storage controliers to transfer data in bursts ofupto fo_r ata elements. To this

JL

e ad added a new bus signal TXD (transaction done) and changed &

After the storage controller is granted the data bus, it transfers a burst of up to four data elements in up to four bus
cycles Lonc data element per mmle\ The storage controller sets the TXD signal in the last cycle of the burst to let the

S pla vy ey,

storage arbitration unit know that the bus transaction is done.

To implement the new protocel, we added extra address logic and a 4-entry data buffer (indexed by a 2-bi

Index) to the storage controller, as shown in the figure:
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When a request comes from th 2 try request buffer ( eq = 1), the storage controller asks the storage device (by set-
ting the Dev signal) to fill the data buffer with four data elements (less if Count < 4). The address logic (independent

of the state machine) conrois Wi hich and how many elements need to be brought in. The state machine waits in state
DATA_WAIT until the storage device loads the data into the data buffer and asserts Ready. The controlier is now feady

to request the data bus. Once the bus is granted, the controller puts consecutive elements from the buffer (starting with
element 0) onto the bus by incrementing the Index each cycle.

Complete the state diagram for the new storage controiier on the next page (Note: we have provided more than enough

states for your use. Use as many as you need).
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Problem 4 continued
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signed 8 bit

We wish to use the unused opcode 1010 to implement a new instruction MULB, erforms an _n.
multiply on the ow 8 bits in two source operands and writes back the 16 bit result to a destination regl The mul-
tiplicand value is always in a register and the multiplier value can be either the contents of 2 register or an lmmedlate

value. The pec1ﬁcat10n of this instruction is as follows:

Assemblier Formais
MULRB DR, SR1, SR2

MULR DR, SR1, imm4

VAN auis 2SN,

Encodings
15 12 11 9 8 6.5 3 2 0
e = 1 1 1 1 1 T 1 1 1 4
MULB 1010 DR sRi | 0]6 o SR2
1 i i ] 1 1 1 i 1
15 12,11 9 8 6 5 3 2 0
1 H H 1 1 1 § I 1 ]
MuLs 1010 DR SR1 1/ 0] Imm4
[ 1 L L 1 L 1 L i
Operation
if ( bit([5]1 == 0)
DR = SR1 * SR2;
else
DR = SRl * ZEXT (immd) ;
setcc();

Note that it is the programmer’s job to make sure SR1{15:8] = SR2{15:

To implement MULB, we have added the foliowing structures io he LC-3b datapath as

—
.

An 8-bit register MPLIER (Multiplier)
2. A 16-bit register MCAND (Muitiplicand)

. A logical 1-bit right shifter

w

4. A 16-bitregister X (Note: RESET.X clears X)

th
»
"
="

-bit register Y (Note: RESET.Y clears Y)

6. Five 2-input MUXes as needed

—
o

s shown on the next page.



ame:

Problem 5 continued:

\
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SHFA[3:0]:  Shift amount
ALUK[1:0}: 00=ADD

01 = AND

10=XOR

11=PASS A
11
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Problem 5 continue
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Part a (4 points): Describe what the X and Y registers do:
. A a . r N
Xl Accupmutation oY mi:grvneo{?a{e Sum
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Part b (6 points): We show the beginning of the state diagram necessary to implement MULB. Using the notation
of the LC-3b State Diagram, add the bubbles you need to implement the MULB instruction. Your job is to describe

inside each bubble what happens in each state.
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: Show the logic circuits required o implement combinations 1

d to assign any new encoding to the CONDJ[2:0], use COND

MDONE

LOGICB

T
L

[y

]

processing in each state we added is controlled by asserting or

. Auvr ......

ropriate for the microinstruc

negating each control signal.

a‘. a

tions corresponding to the states we pave added.

gion
Sigis

NOTE: Please use the encoding gs specified on the datapath and microsequencer figures for ali the als.
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