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PART A(25 pomts) Short Anewers

AT (3 pointe) Add the two hexadecimal 2's complement integers below
yOAL

4 X675k

/

A2 (S points) What is the positive range represented by the IEEE single-precision floating point
representation (normalization form, exponent cannot be all | or all 0)?

Please use the IEEE single-precision floating point representation tp represent 42.375.

A3 (3 points) Considering a memory of 8G Bytes, assummg the size of instruction or data stored in
the memory is 16-bit, what are the address space ‘and the addressability of the memory, respectively?

A4 (5 points) Is the pair of functions, f1(A,B) and f2(A,B), together logically complete? Justify your
answer.

A B | fI(A,B) | f2(A,B)
0 0 | 0
0 1 0 1
1 0 ! 0
1 1 0 0

As 4 points) Consider the following LC-3 instruction:
LDI RS, x100 : the address of the instruction is X4000
Assuming the address of the instryetian ic X4000 what is the value of RS after running this
instruction? Some contents of the memory are shown below:
Address X2786 X2787 | X2788 | X3F00 | X3F01 | X3902 | X4100 | X4101 | X4102

Content X4100 [ X4101 [ X4102 | X2786 | X2787 | X2788 | X3900 | X3901 | X3902
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jagram of 2736 memeory Py
m‘“o]ﬁn‘ﬂﬂ"‘"’“

(ie. | word), which is the orgin

,WA“olusd.fht

A6 (5 points) The following diagram i 8 gate circot 4
oquires decoding the address, which means the decoder decodes
As sthown in the figure, each word line in memory contains 3 biS
of the term “word line* When Mmm,.gmmmmﬁsva
comesponding word fine is selected for output. Each bit in memory IS AN ”
comesponding word line, and ORed with the same bit on other word lines. Since o '
line is selected at any time, this is actually a bit selection multiplexer switch. Three such bit-leve
multiplexers are connected together to form a word selector switch, which reads one word at 2

Ded with 1ts

Ao o o 040

STl
i

Asll

] ]

WE=0
o2 ol
We already know the values of memory locations:

.D.‘[i] D{2] D{[1] Di[0]
i

0 l 0 |
| 0 | y

2 0 X 0

3 | | 0

1) (3 points) IFA[0]=1and A [1]=0, we will get DI as the output. IfFA[0] =0 and A [1] = I, we
will get D2 as the output. IfA [0] =0 and A [1]=0. we will get D3 as the outot ’
Assuming D1+D2=D3, what are the values of x and y, respectively? E

2) apohs)Whnwouumﬂuimpauifmevduem&wmwmmmes 12
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PART B(26 Points) Digita] Logic Structures
BI(6 points Please implag L transistor-level circuit for the following truth table, where A
Band Care Inpuyt g

) ‘gmls.andl.isanou ut signal.
Hmt:youcanﬁm Gl s

mplement some parts of the circuit as sub-modules, and then build the

B2(7 points)

1) (2 points) Please write the logic expression for the circuit below.

2) (3 points) Re-write the expression using only NOT and NAND.

: - NAND -
3) (2 points) Draw the logic diagram implemented using only NOT gates and i
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B4 (10 points)
Q@

and
| circuits

points) Please explain why state machines must be implemented using sequentia

cannot be realized with only combinational circuits,

N .a
2) (2 points) D-trigger, is a type of digital storage element in digital circuits. It has lhrcf m:::ed'
data input (D), clear input (R) and a clock input (CLK). When the clear signal (R) 15 85 d b
it forces the output (Q) to be '0', The clock input determines when the data input shOU .
sampled. When clock signal rising edge occurs, it will make Q=D.

, Assume
Your job: Describe what the following sequential circuit does in one sentence
that the output Q0,QQ; s initially 0000.

o @4, ]2l o U, e
F—a a a o)
e - -
i |
O Q [N 0,

5 wand 010" in
3) (6 points) Design a Finite State Machine (FSM) that recognizes patterns of "000" and "0 10
an input string and outputs | when either pattern is detected.

For example, giving a string 00001000, it wil produce 00110101
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PART
T'C. The Von Neumann Model (

Addl’c.\\

,\—

20 poinm

Por
the
file ) '““"“""V questions, refer 10 the LC-3 Von nd
€ and py % e is about 1 perform 2 EF
1 of the memory is prov ided, and the LC-3 compu!
i D Bk

|nstruction / Data
0110001 111 000000

ent PC, register

RI€M(RT]
R2EM(RT+1]

Pt

R3€-R2

e
alue(Hex) | x0006 mm x1145 | xAE86

Component
Value(Hex)

C1 (4 points) After the executio

01| 0110010 111000001
ororoo

%_
I
w_

101 110 110 100000

p— '——/

|1 WeLiB ey

3065 | 0001 110 110100001
101100010000 110

TR
R6€R6*]
R6

R4ER2 &
— —

%-_ 0

—X3067 | 2000 010 000000001 e
e X008 0001 000 000 000 00! __,E‘L(lkﬂ—'—/
— x3069 | 0001 001001 000 001 RI<<I
X306 | 0001 110 110000 110 R6<<1

2 - X306b o .| 0001 101 110000011 R5€R6 +R3
X306 | 0000 110 111111001 [ )
ol 1005 Aghed I <101

RS
—ais | x0csB | X3100 |

PC

IR
x3060

——

of the instruction at x306d. the

partial results in memory are as

follows, J
Address nstruction / Data Note
x3100 0000 0000 00010010
x3101 0000 0000 0000 1111
| x3102 | 0000 0001 0000 1110
x3103 0000 00010001 0100
x3104 0000 00010010 0000
Complete the missing data between 3060 and x306d based on the provided information- (The
"note” section in the memory table is only for your convenience and will not be considered in the

grading. Some notes have already been provided and ensured ¢

o be correct.)



puction N memory address
. +he table below. Please fill

C2(12
3 (12 points) When the machine €0
the to x306d, the staru F i
n
blanks in the following Jes accordin

R7

x3100

1) (6 points) Reg stel File
Component RO

2) (2 points) IR and PC :
W_m”""‘" IR __

ts) MAR and MDR
MDR

3) (4poin

Cc3(4 points) Describe the function of the instructions petween %3060 and x306d. (Within 30
es, registers: and data for dcs&:ription.,'

words. You can use specific address

PART D: The LC-3 (28 points)

p1. (16 points) The PC 1S initially Joaded with x3000 and some instructions in x3000~x300D
are shown in the Table D.1. we've hidden the iddle 7 instructions put you ¢an restore them
by following the tips in T: wble 2 below: Table D-2 contains the contents of some registers after

executing each of the 7 instructions; when they are executed for the first time
Your job is 10 complete the Table D.2
Table D.1:
/lnstrucnon / Data Note
/o 10010 100000 ANDR2, R2.#0
1 NOTRI Rl

[0 1010 :
w o1 _oo1001 1112 1 .
o001 001001 1 00001 DD R RL#!




Table D.2:

puction Il MEMOry address
the mblc below. Please fil]

ton.

I i
| executing | x3004 I ' [
| | x3003
x3003 |

R | %]
|

o . .

/ executing | x3005 ﬁ;TxT | —

[ X0

Afe " :
o o e R s P
st LS | 0 /xE159 |

- ! {

|

x0461 | xDCF8

executing | x3007 | x3006 / 0 x0

26d. (Within 30
| I
executing %3008 | x300! ’ /

7 ' | x0461 | xDCF8 ,’ i

L b Al

After

executmg
-,A;ﬂ__;,-
lexecutmg xOF xof f |
hdd
1/,,,——1-—:(_ _________{__——-——,___I s J_-— I ASCURE R s

What does this program do?

000~x300D

estore them
risters after
D2(4 points):



D3 (8 Points). How

Hints: to do right shift and compare? Complete the following program-

We fix the shift bits as 3 and we store 1/0 as the compare result.
Suppose all the registers are initialized to 0.

/" Address | Instruction/Data_|




