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1.
(a) (10 pts)
Robertson diagram
T
A
"2

Quotient?} remainder®| correctiong F|Z O0|F = Zd0| non-restoring divisionO|LCt.

=
il

1, 2r;_, =0
4= {i, 2r_, <0 i
atel A ATt remainder?t dividend®| signO| CHE AL, correction stepO| T Q|C}.

(1) dividend®} divisorZ} signO| ZS ™, remainderd|| D& O3}, quotientO| Al ulpE UHC}
(2) divident®} divisor2| sign0| CtEM™, remainderOfA] DE W11, quotientd ulpE Cf$HLCt
Lt 0t =7t0| remainder?} 00| =ICHH, correctionO| EQ3}C}

0] AL, remainder0f D& 3}, quotientd A ulpE HHC}.

= 2r;—q;-D

Robertson diagram2 ™=ts| 12l A2 (5 pts)

-x ¥R =S J=Y| 7&K ¥UE BF (-2 pts)

- % y=0| o|0|ste HE "] 7|&otk| AUS B2 (-2 pts)

- qi7t SIY YoM OfE o|n|E Zt=X| MEY| 7|8tk YUS HL (-1 pts)
Non-restoring division algorithm0j| Cist MRS Has| 3t AL (5 pts)

- it 7 {EH ZHEEX| $4A 52 D2 HYSIX| UUHL ERZ B2 (-1 pts)
- OAb ADpO| ©35 correction stepOl| CHSHA MEBIK| LUALL EFHS HL (-1 pts)
- Zero remainder2| Z20 i3t correctiong M HBIX| LU EFS E2 (-1 pts)




(b) (10 pts)

112 22 0,12 E7|3Hta JHYstE,
Step 1. Shift the given number one bit position to the left
Step 2. Complement the most significant bit

Step 3. Shift a 1 into the least significant position

2's complement number2 HHR= L1252 7|3 d2 (10 pts)
118 012 HHECH D 2 ZRE H R LEHOIX| 42 H2 (5 pts)

2.
(1) (4 pts)

S | 8 bits - biased exponent E | 23 bits - unsigned fraction f

Base= 21, hidden bit2 AN sHC}.
E=0=f=09Q AL zerolf slj&dst, 001 AL denormalized numberd| 8 &stCt.
E =255, f=00Q AL +w0 siEtst, 001 A2 NaNoOj| of =stCt.
1 <E <2540 A0
F = (—1)% 1.f 257177,

EZF 8 bitO|11, f7} 23 bitO|O, S7} 1 bitO|2t 7|&3d}1, base= 2, hidden bitE AIE3ICID 7|&
s AL (1pts)
091 ZS0| Chsf 71&3t A (1 pts)
- 25501 Ao o3} 7|2e HS (L pts)
E < 25401 A0 Chs) 7|23t 22 (1 pts)
=

|
2t 420 Choll stitete S2|A & 32, e B0 sl 0 pts 0

rOI-

(2) (4 pts)
| Exp. #1 | | Fap. #2 | | Significand #1 | | Significand #2 |

Exponent

I comparison

significand

alignment

Right Shifter Muzx #2

Bap. Adder #1 | | | L~ | L] e
Significand

addition-

subtraction

Post-

normalization
and
rounding




(3) (4 pts)

Exponenet comparison and significand alignment
significand addition/subtraction
post-normalization and rounding

of CHot LHES blockof CHet dF 74 7|

20| & WHU= EF (-1 pts)

(4) (8 pts)

ShifterE barrel shifter2 &
leading Os detectE 0O|2|

= 7k old MYt Ofo|L|0 =S Zlast 4% (8 pts)
o ZHRITE 7lEet R (6 pts)

3.
(1) (10 pts)
1 E
bulp 87 Lulp _ lulp 1
o) = 5w 2 M 273 = gulp s
(MRRE)
1
1 ulp 8 —1 ulp
— — dM = —
ARRE 1 MIng 4M Ing 4

(2) (5 pts)

1
036 x 272 = ——x27%
4]n2

(F=9| : hidden bite| ZXfZ ulpZ} 27240|C})

Attt A (-1 ptsi)

(1) (5 pts)




i 7|6 4|3 0
x; 1{of1|1]o|1f1]o0
Yi 0 0 1 0 1 1 1
s? 1lojJof1]1]o]|1]|1
Stepl | <, J]ojo|1|o0o]of1f0]|0O
s; ofl1]|]1]ofo]1]oO
iy, 1o 11|
s 1 ofo 1]o0o of1 1
Step2 | ¥, | O 1 1 0
s1 1 1|1 ofo 1
S ) 1 1
s9 1 1 o 1|0 o0 1 1
Step 3 C(iJ+1 0 1
s} 1 1 1 0
(,7%_'_1 O
Result 1 1 1 (] 0 0 1 1

2= 8-bit addero| &5t AL Z, 16-bit addere| AL, o stepO| O UA =ICt ES
Ol M LSBO| ZL, full adderZ} 1748t ZQ st 740 K O|stC}.

Step 0 to Step 1. Full adder 317

Step 1 to Step 2. 1-bit 2tol Mux 307§ (:2*2*7+2)

- O£ £0, i=691 Z0| c_in0| 0, 191 ZL Z+Ztof| Cisl i=72| sumi} carry out2
Of 3tC}. LSBE M| Qd}® Hr=g|o =z, 2+2+70|0, LSBO| s{Este A= =07} 0|0
7] W20 i=19] sumlt carry out® MEHSEZ| |5t muxZt 2+Zt 1744 & QS
Step 2 to Step 3. 1-bit 2tol Mux 217§

Step 3 to Step 4. 1-bit 2tol Mux 157

Step 4 to result. 1-bit 2tol Mux 97§

= FA 317}, 1-bit 2tol mux 757§

X = 9| step

Block diagramO|L} &2 o] 73 HHES MH (3 pts)

- 16-bit carry save adderg £ 42 (1 pts)

- Multi step 2 FGSHX| 0 XX 9| stageOf C{3HA T conditional sumE of 42
Full adder@}t 1-bit 2tol mux®| 7= (Zt2t 1 pts) (F2Q| : 1-bit 2tol mux2| 7j+&)

(2) (10 pts)

(1 pts)

module mux_2tol(x, a, b, select);
parameter n = 8;

input select;

input [n-1:0] a, b;

output [n-1:0] x;

wire [n-1:0] a, b, x;

assign x = (select == 1'b0) ? a : b;




endmodule

module full_adder(sum, c_out, a, b, c_in);
input a, b, c_in;

output sum, c_out;

wire sum, c_out, tmpl, tmp2, tmp3;
assign sum =a A b A c_in;

assign tmpl = a & b;

assign tmp2 = b & c_in;

assign tmp3 = a & c_in;

assign c_out = tmpl | tmp2 | tmp3;

endmodule

module conditional_sum_adder(sum, c_out, a, b, c_in)
input [15:0] a, b;

input c_in;

output [15:0] sum;

output c_out;

... block diagram0f &HZ ZY ..

endmodule

Full adder, mux module ZtZ} 3 pts
Conditional sum adderg& A 7|=%t 42 (¢ pts)

o
o
(O A conditional sum adder& A2 7|&d5t10 O|E verilogZ £ 42 (2 pts)

5. (15 pts)

associative (5 pts)

SH2 ofzfet ZCf
((P1'G1)°(P2; Gz))o(P3, Gg) = (P1 P, Gy + P - G2)°(P3, Gg) = (P1 -P,-P;,G;+ P -G, + P - Py Ga)
= (Pl i (Pz i Pa)' Gy +P - (Gz +P- G3)) = (Pl'Gl)o(PZ ‘P3G, + P, - Gz) = (P1'G1)°((Pz' G3)°(Ps, G3))

commutative (5 pts)

HESHA| @f=Ct
gy -
0, 0°(1, 1) = (0, 0) # (0, 1) = (1, 1)°(0, 0)

idempotent (5 pts)

T2 offet Zcth

(F G)°(P G) = (P-R G+P-G) = (P G)

associative, commutative, idempotent7t 222X 7|ag 42, Z

oot

FE S 2 pts




proof, &2 disproofE %A M Al 4<%, 2t &

ProofLt disproof §10| fundamental carry operator2t 7|=3%t 2

1 2 B2, (0 pts)

6.
Number of Number of levels Number of levels | Equivalent
operands using (3,2) using (4;2) delay

3 1 1 1.5

4 2 1 1.5

5-6 3 2 3

78 4 2 3

9 4 3 4.5

10 — 13 5 3 4.5

14 — 16 6 3 4.5

17 19 6 4 6

20 — 28 7 4 6

29 — 32 8 4 6

33 — 42 8 5 7.5

ol #E 1 EXE ECh ng 29| power2 HEHE|E 4 0|42 2 ooz, 9
of BOM= 4 8 16, 320 Litt Z2& ®USHH ECf.
(1) 5 pts)

2 X (log,(n) — 1)

XS B2 (5 pty)
1
() <22 0183 AL (3 pts) (% level AFO|7} integeratis X710 F7t2 Q47| D20
approximation0O| #|AHEl %, Hest 20| ES &KL er)
nol DHE o LIS S0f, n = 49 A0 YA 2 F (L pts)

1 2| (0 pts)

=

~

log,(n) — 1

Aol Fel7t 8 & B% (3 pts) (ceiling function 50| H0F U= &)
1

no| nF¥& o BROIE S0, n =42 F)0 AT & 2 (

(3) (5 pts)

2|9| levelo| 2D2} 3DE &HOHA H|mS|EH,
4D X (log,(n) — 1) > 3D x (log,(n) — 1)

(3,2) counterQ| delay?t AL}

5 T =d0M Y (42) compressorE AP S|t o 2L
%= 87 (5 pts)

=2 8% 0 pts)




(1) (5 pts)

k- (g)’ <2
_ log(k/2)
~ log(3/2)

Ch 2|0 AR L approximation@ 2 st Z+2 (2)Q| tableg & 1SHCE,
el =4 & SILIE A1 approximationO|E}E
approximationO|2t= 20| Q= 42

2 (-
level #2 R PX= 2 A0, TRE 242 2 AL (3 pts)

(2) (5 pts)
Number of operands || Number of levels
3 1
4 2
b <k <6 3
T< k<9 4
10 < k& < 13 5
14 < k£ < 19 6
20 € B < 28 7
29 < k < 42 8
43 < k < 63 9
212 tab|eLf =t5| EX|ot= EF (5 pts)

(1) (5 pts)

sequential_multiplier (A, X, n)
P<-0
for (i=0;i < n;i++) {
if (X[i] == 1) {
P=P+A
}
P >>> 1; // arithmetic shift
}
if X< 0&&P<0){
P=P-A
}

return P

Q|9 20| pseudo-code HEWZ sequential multiplierE 7|&3t ZL (5 pts)
- Booth algorithm S Ct2 HE Z 7|&st 2 (-1 pts)




OFX| 29| correction stepZ2 MX| AU(ALE E AL (-2 pts)

2) (10 pts)
MOIM FAISH ¥n2|Z0t QAR HEJZ 7|23 Z2 (10 pts) (multi-cycle® AFEHELS)
)

addert 7|=3st AL (5 pts

9.

(1) (6 pts)

Logic levels : L+ | (L = logyn)
Fanout c2f+1

Wiring tracks : 2°

Logic level, fanout, wiring trackO|2t= EHHE 7|&=3t 42 (& 1 pts)

TAS MUz 7|ed 8% (& 1pt)

) (5 + 2 pts)

Inputs 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
o o
| I | I I
: : : : I stage 1
1 | I I :
1 | I .
| : : stage 2
boro T T
: : : : I 1 1 1 stage3
N T T 4 S A S E B B B
[ L
Outputs */ ‘/ / / / / ‘/ ‘/ o 11 Sstage d

AN A A A AN A

0: p & g generator @ : fundamental carry operation O : sum generator




15:014:013:012:011:010:0 9:0 80 7:0 6:0 50 4.0 3:.0 2.0 1:0 0:0

ol 9jo] 122 2RO X7O| UH WHBICL CF, black AZIEI} gray AIZIEO| TES oo
age mac

P G generator / fundamental carry operator / sum generator 242t 1 pts (Cf 42 AL +2 pts)

MYl B2, blackilt grayE &3 S&E Z20 T 2 pts

(3) 5 pts)

Maximum delay’= MSBO A 2HA3IC} (2)0] 12lS xtmatH,
1D+4D+2D = 7D

ged| X7t &2 B2 5 pts, S2[H 0 pts

(4) (10 pts)
P G generator / fundamental carry operator / sum generator Z+2}40f| CHdl 2 pts®
0| 0|&%d| Sklansky adderg 7|&%t 42 (@ pts)

10.

(1) (5 pts)
X Xi-1 X2 | Xz | Vi Vi-er Vi-2 operation comments
0 0 0 0 0 0 0 +0 string of zeros
0 0 1 0 0 0 1 +A a single 1
0 1 0 0 0 1 0 +2A a single 1
0 1 1 0 0 1 1 +3A two 1's
1 0 0 0 1 0 0 -4A beginning of 1's
1 0 1 0 0 1 1 -3A alternating
1 1 0 0 0 1 0 -2A beginning of 1's
1 1 1 0 0 0 1 -A beginning of 1's
0 0 0 1 0 0 1 +A end of 1's
0 0 1 1 0 1 0 +2A end of 1's




0 1 0 1 0 1 1 +3A alternating
0 1 1 1 1 0 0 +4A end of 1's
1 0 0 1 0 1 1 -3A two 0's

1 0 1 1 0 1 0 -2A a single 0
1 1 0 1 0 0 1 -A a single 0
1 1 1 1 0 0 0 +0 string of 1's

Recoding tableO| Matst AL

o
YR LT QU FES (1pts

—~

comments= &2813) (5 pts)

)

1=

(2) (5 pts)

Partial products®| 7§47} &0 =L}

gEs gt 2 Aol o 7HX| ol A= BF (5 pts)

ol
single OL} single 10f| CH3 XN2|E 2 42 (3 pts) (radix-20| A radix-42 Z [}

1o
(02l
oz

(3) (10 pts)

UnsignedE &% 4% MSBO| 02 F7I8{FOF Mz & ZAt7b Lh2Ch

Radix 8 modified Booth's algorithm& Ar23}H, partial product®| 7§47} 37| EO{E=LC} E
Z7H0j| 3-bit shift2 sIZ0{0F 8}, /T 4ATIX| C{SALt 7| W20 of2jel Zo| 40| o
FS[=3

n
a
rot

T

2 bit 3 bit 3 bit 3 bit
2 bit 3 bit 3 bit 3 bit
7t OofsHEEO| CiMO|A half adderE A3t O|ZEE £ full adderS AMEstCr SFX}. 2t
A delay= 10x AFA + 1 x AHAZ} EICH 0|QF Z+2 GiMO| partial producte] 7i£=9! 33|02 0]
L2 =2,

delay = 30x AFA + 3 x AHA

(2t shift & recoding tableg 20| =0 ZAZ|= delays FA|SICtD 7YY

=

MSBOf| 02 =7t6iFOF otCt= W&0| /AZ (3 pts)

X0 R 2| 0|F0{X|=7Hpartial product2| 7{==)0f CHE HH (3 pts)
Delay7} 22 ZA2 (4 pts)

- Carry save adder YE 2 735t A2 17x AFA+ 1 X AHAZ £ A2 (4 pts)

- 4A, 3A S0f Cist 325 5K B o 42 (2 pts)




