ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY

ECE-495/595: Special Topics — Reconfigurable Computing

Fall 2016

Solutions - Homework 2

(Due date: September 29th)

Presentation and clarity are very important!

PROBLEM 1 (36 PTS)

= Calculate the result of the following operations with 32-bit floating point numbers. Truncate the results when required. When

doing fixed-point division, use 8 fractional bits. Show your procedure.

Show your procedure!

v' 80123000 + FACES8000
v" 60A10000 + C2F97000
v' 7F90BEAD + DFEAQ0C98

v' CAQ9E378 - 80000000
v' FAD90000 - 09DECADE
v' FEE32B88 - FF800000

v’ 80000000 x 497424FE
v" 7A09D300 x 7F800000
v 8B092000 x OFACEO000

v' 80000000 + BEEFFACE
v FF800000 =+ 48500000
v' 390D3800 =+ C9600000

v' X =80123000 + FACE8000:

v

80123000: 1000 0000 0001 0010 0011 0OOOO 0000 O0OOO
e + bias = 00000000 = 0 » Denormal number — e = —126

80123000 = —0.00100100011 x 27126

FACE8000: 1111 1010 1100 1110 1000 0000 0000 0000
e + bias = 11110101 = 245 > ¢ = 245 — 127 = 118
FACE8000 = —1.10011101 x 2118

X =—0.00100100011 x 27126 — 1,10011101 x 2118

0.00100100011

X = — x 2118 —1,10011101 x 2118

The division by 224 requires more than p + 1 = 24 bits for proper representation. Thus, we can approximate this first
operand by 0.

X =-1.10011101 x 2118
X = 1111 1010 1100 1110 1000 0000 0000 0000 = FACES000
X =60A10000 + C2F97000:
60A10000: 0110 0000 1010 0001 0000 0000 0000 0000
e + bias = 11000001 = 193 » e =193 — 127 = 66
60A10000 = 1.0100001 x 266

Mantissa = 1.0100001

C2F97000: 1100 0010 1111 1001 0111 0000 0000 0000
e + bias = 10000101 = 133 » e =133-127=6
C2F97000 = —1.11110010111 x 2°

Mantissa = 1.11110010111

X =1.0100001 x 266 — 1.11110010111 x 2°

1.11110010111
X = 10100001 x 2% — ———G———x

Representing the division by 2°° requires more than p + 1 = 24 bits. Thus, we can approximate the 2" operand with 0.

266

X =1.0100001 x 26¢
X = 0110 0000 1010 0001 0000 0000 0000 0000 = 60A10000
X =7F90BEAD + DFEA0C98:
7F90BEAD: 0111 1111 1001 0000 1011 1110 1010 1101
e + bias = 11111111 = 255,f # 0
7F90BEAD = NaN

X = NaN + # = NaN

X =CAO09E378 - 80000000:
CA98D378: 1100 1010 0000 1001 1110 0011 0111 1000

e + bias = 10010100 = 148 » e = 148 — 127 = 21
CA09E378 = —1.00010011110001101111 x 2%

Mantissa = 1.00010011110001101111
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80000000: 1000 0000 0000 0000 0000 0000 0000 0000
e + bias = 00000000 = 0 —» Denormal number - e = —126
80000000 = 0

X =-1.00010011110001101111 x 22! = 1.0773 x 22! = 2259166
X = 1100 1010 0000 1001 1110 0011 0111 1000 = CAO9E378

v' X =FAD90000 - O9DECADE:
FAD90000: 1111 1010 1101 1001 0000 0000 0000 0000
e+ bias = 11110101 = 245 > e =245 - 127 =118 Mantissa = 1.1011001
FAD9000 = —1.1011001 x 2118

09DECADE: 0000 1001 1101 1110 1100 1010 1101 1110
e + bias = 00010011 =-» e =19 — 127 = -108 Mantissa = 1.1011110110010101101111
09DECADE = 1.1011110110010101101111 x 27108

X =-1.1011001 x 218 — 1.1011110110010101101111 x 27108
1.1011110110010101101111
X =-1.1011001 x 2118 — 776 x

Representing the division by 2226 requires more than p + 1 = 24 bits. Thus, we approximate the 2" operand with 0.

2118

X =-1.1011001 x 2118
X = 1111 1010 1101 1001 0000 0000 0000 0000= FAD90000

v’ X =FEE32B88 - FF800000:
FF800000: 1111 1111 1000 0000 0000 0000 0000 0000
e + bias = 11111111 = 255,f =0
FF800000 = —oo
X=%#-— (—oo) = 400
X = 7F800000

v' X =80000000 x 497424FE:
80000000: 1000 0000 0000 0000 0000 0000 0000 0000
e + bias = 00000000 = 0 - Denormal number —» e = —126
80000000 = 0
X=0x#=0
X = 80000000

v X =7A09D300 x 7F800000:
7F800000: 0111 1111 1000 0000 0000 0000 0000 0000
e+ bias = 11111111 = 255,f =0
7F800000 = +oo
X=@#)Xo0o=00
X = 0111 1111 1000 0000 0000 0000 0000 0000 = 7F800000

v' X =8B092000 x OFACE000:
8B092000: 1000 1011 0000 1001 0010 0000 0000 0000
e + bias = 00010110 =22 > e =22—-127 = —-105 Mantissa = 1.0001001001
88092000 = —1.0001001001 x 27105

OFACE000: 0000 1111 1010 1100 1110 0000 0000 0000
e+ bias = 00011111 =31>e=31—-127 =-96 Mantissa = 1.0101100111
OFACE000 = 1.0101100111 x 272

X =-1.0001001001 x 271°5 x 1,0101100111 x 27%
X =-1.01110010011001011111 x 27201 = —0 x 27126
e+ bias = —201+ 127 =-74<0

Here, there is underflow (not even denormalized numbers different than zero cannot represent it). X is assigned the
value —0.
X = 1000 0000 0000 0000 0000 0000 0000 0000 = 80000000
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v' X =80000000 + BEEFFACE:
80000000: 1000 0000 0000 0000 0000 0000 0000 0000
e + bias = 00000000 = 0 —» Denormal number —» e = —126
80000000 = 0
X=—0+—#=0
X = 00000000
v' X =FF800000 + 48500000:
FF800000: 1111 1111 1000 0000 0000 0000 0000 0000
e+ bias = 11111111 = 255,f =0
FF800000 = —oo
X=—0o+H#=—00
X = FF800000
v' X =390D3800 + C9600000:
390D3800: 0011 1001 0000 1101 0011 1000 0000 0000
e + bias = 001110010 =114 5 e =114 - 127 = —13 Mantissa = 1.000110100111
39003800 = 1.000110100111 x 2713
C9600000: 1100 1001 0110 0000 0000 0000 0000 0000
e + bias = 10010010 = 146 » e = 146 — 127 =19 Mantissa = 1.11
€9600000 = —1.11x 2%
_ 1.000110100111 x 2713
- 1.11 x 21°
Alignment:
000000000000010100001 1.000110100111 _ 1.000110100111 _ 1000110100111
1110000000000 /) 100011010011100000000 1.11 " 1.110000000000 ~ 1110000000000
1110000000000¢¢ 100011010011100000000
Append x = 8 zeros:
1110100111000 1110000000000
1110000000000 o
——— Integer division
10011100000000 Q = 10100001,R = 101100000000
1110000000000 - Qf = 0.10100001
101100000000
Thus:
—1.0000011 x 2713
X = = —0.10100001 x 2732 = —1.0100001 x 2733 = —1.2578 x 2733 = —1.4643 x 10710

1.11 x 21°
e+ bias = —33 + 127 =94 = 01011110

X = 1010 1111 0010 0001 0000 0000 0000 0000 = AF210000
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PROBLEM 2 (14 PTS)
= Complete the table for the following DFX formats:
B = 2"Po—2
num0 € [—2""Po=2 2n=Po=2 _ 2=Po]
numl € [_zn—pl—z' —2N—Po—2 _ 2 Py [zn—po—len—pl—Z —27P1]
Dynamic Range = 20log,o (272 P1Po)
Number of Dynamic
DFX Do P1 bits of Boundary num0 range numl range Range
format . value
significand (dB)
842 | 4 | 2 7 4 [~4,3.9375] [1?;}_1‘;'2755]] v 48.1648
1264 | 6 | 4 11 16 [—16,15.984375] [_6[‘i'6_6136§°367255]] v 72.2472
1686 | 8 | 6 15 64 [—64,63.99609375] [_2[22'2_56545%1}5?,6725?]U 96.3296
24168 | 16 | 8 23 64 [—64,63.99998474] [‘1[6618146'; 863459090:0990367255]] Ul 180618

PROBLEM 3 (20 PTS)

= Convert the following signed fixed point numbers in format [16 8] to the dual fixed point format 16_8_3. If more bits are
required, you are allowed to use the format 17_8_3.

FX
DEX

AB.CE 0C.4F 8B.EE 8F.27 81.BE 81.E4 OA.BB FA.09

v AB.CE:
1010 1011.1100 1110 = To DFX 16_8_3 (num0): 0010101111001110 = nota numo0!
= To DFX 16_8_3 (num1): 1111110101011110 = FD5E
v 0C.4F:
0000 1100.0100 1111 = To DFX 16_8_3 (num0): 0000110001001111 = OC4F
v 8B.EE:
1000 1011.1110 1110 = To DFX 16_8_3 (num0): 0000101111101110 = nota numo0!
= To DFX 16_8_3 (num1): 1111110001011111 = FC5F
v 8F.27:
1000 1111.0010 0111 = To DFX 16_8_3 (num0): 0000111100100111 = nota numo0!
= To DFX 16_8_3 (num1): 1111110001111001 = FC79
v 81.BE:
1000 0001.1011 1110 = To DFX 16_8_3 (num0): 0000000110111110 = nota numo0!
= To DFX 16_8_3 (num1): 1111110000001101 = FCOD
v 81.E4:
1000 0001.1110 0100 = To DFX 16_8_3 (num0): 0000000111100100 = nota num0!
= To DFX 16_8_3 (num1): 1111110000001111 = FCOF
v 0A.BB:
0000 1010.1011 1011 = To DFX 16_8_3 (num0): 0000101010111011 = OABB
v FA.09:
1111 1010.0000 1001 = To DFX 16_8_3 (num0): 0111101000001001 = 7A09
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PROBLEM 4 (30 PTS)
Calculate the result of the following operations where the numbers are represented in dual fixed-point arithmetic. Note that

the results must be in the same format. Include an overflow bit when necessary.

DFX Format: 8 4 2 Result overflow Result overflow
FA+19 2B+A9
E2+BB Co0+C2
FB-90 88+1A
DFX Format 16 8 4 Result overflow Result overflow
72CD+0A98 8939-09A2
C200+B8C3 E323-7AA9
F990-0A32 DO01+F170

v’ FA+19: A== - - - 0O
II'\ ”q; Ilm Ilq IIm IIN IL< IIo
(O S & S S s ")
11111010+ 11110.10+
00011001 » 00001.1 000 1)
— {optional
00000.000 1>
00000.0001 = To DFX 8_4_2 (num0): 0000.0001 = 01 Overflow = 0
‘/E2+BB: — = O O O 1 O O
II’\ IILD Ilm ILr Ilm IIN IIH IIO
(S S S S N " )
11000.10+
11100010+ 01 110.11
10111011 »
00111.01
00111.01 = To DFX 8_4_2 (num0): 01110100 = nota num0!
= To DFX 8_4_2 (num1): 10011101 = 9D Overflow = 0
v FB-90:
=+ OO O O
II°<> II'\ ”u: IILn Ilq IIm IIN II‘_' IIO
(S S S S S "I )
11111011 - 111110.11- 111110.11
10010000 » 000100.00 » 111100.00
111010.11
111010.11 = To DFX 8_4_2 (num0): 00101100 = nota num0!
= To DFX 8_4_2 (num1): 11101011 = EB Overflow = 0
v’ 2B+A9:
O OO« OO0 OO o
nom o n o omw n 1
ST STE
00010.100 1)+
0600101011+ ‘ 01010.01 optional
10101001 m—
01100.1 10><0)
01100.1111 = To DFX 8_4_2 (num0): 01001111 = nota numo0!
= To DFX 8_4_2 (num1): 10110011 = B3 Overflow = 0
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v co+ce: AT A A AT T O
O 0O 0O U U U LV LV oo
11 0000.00+
11000000+ 11 0000.10
11000010
1 0000O0.10
100000.10 = To DFX 8_4_2 (num0): 00001000 = nota num0!
= To DFX 8_4_2 (num1): 10000010 = nota num1! Overflow =1
v 88+1A: TTTTILTTT
(S S S S S ")
00010.00+
10001000+ 00001.1 01 0
00011010 ‘ :{optlonal
00011.10d 0
00011.1010 = To DFX 8_4_2 (num0): 00111010 = 3A Overflow = 0
v 72CD+0A98: 0000010100 10000
0111001011001101 1110010.121001101+
0000101010011000 0001010.12 0011000
1111101.01 100101
1111101.01100101 = To DFX 16_8_4 (num0): 0111110101100101 = 7D65 Overflow = 0
v' C200+B8C3: 0000O0O0OODOO0OOOOOODO
1100001000000000 + 1000010O0O0O0O0C.000O00O0H+
1011100011000011 » 01110001100.0011

11110101100.0011

11110101100.0011 = To DFX 16_8_4 (num0): 0010110000110000 = nota num0!
= To DFX 16_8_4 (num1): 1111101011000011 = FAC3 Overflow = 0

v’ F990-0A32:

111111000000000
1111100110010000 11110011001.0000 - 171110011001.0000 +
0000101000110011 ‘ OOOOOOOlOl0.00ll@?";\/Q » 11111110101.11001
11110001110.1101
11110001110.1101 = To DFX 16_8_4 (num0): 0000111011010000 = nota num0!

= To DFX 16_8_4 (num1): 1111100011101101 = F8ED Overflow = 0
v’ 8939-09A2:
111111101100000°0

1000100100111001 - 00010010011.1001 - 00010010011.1 001+
0000100110100010 » 00000001001.101008%Q ‘ 11111110110.0110

00010001001.1111
00010001001.1111 = To DFX 16_8_4 (num0): 0000100111110000 = nota numo0!
= To DFX 16_8_4 (num1): 1000100010011111 = 889F Overflow = 0

v’ E323-7AA9: 0000000000001100
1110001100100011 11000110010.0011 - 11000110010.0011+
0111101010101001 ’ 11111111010.101008€1 » 0000000010T1.0110

11000110111.1001
11000110111.1001 = To DFX 16_8_4 (num0): 0011011110010000 = nota num0!

= To DFX 16_8_4 (num1): 1110001101111001 = E379 Overflow =0

v' DO01+F170: 111000000000O0O0TO0DO
1101000000000001 » 10100000000.0001+
1111000101110000 11100010111.0000

10000010111.000°1
100000101110001 = To DFX 16_8_4 (num0): 0001011100010000 = nota numoO!

= To DFX 16_8_4 (num1): 1100000101110001 = C171 Overflow = 0
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