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Introduction

Denormal (Subnormal) Numbers?

= Exponent ==
Ex) sign exponent significand

0 00000001 10000000000000000000000 = +27*26 * 1.100..0 (normal)

o |-

0 00000000 10000000000000000000000 = +27%?6 * (0.100..0 (denormal)

* Eycnormal == Eminy 1-bit adjustment is needed

= J-bit-implicit 1-bit above the MSB of significands

» Hardware denormal support — no exception handler
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Exponent Difference

Adjusted Exponent Difference

" ey =e,+ ez-adj_bias
» exp_diff=ey -e.
" exp_comp =ey > €.

» bigdiff = exp_diff < 0 or
exp_diff > maxdiff
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Alignment

exp_diff [1:0]

Level 1 Shift

exp_diff [3:2]

Level 2 Shift

exp_diff [5:4] |

Level 3 Shift

exp_diff [7:6] |

denormalc J

*adj_bias = dbl: 0x3C7, sgl: 0x64
*adj_bias; = dbl: 0x3C6, sgl: 0x63

bigdiff,

Level 4 Shift

exp_comp

Select / Invert




J-bit Detection

Denormal Support

= J-bit detection in parallel with exp_diff

« J-bit = (exp # 0)

» 1-bit denormal adjustment in exp_diff

« exp_diff is adjusted by +1

Ex) e,*ey = 1 and e, = 0, exp diff = 1 > adjusted to 0
1.000..0
+ 0.100..0 => 0.010..0, need back to 0.100..0
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Alignment

Case 1) No Shift

= exp diff <0
fc [9] dbl[52:0], sgl[23:0]

: ooy dbl[105:0], sgl[47:0]
bigdiff = zero outand set sticky

Case 2) Small Right Shift
" 0 < exp_diff < *adj

, Rshift
ct J| dbl[52:0], sgl[23:0]
fa x fg ! Lio[J dbl[105:0], sgl[47:0]
Increment + 1§ Main Adder

*adj = 56 (dbl), 27 (sgl)




Alignment

Case 3) Medium Right Shift

» *adj < exp_diff < *max
, Rshift

[

fc - -

dbl[52:0], sgl[23:0]

fAXfB

dbl[105:0], sgl[47:0]

Case 4) Big Right Shift

= exp_diff > *max

Main Adder

. Rshift
fc - p»J| dbl[52:0], sgl[23:0]
g E i !
fa x fg! 0|J dbl[105:0], sgl[47:0] OR
Main Adder ' ¢
*adj = 56 (dbl), 27 (sgl) ' Sticky

*max = 109 (dbl), 51 (sgl)




Alignment

Select Upper bits - to Incrementor

0 -

0 aligned f
0 - 1 aligned & inverted f.
1 0 0 fc
1 0] 1 inverted f
1 1 0 ‘0
1 1 1 “

Select Lower bits = to Multiplier
T bigift | wweb | lowersip |
0] aligned f
aligned & inverted f,
‘0
“

- O = O

0
1
1




J-bit Correction
J-bit Correction in CSA Tree

= No J-bit detection

» f, and fg to multiplier with no delay

= Assume both J-bits are 1, then subtract 1 J-bit correction line in CSA tree . L.k I

* If J, =0, then subtract fg
» If J5 =0, then subtract f,
* Don't care if both J-bits are O

* A more partial product and a few bits for 2's complement

intel‘ . 10




Radix-16 Booth Encoding

Radix-16 Pre-computations (1x — 8x)

» 3 adders for pre-computations

Ix =15

2x =l <<1

3x = 1x + Zx 2 need an adder
Ix = [ <<2

5x = 1x + 4x 2 need an adder
6x =3x << 1

7x = 8x — 1x > need an adder
Ex =1f<<3

intel‘ . 11
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* Level 1-4areinthe 15t cycle
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* 14 + 2 partial products i

cyed

« J-bit correction line and 2's complement bits are added
» Aligned f. is added
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=t pN

Multiplier
CSA Tree
= Levels of 3:2 CSAs depending on # of nodes to add
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Main Adder

Case 1) X +Y, Trueadd — Nothing to do

Ex) X 1.0110
+ Y 1.0001

Z = 10.0111

Case 2) X =Y (X <Y), Truesub negative — Inversion is required

Ex) X 1.0001
+ ~Y 0.1001

Zz = 01.1010 -> 0.0101

Case 3) X-=Y (X >Y), Truesub positive — 2's complement is required - merged with rounding

Ex) X 1.0110
+ ~Y 0.1110

Z = 10.0100 -> 0.0101

intel‘ . 15




LZA
Leading Zero Anticipator (LZA)

» sum = {S,, Sp_1, -, So}, carry = {cp, Cn_1, -, Co}

" gi=SiAG

" =5V
= [P = (g V) AT
- [0, = (g V2 ATt
+ Selected based on the inversion

Ex) S 1.1111101
+ C 0.0000110

g; = 0.0000100
z, = 0.0000000
g;Vz; = 0.0000100
Zi—1 = 1.111110
f; = 0.000010 -> 5-bit left shift for normalization
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Masking Underflow

= Mask bit stops normalization shift when exp <0

©my = mSmg,5

© My =myto myetomg, 1o mygle

o mz = my*mtmgtm,tomgtmt

My = mymm,ms ..MM,
> mis set if exp has k bit and repeated n times, 2-bit decoders
s m=myAm,AmgAm,A (exp < 128)
* fi=@iVz)ANZizTVmy
Ex) e,*e; = 3 and e, = 3,

100.0..1
- 100.0..0

000.0..1 -> 0.0..100, 2-bit left shift
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Rounding

Rounding Control

= 4 rounding modes are reduced to 2

 RNE A Guard A (LSB v Sticky)

« *RINF A (Guard v Sticky)
> *RINF = (RINF- A'sign) V (RINF+ A sign)

» RZis omitted by using AOI
» Force round up for 2's complement

« 2's complement is propagated only if the bits below LSBs are all-ones

= Significand overflow after rounding

* ov_rndup = allones N roundup - eliminates the re-normalization
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Sign Logic
Effective Sign

" Suerr =S4 @ Sp D 1s_neg

" Sqg=S, @ Iis_sub

Sign Becomes 1 (Negative), otherwise O (Positive)

Syetr = L Scerr = 1
* Syesr=1L Scer=0, and A¥B > C
* Syerr=0 Scor=1, and A" < C

" Syer Z Sces A™B = C and round_to_-infinity
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*adj_bias; = dbl: 0x3C6, sgl: 0x63
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Results (Latency)

Multiplier
(gate levels)

Main Adder
(gate levels)

Normalization
(gate levels)

Rounding
(gate levels)

Total Gate Levels

Radix-4 Booth (6)

8 Levels of 3:2 CSAs (12)
3:2CSA(2)
106-bit Adder (12)

106-bit Incrementor (10)

162-bit Shifter (8)

53-bit Incrementor (8)

1-bit Shifter (2)
60

Radix-4 Booth (6)

8 Levels of 3:2 CSAs (12)
3:2CSA(2)
Part of 162-bit Adder (10)

No Complement (0)
162-bit Shifter (8)

Rest of 162-bit Adder &
Rounding (13)

1-bit Shifter (2)
53

Radix-16 Booth &
53-bit Adder (10)

_ PowerPC FMA Lang’s FMA Proposed FMA

6 Levels of 3:2 CSAs (9)

No 3:2 CSA (0)
106-bit Adder (12)

No Complement (0)

162-bit Shifter (8)

53-bit Incrementor (8)

No Shifter (0)
47, -20%/-10%
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Results (Area)
| powerPCFMA | LangsFMA____ | ProposedFMA

Exp Diff &
Alignment
(gate count)

Multiplier
(gate count)

Main Adder
(gate count)

Normalization
(gate count)

Rounding
(gate count)

Total Gate Count

11-bit Adder x 2 (200)
162-bit Shifter (2,400)
Sticky (100)

Radix-4 Booth (200)

1,500-bit 3:2 CSAs (9,000)
106-bit 3:2 CSAs (600)
106-bit Adder (1,200)

56-bit Incrementor (200)

106-bit Incrementor (400)

162-bit Shifter (2,400)

56-bit Incrementor (200)

1-bit Shifter (100)
19,000

11-bit Adder x 2 (200)
162-bit Shifter (2,400)
Sticky (100)

Radix-4 Booth (200)

1,500-bit 3:2 CSAs (9,000)
106-bit 3:2 CSAs (600)
Part of 162-bit Adder x 2 (1,200)
No Upper Incrementor (0)

No Complement (0)
162-bit Shifter x 2 (4,800)

Rest of 162-bit Adder x 2 (1,200)
Rounding (1,400)
1-bit Shifter (100)

23,200

11-bit Adder x 2 (200)
162-bit Shifter (2,400)
Sticky (100)

Radix-16 Booth (400)
53-bit Adder x 3 (1,500)

900-bit 3:2 CSAs (5,400)
No 3:2 CSA (0)
106-bit Adder (1,200)
56-bit Incrementor (200)

No Complement (0)

162-bit Shifter (2,400)
Sticky & All-ones Detection (200)

56-bit Incrementor (200)

No Shifter (0)
16,600, -10%/-30%
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Backup - Alignment
Sticky Logic

= Sticky logic is in parallel with alignment in each level

= Shifted bits under the round bit in each level are ORed

to generate sticky bit

= Sticky bits in each level are ORed to generate the final sticky bit

upper lower sticky
fe| [52:0] |gj\r
aligni | [54:0] - o]
align2 | [54:0] o |
align3 | [54:0] [60:; -------------------------------------------- | bigdiff
i B e S N -
to Incrementor to Multiplier ORStICky [oR]
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Backup - Radix-16 Booth Encoding

00000 (0x00) 10000 (0x10)

00001 (0x01) +1x 10001 (0x11) -7x

00010 (0x02) +1x 10010 (0x12) -7x

00011 (0x03) +2x 10011 (0x13) -6x

00100 (0x04) +2x 10100 (0x14) -6x ol Lt |

00101 (0x05) +3x 10101 (0x15) -5x N \—h‘ '
00110 (0x06) +3x 10110 (0x16) -5x - —ii‘j
00111 (0x07) +4x 10111 (0x17) -4x
01000 (0x08) +4x 11000 (0x18) -4x

01001 (0x09) +5x 11001 (0x19) -3x

01010 (0x0A) +5x 11010 (0x1A) -3x

01011 (Ox0B) +6X 11011 (0x1B) -2X

01100 (0x0C) +6x 11100 (0x1C) -2x

01101 (0xOD) +7x 11101 (0x1D) -1x

01110 (OXOE) +7x 11110 (0X1E) -1x

01111 (OXOF) +8x 11111 (0x1F) -0x




Backup - Radix-16 Booth Encoding

Partial Product Generation
= Select multiples, hi/lo and polarity
= Ox is zeroed out by AOI

Booth
segg;[:t __A\ 41 /T 41 /




Backup - Multiplier

CSA Interconnection

» 4:2 CSA - back-to-back 3:2 CSAs
* Timing path — 3 XORs instead of 4

Carry-in

o+— Carry

Carry-out
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Backup - Multiplier
Radix-4 vs. Radix-16 (Double Precision)

5-bit Encoding &
53-bit Adder (10)

Latency 8 Levels of 3:2 CSAs (12) 6 Levels of 3:2 CSAs (9)
(gate levels)

3-bit Encoding (6)

3:2CSA(2) No 3:2 CSA (0)
Total (20) Total (19), -1

5-bit Encoding (400)
53-bit Adder x 3 (1,500)

3-bit Encoding (200)

27 Partial Products 14 + 2 Partial Products
Area 1,500-bit 3:2 CSAs (9,000) 900-bit 3:2 CSAs (4,800)
(gate count)
106-bit 3:2 CSAs (600) No 3:2 CSA (0)

Total (9,800) Total (6,700), -30%




Backup - LZA
Leading Zero Detection (LZD)

= Four levels of LZD
* Level 1-2areinthe 2" cycle =L
* Level 3 -4 and postare in the 3" cycle
Iza_vI1[163:0] ] 1za_VI1[163:0] [ Iza_vI2[63:0] ] [ l1za_IvI3[15:0]} ]
[163:98] [97:34] [33:0] [163:98] [97:34] [33:0] [63:48] [47:32] [31:16] [15:0] [15:12] [11:8] [7:4] [3:0]
Lsh0,64,128 CH Lsh0,16,32,48 41 Lsh0,4,8,12 41 Lsh0,1,2,3
[ 1za_VI2[63:0] | [ lza_IVIB[15:0]; | Izajl_lv‘ '4[3;:0]
[63:48] [47:32) [31:16] [15:0] [15:12] [11:8] [7:4] [3:0] 3 21 [ 101
Lsho Lsh64 Lsh128
LshO Lshl Lsh2 Lsh3
Lsh0 Lsh16 Lsh32 Lsh48 LshO Lsh4 Lsh8 Lsh12
LZA level 1 LZA level 2

LZA level 3 LZA level 4

nqrm :sig: IvIB[3{0]
[3] [2] [11 [0]

post_norm

Post-normaliztion
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Backup - Normalization
Sticky Logic

= Sticky logic is in parallel with normalization in each level

= Bits under the round bit in each level are ORed to generate sticky bits

= Sticky bits in each level are ORed to generate the final sticky bit

sum sum_sig[163:0] |
Vi1 [163:25] | [0 |
IVI2 [163:89] | T [_85:2_5]"_"""":
VI3 [163:105] | [10_4%9_]_:
__ align
Ivi4 [163:109] [108:105] sticky
sticky4f sticky3 sticky2¢ stickyl,
post_norm & [109] —»OR|OR| OR | OR |  OR  |oR» sticky
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Backup - Normalization

All-ones Detection

= All-ones detection is in parallel with normalization in each level

= All-ones is detected by ANDing all bits in the significand range in each level -

adj
| Jsig comp
[Sign ogic |

= All-ones in each level are ANDed to generate the final all-ones

U [163:0]
Ivil [163:0]
e | pesad | mee |
o

[M63159] [ e
IvI3 [158:147) [146:110] f100:08]

[ 6’2] ""--..
M4 [1§2:159] [158:110] [149:27]

ones4y yones3  ones2{ ones3 ones4

post_norm & [163] —>|AND| AND | AND PAI\ZD}ANDl—b all-ones
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