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Outline
e Introduction to Sub-Word Parallelism (SWP)
e SWP extensions for general purpose processors
e Basic SWP operator design
e adder

e multiplier

e Towards a multimedia dedicated operator
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Usual computing resources

e Conventional ALU :
64 bits

64 bits

e word size : - 32 bits

- 64 bits | | |

X register

e Basic units designed (optimized) for
word sizes: 32/64 bits

[ ]

-—>

64 bits

= max. efficiency with 32/64-bit words
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Y register

64-bit adder

Z register

Usual computing resources

e Conventional ALU :
e word size : - 32 bits
- 64 bits

48 bits 16 bits 48 bits

X register Y register

e Basic units designed (optimized) for word
sizes: 32/64 bits

= max. efficiency with 32/64-bit words

64-bit adder

Z register

e Audio/video/... processing : 48 bits 16 bits
o low precision data: 8/10/12/16-bits
e conventional ALU

low efficiency : under utilization of
processor resources

e wasting: area, power, performance
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SWP: Sub Word Parallelism

e Goal: efficiency improvement
e ?:avoid wasting of word size resources

e Sub Word Parallelism SWP:
e subword : small data item contain within a word
e multiple subwords are packed into one word
e whole word is processed at the same time :
= simultaneous parallel processing on subwords

X register Y register

adder

| 1 | Z register
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SWP: basic example

ADDER
e Ripple Carry adder

e based on half adders and full adders
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SWP: basic example

ADDER

e Ripple Carry adder
e based on half adder and full adder
o N-bit full adders are required to add two N-bit operands

a[5] b[5] a[4] bf4] a3 b3l al2] b[2] a[1]b[1] a[0] b[0]

Wey Ua o e e L

out FA cal FA cz| FA cz| FA c1| FA co| FA

c s c s c s cC s cC s c s

Rl e e e |

S[a] Si4] S[3] S[2] Sl S[0]
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cin

SWP: basic example

ADDER

e 16-bit SWP enabled ripple carry adder can

perform either (for example):

e Four 4-bit additions
e Two 8-bit additions
e One 16-bit additions

E. Casseau - ARCHI 09

Onl

ol

L abic | avt [ani[abt| 4ot [aot [abi |4bi]
l ]

4bit| 4bit |4bit| 4bit
8




SWP: basic example

ADDER

e 16-bit SWP enabled ripple carry adder can
perform either (for example):

e Four 4-bit additions o

Opl

e Two 8-bit additions
e One 16-bit additions

[ 4o 4ot [ abiabe| [a4bi [46t [aot [40t]
I ]

e BUT: usually not so easy...

e can SWP be applied to
the application ?
the operator(s) ?

e complexity increase ?
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SWP

SWP solves under utilization issues in processors (GPP, media processors, DSP)
Rather than wasting word oriented datapath, use SWP
Efficient and flexible solution for media applications

More efficient use of memory as packed subwords move between memory and
processor

Example: 64-bit word size and 8-bit subword size:

e 8 subwords a processed per computing cycle

e only some portions of the application can utilize SWP
e actual speedup: 8 ?
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SWP

e SWHP utilizes data level parallelism

e k m-bit subwords are processed in parallel
k.m<n n: word size

e SWP is sometimes called small scale SIMD

e Applications : low precision data applications (audio,
video, ...)

e Subword sizes :
e size of subwords in a word can be different
but same subword sizes reduce complexity
(operator design & use (data management))

e more subwords leads to more parallelism but
increases area & delay
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enabled
operator

n(+...) bits

11

SWP oriented computations

k m-bit subwords

register 1 register 2

1 1 arithmetic
operator

H | register 3

12
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SWP oriented computations

k m-bit subwords

N
=Y a(i)xb()
i=1
— ]
y= T . register 1
For (i =1, j<N+1, i+)
y =y +afi] . bi];
Max. efficiency with N =k . I, I: integer

a4 | a3l az! a1

as | a7| a6 as
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register 2

arithmetic
operator

b4

{ b3} b2} b1

bs | b7 bs bs

.§b9

13

SWP oriented computations

For (i =0, i<N, i+)

N—1N-1

A= Z Z [Imgi(y,z) — Imga(y, z)|
y=0 z=

Block matchin

diff = 0O;

For (i =0, j<N, j+)
diff = diff + abs( a[i,j] - b[i,i]);

Max. efficiency with N =k . I, I: integer

a03! a02! ao1! a0o

a07{ ao6; aos; ao4

@A

a13} a12} a11} a10

a17! a16' a15! a14
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k m-bit subwords

registe

arithmetic
operator

bos; boz{ bo1} boo

bo7§ b06§ b05§ bo4

b13] b12 b11{ b1o

b17! bis! b1s! b1a

SWP oriented computations

Imgl y,x) — Imga(y, z)|

IIM\

Block matchlng
diff[0] = 0;
For (i =0, i<n, i+)
For (i =j, j<n, j+)
difffi] = diff[i] + abs( al[i,j] - b[i,j]);

ao3! ao2! ao1! a0o
ao7i ao6 ao4

a13} a12} a11} a10

a17! a16! a15! a14
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bos; boz{ bo1; boo

b07§ bosi bosi bo4

b3} b12] b11{ b1o

b17! b1s! b1s! b14
15

SWP primitives

e Subword parallel primitives are required to exploit data parallelism

e SWP primitives include :

e basic arithmetic operations :
Add, Subtract, Multiply, etc

e data management :

data alignment before and after certain operation

subword arrangement

expansion and contraction of data
load multiple packed subwords from memory to registers

etc.
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Loop coding with and without SWP

High-level language loop
Short x[200], y[200],z[200],w[200];
Int i;

For(i =0, i<200, i+) {

Z[i] = X[i] + yIi];

;N[i] = X[ - yIiT;

Without SWP Instructions With SWP Instructions

Idi199, Ri Idi 49, Ri

Loop: Idhs,ma  2(Raddrx),Rx Loop: Idds,ma  8(Raddrx),Rx
[dhs,ma  2(Raddry), Ry ldds,ma 8(Raddry), Ry
add Rx, Ry, Rz hadd Rx, Ry, Rz
sub Rx, Ry, Rw hsub Rx, Ry, Rw
sthsma Rz, 2(Raddrz) stds,ma Rz, 8(Raddrz)
sthsma  Rw,2(Raddrw) stds,ma Rw,8(Raddrw)
addibf,< -1, Ri, loop addibf,< -1, Ri, loop

17
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Multimedia extensions for GPP

e 1990’'s : optimization of image-processing programs
= SWP ...

e To take full advantages of SWP, SWP-dedicated instructions are required

e Instruction sets including SWP instructions :
e MAX-1(1994) and MAX-2 (1996) addedto HP’s PA-RISC
e MMX addedto Intel Pentium (1997)(4x16bits) (floating-peintTnit)
puis SSE, SSE-2,3,4 addedto IA-32, |IA-64 (floating point unit)
e VIS (1995) addedto Sun’s Sparc V9 (UltraSparc, SPARC64)
e Altivec added to  Motorola’'s PowerPC (PPC G4 1999)
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Example: MAX-2 instruction set

e MAX-2 is multimedia acceleration extensions implemented in PA_RISC-2.0
(64 bits).

e MAX-2 supports subword sizes of 16-bits

e Parallel Add (modulo or saturation)

e Parallel Subtract (modulo or saturation)

e Parallel Shift Right (1,2 or 3 bits) and Add multiplies subwords by
o Parallel Shift Left (1,2 or 3 bits) and Add integer/fractional data
o Parallel Average

o Parallel Shift Right (n bits)

e Parallel Shift Left (n bits)

e Mix

e Permute
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MAX-2

* MIX interleaves subwords from 2 source registers

o L« 1 e ] < JRx
Ry
Lo Lo L e ] v JMixhi
o o e 1 Jmixh.R

ﬁﬁ' HEWLETT

PACKARD
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hi

T
A
g

i

MAX-2

* MIX of larger (32-bit) subwords

MAX-2

e Matrix transpose : 4x4 matrices: 2 steps, 8 instructions

b

T
A
&

y

1 11 12|13[14] t1 11 21/13/23 M 11 2131 41
2 2122|23/24] 12 [12[22]14]24 2 [12]22]32]42
L 0 J a ] 2 J x2 JRx RGNS N .
r3 31 32 33|34 r1 31413343 r3 [13/23/33 43
0 1 2 3 T
Ry r4 41 42 43|44 r2 132142134144 rd 11412434144
0 mixh,l r1,r2t1 mixw,r t1,r1,r3
N L vt JMixw.L b oy
mixh,| r3,r4,r1 mixw,r t2,r2r4
mixh,r r3,r4,r2 mixw,t t2,r2,r2
o= o= [ 2 IMixw.R
nga EEE\LLE;S e n.n matrices : n.log(n) instructions ﬁa EEE’V&EHTS
= —
MAX-2 = MAX-2 =

» Permute instruction

Input
Register

Replicate scalar
vector-scalar ops.

Reverse
bi-endian data

O
O
w
>

B A C B Arbitrary
permutation

HEWLETT
ﬁla PACKARD
23
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 Parallel subword Add/Sub: with modulo arithmetic or signed
saturation or unsigned saturation

Rx

HE
N

~
«w

y0 y1 Ry

X0+y0 X1+ X2+ T
V> ] Padd
0+y0 8000 7FFF x3+y3 Padd(Psub).ss
X0+y0 0000 m x3+y3 || Padd(Psub).us

UA Excicino

Ii

Negative Overflow

Positive Overflow
E. Casseau - ARCHI 09
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MAX-2

N—-1N-1

A= Z Z [Imgi(y, z) — Imga(y, z)

y=0 z=0

* SAD using saturation arithmetic

r1 [ 85]20foo] 5 | r2 [45]211] 0 |33]

hsubus r1,r2, r3
hsubus 12,11, r4
hadd r3, rd, rH

3 [0 0 Jroq 0]
4 (Ot 0[]
5 [F0fiotfio0[ze]

UA eicicann

25
E. Casseau - ARCHI 09

MAX-2

« Execution time speedup (PA8000 with MAX-2 vs without MAX-2)

6
5
4.24
4 - ——
3 - ——
2 .
1 I —
HEWLETT

0 Speedup [ﬁp PACKARD

8x8 Matrix 8x8 16x16 SAD 3x3 Box

Transpose IDCT Block Match Filter

26
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SWP in DSP chips: examples

e TigerSHARC (Analog Devices)
e combine VLIW and SIMD
e each of the two datapaths can processes :
Eight 8-bit operations
Four 16-bit operations
Two 32-bit operations

e TMS320C64x (Texas Instruments)
o fixed point DSP
e 2 clusters
dual 16-bit and quad 8-bit SIMD additions and comparisons
dual 16-bit and quad 8-bit SIMD multiplications

27
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SWP multimedia operator design

Conventional subword sizes :
e uniform arithmetic relation with subword sizes:
8, 16, 32-bits etc. (MAX-2, MMX, Altivec, ...)
e complexity of operators is less but under utilization of resources for multimedia
applications:
pixel's sizes: 8, 10, 12 and sometimes 16-bits

= multimedia oriented subword sizes : 8, 10, 12, 16
no uniform arithmetic relation with subword sizes

e complexity of operators is increased but resource utilization for multimedia
applications is better

28
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no_confs : number of possible Sl SE BN B ot e TS = B
configurations ks O
s z[21: 0] = al21: 0] + b[21: O]
conf:  2¢onf partitions of conf - 1.
size (width/2conf) z[31:16] = a[31:16] + b[21:16]
z[15: 0] = all5: 0] + kb[15: 0]
. . . . . conf = 2:
= subword sizes : unlform arithmetic 2[21:24] = a[31:24] + b[31:24]
relation z[23:16] = al[22:16] + b[23:16]
z[15: 8] = al[l5: 8] + b[15: &]
2/4/8/16/32 =z[ 7: 0] = a[ 7: 0] + b[ 7: 0]

SWP multimedia operator design

Synopsys SIMD IPs :
e VHDL/Verilog signed or unsigned SIMD adder, SIMD adder with carry, SIMD

multiplier
Parameter Values Description
width = 2, must be a multiple of Word length
Ano_confs-1
no_confs |z2 Number of configurations
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SWP multimedia operator design %

e = multimedia oriented subword sizes : 8, 10, 12, 16
e “good” choice : word size = 40-bits
supported subword sizes: 8, 10, 12, 16-bits
gives better efficiency for different pixel sizes

conventional(8/16/32) | dedicated(8/10/12/16/40)
# use ratio% # use ratio%

a(8) OP b(8) 4 100 5 100
A1) OP b10) | 2 | 62 | a | 100
au0pba2) | 2 | 75 | 3| e

a(16) OP b(16) 2 100 2 80
a@2)oPb@2) | 1 | w00 | 1| 8
a(40)OP b40) [ 0 | x | 1| 100

30
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ADD architectures |

e Adders are used in:
addition
subtraction
multiplication
division

e Different types of adders:
e ripple carry adder
e carry look ahead adder
e carry save adder
e conditional sum adder

e Speed of the processing system heavily depends upon these fundamental
units.

31
E. Casseau - ARCHI 09

Ripple Carry Adder (RCA)

Conventional way of adding two 010 N1 L e L 1 R U

numbers.
l? l
Slowest adder (carry ripples from
the LSB to MSB) o A {lcal FA llcal FA {1zl FA [lor| FA [|col FA

N-bit full adders are required to H
add two N-bit operands 1

Takes minimum area C S cn

RCA is used when J J

e minimum hardware is required & o 0 o ol d
e speed is not critical

Speed is linear with word length Sl SH) ]S B | . 1]
O(N)

32
E. Casseau - ARCHI 09




SWP enabled Ripple Carry Adder

e This example: 16-bit SWP
enabled ripple carry. It can
perform either:

o Four 4-bit additions
e Two 8-bit additions
o One 16-bit additions

E. Casseau - ARCHI 09

Opl opl

[ 4o 4ot [ abiabe| [a4bi [46t [aot [40t]
I ]

4bit| 4bit | 4bit| 4bit

33

Carry Look Ahead adder (CLA)

Speed of RCA get worst when
number of bits increases

Remedy
e use Carry look ahead adder
e CLA calculate carries in advance

Carry is calculated using:
e carry generate logic
e carry propagate logic

Generation of all carries
simultaneously using CLA generator

E. Casseau - ARCHI 09

241 €41 | Comment

0 10 |kl (stop) carry-in

¢ |propagate carry-in
propagate carry-in

Case 1 (Kill): ki =aly =

Case 2; 0
1700
2101
10
311

ro| —
3

1| generate carry-out

(2 +3)

Case 2 (Propagate): pi =12, Gy
Case 3 (Generate): g; = 2.y,

Then

Gt = G+ Dics = 23+ (4 B )

34

Carry Look Ahead adder

Must generate carry when
e Ai=Bi=1
e Gi=Ai Bi

Carry propagate:
e Pi=Ai xor Bi
e carry-in will equal carry-out here

Sum and Cout can be re-expressed
in terms of generate/propagate:

e Ci+1=Gi+ PiCi
e Si=Ci xor Pi

Re-express the carry logic
e C1=G0+P0OCO
C2=Gl+P1C1
= G1 + P1(GO + POCO)
=G1 + P1GO + POP1CO
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Carry logic gets costly with the increase in

word length.

35

SWP enabled CLA adder

Implementation

e Multiple subword sizes can not be

easily combined :

Separate implementation of blocks
Sharing of components between

blocks is performed by the
synthesis tool

This example: SWP enabled 16-bit CLA

which performs one of the following
operation:

o Four 4-bit additions
e Two 8-bit additions
e One 16-bit additions

E. Casseau - ARCHI 09

Four4-bit CLA Adders

Two 8-bit CLA Adders

One 16-bit CLA Adder

W

0

i 16-bit Sum

Select Signal




Group CLA adder

e Disadvantage of CLA: VR o i it 4
e carry logic gets more complicated M oz
f han 4-bi
or more than 4-bits 5 e 1 St 3 4t e & e a
e Remedy: : PG 4 PG 4 g : PG
e implement CLA adders as 4-bit j j/
modules. g5 ik 94 be)

e Each 4-bit adder gives group
propagate (PG) and generate (GG)

signal: P g 0’ 18 0
e PG =P3.P2.P1.PO iy e
e GG=G3+P3G2+P3.P2.G1 +

P3.P2.P1.GO &
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SWP enabled group CLA adder

B[8.11] A[B..11] B [4.7] A4.T B [0..3] A [0..3]
4-bit 4-bit 4-bit
Group Carry Group Carry Group Carry
Generator Generator Generator

Po_u: l l Go_ut l? Pul l Gaus ; Po_s Go_s

Group Carry Group Carry

Generator Generator

Gao_11

P P G

ot l CTRL_C — > | cTRL_B CTRL_A
- -
AND AND AND
B[12.15] B [12..15] B[8.11] B[S.11] B [4.7] B [4.71 B [0..3]

A [12..15] A[12.15] As.11] A[s.11] A 471 A[4..71 A [0.3]

l Cin=1 Cin=D Cin=1 Cin=0 Cin=1 Cin=0 Ci=0
4-bit J 4-bit J “4-bit J 4-bit J 4-bit J 4-bit J 4-bit J
Add Add Add Add Add Add Add

J' J' J' J' l l *RCA 4-bit adders
1 L] 1 o] 1 O
Sum [12..15] Sum [8..11] Sum [4..7] Sum [0..3]

SWP multimedia ADD operator

e Adders between the control logic can be:
e ripple carry adder RCA
e carry look ahead adder CLA

e Selected subword size determines the control bits :
e propagate/block the carry

Operand 2 (40-bit) Operand 1 (40-bit)

Com \lom lom o lom lew lem lem llem lewm |

oo [am [om [ow [ oo [om

oo [ oo [ 2w o]

id
o tits (81 ot _tits (7) Aod add

; E v -
dbit dbit 2nit 6 bt kit abit 2nit 2bit
Add A fad sd e Ad e
1) o it (0)

i tits (5] cin_its 2) o s

gt | Camyin
]

[owe [ oo [ 2o [ oon [ wn [ oo [ oo [ 2o [ 2on [ oo |
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SWP multimedia ADD operator

90 nm CMOS 130 nin CMOS FPGA
ASIC ASIC VirtexIT
Nand | CP | Gatesx | Nand | CP | Gatesx | CLBs | CP | Gates )
Gates | () | CP | Gates | (us) CP ws) | xCP Subword sizes:
(e (o) (e 8,10,12,16(40) bits
Simple 291 | 269 1 281 | 8.10 1 g2 |252| 1
40-bit
RCA | SWP 345 | 431| 190 347 | 101| 154 78 | 276 | 104
ADD S ; .
nthesis tools:
Overhead (%) | 19 | 60 a0 23 | 25 54 5 10 4 Y! Synopsys /
90 nm CMOS 130 am CMOS FPCA Mentor Graphics
ESIE CSIE irtexl Precision RTL
Nand | CP | Gatesx | Nand | CP | Gatesx | CLBs | CP | Gates
Gates | (ns) CFP Gates | (us) CP (ns) xCP
(ntorm) (ntorm) (1orm)
0.t | Simple 372 | 231 1 372 | 411 1 74 157 1
Group
CiA | SWP 444 | 192 099 | 463 |452| 137 81 | 152 | 106
ADD | erhead %) | 19 | -17 -1 24 10 37 9 3 6

e Compared to SWP RCA:
e area of SWP CLA is more
e CPof SWP CLA s less
o efficiency of SWP CLA is less

E. Casseau - ARCHI 09
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S : Implementation principle of a basic
Multiplication " SWP multiplier

Word size: 8 bits

e Input: o Subword size: 4-bits [ 3 e a4| | @ - ‘
e N-bit multiplier Pl S L A A - R A S S S 4 \_ J
e M-bit multiplicand ab, ab, ah, ab ab, ab, ab ab e Multiplier ayag
h s ok b oh oh o « a_low&a_high = 4-bits
1 . ar s as a a5 a ab, d ..
e Partial Products. _ A e Multiplicand by b,
e generation of partial products wb ab ab wb b wmb b wh e b_low & b_high = 4-bits '
o left shift the partial products S T T T R A S - - a_ b,

a; by by abh, ah ab ab oab oab

ab, ab, ab, ab ab ab, albi agb, e Subword size =4 aH bl.

e Final Product:

L . . Vis Yia - Y e st partial product
* addition of shifted pap:?c?cliucts e 4th partial product a bH
e (N+M) bit final product by a,

e Word size =8
e addition of all PPs
aybp' +a b +bya,2* + a byt

42
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Implementation principle of a basic :
SWP multiplier Booth recoding

e Basic idea: reduce the number of partial products to reduce the number of

Word size: 8 bits O A T 0 accumulations
Subword size: 4-bits i - - - - = - = e Radix-2 : partial product = (multiplicand) x {0, 1}
e Multiplier _ _ Al oL e Radix-4 : partial product = (multiplicand) x {00, 01, 10, 11}
e a low&a_high = 4-bits 6 - o Instead of multiplying with single bit, we multiply with two bits hence
e Multiplicand Bo making partial products half
e b_low & b_high = 4-bits
- F 7 ms B, I
e Subword size = 4
e 1st partial product X [T ]
e 4th partial product | = | P L ] X ED:D
1 L]
) . ] —> 1
e Word size = 8 {a) Subword Size = 16 Bits I:l n |:|
e addition of all PPs +C | |
| |
43 44
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SWP enabled multiplier 4 SWP multiplier by Krithivasan & Schulte

* SWP enabled booth multiplier design : [1 S. Krithivasan, M.J. Schulte, Multiplier Architectures for Media
e Multiple subword sizes can not be easily combined : Processing, Asilomar Conference on signals, systems and

separate implementation of blocks computers, vol.2, pp 2193-2197, 2003.

blocks share components when possible . . . .
P P e Avoids the detection an suppression of carries across subword

boundaries
e Synthesis results for both ASIC and FPGA technologies
e Basic multiplier : e Designed to perform in parallel:
e One32X32
Nand gates (CLB) CP Nand gates x CP e Two 16 X 16
_without SWP | . L N e Four8X8
with SWP x1,7 x1,05 1,8

e Supports operands in both:
e Booth multiplier :

e unsigned
Nand gates (CLB) CP Nand gates x CP ¢ 2's complement
_without SWP_ | . X07 | x6 | 112
with SWP x1,2 x1,65 2
45 46
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SWP multiplier by Krithivasan & Schulte

Pl A S S A A S S A - A A A 5

SWP multiplier by Krithivasan & Schulte

Ex.: word size: 8-bits, no subword b, ah, ab ab ab wb ab b

ab aghy ah alb, ab b ab ab | A Aus | Ao e | A A | A A |

ab aby b ab b ab ab ab ) ) . e

ab o ub ab ob b b ab Ex.: word size : 32-bits, subword: 8-bit [ Bme [ Bose [ Buom [ 5o |

e Fig (a) shows PPs for unsigned : who ach mboah mbosbh oab ab
b b ab ab ab wboab ab

b abo b ab b wb ab b

o e When subword size is 8:

() Unsigned Product Matrix o four 8 X 8 unsigned multiplications

e Fig (b) shows PPs for 2's complement : LT s s e lot of PP are setto ‘0
e 2n-2 PPs bits are inverted TEoak ahoab oab wb oab ab N
e ‘1’added in columnn - :1,E, :,z, 25:, :,: :jl]f :,Lt :115, ayby e To set unwanted PPs '[0 0
e ‘1’ added in column 2n-1 TE o ab o o b b o e AND gates are required

TE ab ab, oab, ah aboab ab,

Ioab agby aby aby, aby ab, ab ab

(h) Two's Complement Product Matrix

. . e UGB ah, ady ah, ahy b ab oab Pas o Pug Pyr o Pu2 P o Pig Pis ... Py
e Fig (c) supports both using control bit ‘t" : P oy O O B0y OO Ol o
e t="'1"(2's complement multiplication) SIS B LR B B G B

b ahy ash aby aly aby ab ah
BB oagh ahy b ab ab aby ah
B ahe abe by ah ab oabo ab "
Wb, b agy ab, b, ah ab ab,
E. Casseau - ARCHI 09 t ab, @5 &b, &b @b, Wb, 4,5 b E. Casseau - ARCHI 09

e t="0" (unsigned multiplication)




SWP multiplier by Krithivasan & Schulte

SWP multiplier by Krithivasan & Schulte

LN S SR L SR SR S | Ex.: word size : 16-bits e e.g. when doing two 8X8 :
Ex.: word size : 32-bits. subwords: 8.16 bits subwords: 4,8 bits e ‘t’ are added to column 8 and 24
v ' ' o A As o PPs bits formed by a, or b; and a5 or b, are inverted

e Product bits p; and p,5 are inverted.
B 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 9 5 4 3 2 1 0
o — [} A [G] ~
e Fig (a) : two 16 X 16 unsigned D Sl
multiplications B 5 o oo oo o e e o o e o
e Z16 regions are set to zero © e e o e @ ® e e °
[e] [} (o] o o o O O [ ] ® ® e
| P | Po _ S 0 0 0 0 0 o o e * ®e o o
(a) Subword Size = 16 Bits _ = Bl O e e = P S
_ o O 8 9 o O O 0 e e e @
“ ® ® ® ®© e e e e U U O O
B O R R N ® e e © 0 @0 00CO0CO0OO C O
e = = ® ©o ® ® ® ® ® ® OO OO OO O O
@ e e ®© 06 e 8 00 O0O0COOO O
" @ @€ © © ® ® ® @ O O O O O O O O
. . .. . e @ @ @ @ @ @ @ O O O O O O O O
e Fig (b) : four 8 X 8 unsigned multiplications e e e e 000 00C0CO0COCOGCO
e 716 and Z8 regions are set to zero feeeeeeeesnoooreo” _
E‘ P3o Py Pog P27 Pog Pos Poy B3 Py Poy P2g Pio Pus Pug Pig Pis Pay Pus Pz Py Py P Pg By Pg Ps Py Py Py Py Py
LEGEND : @ — Partial Product a lbj [t] — tis added to the column for subword size 4
®— uMlb‘ (1) — tis added (o the columnn for subword size 8
o — azS‘hJ {t} — tis added to the column for subword size 16
| P3 | P2 ‘ P | Pa X — X is inverted if subword size is 4 and t=1 (Unless st to Zero)
E. Casseau - ARCHI 09 (b} Subword Size = § Bits X —xis inverted if subword size is 4 or 8, and t=1 (Unless set to zero)
X — X is inverted if t—1 (Unless set to zero)
e based on Krithivasan & Schulte’s multiplier but word size is 40-bits and e Operator word size : 40-bits
subword sizes are 8,10,12,16-bits e subword sizes : 8, 10, 12, 16-bits.
50 nm CMOS T30 i CMOS FPGA e Basic arithmetic operations:
ASIC ASIC Virtexll o (a;+h) Signed data A B
Gates Gates CLBs i . .
Nend | cP | [cp |Nand | P | ST2 loims| €8 | Sop * [lazbl  Signed data 40-bits
(ns) {norm) (ns) {norm} (ns) {norm} o (axh) Slgn_ed/un3|gned data
Simple 14518 | 607 1 |10532] 140 1 917 | 197 1 ° I(Z:ttlll) 822:3:@3 32:2 SWP ctrl
. ° i i
Aot | swe 15009 | 7.8 | 126 [11081| 150 [ 143 | 1505 | 214 | 178 Op_code enabled
Overhead (%) 4 22 26 5 7 13 64 9 78 *  Complex operations: el
" o S(ath) Signed data 40-bits
o > laxh Signed data
e SWP control logic is small compared to multiplier complexity e S(axb)  Signed/unsigned data X
e maximum area overhead on ASIC is 5% * 2la-bl  Unsigned data
o S(a+bh) Unsigned data

e maximum CP overhead on ASIC is 22%
e Combination of complex operations:

L b, -b Signed dat
e Coordination between ASIC and FPGA results: : %l(:' : bi)‘)l :Z%;(‘e_“ b) ) s:g:gd d:t:
e in FPGA resources are CLBs rather than gates (AND, NOT...) o J(@+b)+3|G@-byl Unsigned data
e 2l +b)l +2l@-b)l+3(a+b) +3(a-b) Signed data
e efc.
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sSwp
a4+ b
(signed)

SWP
Absolute]
(signed)

SWP 40 40
45to40bit
Converter
45

%VVPd 33 \
subwords| 33
Adder 10
(signed)
40
y 40
(signed/ Adder A
sign 1 wnsigned) (signed/ c
unsigned) bs}
u
™M
1
M 0
a 20IM] SWP X 19
- [~ 10| swe 25 subwords L 35 )00 sy output
SWP 40tod5bit i Siged o
b 40 E9A4 N g ol CF (unsignee o 2
bi | cunsigned Cunsigned)
A 40 45 SWP A0 40 01
45t040bit
SWP r Converter
b 40 a+b
— (unsigned)
Q sSwp 00
80 Product 0 /
. . ubwords
Valo Y 21T =) MSB
Reco 'n/ﬁg wr able SWP B.MSBs
Multimedia Operator 40
swp
80 Product | 40
Subwords 53
H
Ext =t
E. Casseau - ARCHI 09 bractor

B 5] r
40
=01 A
C
C
u
™M 10
o 40
L
a 40 SWE,| 33 b utput
W
swe |49 163 5] s A ™ € "
o 40 SIE 40toa5bit ] (unsigne /33 R
i (unsigned, (unsigned)

WP {dc<db)
yeeakliguedidy el )
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Reconfigurable SWP operator

e Operator word size : 40-bits
e subword sizes : 8, 10, 12, 16-bits.

40-bits

SWP_ctrl

enabled
operator

Op_code

40-bits
X
e Synthesis results
Nand gates (CLBs) CP
_A0nmitech. | 30000 | .. ms o (mult.:15.000 gates)
Lonmtech: 81.000 | ... Ons ... (mult.:11.000 gates)
FPGA Virtexll 2.800 17 ns (mult.:1.500 CLBSs)

55
E. Casseau - ARCHI 09

Reconfigurable SWP operator

Power Consumption of Operations
Operation Data Power %age of
Type Format (mW) total power 100 R
All enable = 6.93 100 o
la+ b signed 29 42 L)
70
la-b| unsigned 26 38 H
s B0
(axb) signed 40 58 Z g
Tla+b| |signed 33 47 £
=
30
Zla-b] unsigned 29 42
20
Tlaxb) signed 44 64 10
0
Allenable  |a+b] signed |a- bl unsigned (a x b) signed  T|a + b| signed Sla- bl 3(a x b) signed
unsigned
Operations

e Clock period =10 ns
e ASIC tech :130nm

e Maximum power consumed by 3 (a x b) operation (64 % of total power)

E. Casseau - ARCHI 09
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