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Introduction

Why Interesting

Dernyer - Design methodology
Adders

Multipliers

FPGA implementations

Introduction: Bit-Serial Architecture

bit-serial communication - data/control transmitted

bit sequentially on a single wire (rather than a paralls) b
bit-serial computing

operations on operands bit sequentially

Why Interesting?

wires are anx@ensve area resource - “find aay to do more with less” (posig)
bit-serial components demontratry good Area-ime trade-df (positive)

bit-serial components are small (posa)i

potential for runtime binding of operand width (pos)i

long latenyg operations (ngative)

At times delay is more important tharigkngy - high throughput, realtime computation
(negative)

interesting end of Areaiihe trade-dfspectrum

assumptions: 1. globally synchronous bit clock; 2. LSB 1st

Note: 1. clock skw will cut into bit time; 2. Arithmetic operation calls for sending LSB first.

Denyer & Renshaw

Generic operator definition
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» parameters -alues bounded at creation (compile?) time

» operators hee a fixed knavn latengy expressed in “bits” (& verds)

Notes: the parameter list could be configurable bits for CaBies bounded at compile time, or
shift amount, for gample.

Example operator: Adder

Bit Clock Note: the LSB control signal will clear/inhibit the
carry from the last addition operation. This signal
is asserted when aweddtion operation starts.

Clear Carry signal
A+B
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' LSB Control Lateny = 1 Bit

Bit-Serial Adder

Functional Design (intended fot VLSI silicon compilation from higrelédanguage intoaes)
* Imagine a library of operators of generic type: addedtiplier, dealy filter, FFT..
» Computing structures areiit from a functional specification using library operators and
automatically translated to silicon layout. Bit serial simplifies the translation.
* Example Design: M = magnitude of a compieimber | + jQ
M = max {G, 7/8G + 1/2L}



G = greater (|I},|Q))
L = lessor (]I},|Ql)
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Flow-graph of bit-serial implementation, including delay

equalization in signal paths and a control network.

Notes: Because different block has different delay, delay is added to make sure that LSB of input
arrives at the same time. ABS stands for the absoluate value operation, not anti-lock brake.

Table 1: Latencies

block delay
ABS n+3
Order n+3
DSHIFT p+3
ADD 1




Table 1: Latencies

block delay

SUB 1

Note: nisthe number of bitsin aword and p is the shift amount.

control globally generated

layout created

hierarchy works. Note: this block can be used by another by applying a wrapper.
design style good match to reconfigurable computing (spatial computation).

Adder Efficiency
1. Parallel adder
with sequential carry propagate:
Area: O(n)
Time: O(n)
Area-Time: O(n?)

fast adder (ex: Carry Look Ahead)
Area: O(n)

Time: O(log n)

Area-Time: O(nlog n)

Note: FPGA fast carry chain adders are still O(n?)

2. Bit Seria (see page 2 for schematic)
Area: O(1)
Time: O(n)
Area-Time: O(n)

3. Hiding latency:
example: add K n-bit numbers

Table 2: Bit Serial vs Bit Rarellel

Bit-Serial Bit Parallel
Area K-1 nk-1)
Time n+log K log K




Note: As soon asthefirst bit is done, it is passed on to the next operator.
Note: There exists equally efficient parallel version.

Bit-Serial Multipliers

x3 X2 x1 x0
X y3 y2 yl yO0
x3y0 x2y0 x1y0 x0y0
x3yl x2yl x1lyl x0y1
x3y2 X2y2 x1y2 Xx9y2
x3y3 X2y3 x1y3 x0y3
z7 z6 z5 z4 z3 z2 z1 z0
Attempt #1
MSB LSB
Y1 Y2 Yo
One-bit delay
PP1 PP, 2 PP,
A %’ A —» A ————— —-»
One-bit Full
Adder with
Carry FlipFlop A le A A

k + n bit product takes k+n cycles
cannot overlay next multiply (pipeline)

observation: if we do not need to keep al the bits, we can pipeline the multiplier.

guestion: which bits to keep? In DSP or graphic operation, only the higher bits are needed.

partial product

Product
N+K bits

Note: In computer graphics and DSP operation, data is often in fixed point (fraction) representa-
tion. For example, a4 bits fixed-point data of 1.3 representation means that MSB is before the
binary point and the others three bits are after the binary point. Therefore 1001 in 1.3 binrary



fixed-point repesentation means 1 1/8 in decimal representation. 1001 in 2.2 binary fixed-point
representation means 2 1/4 in decimal representation. 1.15, 0.16 8.8 are the commonly used 16-
bit fixed-point data representation in DSP and computer graphics.

Attempt #2
Data word input (Nbits, LSB first)
followed immediately by Dataword
next dataword Interconnections
\’ s Delayed data word out
— O - — = — — — > —
— O - — — — — — > —
Product out

g?ft;gtnﬁlmput T T T T T T (aligned in time with
, Partial product sum data word out)
(forrounding) y, Y1 T interconnections  Yk-1 fk-1
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» calculates one column of partial product at a time

* low product bits are droppedutcarries are presesdl) to enable pweous multiply to finish.
Note: the basic idea of the algomethod is to truncate the partial products,keep carry in the
cell. This will enable the pwous multiply to finish correctly

Modifications for:

serialization of yr
pipelined sum propage
2’'s compliment

fixed coeficient

both high and v outputs



Attempt #3
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Multiplier Efficiency
Parallel array Bit Serial Pipelined array
Area o(n?) O(n) o(n?)
Time O(log n) O(n) o)
Area-Time | O(ndlog n) ond ond




