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Unfolding

Unfolding is the process of unfolding a loop so that several iterations are
unrolled into the same iteration (reveal hidden concurrency).

@ Unfolding is a structured way to achieve parallel processing

@ Unfolding creates a program with more than one iteration

@ J is called the unfolding factor
Unfolding factor J creates J consecutive iterations of original program.
Applications:

@ Reducing sampling period to achieve iteration bound (desired
throughput rate).

o Parallel (block processing) to execute several iterations concurrently.

@ Digit-serial or bit-serial processing
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Unfolding

In a J Unfolded system, each delay is J—slow!

xl Jk+m) wi)ik-1)+rm)
— ]

D |f—

x(Jk—J + m)

y(n) = ay(n—9) 4 x(n)
Unfolding factor J creates J consecutive iterations of original program.
J—unfolded version of the system (n = 2k):
y(2k) =ay(2k — 9) + x(2k)
y(2k +1) =ay(2k — 8) + x(2k + 1)

y(2k) =ay(2(k —5) + 1) + x(2k)
y(2k +1) =ay(2(k — 4) + 0) + x(2k + 1)
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Unfolding

D)

x(2K) 2

a N : : /

»

3D

mQ@ |

a /
. s 30

x(3k+2) : @

y(3k) =ay(3(k — 3)) + x(3k)
y(3k +1) =ay(3(k — 3) + 1) + x(3k + 1)
y(3k +2) =ay(3(k — 3) + 2) + x(3k + 2)
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Unfolding

y(2k) =ay(2(k — 5) + 1) + x(2k)
y(2k +1) =ay(2(k — 4) + 0) + x(2k + 1)
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Unfolding

y(3k) =ay(3(k — 3)) + x(3k)
y(3k + 1) =ay(3(k — 3) + 1) + x(3k + 1)
y(3k +2) =ay(3(k — 3) +2) + x(3k + 2)

1|IV(0) TV(l) TV(Z) TV(-?) f(4) f(ﬂ |{"(6) 1|ky(7) ff(S) TV(9) T)/(10) Ty(ll) |("(12) TV(l-?)
7 A

9
1 T-T, 9

» T=2T,

2 I 2 2 2 Qo
lll_lll,l‘llllllﬂlll

va' fﬁ) Tv(5) |T Tv(7) _lem) 4]:”(”) f(”)

I l [ { l

Prof. Dr. Miistak E. Yalgin (ITU) ELE6xxE (V: 0.1) Jan, 2020 6 /28



@ |x] is the floor of x, largest integer < x

@ [x] is the ceiling of x, smallest integer > x
@ a%>b remainder after %
Unfolding Alg.

@ For each node U, draw the J nodes Uy, ..., U,_1.
@ For each node U — V with w delays, draw J edges Ui — V(ijw)%

with LH—TWJ delays for i =0,...J — 1.
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Unfolding Alg.

@ For each node U, draw the J nodes U, ..., U _1.
@ For each node U — V with w delays, draw J edges Ui — V(i1w)%

with LH_TWJ delays for i =0,...J — 1.

1952 |=4 42)=5
Co — Dtoyne=1 and G1 === D(119)%2—0

Examples: Fig. 5.3 and 5.4
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Properties of Unfolding

@ Unfolding preserves the number of delays in a DFG.
J-1

ZLI'—DWJ:W

i=0

e Unfolding preserves precedence constraints. U; — V(jy)oy with
i+ w

I
delays.
e J-unfolding of a loop with wy delays in the original DFG a gcd(wy, J)

loops in the unfolded DFG. Each loop contains wy /gcd(wy, J) delays
and J/gcd(wy, J) copies of each node.

| delays in the unfloded DFG corresponds to U — V with w
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Properties of Unfolding

e J-unfolding of a loop with wy delays in the original DFG a gcd(wy, J)
loops in the unfolded DFG. Each loop contains wy /gcd(wy, J) delays
and J/gcd(wg, J) copies of each node.

e‘e \O

x(3k+2) : 2

@ Unfolding a DFG with iteration bound T results in a J-unfolded
DFG with iteration bound JT.

. Ty + Ta

2(T, T,
To= T4 (Tm + Ta)

9

(Tm + Ta)

Too,2 = 3

7—00,3 =
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Unfolding & The Critical Path

o if edge with w < J then (J — w) paths with zero delay and w paths
with 1 delay.

°

Can lead to increased critical path!

o if the edge w > J: no new critical path.
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Sample Period Reduction

T~ is the lower bound on of a recursive DSP program.
Without unfolding: DSP program cannot imp. with iteration period equal
to Too (in same case).
@ Casel: A node in the DFG having computation time greater than T,
@ Case2: Iteration bound is not an integer

o Case3: Longest node computation is larger than the iteration T,
and T is not an integer
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https://web.itu.edu.tr/yalcinmust/ELE617/ele617_1.pdf

Sample Period Reduction

@ Casel: A node in the DFG having computation time greater than T,

Too = max 979 and dpmax = 4 then Tiiitical = 6
2'3

Hence Ty # Ts, unfolled [d_,_maq unfolding
o
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Sample Period Reduction

@ Casel: A node in the DFG having computation time greater than T,

2D

©

12
Too = max{?, ?} and dmax =4 then T, =6/J =3
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Sample Period Reduction

o Case2: Iteration bound is not an integer: if a critical loop is L where
w,

|
d; and w; are mutually coprime, then wj-unfolding should be used.
Q)] 0)) (0)] )
D D
W‘D

4
Too = max{g} ¢ Z and Tey =2 then T, =2
J = 3 unfolding should be used...
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Sample Period Reduction

o Case2: Iteration bound is not an integer
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Too = max{I} and Tt = 4 then Tg =4/3
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Sample Period Reduction

o Case3: Longest node computation is larger than the iteration T,
and T is not an integer
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76
Too = max{=, = Zand Ton =7 > T,
2°3
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Sample Period Reduction

o Case3: Longest node computation is larger than the iteration T,
and T is not an integer : the min. unfolding factor J such that
IJx T €l

7 12
T = maX{I, ?} €Zand Tet =7 = Too, then Tg =72
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perfect-rate DFG

o perfect-rate DFG: the iteration periode is equal to the iteration
bound, and a DFG is not perfect-rate, it can ve always be unfolded so
the unfolded is perfect rate.

@ Choosing J to be equal to the least common multiple of the number
of loop delays guarantees that the unfolded DFG is perfect rate (not

necessarily...).
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Sample Period Reduction

@ Unfolding can be exploited to reduce the iteration period in
programmable DSPs.

@ If the period of a periodic schedule for a J-unfolded DFG is T, then
the average iteration period is T/J.

@ In a non-overlapped schedule, the period of the schedule is the same
as the critical path of the acyclic precedence graph.

D e 4—
J Periodic non-overlapped

: | o]
V7 8777777 schedule with a period of 6 u.t.
=

37
Too = max{I, 5} and To+ =6, then T, =6
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Sample Period Reduction

@ Unfolding can be exploited to reduce the iteration period in
programmable DSPs.

o If the period of a periodic schedule for a J-unfolded DFG is T, then
the average iteration period is T/J.

@ In a overlapped schedule, the period of the schedule is the smaller
than the critical path of the acyclic precedence graph.

Aol By C
~ 4 ’\0 — B  Comm ( l =D et 4 -
D 1

T max{2 > 2} and Tgt =7, then T4, =7/2
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Parallel Processing

o Word-Level Parallel Processing

o Bit-Level Parallel Processing
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Parallel Processing

(a) Bit-parallel processing, (b) Bit-serial processing,(c) Digit-serial
processing.

ag— —» bs

3 — — b 24820 — L b,b,b,

2 —l b, (Dlpigit-?eﬁﬂz)
- — - t-size =
a,— Bit-parallel b, aja, 22,33, bs b, b b, b, by A gitsize=2)| bbb,

a, —= —= b,

25— by

Bit-Level Parallel Processing

@ Bit level parallel processing can increase the speed (reduce the sample
time) be processing more than one bit at a time.

o Digit serial parallel processing is when we process W bits at a time
where W is the word length.

@ Usually involves switching (multiplexers)
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Bit Serial Adder & Edges with Switches

Bit serial adder architecture for worldlength 4:

Full

adder [
Q
D
Clkk <}— Clock
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4z+0? Q414123 | @_QAQ_,@

edge with switch
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Unfolding An Edge with Switch

Assumptions
@ The word-length W is a multiple of the unfolding factor J, i.e.,
W= w'/J
@ All edges into and out of the switches have no delays
Unfolding an edge with switch
@ Stepl: Write the switching instance as

Wi+ u=J(Wi+ {%J)—F(U%J)
N ~—

switch instance edge

@ Step2: Draw an edge with no delays in the unfolded graph from the
node U, to the node Vo, which is switched at time instance

W1+ 5.
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Edges with Switches

4143

®<>-®

12141,7,9,11 41402

@<>0 @0

4143

®<>-@
1214+ 1 =3(4/ + L%J) +(1%3) =3(4/+0) + 1
12/ +7 =3(4/ + L%J) + (7%3) =3(4/1+2)+ 1
12149 = 3(41 4 |3 ]) + (9%3) = 3(41 +3) + 0

12/ 4+ 11 = 3(4/ + L%J) +(11%3) = 3(4/ +3) + 2
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Edges with Switches

@ If an edge contains a switch and a positive number of delays, a
dummy node can be used to reduce this problem to the case where
the edge contains zero delays.

@ It may be noted that the number of delays is not preserved by
unfolding of circuits containing switches.
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Using these techniques, obtain 4-unfolded and 2-unfolded version of
bit-serial addition. Page 137-140.
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