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Rent's rule
CNE
N = K ] Nl
* Ny number of |/0s of a certain logic block

* N number of gates in a block
»  fisthe Rent constant

»  K; coefficient

Give the number of signal pins of a certain logic block by knowing the number of gates inside the block.

The higher the integrity the higher the role of the interconnecting wires is on signal propagation! Two
possible ways of modeling interconnections on ICs:

e Concentrated capacitances (concentrated parameter circuit model)

e Transmission lines (distributed parameter circuit model)

The transmission line effect is not significant if the wires are short or the changing of the signal is slow.
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Multiplication of two matrices
Let us have: 5 'q)

* Two n x n band matrices A and B with bandwidth w1l and w2
® The task is to compute: C= A*B

Systolic array solution:

& Processors are in hexagonal grid structure

* Number of processors: wl*w2
® The recursive formula to compute: r.'ff) =0; cf}”n = cg‘) +ag* by cij = CE?H)
o T =3n+min(w;,wy); A=ww,

® The processors are active in each third-time step only




# The processors are active in each third-time step only
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Typical parameters describing the computational complexity
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“ f“a #ASLt b b Il
o=t > AS,= Aoy (2°P)

Where bis the size of ulk) (the input), o is the size of x{k] {the state) and o is the size of yik) (the result).
Ezwe: elementary switching energy, ~kT
*  AEgy = AS; « Eqyp energy is required to a stational op: g
* Maoving the data to the computing units requires energy: In case of 1 bit it requires Eqwo energy,
in case of p bits it requires pEzwo energy. (AS, = p)
The used wires need to be chi well: ('
. 3 wires a arged as (‘nl].Enm

Energy efficiency:
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A C6415 DSP architecture
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TMS320C64%

» 3 register banks (A, B)
o Dual structure
o 32-32-bit registers in each bank
=  Register types:
& Condition registers (3/register bank)
o Address registers (4/register bank)
o Data registers
* 8 Processing units: L. 5, M, D (2 x 4) with
# Crossing data lines
+ Special instructions

Dust Sd-tzt mad akare patrn

C64x processor COres: Register
banks

m Two register banks (A,B)
1 Dual structure

m 32 32-bit registers in eact
bank

m Register types

1 Condition registers
(3 /register bank)

1 Adress registers
(4 /register bank)
7 Data registers

Data Path A
[ A Register File |

Data Path B
B Register File |

[L1]s1][m1]D1]
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C64x Processing
units
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Logikai és arilmethai rgység

M1, M2 egysige 51 B2 egységei
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3240-bit arithmatic and compars opE
H2-hit bogical operations
Byte shifts
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address calculation
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" C64x: L1, L2 Cache-memory

L1 cache (2x16K):

L2 cache (1024K):
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Processing units

& M1, M2: multiplier and adder units (MAC)
. 51,52 A j +
®  L1,12: logic and arithmetic units
« D1, D2: Address arithmetic units

Instruction bus

#  The instruction width of each of the & processing units is 32 bits -> 256-bit instruction bus width
o Itisasingle bus, because the processors cannot branch independently!
o Typically, 2-3 processars are working in the same time.

DMA (Direct Memory Access)

«  DSP can access all IO request through DMA

* 64 DMA channel

«  Altogether 2 Gbyte/sec

# Linked DMA channel: Assigned to a specific event, if the event is occurred the DMA start
automatically

# Chaining DMA channel: DMA channel starts at end of another DMA transfer (loop channel)

# 1D-2D channels

Peripherals

* Three parallel bus: &4 bits and 16 bits
« 3-3 memory controller
© SDRAM controller
© Synchronous controller
= Asynchronous controller
*  HP| or PClinterface
»  Programable I/O channel [GPIO)
*  Three serial port

Four independent DMA queue

= Concurrency (4 independent — concurrent row)
= Channels on different queues can interleave
transfers on a cycle by cycle basis. e.g.:
“cycle 1 queue 0
= service a L2 cache miss to EMIFA (64 bit)
“cycle 2 queue 1
= Move data from a serial port to EMIFB (18 bit)
S eycle 3 queue 3
= the PCI/HPI could transfer data to mapped internal memory,
o eycle 4 queue 4
= the EMIFA could move data to a serial port (RS232)

Speedup (S) of the pipelined processor over non-pipelined processor, when M tasks are executed:

Time for M instruction without pipelining

Speedup =

Time for M Instruction with Pipelining

Where:

®  Tyis the time of the operation without pipelining

®  Mis how many times we want to run our operation

Speedup= M*T,/(N+M-1)(T,+Trec)= T/(1+(N-1/M)(T;+ Trec)

® N is the number of sub-operations that we created from the original operation

* T.is the sub-operation’s runtime
® T is an additional time due to data movements

If we want to use this operation many-many times, we end up with a big M, therefore:

If M>>>1 Speedup= T/(T,+Trec)

® The time of a single instruction do not reduce by using pipelining

®  Tsis the time of a single operation, but the data transfer/storage time must be added (Treg)

® The maximum Tsis one result per clock cycle

* Maximal operation time in pipeline processing is determined by the slowest stage
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Scaling down

* The computational power of integrated electrical units will be better and better by decreasing

their size.
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Cellular Neural/Nonlinear Networks (CNN)

* Identical analog processing elements called CNN nucleus

* Locally connected

The CNN State Equation

*  Original CNN equation: X, (t)= ZAUﬂyﬂ(r) + ZBU‘H“H +2; X

CrM JeNeti g Crld JeNe(i j)

* Discretized CNN equation: x, (k+1)=(1-h)x, (k) +n[ Y A+ Y B+ z“]
P input variable Clld N, 14 ColdyeN, (i, 4)

*  Xj:state variable

s Yy output variable

s A By template matrices

The original CNN cell architecture
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There is a global clock and the time requirement of a single operation is one
time unit.
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" Where to use distributed parameter circuit model?

The distributed model have to be used if the % -

rising time of a signal () smaller or comparable .
to the propagation time of the signal ower the |, _ ! N
transmission line (t). Ty

+ transmission line model should be used 1, <2.57,

WS vonanosszak & fefulas: ol
* concentrated parameter model can be used 1, > 51, fuaényéen tw=15cmirs)
Between the two cases both models can be used et || Wtk o
Critical length can be defined: L= 5 Ty
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Let us have:

* One nxn band matrix, denoted by A, with bandwidth: w=p+g-1,
* We want to compute: Ax=y

Systolic array solution:

. F s are in linear

*  Number of processors: w
* Problem is computed in a recursive way: )'lm) =0 ),![H'll = yl(k) tag vz Y= )I'P'“)
o T =2n+w(time); A =w (area) but if we use only one processor: T =nw; A=1

# The processors are active in each second-time step only, but there is a shift in each time step.
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Henw many processors have fo be used?

Bandwidih v = p + q=1 ':f*’ -1 -{ = linear array of processors

Arcac A= ¥ I

Time complexity: T'=2n + w=2-5+4 = 10 +.g =¥ clk

The processors are active in every second step of the iteration, but there is a time shift in each step.

A processor is doing addition. 24 el plinakion
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Speedup (5) of the pipelined processor over non-pipelined processor, when M tasks are executed:

Time for M instruction without pipelining

Time for M Instruction with Pipelining

Wh Speedup= M*T/(N+M- 1N T +Tea Tp"i*'{ N- qM Wi+ Tiea)
ere:

® Tyis the time of the operation without pipelining

* M is how many times we want to run our operation

* Nis the number of sub-operations that we created from the original operation
*  Tyis the sub-operation’s runtime

* Ty is an additional time due to data movements
If we want to use this operation many-many times, we end up with a big M, therefore:

If M>>>1 Speedup= T/(T+Tria)
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Why is it universal?
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CASTLE architecture with pipeline between
the multipliers and adders.

Size of the work area?

Pipeline inside the multipliers and adders

Képfeldolgozasnal a CNN cellait egy-egy képpontnak feleltetjik meg, azaz minden cellara egy
képpont értéket toltiink mind a bemenetre, mind az allapotra. Tehat egy M x N-es kép

feldolgozasédhoz
egy M x N-es négyzetracs struktiraju CNN-re van szikség.




