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RISC Processor Architecture

» A Pipelined RISC processor can execute at most one
Instruction per cycle (IPC)

» Typical hazards such as branches and cache misses reduce
IPC to less than one

» Advantages:

e Simplified hardware and compiler

e Low power consumption
» Disadvantages:
e Low performance

» Increase in performance beyond 1 IPC can be achieved by
multiple-issue processors

P Most of the current embedded processors are RISCs: ARM,
MIPS, StrongARM etc.
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SuperScalar Processor Architecture

» Have multiple functional units (ALUs, LD/ST, FALUs etc.)

P Multiple instruction executions may be in progress at the
same time

» Detect parallelism dynamically at run-time

» Advantages:
e Binary compatibility across all generations of processors

e Compilation is trivial, at most compiler can rearrange instructions to
facilitate detection of ILP at run-time

» Disadvantages:
e High power consumption

e Complicated hardware: hence not very suitable for customization

P Most of the General Purpose Processors are SuperScalars:
Pentium (Pro, I, lll, 4), UltraSPARC, Athlon, MIPS10K etc.
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VLIW Architecture and Features

» Compiler extracts parallelism, these have evolved from
horizontal microcoded architectures

P Latest industry coined acronym, EPIC for Explicitly Parallel
Instruction Computing

» Commercial Architectures:

e General Purpose Computing: Intel Itanium
e Embedded Computing: TriMedia, TiC6x, Sun’s MAJC etc.

RISC SuperScalar | VLIW (4 issue)

ADD 1, r2, r3 ADD 1, r2, r3 ADDr1,r2, 13| SUB r4, r2, r3 | NOP | NOP

SUBr4,rl, r2 SUBr4,rt1, r2 MUL r5, r1, r4 | NOP | NOP | NOP

MUL r5, r1, r4 MUL r5, r1, r4
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VLIW Architecture and Features (contq)

» Advantages:
e Simplified hardware: Suitable for customization
e Less power consumption as compared to SuperScalar processors

e High performance

» Disadvantages:
e Complicated compiler: limits retargetability

e Code size blow up due to explicit NOPs.
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Clustered VLIW Processors

» For N functional units connected to a RF the Area grows as
3
N3, Delay as N2 and Power as N> (Rixner et. al, HPCA 2000)

P Solutions is to break up the RF into a set of smaller RFs

Memory System
A

*************************************************************
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Compilation for Clustered VLIWs

» Compilation is further complicated due to partial
connectivity between clusters

» Important acyclic and cyclic (modulo) scheduling techniques
developed for monolithic VLIWs are not directly applicable

» Operation = FU in Cluster binding problem is the most
critical

» Another problem is register allocation

P Scheduling/Binding techniques developed are inter-cluster
interconnect specific
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Available ILP in Media Applications

» Point of dispute, starting with DEC report (WRL 89/7) in 1989,
report ILP of 1.6 to 3.2 in most applications

» IMPACT group (Wen-Mei Wu et. al., ISCA 1991), report ILP of
around 4 in general applications

» Media Applications study (Fritts et. al., MICRO 2000), report ILP
of around 3 in most media applications

P Pure application study (Stfanovic et. al., LNCS 2001), report
extremely high ILP of around 100 as scheduling window
size is increased

P General application study (Lee et. al., ISPASS 2000), report ILP
of around 20 for EPIC architectures
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Available ILP in Media Applications (contd)

» Problems with ILP studies:

e Almost all studies use compiler for extracting parallelism: Limits
extracted ILP due to branches, is unable to deal with data
parallelism

e Simulation environment further reduces performance with
imperfect caches

e Dataflow approaches, disregard application behavior

o (Lee et. al., ISPASS 2000) have presented the closest study,
however, they have considered general purpose applications not
media applications
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Evaluation Framework for Available ILP

Trimaran

* ILP Enhancement
* Trace Generation

C- S&)urce

—»[ Trace ]—»

DFG Generation
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Dataflow Graph Generation

/**** TeSt.C ****/
#include <stdio.h>

#define BUFLEN 2048

char A[BUFLEN];

int sum = 0;

main ()

{

= sum; sum+tt;
= sum; sumtt;
sum; sumt+t;
= sum; sum+tt;

= sum; sumt+;

oo W N PO
Il

=

= sum; sum++;
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Dataflow Graph Generation (contd)

Part of Generated Trace File

((LOAD :: D)
((IALU :: 9)
((IALU :: 195)
((IALU :: 21)
((IALU :: 27)
((IALU :: 33)
((IALU :: 39)
((STRE :: 0)
((STRE :: 12)
((STRE :: 18)

~ o~ o~ o~ o~ o~ o~ o~ o~ o~

00:
00:
00:
00:
00:
00:
00:

002:
005:
007:
009:
011:
013:
015:

0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

~ e ~e ~e

~e

~ e ~e

=

~ ~ ~ ~ ~ ~ ~ ~ ~ ~—
~e

~_~ A~ M~ M~ /N N~ A~~~

00:
00:
00:
00:
00:
00:
00:
00:
00:
00:

003:
002:
002:
002:
002:
002:
002:
004:
006:
008:

0137620008
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0137818560
0137818561
0137818562

00:002:0000000000 ))
00:005:0000000001 ))
00:007:0000000002 ))

Ph.D. Thursday Seminar Series

http://www.cse.iitd.ernet.in/esproject




Dataflow Graph Generation (contd)

1

h 4 h 4

3 127 o 14 7 16 6 15 Z 1
183 21 23 22 18
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Set of Evaluated Benchmarks

» Primary benchmark source is DSPStone and MediaBench

» Pick up common set of benchmarks from proposed
MediaBench |l

» Benchmarks:

DSPStone Kernels MediaBench

Matrix Initialization JPEG Decoder

IDCT JPEG Encoder
Biquad MPEG2 Decoder
Lattice MPEG2 Encoder

Matrix Multiplication G721 Decoder
Insert Sort G721 Encoder
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Results: ILP in DSPStone Kernels

50 — . . . ; . .
Matrix Init.
N IDCT
45 Biquad
Lattice

40 - Matrix Mult.

Insert Sort ‘
B

ILP

No. of FUs
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Results: ILP in MediaBench Applications

40

JPEG Decoder —»—
JPEG Encoder ——
35 - MPEG Decoder —&— e e S .
MPEG Encoder —=—
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30 - G721 Encoder —e— N D i
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Conclusions from ILP Results

» Available ILP grows steeply with increase in number of FUs

P Available ILP is sufficient to justify clustered architectures
with more than four clusters

» Compilers severely fall short of achievable performance for
VLIW architectures, primarily due to data parallelism and
hazards
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Why Evaluate Different ICNs

P Different types of interconnects are available in literature

» No qualitative or quantitative study was available for
different interconnects till March 2003

» Quantitative study (Terechko et. al., HPCA 2003),

e ILP islow (around 4)

e Only five different interconnections considered
e Report results for only 2 and 4 cluster architectures etc.

» Motivation:

e Most common type of interconnect will severely limit cycle time

e How do the different interconnects behave with N,jgers > 4
e How do the different interconnects behave with high ILP etc.
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Example Clustered VLIW Architecture - 1

RF-to-RF

T

R.F. R.F.

ALU LD/ST ALU ALU LD/ST ALU
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Example Clustered VLIW Architecture - 2

Write Across (1)

R.F. R.F.

ALU LD/ST ALU ALU LD/ST ALU
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Example Clustered VLIW Architecture - 3

Read Across (1)

R.F.

R.F.

ALU

LD/ST
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Example Clustered VLIW Architecture - 4

Write/Read Across (1)

R.F. R.F.

ALU LD/ST ALU ALU LD/ST ALU
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Example Clustered VLIW Architecture - 5

Write Across (2)

R.F. R.F.

ALU LD/ST ALU ALU LD/ST ALU
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Example Clustered VLIW Architecture - 6

Read Across (2)

R.F. R.F.

ALU LD/ST ALU ALU LD/ST ALU
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Example Clustered VLIW Architecture - 7

Write/Read Across (2)

R.F. R.F.

\il.% LD/ST ALU \lﬂ.y LD/ST ALU
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Classification of Clustered VLIWs

» Use RF— FU and FU— RF interconnects to classify
architectures

» Interconnections can be using either Point-to-Point (PP)
connections, Buses or Point-to-Point Buffered connections
(PPB)

P FUs can either read from the Same (S) cluster or Across (A)
clusters

P FUs can either write to the Same (S) cluster or Across (A)
clusters
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Classification (contd)

Reads | Writes RF—FU FU—RF Available Archs.
S S PP PP TriMedia, IBM, FR-V, MAP-CA, MAJC
A S PP PP
A S Bus PP Ti C6x
A S PPB PP
S A PP PP Transmogrifier, Siroyan, A|[RT
S A PP Bus
S A PP PPB
A A PP PP HPL-PD
A A PP Bus
A A PP PPB
A A Bus PP
A A Bus Bus
A A Bus PPB
A A PPB PP
A A PPB Bus
A A PPB PPB
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Evaluation Framework
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DFG Example - 1

= T3

56 31 .

il e

, 326 d428 424 323 418 422

Without Unrolling With Unrolling
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DFG Example - 2

Without Unrolling
= H = = EF B FE E EE EE

H F F & E

Ed
= =] ]

With Unrolling
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Singleton Merger

Detected Chain Detected Chain

\ Detected Chain

« /
VAV A N

—

No Parents No Children Dangling
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Clustering: Chains = Cluster Assignment

. resources <= resources_per_cluster xn_clusters
. schedule_pure_vliw(graph,resources)
. while (no_of_chains(graph) > n_clusters) do
for (i = 1to no_of_chains(graph)) do
for (j =0to i) do
dup_graph <= graph_dup(graph); dup_chains <= graph_dup(chains)
merge_chains(dup_graph,dup_chains, i, j)
a; j <= estimate_sched(dup_graph,dup_chains)
end for
end for
SORT (A) giving first priority to increase in sched_length. If the sched_length is equal, give
priority to chains which have more communication edges. If this is also the same give
priority to smaller chains.

T OO NIORODN 2

— —

12: n_merge <= min(o-l * Nchains s Nehains — nclusters)
13:  Merge top n_merge chains from A
14 end while
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Clustering (contq)

Captured Connected Components by Clustering Algorithm
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Binding: Op = Cluster Assignment

» Why is the binding phase important?

o Observed performance degradation of upto 400% for
some benchmarks

e Available literature on clustered VLIW processors
identifies this as an important problem even for fully
connected architectures (Lapinski et. al., DAC 2001)
etc.

o Naive (greedy) approach of simple connectivity
between clusters, fails to distinguish between edges
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Binding (contd)

13::4 0::0 4::1 11::3

h 4 h 4

3::0 T::1

Input Graph With Chain Mergers Done
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Binding (contd)

2
Connectivity Graph
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Binding (contd)

» Capturing Edge Criticality:

e Tackle the problem using node mobility (ALAP - ASAP) schedule
e Node is not critical at all if: (a; — ;) > Max. hop distance(d)

e Node is most critical if: (/; =a;+1)
P Calculate edge criticality as follows:
a;+l; i+
Wiy = max 0,5 (71— aft))

» Distance-from-the-sink distinguishes between nodes with
equal mobilities

» Finally carry out a local search around this initial solution by
swapping adjacent clusters
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Binding (contd)

18

Criticality Graph
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Final Scheduling: Op = FU and Op =

Schedule Step Assignment

» Basically list scheduling algorithm with
Distance-from-the-sink as heuristic

» For Op = FU binding give preference to FUs which donot
have external connectivity

P Contains steps to propagate data to other clusters
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Evaluation Results

100 ' ! ! ! ! ! ! !

Average Loss in ILP (%)

20 | | | | | | | |
0 2 4 6 8 10 12 14 16 18

No. of Clusters
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Conclusions From Results

P Loss of concurrency vis-a-vis pure VLIW is considerable
and application dependent

» In few cases the concurrency achieved is almost
independent of the interconnect architecture, which denotes
that a few grouped chains in one cluster are limiting the
performance along with a few critical transfers

» For applications with consistently low ILP for all
architectures the results are poor due to large number of
transfers amongst clusters

» In some cases the performance in case of n.jgers = 4
architecture is better than performance in case of
ne1usters — S architecture. This is because of the reduced
hop distance amongst clusters and this behavior is common
across different architectures.
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Conclusions

» Extracted concurrency of around 20 in most of the media
applications

» Proposed and implemented a framework for evaluation of
inter-cluster interconnections in clustered VLIW architecture

P Classified and evaluated a range of clustered VLIW
architectures and results conclusively show that application
dependent evaluation is critical
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Future Work

P Is there an architecture which on the average gives better
performance?

P What is the effect of different interconnection types on
clock-period?

P Is there a set of application/architecture parameters, which
can be used to estimate the performance?
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Thank You

Thank You
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