CSCE 4610/5610: Computer Architecture

Exam 2 March 27!
Projects B required for graduate students!
! May be used by undergraduates to improve your grade !

Review!
! Limits to ILP!
! Simultaneous Multithreading!

Multithreading in general!

Threads vs Processes!

Synchronization!

! mutual exclusion!

! barriers!

! monitors (synchronized methods)!
message communication

Blocking vs Non-Blocking!
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Review!
! Speed up achieved with multithreading

¥ Consider a singl€PU and one thread!

Bl When a thread issues a Olong latencyO operation, the thread is
blocked andCPU idles!

¥ Let L be amount of time needed for the long latency operation, and let
R be the average amount of time between such latency operations!

Useful Work Waiting Useful Work Waiting
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¥ Thread Level Parallelism
¥ Consider a singl€PU supporting multiple threads!

Bl When a thread issues a Olong latencyO operation, the thread is
context switched and a new thread starts execution.!

¥ |In addition toR andL, let us assume thatis the time needed to
context switch

Useful Work
Useful Work

Useful Work

Useful Work
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M Thread Level Parallelism!

M Speed u
P b { N ifN<N \
UN % SAT}
Sy =T— T R+L .
N Ul |LR+C otherW|seJ

HIf we assume a context switch on every cache mRisan
| be equated to 1/(cache miss rdte)

N if N<N,4

S= N Lonr %
N AN —]

Y |¥mC otherwise]
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Mutual Exclusion, Monitors and Barriérs

None of the forked thread are allowed proceed
Some Serial Fraction beyond the barrier.

Fork threads .
In some languages only the last thread to arrive

at the barrier is allowed to proceed -- all the

Execute in parallel : .
g other threads simply quit.

Join or Rendezvous at the barrier
Some Serial Fraction
Fork threads

Execute in parallel

But Pthread join behaves differently.!
We can only rendezvous with one thread!
at a time.!

Join or Rendezvous at the barrie
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Consider an application like Jacobi linear equation solver!
A set of n equations containing n unknown variables:

Fhe1,0X0 T &1 X+ X TEF an h X, = 0!
B20X0 t a1 X1+ B2 X TEF A5 01 X0 = B

!
!
! EEEEEEE. )
! AoXota X ta, X% E a1 X, =,
! BoXot By Xy T By X TE.H A9 X, = 1y

This can also be written as A*X = B!
Where A is a nxn matrix, X and B are 1xn vectors!

Let us consider the ith equation:!
3o Xo T 81 % 8, X tE+ a; X+t @nq X, = b

This can be written asX; = [bl - Sum(a] *Xj j" i)]/ai,j!
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Consider the Jacobi solver!
! Remember we had to think of 2 barriers!
! ! Wait until all threads update

for (1 =0;i<n;i++)!
! x[i] = blil;!
1. After each thread computes its new_Xx[i], !

for (repeat = 0; repeat < limit; repeat++)! it must wait for all threads to complete
! for (I=0;i<n;i++){ . . .
sum = 0;! computing their new_x's!
for j =0; j < n;j++)! Then each thread must update the x[i] using the

if (i!=j) sum =sum + a[i][j]*x[j];! new X[i] !
new_x[i] = (b[i] - sum)/a[i][ i; ! —
J . .
for (i =0; i < n; i ++)! 2. must wait until all threads completed the

I

I

[

I

|

|

! X[i] = new_xil:! updates before reading x[i] valles
}I

Pseudo code using generic barriers!
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Pseudo code

[* each thread executes the following code!

for (repeat = 0; repeat < limit; repeat++) {!
! sum = 0;!

! for (j =0; j < n;j++)!

! if (i!=j) sum =sum + a[i][j]*x[j];!
! new_X[i] = (b[i] - sum)/a[i][ i]; !
! H

! join_barrier(join_count)!

! X[i] = new_x[i];!

! Jjoin_barrier(join_count)!

}

Join count indicates how many threads will !
Rendezvous at the barrier!

each join_barrier will decrement the count.!
! -- if not zero the thread will wait. !

Else all threads will be unblocked !

Need to reset the count between bartiers
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Chapter 4: Parallel Processing Architectures

FlynnOs Classibcation!

SISD!
SIMD or SPMD!
MISD!
MIMD!

Consider a program

! for (i= 1; i< n:i++) {AGi) = B(i) op C()}!

Arithmetic

Uni

Arithmeti

Control Uni

Unit

Arithmetic
Uni

segment like!

For SIMD, loop index i becomes an AU number.
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SPMD -- Not as tightly synchronized as SIMD!
! Compiler can parallelize loops and !
! dispatch them to different processors!

Data parallelism vs Function parallelism !

Parallel programming languages -- most have origins in FORTRAN!

! Fortran-90, High Performance Fortran (HPF)!
! MP-Fortran!
! MP-C!

D,O,_ALL (I=0; I<N; I++)! ) DO _ALL 100 I=1, N, 1!
{EE}! ! ! E..|
' ! ! 100 Continue!

May be able specify blocking, tiling, cyclical or block parallelletc.
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Array Processors Versus Vector Processors!

! Array processors execute the same instruction on different data elements!
! Vector processors have special vector instructions!

! ! may or may not have multiple functional units!
! Better use of pipelined arithmetic unit!
Vector instructions!

! Vector ADD!

What are the operands? CDC Star 100!
! VADD Ra, Ri, Rb, Rj, Rc, Rk, Rn!
! Need to initialize these registers!

Cray Vector Unit!

' Vector Registers (64 words per register)!
VADD Vi, Vj, VK!

!
! Additional registers for specifying vector length and mask!
! Need to load vector elements into these vector registers!
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Cray-1 (1976)

T M V_Maski
64 Flementectot V! Vi T =
V3! . Length!
: [ —Registerk va ] Vi
Single Port! = v
Memory! v | FP Add!
_ Sl | » FP Mul!
16 banks of 64- | (A) +jkm) 5L - .
. S2! Sy FP Recip!
bit words! | S |—sa
+ 1 | G .64. T T—— Sy Int Add!
8-bit SECDED! U RE0E e | nt Logic
Int Shift!
AQ!
80MW/sec data‘l ((A)+jkm) ALl Pop Cnt!
load/store! N o A, ‘
(A 64 ! — Al | Addr Add!
* 2 " B A5! >
320MW/sec B Regsp—"— s | A Addr Mul!
Instruction! y I
| — ‘ ‘
buffer replt sabibaGI| 7 | N 1 _CIPr ]
4 Instruction Buffers! LI

memory bank cycle 50 ns  processor cycle 12.5 ns (80MHz)!
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Vector Code Example
# C code
for (i=0; i<64; 1i++) # Vector Code
C[i] = A[i] + BI[i]; LI VLR, 64
# Scalar Code LV V1, R1
LT R4, 64 LV V2, R2
loop: ADDV.D V3, V1, V2
L.D FO, 0(R1) SV V3, R3
L.D F2, 0(R2)
ADD.D F4, F2, FO
S.D F4, 0(R3)
DADDIU R1, 8
DADDIU R2, 8
DADDIU R3, 8
DSUBTIU R4, 1
BNEZ R4, loop
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Vector Instruction Set Advantages

¥ Compact
B) one short instruction encodes N operations

¥ Expressive, tells hardware that these N operations:
B) are independent
B) use the same functional unit (pipelined?)
B) access disjoint registers
B) access registers in the same pattern as previous instructions
B) access a contiguous block of memory (unit-stride load/store)
B access memory in a known pattern (strided load/store)

¥ Scalable

B can run same object code on more parallel pipelines or lanes
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Spec92fp Operations (Millions) Instructions (M)!
Program RISC Vector R/V RISC  Vector R/V
Swim256 115 95 1.1x 115! 0.8! 142x!
Hydro2d 58 40 1.4x 58! 0.8 71x!
Nasa? 69 41 1.7x 69! 2.2 31x!
Su2cor 51 35 1.4x 51! 1.8 29x!
Tomcatv 15 10 1.4x! 15! 1.3 11x!
Wave5 27 25 1.1x 27! 7.2  4x!
Mdljdp2 32 52 0.6x! 32! 15.8 2x!

Vector reduces ops by 1.2X, instructions by 20X!

Vector Instruction Set Disadvantages

¥ Start up cost to set up vector registers

¥ Need pipelined arithmetic units
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Multimedia Extensions

Very short vectors added to existing ISAs for micros
Usually 64-bit registers split into 2x32b or 4x16b or 8x8b

Newer designs have 128-bit registers (Altivec, SSE2)
Limited instruction set:
B) no vector length control
B) unit-stride loads must be aligned to 64/128-bit boundary
Limited vector register length:
Bl requires superscalar dispatch to keep multiply/add/load units busy
B) loop unrolling to hide latencies increases register pressure

Trend towards fuller vector support in microprocessors
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MIMD organizations come in two forms.Page 200 and 201!

Cachg
Cachg
M M M p
e e e TrOCessor
m m
Processor
Processor
Cachg Cachel Cachg¢l
Processor
Cachg
Processor Processor | | Processor
Cachg
Distributed Memory MIMD
(Message Passing MIMD)
Shared Memory MIMD
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Measuring performance of parallel processors!
! Communication overhead --bandwidth and latency!
! Shared memory -- delays due to synchronization!

AmdahlOs law of parallelism !
! see example on page 202!

we want a speed up of 80 with 100 processors!

how much serialization can we tolerate?!
! 0.0025 or 0.25%!

Another Example page 203! !

! performance degradation due to remote accesses!
' Base CPI = 0.5 (IPC = 2)!

0.2% remote access and each access costs 400ns (on a 1 Ghz processor)!
! CPI = 0.5 + 0.0002*400 = 1.3!
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Review for exam

ILP!

! Multiple Issue architecture!
! Speculative execution!

! VLIW architecture!

! Loop unrolling!

Cache memories!

! Set associative caches and direct mapped caches!
! overhead due to tag bits!

! miss ratios and miss penalties!

! memory access times!

! CPI in presence of cache misses!

! Improving cache performance!

|

!

| way prediction, prefetching, victim caches,E.!
!
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Review for exam

Main Memory design!

! Wide word and Interleaved memories!

! Memory access time: latency and bandwidth!!
! Virtual memory!

! | page tables, segment tables!

! Translation look aside buffer!
! Protection!

Limits to ILP!
! Instruction window size!
Branch prediction!
! Number of renaming registers and reorder buffers!
! Imperfect alias detection!
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Review for exam

Multithreading!

computing speedup !
blocking vs non-blocking!
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