
CompArch SS 2020: Exercise 3 12.08.2020

1. Resolve RAW dependences

Consider the multiplication of complex numbers:

z ← v · w, (1)

where v, w and z are complex numbers. Assume an Instruction Set Architecture (ISA)
which includes the following instructions:

Load float from memory: ld addr dreg
Store float to memory: st sreg addr
FP addition: fadd sreg1 sreg2 dreg
FP subtraction: fsub sreg1 sreg2 dreg
FP multiplication: fmul sreg1 sreg2 dreg

With this ISA and assuming a infinitely large register file the multiplication of complex
numbers can be implemented as follows:

ld vr r0

ld vi r1

ld wr r2

ld wi r3

fmul r0 r2 r4

fmul r1 r3 r5

fmul r0 r3 r6

fmul r1 r2 r7

fsub r4 r5 r10

fadd r6 r7 r11

st r10 zr

st r11 zi

Identify all RAW dependences.

2. Branch predictor

Consider the loop

do k = 1, 2, ..., K

do l = 1, 2, ..., L

loop body

end do

end do



How many mis-predictions are to be expected for the inner loop in case of the 1-bit
branch predictor if k > 1? How do things change for the 2-bit branch predictor?

3. Cache optimisation of dense-matrix multiplication

Consider the operation

yi ←
N∑
j=1

Aij xj (2)

for i = 1, . . . N . Assume Aij to be stored in memory such that j is the fastest running
index.

1. Identify temporal and/or spatial data localities.

2. Compute the amount of data communicated between
external memory and processor for the case where
no cache is available. You may assume that a single
yi can be kept in the register file.

3. Repeat computation assuming an infinitely large
cache.

4. Instead of the case where the matrix is processed
row-by-row (upper figure) consider the case where
blocks of size B ·B are processed (lower figure).
Compute the information exchange between processor
and external memory as a function of B and N
assuming that B elements of x and B elements of y
can be kept in cache.

4. Cache addressing

Consider a cache with the following properties:

� Two-way set associative

� Total size of 64 Byte

� Cache line size of 16 Byte

Find the numbers of cache hits for a stream of reads from the following addresses:
0x0003, 0x0004, 0x0005, 0x0030, 0x0031, 0x007e, 0x007f, 0x0056, 0x0057, 0x0005, 0x009a,
0x0003


