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Problem I
A branch is within a loop has the following repeating pattern (i.e. branch outcomes): T, NT, T, T, NT

a) What is the accuracy of always-not-taken branch predictor?
2 out of 5 are predicted right. Thus, • 2/ S :: 40,%

b) What is the accuracy of the two-bit predictor (shown below) for the first five branches in this
pattern, assuming the predictor starts off in the bottom left state 00
(predict not taken)?
The table below may be useful to calculate the accuracy.

Prediction o (NT) 01-NT OO-NT 01-NT 10-T
Actual Branch outcome T NT T T NT
Riaht(1 WVrona(Q) Pred. 0 1 0 0 0
New Prediction 1 (NT) OO-NT 01-NT 10-T 01-NT

1/5 =20%

c) What is the accuracy if this patter is repeated "forever"? (In the table below please begin with the
last prediction from (b)

Prediction 01.NT 10-T 01-NT 10-T ll-T 10-T ll-T 10-T ll-T ll-T 10-T ll-T 10-T ll-T ll-T
Actual Branch T NT T T NT T NT T T NT T NT T T NT
RTrltitIWrono 0 0 0 1 0 1 0 1 1 0 1 0 1 1 0
New Prediction 10-T 01-NT 10-T ll-T 10-T ll-T 10-T ll-T ll-T 10-T ll-T 10-T ll-T ll-T 10-T

After the second iteration the prediction and accuracy patterns are the same. There are thrce right
predictions out of five. Thus, the accuracy is: 3/5=60%



Problcm 2
A benchmark in a fivc-stagc pipclined proecssor that uscs a branch target buffer has thc following
charactcristics:

31% ALU instructions,
26% Load instructions (assumc no hazards with loads for this problem)
14% Storc instructions
21% Branch instructions (62% of thcsc branchcs arc takcn).
8% Jump instructions

A branch target buffcr for conditional branch and jump instructions has the following features. Branch
and jump instructions are found in the buffer (hit rate) 89% of the timc. 92% of the time the prediction of
the buffer is right (accuracy); thus, thcre is no penalty. Addresscs for both branch and jump instructions
arc known at thc end ofthc 10 stagc.

Please determine thc cpr (cyclcs pcr instruction) for this machinc.
Hint. Consider penalties/stalls due to:

1. BTB misprediction (when a branch is found in BTB but its prediction is wrong) and
2. BTB miss (when branch/jump is not found in BTB and is taken).

21% Branch

8% Jump

89% in BTB 92% Ri ht 0
8% Wron 1~~~~_._-_._---

11% Not in BTB 38% NT 0
62% T 1

--~-~-~-------------- -------------------------

89% in BTB 92% Ri ht 0
8% Wron 1---------------_ .._----

11% Not in BTB 100% T
------------------- -_.__ .._------_._-----------

CPI = CPlideal + Stalls
CPI = 1 + 0.21 x (0.89 x 0.08 x 1 + 0.11 x 0.62 X 1) + .08 X (0.89 X 0.08 X 1 + 0.11 X 1)

Brallch stalls Jump stalls

CPI = 1.04377

[fyou consider that whcn a JUMP instructions is found in BTB is always right then the CPI will be:
[This assumptioll is 1I0tcompletely right, there jump all register (such as procedureljilllctioll returns) that
are 1I0talways to the same place. III this case the BTB provides the wrollg address.}

CPI = 1 + 0.21 X (0.89 X 0.08 xl + 0.11 X 0.62 xl) + .08 x (0.11 x 1)
CPI = 1.038074


