[SU EE 7700-2 Homework 1 sowtion ~ Due: 20 October 2003

For this assignment read Eric Rotenberg, Steve Bennett, and James E. Smith, “A trace cache
microarchitecture and evaluation,” IEEE Transactions on Computers, vol. 48, no. 2, pp. 111-120,
February 1999. For authorized users the paper can be found at

For the last problem look at Glenn Reinman, Brad Calder, and Todd Austin, “Optimizations
enabled by a decoupled front-end architecture,” IEEE Transactions on Computers, vol. 50, no. 4,
pp- 338-355, April 2001. For authorized users the paper can be found at

Problem 1: 1In a system using a trace cache there is a possibility that a branch within a trace can
be mispredicted.

Consider a system using the trace cache described in Rotenberg 99. The system has predicted
a trace, trace A, which contains three branches. Trace A was found in the trace cache and its
instructions are executing. The first of its three branches was correctly predicted but the second
one was mispredicted by the next trace predictor.

(a) Write a code fragment in MIPS or some other RISC ISA. Based on that code fragment make
up a trace ID for trace A. (Make up instruction addresses.) Hint: This part is straightforward and
has nothing to do with the misprediction.

The code ig shown below. The paper g'\\/QS No limit on the number of branches per Trace and so a trace id could have
room for sixteen branch outcomes but that is more than would almost ever be needed. \ﬂStQﬁd, g 1imit of four was chosen.
The x in the last pOS'\UOﬂ of the trace ID indicates that the trace Oﬂ\y contains three branenes; the X can be either a 0 or
a1l (bUI it can't YQ&\\y he an x otherwise more than one bit would be needed to encode each DY&HQY\). Note that the trace
ands with 4 )ump whien is how it could be Kth short and still omy contain three branches.

# Solution:

0x1000:

addi $s0, $0, O

beq $t1, $t2, SKIP1 # Predicted taken, correct.
nop

addi $s0, $s0, 1

SKIP1: # 0x1010

beq $t3, $t4, SKIP2 # Predicted taken, wrong.
nop

addi $s1, $s1, 1

SKIP2: # 0x101c

beq $t5, $t6, SKIP3 # Predicted not taken, correct.
nop

jr $ra

nop

SKIP3:

# Trace ID: {0x1000,1,1,0,X} (Parts shown separately.)
# Trace ID: Binary encoding: 0000 0000 0000 0000 0001 0000 0000 00 110x

(b) When the mispredicted branch is resolved there are two ways in which a prediction for the third
branch can be obtained. What are they?

The next-trace pl‘Qd\QtOT can pf()\/'\(lQ an alternate trace id. 1T that alternate trace ID matches with the current
one up 10 the mispred'\et@d braneh, then the pred'\et'\on for the third braneh can be faken from the alternate trace ID.


http://www.ece.lsu.edu/tca/
http://www.ece.lsu.edu/tca//s/roten-99.pdf
http://www.ece.lsu.edu/tca//s/reinman-01.pdf

For example, if the alternate trace ID were 0x1000,1,0,1,X then it could be used to pradict the third braneh, and
that prediction is taken. The following alternate trace IDs could not be used beeguse it mispredicts the Arst braneh:
0x1000,0,0,1,X.

I the alternate trace ID cannot De used then the system in the paper uses a bimodal predictor (PC-indexed 2-bit
counter) to predict the third branen.

(¢) Adding to your code fragment if necessary, show a trace ID for the trace that is constructed
after the mispredicted branch resolves. Use hierarchical sequencing, as did the system in the paper.

With hierarehical SQqu@\'\ng 9 New trace is QO[\SUUQIQGl Stﬁﬁmg with the p()fUOﬂ of the old trace up 1o the m'\spre—
diction. A possible new trace ID would be 0x1000,1,0,0,X.

(d) Show the trace ID for the trace that would be constructed if hierarchical sequencing had not
been used. (See Section 2.5.)

Without hierarenical SQQUQY\Q'\T\% The new trace starts arter the m'\spmd'\emd branch. A pOSS\b\Q new trace 1D would
be 0x1018,1,0,X,X.

Problem 2: Estimate the amount of memory (in bytes) used by the correlated prediction table,
the main table used by the next-trace predictor.

Aeeordmg 10 the paper the table has 216 entries. Each QI\U\j nolds a trace id, & 2-DIT counter, and an alternate trace
id. Assum‘mg four branches per trace, and &Hgﬂ@d instructions in 4 32-bit address space, that would be 34 Dbits for the
trace id. Since o m'\spred\et'\on 0T & branch within a trace won't thlﬂg@ the address of the Tirst instruction in the trace,
the alternate trace id need only be 4 bits. The total size of an entry is then 2+ 34 -+ 4, the size of the table is 40 x 216
DITS or about 328 kB.

Problem 3: There is an important difference in prediction capabilities between the SEQ.n model
of Rotenberg 99 and the superblock predictor described in Reinman 01. What is it? Which is
better? Assume that the superblocks that are being predicted in SEQ.n (Rotenberg) and the FTB
(Reinman) (See the reference at the beginning of the assignment.) When looking at Reinman 01
concentrate on Section 5, up to and including 5.2.

The two PYQG\QK)YS are similar in that U\Qy pYQ(l\Qt Q SUPQ\'D\OQK, which does not contain taken branches. Both
pf@diQIOTS use o g\OD‘A\ mstory of branches (TOY trace cache U\Qy are in the trace '\GS) and so have similar information
available.

Consider a block A endmg With g branch that is not mgmy Diaged but that can be &QQUY&IQW PY@G'\QLQG. IT 1t is not
taken it is followed by block B, if it is taken it is Tollowed by block 7.

Since the branch in A can be &QQUY&[QW pr@d'\emd 5¢q.n would pr(ﬂQt trace AB when the branch is not taken and A
when the branch is taken. Since A is not mgmy biased the FTB would pI‘Qd'\QI Dlock A in one QyQ\Q and then block B in
the next eyele. (It could only predict AB in one cyele if A were highly biased not taken.) So the FTB would not be able
to predict as many blocks per cycle.



