
The Sub
ons
ious Mind of aBran
h Predi
torDaniel A. Jiménez, Computer S
ien
eDepartments, UT San Antonio and RutgersWhen a bran
h predi
tor goes to sleep at night, whatdoes it dream about? What does it mean for a bran
hpredi
tor to dream? Normally, when the bran
h predi
-tor is �awake,� it predi
ts bran
hes from the logi
 of theprogram and its inputs. If instead we allow the bran
hpredi
tor to �sleep� and forget about the program, simplyfollowing its predi
tions as if they are all 
orre
t, then thebran
h predi
tor is dreaming.We de�ne a bran
h predi
tor dream as the sequen
e ofaddresses generated by a 
onditional bran
h predi
tor fol-lowing its own predi
tions. We simulated bran
h predi
-tors on the SPEC CPU 2006 ben
hmark 403.g

 havingthem stop at random intervals to 
olle
t dreams of 64Kaddresses. (Results are similar for other ben
hmarks.)We simulated 12 di�erent bran
h predi
tors ranging fromvery simple to state-of-the-art, allowing them to all trainon the same data for millions of bran
hes, periodi
allystopping them at the same points to 
olle
t their dreams.In this limited spa
e, we dis
uss two ways to 
hara
-terize bran
h predi
tor dreams:Dream prelude and period lengths. A dream hastwo phases: a prelude during whi
h a number of di�er-ent bran
hes are visited, followed by a period where thebran
h predi
tor repeats the same several bran
hes for-ever. We quantify the 
omplexity of a bran
h predi
-tor dream by measuring the lengths of the prelude andperiod. Figure 1 shows the average prelude and periodlengths. Surprisingly, the BiMode predi
tor, a predi
torthat is about in the middle of the pa
k in terms of a

u-ra
y, has by far the longest average prelude and period.Control �ow graph. A bran
h predi
tor dream in-du
es an imaginary 
ontrol-�ow graph (CFG), or dream-s
ape. Figure 2 shows four CFGs: a real one and threedreams
apes from di�erent bran
h predi
tors. Ea
h ofthe dreams
apes represent the graph with the largestnumber of nodes from its bran
h predi
tor over the tra
essimulated. Interestingly, the largest dreams
ape for L-TAGE has only two nodes, the same as the largest numberfor a stati
 not-taken poli
y (not shown). The BiModepredi
tor has the largest dreams
ape of all predi
tors, butits dreams
ape is dwarfed by the real 
ontrol �ow graph.Questions:1. How similar are the dreams to the a
tual 
ode thebran
h predi
tor en
ounters while it is awake?2. If we let the bran
h predi
tor dream when the pro-
essor is idle, will that improve its a

ura
y, or somehowgive us insight into some other aspe
t of performan
e?3. One might expe
t that a more a

urate predi
torwould have more 
omplex dreams, but this is not the
ase. Why is that? What 
an we learn from that?

4. Can we examine the dreams of other stru
tures, su
has 
a
hes, prefet
hers, instru
tion queues, et
.? Whatwould that mean?5. A bran
h predi
tor dream is just a string. To whatextent 
an we manipulate the initial 
onditions of thepredi
tor to produ
e a given string (for e.g. the purposeof 
ompression)?6. Bran
h predi
tor dreams 
an be thought of as similarto human dreams. The prelude is the �interesting part� ofthe dream while the period is the part where e.g. you'velost something and you are repetitively trying to �nd it.So, 
an we learn anything about human dreaming fromma
hine dreaming?
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Figure 1: Dream prelude and period lengths.
(a) (b)
(
) (d)Figure 2: (a): a
tual 
ontrol-�ow-graph; CFG dream-s
apes from (b): BiMode, (
): L-TAGE, and (d): pie
e-wise linear bran
h predi
tors1


