
Experiment Flows and Microbenchmarks for Reverse Engineering of  
Branch Predictor Structures 

 
Vladimir Uzelac, Aleksandar Milenković 

Electrical and Computer Engineering Department, The University of Alabama in Huntsville 
Email: {uzelacv, milenka}@ece.uah.edu 

 
 
 

Abstract 
Insights into branch predictor organization and operation 
can be used in architecture-aware compiler optimizations to 
improve program performance. Unfortunately, such details 
are rarely publicly disclosed. In this paper we introduce a set 
of experiment flows and corresponding microbenchmarks for 
reverse engineering cache-like branch target and outcome 
predictor structures, indexed by branch address or program 
path information. The experiment flows are demonstrated on 
the Intel Pentium M branch predictor. We have been able to 
determine the size, organization, internal operation, and in-
teractions between various hardware structures used in the 
Pentium M branch predictor, namely the branch target buf-
fer, indirect branch target buffer, loop branch predictor buf-
fer, global predictor, and bimodal predictor. These findings 
have been validated using a functional PIN model.  

1. INTRODUCTION 
Branch predictors are one of the key units in the front-end of 
modern high-performance microprocessors. They detect 
branches and predict the branch target address and the branch 
outcome in the early pipeline stages, thus reducing the num-
ber of wasted clock cycles due to control hazards. The target 
of a direct branch is predicted using a branch target buffer 
(BTB) [1] – a cache structure indexed by a portion of the 
branch address. Each BTB entry typically includes the tag 
field, the offset field, the branch type field (e.g., di-
rect/indirect, unconditional/conditional), the valid bit, the 
replacement bits for multi-way BTBs, and the target address. 
A separate hardware structure named an indirect branch tar-
get buffer (iBTB) can be employed to handle indirect 
branches with multiple target addresses [2-4]. The branch 
outcome predictors have evolved from a simple linear branch 
history table (BHT) with 2-bit saturating counters (2bc) [5] to 
very sophisticated branch predictor structures found in recent 
commercial microprocessors [6-9]. A number of advanced 
predictor structures have been proposed, including (i) two-
level adaptive predictors that exploit global or local branch 
histories of branch outcomes to achieve a better mapping into 
the BHT [10, 11] (ii) de-interference predictors which reduce 
negative effects of branch interference [12-15], (iii) hybrid 
predictors that include multiple specialized structures [16-
18], and (iv) perceptron predictors [19, 20]. 

Code optimizations based on the information about branch 
predictor structures can greatly increase overall program per-

formance [21, 22]. For example, if the compiler is aware of 
the BTB size and organization, it can prevent branch interfe-
rence in critical portions of the code by re-aligning the 
branch instructions. Next, if the compiler is aware of local 
and global branch history lengths, it can employ code dupli-
cation or loop unrolling transformations to alleviate mispre-
dictions [21]. Jimenez introduced the Camino C compiler 
[22] that exploits knowledge about branch predictor internal 
structures. It performs feedback-directed code placement to 
reduce the number of branch mispredictions in the NetBurst 
architecture. This optimization reduces the number of branch 
mispredictions in the SPEC CPU2K benchmarks in the range 
of 22% to 3.5%. 

Unfortunately, microprocessor manufacturers rarely fully 
disclose information about the branch predictor organization 
thus preventing efforts aimed at better code optimization. 
This problem can be addressed by employing reverse engi-
neering techniques aimed at branch predictor units. A prior 
reverse engineering flow focusing on P6 and NetBurst archi-
tectures [21] has been successful in determining the size and 
organization of the BTB and the presence and lengths of 
global and local histories. However, this flow does not in-
clude any experiments for determining the organization of 
predictor structures indexed by program path information nor 
their internal operation. In addition, it does not include any 
experiments to uncover update and allocation policies and the 
exact type, size, and organization of outcome predictors.   

In this paper we introduce a set of new experiment flows and 
corresponding microbenchmarks that can be used in deter-
mining the organization and operation of modern branch pre-
dictor units. Specifically, we introduce new tests for (a) de-
termining the size, organization, and operation of target pre-
dictors (BTB and iBTB), indexed by the branch address (IP-
based) and the program path (path-based) information, (b) 
determining the size, organization, and operation of complex 
hybrid outcome predictors, and (c) uncovering interdepen-
dencies between predictor structures. The experiment flows 
are demonstrated through a reverse engineering of the Pen-
tium M (Dothan core) branch predictor unit, a sophisticated 
predictor that significantly outperforms previous Intel branch 
predictors [6].  

The experiment flows indicate the following. The Pentium M 
target predictor includes a 4-way set-associative BTB with 
2048 entries and a direct-mapped iBTB with 256 entries for 



indirect branches. The BTB is indexed by the instruction 
pointer bits IP[12:4] and the tag field is IP[21:13]. The iBTB 
is indexed using a hash access function of a path information 
register (PIR) and the branch address bits. We have unco-
vered the size and the update policy for the PIR, the hash 
access function, the iBTB tag bits, and the iBTB index. The 
outcome predictor is similar to McFarling’s serial BLG pre-
dictor [16] with the following structures: (a) a 4096-entry 
bimodal predictor indexed by IP[11:0]; (b) a tagged 2-way 
loop predictor with 128 entries, indexed by IP[9:4]; and (c) a 
tagged 4-way global predictor with 2048 entries, accessed in 
a similar fashion as the iBTB. In addition to these structural 
parameters, we have been able to answer a number of ques-
tions regarding interactions between predictor structures. To 
validate our approach, we have developed a functional model 
of the Pentium M branch predictor using PIN [23]. We col-
lect statistics about relevant events while running several 
SPEC benchmarks on the PIN model and compare them with 
the statistics collected using Intel VTune [24]: the results 
show that the PIN model is accurate, confirming our findings.  

The contributions of this paper are as follows: (i) we intro-
duce new experiment flows and microbenchmarks for deter-
mining the organization and operation of target predictors, 
specifically the BTB (Section 3) and the iBTB (Section 4); 
(ii) we introduce new experiment flows and microben-
chmarks for determining organization and operation of out-
come predictors, specifically the loop predictor (Section 5), 
and the global and bimodal predictors (Section 6), and (iii) 
we develop a functional PIN model of the entire Pentium M 
branch predictor and validate it by running SPEC benchmark 
programs (Section 7). In Section 8 we describe applicability 
of the experiment flows to other branch predictors and dis-
cuss their limitations.  

In addition to assisting code optimizations, the proposed 
flows and microbenchmarks can also expedite verification 
efforts and rapid design-space exploration in the design phase 
of branch predictors, allowing for shorter time-to-market and 
more reliable designs. Our findings can help researchers in 
academia and industry who develop new branch predictors 
by offering a good starting point for comparison. The follow-
ing Section gives preliminaries, sets goals, and describes the 
experimental methodology used in this effort.  

2. PRELIMINARIES 

Branch Prediction in the Pentium M. The Pentium M is 
Intel’s first microprocessor specifically designed for mobili-
ty, with a goal to achieve the best performance at given pow-
er and thermal constraints [6]. Improved branch prediction is 
desirable not only for increased performance, but also for 
reduced power consumption. The architects disclose that the 
advanced Pentium M branch predictor is based on the Pen-
tium 4 branch predictor, with two new structures: the loop 
predictor and the indirect branch target predictors.  

The loop predictor captures the behavior of loop-like 
branches that cannot be accurately predicted by global or 
local history predictors. A loop branch moves in one direc-

tion many times with a single instance in the opposite direc-
tion, e.g., taken k times and not taken once – {{T}k.NT}. 
When a loop branch is detected, an entry in the loop predictor 
is allocated. Each entry contains fields to record the current 
iteration counter (Count), the iteration limit (Limit), and the 
direction of the branch. The iBTB predicts targets of indirect 
branches using global branch history. When an indirect 
branch is mispredicted in the BTB due to an incorrect target, 
the iBTB allocates a new entry using global history leading 
to this instance. The entries in the iBTB are tagged. 

Assumptions. Based on the available information we assume 
that the Pentium M branch predictor unit consists of a BTB, 
an iBTB, and a hybrid outcome predictor. Intel software op-
timization manuals [25] state that the Pentium M predicts all 
branches dynamically, indicating a possible multi-layer out-
come predictor with a bimodal predictor in the first level. 
Hence, we assume that the outcome predictor features the 
bimodal predictor (a simple table of 2-bit counters), the loop 
predictor, and a global predictor of unknown structure. It 
should be noted that these assumptions are not necessary for 
the proposed flows, because presence or absence of these 
structures can be established by additional tests.  

What Would We Like to Know? For all predictor structures 
we seek to determine structural parameters such as their size, 
organization, and relevant fields and their lengths. Another 
group of parameters is related to allocation, update, and re-
placement policies employed for each of the predictor struc-
tures. Next, we need to determine hash functions used for 
accessing these structures. For example, the BTB is usually 
indexed by a portion of the current branch address. However, 
the Pentium M architects state that the iBTB is accessed us-
ing global path information. Hence, the global program path 
information has to be dynamically maintained in a dedicated 
register called a path information register (PIR). A number of 
questions arise concerning the PIR, including its size, update 
policy (type of branches affecting the PIR, type of informa-
tion used, e.g., address bits or outcomes or both), and its use 
in the iBTB hash access function. 

We also need to determine the predictor-specific parameters. 
For example, for the loop predictor we would like to know 
the size of counters as well as the training policy. For the 
BTB we would like to know how it handles bogus branches. 
Finally, for a complete reverse engineering we need to de-
termine the relationship between different predictor struc-
tures, for example, BTB/iBTB relationship, or how the final 
outcome prediction is created from individual predictors.  

Experimental Methodology. We employ the following ex-
perimental methodology. First, we make a hypothesis on a 
particular predictor structure or mechanism and assess its 
testing space. Next, a microbenchmark (or a series of micro-
benchmarks) is developed in C and/or assembly language. A 
typical microbenchmark has to do the following: (a) identify 
and isolate parameters or mechanisms for hypothesis testing; 
(b) amplify the parameters or mechanisms of interest, so they 
can be easily measured or observed; and (c) mask out the 



effects of all other microarchitectural parameters or mechan-
isms that can obstruct or prevent analysis. We also need to 
select a list of observable events for the parameters or me-
chanisms tested in the hypothesis. This step ends with an 
analysis to establish expectations for the given hypothesis.  
The microbenchmarks are executed and event statistics are 
collected using Intel’s VTune [24]. The results are analyzed 
and compared with the expectations. If the results confirm 
the hypothesis, the hypothesis becomes a new finding, and 
the process continues with other hypotheses. If possible, we 
develop several alternative tests targeting the same hypothe-
sis, thus increasing the confidence in the findings. 

The design of experiments and microbenchmarks is strongly 
influenced by the observable microachitectural events. 
VTune offers several events that are related to branch instruc-
tions in Pentium M. The most important events of interest for 
our flows are: mispredicted branches at decoding (MBIDEC), 
mispredicted branches at execution (MBIEXEC), mispre-
dicted indirect branches (MIBIE), indirect branches executed 
(IBIE), conditional branches executed (CBIE), and mispre-
dicted conditional branches (MCBIE). 

3. BTB TESTS 

3.1 BTB Capacity Test 
In determining BTB organization, we start with a so-called 
BTB Capacity test [21]. This test stresses the BTB structure 
trying to find the maximum number of branches B that can fit 
in the BTB. The branches are placed in a loop at equidistant 
memory locations with distance D (Figure 1A). The branches 
at labels l0, l1, ..., lm1 are called spy branches. By varying 
the parameters B and D, we can, under certain conditions, 
determine the BTB size (NBTB) and organization.  

Generally, when B=NBTB and the test gives m “fitting” dis-
tances D (that produce no mispredictions), the number of 
ways in the BTB is NWAYS=2m-1 and the BTB index is IP[i+j-
m:i], where the maximum fitting distance is DMAX=2i and 
j=log2NBTB (the least and the most significant bits of the in-
dex field are Index.LSB=i, Index.MSB=i+j-m, respectively). 
The BTB Capacity test analysis is based on Eq. 1, where 
MPR is the misprediction rate defined as the number of mi-
spredicted branches at decoding divided by the total number 
of spy branches executed.  

The BTB Capacity test will suffice in determining the BTB 
size, associativity, and index bits, if the following conditions 
are met: (a) a portion of the branch address is used as the 
BTB index; (b) a portion of the branch address adjacent to 
the index field is used as the BTB tag; and (c) the replace-
ment policy is round-robin, or the least recently used (LRU), 
or one of the LRU derivatives.  

However, the BTB Capacity test results on Pentium M are 
inconclusive. A portion of the results indicates a 4-way BTB 
with 1K entries, and the other portion a 4-way BTB with 2K 
entries. We prove that this is due to the BTB allocation and 
replacement policies. Therefore, we devise a test to stress 
allocation or replacement policies by controlling the BTB 

access pattern. The execution pattern of the spy branches 
from Figure 1A {l0, l1, …, lm1}n is replaced by an alternative 
execution pattern{{l0}2, {l1}2, ..., {lm1}2}n, where each spy 
branch is executed twice consecutively. This pattern ensures 
that each spy branch finds itself in the BTB. This variant of 
the test is called the BTB Capacity Hit test. We may also 
need to control the rate by which the branches are presented 
to the BTB, to give enough time for preceding branches to 
retire and update the BTB. 

The BTB Capacity Hit test results are shown in Figure 1B. 
According to Eq. 1, the results indicate a 4-way BTB that can 
hold up to 2048 branches, with IP[12:4] used as the BTB 
index. Note: high MPR when B>NBTB is 50% because each 
branch is touched twice consecutively – one miss and one hit.  

3.2 BTB Set Tests 
BTB Set tests are similar to the BTB Capacity test, but instead 
of stressing the whole BTB, we stress a single BTB set. We 
vary the distance in memory between spy branches D, trying 
to find the maximum number of branches B that map into a 
single set. Again, by observing the MPR as a function of B 
and D, we can determine the BTB parameters. We introduce 
three new tests as shown in Figure 2. These tests can be used 
not only to confirm the findings from the BTB Capacity Hit 
test, but also to determine the BTB tag field.  

The test searching for the tag MSB, (Tag.MSB) (Figure 2A) 
includes only two spy branches placed at arbitrary distance D 
that result in no mispredictions. The distance D is increased 
until the BTB cannot distinguish between the spy branches 
resulting in mispredictions; that distance is D=2Tag.MSB+1.   
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Figure 1. BTB Capacity test (A); BTB Capacity Hit test results (B).  
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The test searching for the Index.MSB and NWAYS (Figure 2B) 
starts from B=2 and an arbitrary D, D<2Index.MSB, and B and D 
are varied as described in Figure 2B. When the spy branches 
map into a single set (D>2Index.MSB), the MPR depends only 
on B and will exist when B≥1+NWAYS. When the spy branches 
map into multiple BTB sets (D≤2Index.MSB), the MPR depends 
on both B and D. 
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Figure 2. BTB Set tests. 

Finally, to determine the Index.LSB (Figure 2C), we set 
B=NWAYS+1, and all spy branches are mapped into a single 
set (e.g., D=2Index.MSB+1), causing all spy branches to be mi-
spredicted by the BTB. The distance between the last two spy 
branches is then increased for Dn, 1≤Dn≤2Index.LSB-1, until the 
mispredictions disappear because the last spy branch maps 
into the next set. It should be noted that the Pentium M archi-
tecture takes the address of the last byte as the branch instruc-
tion address [26]. For example, the branch address of a 5-
byte instruction starting at the address 400Ch is 4010h 
(IP=FirstByteAddress + I.len – 1, where I.len is instruction 
length).  Note: the existence of this mechanism can be veri-
fied by a microbenchmark. 

Figure 3A shows the MPR when distance D is varied for B=2 
(tests from Figure 2A). The MPR=100% when D=222, indi-
cating that the Tag.MSB is IP[21] and the tag field is 
IP[21:13]. The results from Figure 3C confirm previous find-
ings about the BTB index bits and associativity (tests from 
Figure 2B). Figure 3B shows that the MPR becomes low 
when Dn=12. The spy branches are 5 bytes long, thus we 
conclude that the Index.LSB=4.  

3.3 Miscellaneous BTB Details 
We can identify several other BTB design issues that can be 
easily explored using variants of the tests described above. 
We find that ‘always not taken’ branches are not allocated in 
the BTB. Next, a bogus branch, a non-branch instruction that 
hits in the BTB (has the same index and tag fields as an allo-
cated branch), discards the whole BTB set.  

Finally, we verify the existence of the so-called offset algo-
rithm. Each BTB entry includes the offset field that is IP[3:0] 
[26]. A single fetch line (16 bytes) may have several branch 
instructions, resulting in multiple BTB hits. The offset algo-
rithm chooses the final prediction in the presence of multiple 
BTB hits – it is the BTB entry with the smallest offset, yet 
not smaller than the current IP offset.  
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Figure 3. BTB Set test results.  

The BTB Capacity Hit and the BTB Set Hit tests indicate a 
non-random BTB replacement policy. For example, the BTB 
Set Hit test with B=5 and the execution pattern {{l1}2, {l2}2, 
... {l5}2}n produces MPR=50%. Either the LRU, round-robin, 
or a pseudo-LRU replacement policy would give the same 
results. To determine which policy is used we vary the execu-
tion pattern in the execution sequence. For example, the pat-
tern {{l1}2, {l2}2, {l3}2, {l1}2, {l4}2, {l5}2}n makes the spy 
branches l3 and l5 compete for a single BTB entry, while 
other branches keep their entries. This indicates the tree-
based pseudo-LRU replacement policy.  

4. INDIRECT BTB TESTS 
We assume that the iBTB is a tagged, cache-like structure 
accessed using a hash function, likely an XOR, of a portion 
of the indirect branch address, IP[n:m], and the path informa-
tion register (PIR) (Figure 4A). The PIR is typically updated 
using various program path information, such as: branch ad-
dress bits IP[q:p], branch target address bits TA[s:r], branch 
type, and branch outcome [2-4] (Figure 4B). In addition, dif-
ferent types of branch instructions may affect the PIR diffe-
rently. To reverse engineer the iBTB, we need to determine 
the size and update policy of the PIR, the iBTB hash access 
function, and the iBTB size and organization. 
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Figure 4. iBTB access hash (A); PIR update (B). 

4.1 PIR Tests 
The PIR tests determine the PIR history length, the PIR 
length, the type of branches affecting the PIR, and the PIR 
update policy. In the PIR tests we try to control the number 
of indirect branch collisions by changing the PIR value only. 



A key test is shown in Figure 5A. The test has an indirect 
branch called iSpy with two targets Target1 and Target2. The 
test alternates between two program paths, P1 and P2, as 
follows: P1→iSpy→Target1 and P2→iSpy→Target2. The 
paths P1 and P2 have N setup branches (Pi.SB1, Pi.SB2, ... 
Pi.SBN, i=1, 2). N should be larger than the PIR history 
depth, i.e., only the setup branches in P1 or P2 are affecting 
the PIR. By controlling the placement of the setup branches, 
their outcomes and targets, we control the PIR content ob-
served by the iSpy branch. For example, we can ensure that 
both paths produce the same PIR by employing an equal 
number of conditional branches with the same outcomes, 
placed in memory in such a way that 
IP(P1.SBi)=IP(P2.SBi)+2q+1, where IP[q:p] are branch ad-
dress bits that affect the PIR (see Figure 4B), and i=1...N. If 
both paths yield the same PIR, the iBTB will not distinguish 
between two program paths, which will result in iBTB mi-
spredictions due to incorrect target addresses for the iSpy 
branch. The BTB will also mispredict the target because it 
has only one target field and the program alternates between 
two paths. Similarly, distinctive PIR contents for program 
paths P1 and P2 may be achieved by setting two setup 
branches to have different address fields that affect the PIR. 
For example, the setup branches P1.SB1 and P2.SB1 are laid 
out in memory in such a way to satisfy the following equa-
tion: IP(P1.SB1)=IP(P2.SB1)+2q+1+D, where D=2k. If bit k 
is affecting the PIR, i.e., p≤k≤q, the PIR values are distinc-
tive, causing no mispredictions in the iBTB. Otherwise, both 
program paths will have the same PIR value, causing both 
targets to be mispredicted. 
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Figure 5. PIR test (A).  iBTB access hash tests (B, C). 

We expect three possible situations to occur with the iSpy 
target prediction in the experiment: (a) an iBTB hit with in-
correct target prediction (misprediction), (b) an iBTB hit with 
correct target prediction, and (c) an iBTB miss with the BTB 
giving prediction. An iBTB miss occurs only when the iBTB 
is a direct-mapped cache and the targeted bits belong to the 
iBTB tag field. Depending on the BTB and iBTB update pol-
icies, the BTB can provide a correct or an incorrect target.  

The next step is to determine which address and target bits 
are affecting the PIR and how the PIR is updated with new 
branch information. First, the setup branches are laid out in 

memory to produce distinctive PIR contents. Next, the test is 
modified to include a code block H (Figure 5A) in front of 
the iSpy branch. The block H consists of H branches affecting 
the PIR. If H becomes large enough, the setup branches 
P1.SB1 and P2.SB1 no longer affect the PIR, consequently 
causing mispredictions in the iBTB. The minimum H causing 
mispredictions regardless of the distance D determines the 
PIR history depth.  

Figure 6 shows the results of the PIR test. We plot the MPR, 
calculated as the number of mispredicted indirect branches at 
execution (MIBIE) divided by the number of indirect 
branches (IBIE), as a function of D and H. When H=0, we 
can observe 3 distinct MPR values: 0%, ~40% and 100%. 
The MPR=100% occurs for D∉(24-218) due to mispredictions 
with iBTB hit. MPR=0% occurs for D=210-218 due to iBTB 
hits with correct predictions. Finally, MPR of ~40% for 
D=24-29 and D=218 can only be due to iBTB miss events (this 
case is further discussed at the end of this section). Thus, we 
conclude that IP[18:4] affects the PIR. When H=1, the ad-
dress bits affecting the PIR are IP[16:4], indicating that a 2-
bit shift is used in the PIR update. When H=8, the 
MPR=100% regardless of the distance D, indicating that the 
PIR history depth is 8.  
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Figure 6. PIR test results.  

The same test is repeated while varying (a) the type of 
branches in the program paths, (b) target addresses, and (c) 
branch addresses. The results of these experiments indicate 
the following findings. The PIR is affected by branch address 
bits IP[18:4] of taken conditional branches; and IP[18:10] 
and TA[5:0] of indirect branches. Direct unconditional 
branches, not taken conditional branches, targets of taken 
conditional branches, and branch outcomes do not affect the 
PIR. 

The next step is to determine the size of the PIR and its up-
dating function F (Figure 4B). We consider two basic ap-
proaches to PIR update: shift-and-xor, and shift-and-add. 
With shift-and-xor, S bits of branch information are XOR-ed 
with S bits of the PIR, where length(PIR)≥S. With shift-and-
add, S bits of branch information are shifted in, where 
length(PIR)=S*(PIR history depth). To find which policy is 
used, we devise a test that stresses the PIR update policy (xor 
or add). With the shift-and-xor policy asserted address bits in 



one path may interact and cancel out, thus making the path 
indistinguishable from another path. This cannot happen with 
shift-and-add policy. 

The test from Figure 5A is employed to prove that the shift-
and-xor policy is used. The setup branches are laid out as 
follows (Eq.2):  

q k,k p ,2+2+IP(P1.SB1) =IP(P2.SB1)
                2+2+IP(P1.SB2)=IP(P2.SB2)

…N3=i,2+IP(P2.SBi)=IP(P1.SBi)

21
2k1q

1k1q

1q

≤≤+

+

+

  Eq. 2 

The bits k1 and k2 are synchronously set in the path P2. If the 
PIR update uses an XOR, the effect of these two offsets will 
be annulled, resulting in the same PIR value for both paths, 
and consequently in iSpy mispredictions. We conclude that 
the PIR length is equal to 15, i.e., the number of IP bits used 
for the PIR when H=0, lH=0. If the PIR length were larger 
than 15, lH=1 would also be 15 since no IP bits would be 
shifted out of the PIR. In our case lH=1=13, so the PIR length 
has to be 15. The PIR update policy is specified in Eq. 3 
(cbt=1 for conditional taken branches, and ibt=1 for indirect 
branches). 
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)2]0:12[(]0:14[

TAconcatIPibtorIPcbt
xorPIRPIR

⋅⋅
<<=    Eq. 3 

4.2 iBTB Hash Access Function Test 
The first step is to determine IP address bits of the indirect 
branch used in computation of the iBTB hash access function 
(Figure 4A). Similarly to the PIR test, our approach is to ob-
serve the number of collisions in the iBTB as a function of 
the indirect spy branch address only. This test is illustrated in 
Figure 5B. It includes two indirect spy branches iSpy1 and 
iSpy2, each preceded by a setup block, P1 and P2, respective-
ly. The setup blocks consist of N conditional always taken 
branches, laid out in memory to yield the same PIR for two 
spy branches, i.e., PIR.P1=PIR.P2. We change the distance 
between the spy branches, thus affecting the hash access 
function of the iBTB. The spy branches are placed in memo-
ry so the following equation holds: IP(iSpy2)= 
IP(iSpy1)+2n+1+D, where D=2l

. If the bit l affects the hash 
access function, i.e., m≤l≤n (see Figure 4A), the spy branches 
will not produce mispredictions. This test is a subset of the 
following test and its results will be discussed later. 

The next step is to determine how the iBTB hash access func-
tion is computed from the PIR and the indirect branch ad-
dress bits. We hypothesize that an XOR function is used. To 
prove this assumption we stress the hash function by syn-
chronously controlling the PIR bits and the spy branch ad-
dress bit in order to cancel out the asserted bits. This is 
achieved by combining approaches from two previous tests, 
as illustrated in Figure 5C. The test includes two indirect spy 
branches iSpy1 and iSpy2, each spy branch preceded by setup 
branches laid out in memory to produce the same PIR for 
different paths. The setup branches P2.SB1 (P1.SB1) and 
P4.SB1 (P3.SB1) differ only at a PIR-affecting address bit k: 
that is, IP(Pi.SB1)=IP(Pi-1.SB1)+2q+1+2k, where p≤k≤q, 

i=2,4. The spy branches iSpy1 and iSpy2 differ only at a bit l, 
such that the following equation holds: IP(iSpy2)= 
IP(iSpy1)+2n+1+2l, where m≤l≤n. If bits k and l are combined 
in the hash access function, Target2 and Target4 collide (as 
well as Target1 and Target3) causing mispredictions in the 
iBTB, in spite of unique PIR contents observed by iSpy1 and 
iSpy2, as illustrated below:  

P1.SB1.IP[k]=‘0’; iSpy1.IP[l]=‘0’;  XOR=0   
P3.SB1.IP[k]=‘1’; iSpy2.IP[l]=‘1’;  XOR=0 

The test advances through all (k, l) pairs, where k, l ∈ [4-18]. 
The results indicate that the following hash access function is 
used (Eq. 4).   
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PIRxorIP
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4.3 iBTB Organization Test 
In determining the iBTB size and organization, we try to fill 
the whole iBTB with a number of indirect branch targets. We 
devise a test where the MPR is a function of the number of 
program paths and their respective PIR values. The iBTB 
size test (Figure 7) has a single indirect spy branch iSpy with 
multiple target addresses; each target is preceded by a unique 
program path Pi, i=1..N. To fill the iBTB with a maximum 
number of indirect targets, we generate all indexes of the 
iBTB access hash function.  

The iBTB access hash function is 
controlled indirectly as follows. 
The iSpy access hash function 
depends on its branch address and 
the observed PIR. A path Pi in-
cludes a setup branch SBi, a dis-
patch branch, and 8 (PIR depth) 
branches preceding the dispatch 
branch (P0.SB1-P0.SB8). Hence, 
by controlling the placement of 
the setup branches SB1-SBN and 
the targets of the dispatch 
branches, we control directly the 
iSpy’s PIR, and indirectly the 
iBTB access hash. More specifi-
cally, the setup branches satisfy the following equation:  
IP[SBi]=2q+1+(i-1)·D, where D=2 k, i=1..N, p≤k≤q. 

The test traverses program paths in sequence: 
{P1→P2…→PN}. We observe the MPR as a function of the 
distance D and the number of unique paths N (or spy targets). 
Based on these findings we can determine the size and organ-
ization of the iBTB. Note: The dispatch branch is also an 
indirect branch preceded by 8 conditional taken branches, so 
it has a single hash access value regardless of its target ad-
dresses. This way, it will take only one iBTB entry. 

To illustrate this test, let us consider a direct-mapped iBTB 
with 256 entries, with the upper 8 bits of the iBTB access 
hash used as the iBTB index, and the remaining 7 lower bits 
used as the iBTB tag. When D=211 (D=800h), we can fit 

P0.SB8
…

P0.SB1

Dispatch

SB1 SB2 ... SBN
P1 P2 PN

iSpy

Target1 Target2 TargetN

1 2 N

1N 2
...

N-1

...

 
Figure 7. iBTB size and  

organization test. 



N=256 of iSpy’s targets in the iBTB. When D=212, the num-
ber of targets fitting in the iBTB is 128. Hence, the LSB bit 
of the index field can be determined by finding the maximum 
N that causes no mispredictions. For all distances D, 
24≤D≤211, only one iSpy target will fit in the iBTB.  

The test results for N=2 and 24≤D≤218 are equivalent to those 
shown in Figure 6 when H=0. Figure 8A shows the results 
for N=3 and 24≤D≤219. Small distances (D<400h) produce an 
MPR of 100%, indicating a change in iBTB tag bits, as al-
ready observed for N=2. When D=400h, we observe no mi-
spredictions for the iSpy branch for both N=3 and N=2, indi-
cating that the Index.LSB bit corresponds to the PIR[6].  
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Figure 8. iBTB size test results. 

Further testing can be done by setting a fixed distance 
D=400h and varying the number of iSpy targets (Figure 8B). 
The results indicate that the iBTB size is 256 entries. Conse-
quently, iBTB index bits are PIR bits PIR[13:6]. Other PIR 
bits, PIR[5:0] and PIR[14] are iBTB tag bits.  

The results in Figure 6 show two distinct MPR values for two 
events, iBTB miss, and iBTB hit with misprediction. We 
hypothesize that this difference comes from two different 
allocation policies employed for these two events (in both 
BTB and iBTB) in presence of the test’s execution pattern. 
The original execution pattern with alternating paths {P1, 
P2}n  is a corner case where observed results are due to the 
iBTB and BTB interdependencies in the presence of constant 
misses or hits with mispredictions. Hence, we replace the 
original execution pattern by a new pattern {{P1}2,{P2}2}n 
that eliminates the corner case. This test shows that the 
MPR=50% for both cases, when PIR.P1=PIR.P2 and PIR.P1 
differs from PIR.P2 only in iBTB tag bits. Consequently, we 
verify our observation that the iBTB is direct-mapped.  

5. LOOP PREDICTOR TESTS 
We assume that the loop predictor is a cache-like structure 
indexed by a portion of the branch address only, because the 
loop predictor exploits local correlations. The reverse engi-
neering of the loop predictor involves determining the coun-
ters’ length; the size and organization of the loop predictor 
buffer (LPB); access function; allocation, replacement, and 
training policies; and its relationship to other predictor struc-
tures.  

5.1 Loop Counters Length Test 
To determine the maximum counter length (CL) we use a test 
as shown in Figure 9A. A spy conditional branch, lSpy, exhi-
bits loop-like behavior, e.g., {{T}L.NT}. The lSpy is placed 
inside a loop with a large number of iterations. We observe 

the MPR defined as the number of mispredicted branches at 
execution divided by the total number of executed spy loops. 
As long as L≤2CL, we expect the MPR=0%; if L>2CL, the 
expected MPR=1/(L+1).  

The test results from Figure 9B show that the maximum pre-
dictable pattern length is L=64 and confirm expectations for 
the MPR when L>64. Consequently, counters Count and 
Limit are 6-bit long. 

5.2 LPB Size and Organization Tests 
In determining the LPB size and organization, we use the 
same approach as in the BTB Capacity and BTB Set tests dis-
cussed in Section 3.1 and Section 3.2. The only modification 
is that spy branches used in the BTB tests are replaced by spy 
loops in the LPB tests. The loop is formed by replacing an 
always Taken branch with a conditional branch. We observe 
the MPR while varying the number of loops B and the dis-
tance D as shown in Figure 2.  

Figure 10 shows the results of the LPB Set tests for B=2-4 
and D=28-216 and for Dn=0-24. Together with the capacity 
test, these results indicate that the LP is a 128-entry, 2-way 
cache, indexed by address bits IP[9:4], and tagged by address 
bits IP[15:10]. 
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Figure 10. LP-set test results; Searching for the Index.MSB and the number 
of ways (A); Searching for the Index.LSB (B). 

5.3 Miscellaneous Loop Predictor Details 
This section addresses the issues of loop training, allocation, 
and replacement policies, as well as the relationship between 
the LPB and the BTB.  

A branch can be allocated in the LPB on the first opposite 
outcome, or, if separate training logic exists, once a real loop-
like behavior is detected. A test to determine the LPB alloca-
tion policy includes 3 spy branches that map into a single set. 
Two spy branches lSpy1 and lSpy2 exhibit real loop-like be-
havior, e.g., {{T}L1.NT}, {{T}L2.NT}, while the third one 
lSpy3 has the pattern {{T}3.{NT}2}. If an LPB entry is allo-

 

define L 64  
... 
int i=0; //loop index
int I;   //num. iter.
long I=10000000; 
... 
for (i=0; i<I; ++i) 

 //lSpy 
if((i%(L+1))==0)a=0; 
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Figure 9. Counter length test (A) and test results (B).  



cated on the first opposite outcome, before the real loop-like 
behavior is detected, all three branches will compete for two 
LPB entries, causing the MPR to vary with the parameters L1 
and L2. Otherwise, the two loop branches will always be 
predicted correctly, and the MPR will be independent from 
L1 and L2 (it will come only from lSpy3). The results (not 
shown here) show that the MPR depends on L1 and L2, indi-
cating that the allocation is done on the first opposite out-
come and that the training takes place in the LPB.  

To determine the LPB replacement policy, we employ 3 spy 
loop branches that map into a single LPB set. We control 
loop occurrence pattern, e.g. {lSpy1, lSpy2, lSpy1, lSpy3}. If 
the LRU policy is used, the lSpy1 will never be mispredicted, 
while lSpy2 and lSpy3 will compete for the same entry. If the 
round-robin policy is used, all three loops are mispredicted. 
The results (not shown) indicate that the LRU policy is em-
ployed.  

The next step is to verify whether an LPB hit is conditional 
upon a BTB hit. The BTB can better distinguish between 
branches because it has a longer tag field. A BTB Set test is 
expanded to include 4 always taken spy branches and one 
lSpy branch, all mapping into the same BTB set. As the al-
ways taken branches do not consume LPB resources, we ex-
pect no mispredictions, if filtering is not employed. With 
filtering, we will see a certain number of lSpy mispredictions. 
Our measurements show that the number of mispredictions is 
reciprocal to (L+1), indicating that LPB hits are conditioned 
by the corresponding BTB hits.  

6. GLOBAL OUTCOME PREDICTOR TESTS 
We assume a general structure of the global predictor that 
includes a branch history table (BHT) with 2-bit saturating 
counters (2bC). The BHT is accessed by a hash of the branch 
history register (BHR) and a portion of the branch address 
bits (IP). The reverse engineering of the global predictor in-
volves determining: (a) predictor element, (b) size and update 
policy of the BHR, (c) access function, (d) BHT size and 
organization, and (e) relationship with the loop and bimodal 
predictors.  

First we verify that the BHT consists of the 2bC elements. 
The test includes a conditional branch instruction cSpy with 
the following outcome pattern: {{T}3,{NT}2}. The cSpy is 
preceded by a number of conditional branches ensuring that 
all instances of the cSpy see the same BHR, so it targets a 
single cell in the BHT. The MPR of 60% confirms that the 
2bC is used. 

6.1 BHR Tests  
In determining the BHR’s size, organization, and update pol-
icy we use the same methodology as presented in the PIR 
tests (Figure 5A). Instead of an indirect branch, we use a con-
ditional spy branch cSpy with a controllable outcome pattern. 
The cSpy is always taken when reached through the path P1, 
and always not taken when reached through the path P2. 
Thus, if BHR.P1=BHR.P2, the cSpy will be mispredicted in 
the global predictor. To prevent other predictors delivering a 

correct prediction, the cSpy employs the outcome pattern 
{{T}v, {NT}v}, where v is large enough to eliminate any feas-
ible local prediction.  

By varying the distance D between the setup branches 
P1.SB1 and P2.SB1, we find that branch address bits IP[18:4] 
are affecting the BHR – exactly the same bits found to affect 
the PIR (Figure 6). Similarly to the PIR tests, we expand this 
experimental flow to find the BHR length, type of branches 
affecting the BHR, and the update policy (see Section 4.2). 
We find that the BHR is identical to the PIR, meaning that 
only one path register PIR is maintained and it is used both to 
access the iBTB and the global outcome predictor. 

6.2 BHT Hash Access Function Test  
We hypothesize that the same hash access function is used 
for the outcome predictor and the iBTB. To verify this hypo-
thesis, we need to adapt the experimental flows described in 
Section 4.1 (Figure 5C) for outcome prediction. This adapta-
tion is rather straightforward: the indirect spy branches are 
replaced by conditional branches. However, to be able to 
observe events when both outcomes of a spy branch are pre-
dicted by a single 2bC element in the global predictor, we 
need to prevent possible correct predictions coming from the 
loop and bimodal predictors. Hence, the conditional spy 
branches employ the outcome pattern {{T}v-1,NT}a, where 
v=65. If both cSpy1 and cSpy2 map into a single 2bC cell, the 
pattern observed by the cell is {{T}2(v-1),{NT}2}a and both 
NTs are mispredicted together with first T, thus the MPR is 
3/(2v); otherwise only NTs are mispredicted and the MPR is 
2/(2v). By varying the placement of the setup branches and 
spy branches, we find that the hash access function is identic-
al to the one shown in Eq. 4. 

6.3 BHT Size and Organization Tests 
We hypothesize that the global predictor is also a tagged 
cache-like structure. Consequently, our approach in deter-
mining BHT size and organization closely follows the me-
thodology used in determining the iBTB size and organiza-
tion; we observe the number of misses in the BHT as a func-
tion of the number of program paths and their respective PIR 
values.  

A BHT size and organization test is shown in Figure 11A. 
We consider two conditional spy branches: an always not 
taken cSpyN, and an always taken cSpyT. The cSpyN can be 
reached through any of N possible program paths (PN1-
PNN). By controlling the placement of the setup branches 
SB1-SBN, we can control the PIR observed by the cSpyN. 
These setup branches are placed at regular distance DG, such 
that IP(SBi)=IP(SBi-1)+DG, where DG=2k, p≤k≤q, i=2…N. 
Consequently, the cSpyN may target up to N entries in the 
BHT. In this way, the number of misses in the global predic-
tor becomes a function of DG and N, similarly to the iBTB 
size test in Section 4.3. 

To be able to observe a BHT miss as a misprediction event, 
we need to prevent the bimodal predictor from providing a 
correct prediction. This is achieved by using the cSpyT 



branch and a specific program execution pattern. The spy 
branches are placed at a large distance DS, so that both 
branches map into a single entry of the bimodal predictor, 
i.e., IP(cSpyT)=IP(cSpyN)+DS. The test repeatedly traverses 
the paths as follows: {{PT}v, PN1, {PT}v, PN2, …{PT}v, 
PNN}. This execution pattern ensures that each instance of 
the cSpyN branch gets an incorrect prediction from the bi-
modal predictor, because the cSpyT branch moves the corres-
ponding 2bC cell into a strongly taken state. Another issue is 
that due to the large distance DS, the spy branches appear as a 
single branch to the loop predictor. To eliminate possible 
correct outcome prediction coming from the loop predictor, 
we add an always not taken branch cSpyNH that cannot be 
distinguished from cSpyN and cSpyT by the LPB. Finally, we 
vary the distance DG and the number of paths N preceding the 
cSpyN branch, and observe the MPR measured as the number 
of mispredicted conditional branches at execution divided by 
the total number of possible mispredictions (1/v).  
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Figure 11. BHT Size and Organization Test (A)  
and test results (B). 

First, we perform tests with N=3, 4 and D=24-218 and ob-
serve the zero MPR. This implies that the global predictor is 
at least a 4-way structure. For N=5 and DG=28 the zero MPR 
indicates that 5 instances of cSpyN map into two different 
sets (Figure 11B upper). When DG=28 (100h), the setup 
branches SB1-SB5 have the following address offsets: 0h, 
100h, 200h, 300h, 400h; these correspond to the PIR values 
h0, 10h, 20h, 30h, and 40h. Thus, the IP bit 10 that sets the 
PIR bit 6 (PIR=40h) is the global predictor LSB index bit.  

The original test from Figure 11A is not feasible for a large 
number of paths N. Instead we fix the distance DG to map 4 
spy outcomes into a single BHT set (e.g., DG=25). Then we 
control the displacement of the fifth spy outcome, DI =2i, 
8≤i≤18. Figure 11B (lower) shows the MPR as a function of 
DI. The results indicate that IP[18:10] is affecting the BHT 
index. This means that the global predictor is a 4-way struc-
ture with 512 sets, where PIR[5:0] is used as the tag and 
PIR[14:6] as the index field.  

Lastly, we address the issue of which predictor hit has priori-
ty, the global or the loop. We use a test which includes a spy 
conditional branch, and we ensure that both the loop and the 
global predictor give hits. However, the loop predictor is 
controlled in such a way to give an incorrect prediction for 
the spy branch, while the global predictor delivers a correct 

prediction. The test results in no mispredictions, indicating 
that the global predictor hit overrides the loop predictor hit. 

6.4 Bimodal Predictor Details  
The size of the bimodal predictor is determined using the 
BHT test shown in Figure 11A. The number of paths leading 
to cSpyN is set to N=5. All paths map into a single BHT en-
try, causing collisions in the BHT. A miss in the BHT struc-
ture enables the prediction from the bimodal predictor. As 
cSpyT and cSpyN map into a single bimodal entry, the execu-
tion pattern will guarantee an outcome misprediction for all 
PNi paths. By changing the cSpyT address bit-by-bit, 
IP(cSpyT)=IP(cSpyN)+2n+1+2b, the cSpyT and cSpyN will 
map into two bimodal entries causing no outcome mispredic-
tions. The results show that IP[11:0] are used as an index for 
the bimodal predictor. This indicates a 4096-entry bimodal 
predictor.  

A similar test, where unconditional taken branch uSpyT rep-
laces cSpyT, proves that unconditional branches are not allo-
cated in the bimodal predictor (the same approach and results 
apply to the Global predictor). This confirms that the BTB 
has a type field that indicates the type of branch. 

7. VALIDATION  
To validate our findings we employ several tests targeting a 
single hypothesis (e.g., BTB Set and BTB Capacity tests). 
Due to space limitations, the paper describes only the tests 
that led us directly to the conclusions. The actual number of 
tests performed is much larger and is documented in a thesis 
[27] (e.g., Capacity-like and Set-like tests for all structures, 
tests targeting folding access functions, YAGS-like outcome 
predictors, etc.).  

In order to further validate 
our effort, we have devel-
oped a PIN functional 
model of the Pentium M 
branch predictor. The 
model is based on our 
findings about the struc-
ture and operation of the 
branch predictor. We run 
several SPEC 2000/2006 
benchmarks and compare 
the number of relevant 
events collected on the 
PIN model versus those 
collected using VTune on 
a real machine. We choose 
gcc, vpr, mcf, and astar 
benchmarks because they 
stress the branch predic-
tor, having relatively large 
numbers of branches and 
mispredictions.  

Figure 12 shows three misprediction rates collected on the 
PIN model and a Pentium M machine. The results show a 
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Figure 12. Misprediction rates for gcc 
program with different input files. 



rather small relative discrepancy: 1.5% on average for indi-
rect branches (MIBIE), 4.5% on average for outcome predic-
tion (MCBIE), and 6.9% on average for mispredictions at 
decoding (MBIDEC). We consider these results quite satis-
factory, having in mind the imprecise nature of hardware 
counters, effect of other processes on the branch predictor on 
the real machine, as well as the timing issues not captured by 
our functional PIN model. 

8. APPLICABILITY AND LIMITATIONS  
The presented experiment flow is tailored for cache-based, 
PC-indexed and path-indexed target and outcome predictor 
structures.  As long as a branch predictor consists of these 
building blocks and a processor supports measuring branch-
related events, the flow could be used to reverse engineer the 
individual predictor blocks.  If the predictor consists of com-
pletely different building blocks, the flow may not be suffi-
cient or applicable at all. However, to the best of our know-
ledge, the majority of commercial branch predictors use the 
common predictor structures addressed in the paper.  

A generalized experiment flow that can be applied to branch 
predictors beyond Pentium M includes the following three 
steps. Step #1 encompasses tests that establish presence or 
absence of known predictor structures, such as BTB, iBTB, 
and local and global outcome predictor and their histories. 
Step #2 encompasses tests for uncovering whether each pre-
dictor structure is tagged or non-tagged. Finally, Step #3 in-
cludes a number of tests to uncover interdependencies be-
tween different predictor structures. The exact number and 
type of these tests depends on findings in the previous steps 
and is difficult to formalize.  

The Step #3 is an iterative process, where each test builds on 
the knowledge acquired in the previous tests in this step. The 
success depends on our ability to formulate and test (prove or 
disprove) a number of hypotheses spanning the predictor 
design space. If none of the hypotheses yields a conclusive 
finding, and we are unable to formulate any new hypotheses, 
we cannot complete the reverse engineering effort.  However, 
the failed hypotheses at least may indicate what mechanisms 
or structures are likely not used. 

In spite of somewhat ad-hoc nature of the design space ex-
ploration in Step 3, we were able to formulate and perform 
tests that yielded conclusive findings related to complex in-
terdependencies and intricate mechanisms found in Pentium 
M, one of the most sophisticated commercial branch predic-
tors. To demonstrate applicability of the presented experi-
ment flow on other branch predictors, we applied it to the 
Intel's Core 2 Duo (Conroe core) and Pentium 4 predictor 
(Northwood core). The main findings from these experiments 
are as follows. The branch predictor in the Core 2 Duo is 
very similar to the one described in this paper. However, we 
have been able to identify that the iBTB and the global pre-
dictor use a slightly different hash access function. The Pen-
tium 4's outcome predictor has the following characteristics: 
(a) the bimodal predictor is tagged and attached to the BTB, 
(b) the global predictor is not tagged, and (c) the global out-

come predictor appears to be an Agree-like predictor. The 
Pentium 4 BTB characteristics are described in [21]. 

9. CONCLUSIONS 
This paper introduces reverse engineering flows for modern 
branch predictor structures. The proposed flows are success-
fully demonstrated on a branch predictor unit found in Intel 
Pentium M processor. The flows encompass a number of 
experiments targeting various predictor structures used for 
branch target address prediction (BTB, iBTB) and branch 
outcome prediction (bimodal, loop, and global predictors). 
Using these experiments, we have been able to determine not 
only structural parameters of predictor units, but their rela-
tionship, update mechanisms, and access functions. Figure 13 
illustrates the main hardware structures of the Pentium M 
branch predictor uncovered by the proposed reverse engi-
neering flows.   

We believe that the presented experimental flows for deter-
mining program paths, hash access functions, size and organ-
ization of predictor structures can be easily adapted and ex-
tended for reverse engineering of any cache-based branch 
predictor structures. In addition, this research can serve as a 
starting point in developing a software tool for architectural 
exploration that will automatically generate tests and analyze 
the results. Finally, the PIN model of the Pentium M branch 
predictor can help future branch predictor research efforts.  
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Figure 13.  Putting it all together: Pentium M branch predictor unit.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


