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Abstract— Blockchain is a distributed ledger that gained a 
prevalent attention in many areas. Many industries have started 
to implement blockchain solutions for their application and 
services. It is important to know the key components, functional 
characteristics, and architecture of blockchain to understand its 
impact and applicability to various applications. The most well- 
known use case of blockchain is bitcoin: a cryptocurrency. 
Being a distributed ledger, consensus mechanism is needed 
among peer nodes of a blockchain network to ensure its proper 
working. Many consensus algorithms have been proposed in 
literature each having its own performance and security 
characteristics. One consensus algorithm cannot serve the 
requirements of every application. It is vital to technically 
compare the available consensus algorithms to highlight their 
strengths, weaknesses, and use cases. We have identified and 
discussed parameters related to performance and security of 
consensus in blockchain. The consensus algorithms are analyzed 
and compared with respect to these parameters. Research gap 
regarding designing an efficient consensus algorithm and 
evaluating existing algorithms is presented. This paper will act 
as a guide for developers and researchers to evaluate and design 
a consensus algorithm. 

Keywords—blockchain, bitcoin, distributed ledger, consensus 

I. INTRODUCTION  

Blockchain technology emerged to overcome the risks and 
inefficiencies in business transactions. It has revolutionized 
the structure of industries and businesses [1] [2] [3] [4] [5] 
[6]. Blockchain can be defined as a distributed ledger, shared 
among the nodes of a business network. Transactional data is 
stored in blocks linked to each other forming a chain. It 
facilitates assets tracking in a business. An asset can be 
anything of a value including tangible or non-tangible things. 
Examples of tangible assets include car, land, house, and cash. 
Intangible assets include intellectual assets such as copyrights, 
properties, patents, or branding. Transactions are grouped 
together in a block according to the block size defined. Block 
confirms the sequence of transactions using a timestamp. A 
hash of a previous block is maintained by each block which 
helps in backtracking while validating new blocks. This 
strengthens the security of whole blockchain as no one can 
add a malicious or corrupted block in between valid blocks. 
This feature is known as immutability in which no existing 
block can be altered. Each node updates the ledger whenever 
a transaction occurs. Each full node stores the copy of whole 
ledger (blockchain). Figure 1 depicts the architecture of 
blockchain. 

As compared to traditional distributed databases, 
blockchain provides significant advantages such as reduced 
cost and time, no reliance on a third party, and security of 
assets [7] [8]. In distributed database systems, each node in 
the network holds its own ledger of record and relies on some 

intermediary while performing a transaction. Delay in 
execution time of agreements and additional fee charged by 
intermediaries make this design inefficient. This design is 
vulnerable to security attacks as a central intermediary might 
be compromised and entire business can suffer. Transactions 
in blockchain are verifiable and secure. Blockchain design has 
overcome these issues. It uses a consensus mechanism among 
nodes of the network to validate the information, eliminating 
the need for intermediaries [9] [10]. Consensus mechanism is 
a core concept in blockchain that ensures a tamper free 
environment in which only one version of truth is agreed upon 
by all the nodes. All the nodes in a decentralized network 
must reach at an agreement about state of the blockchain. This 
makes it difficult for an attacker to introduce a tampered 
block into the blockchain. Selecting the right consensus 
algorithm is a vital decision to make while implementing a 
blockchain solution. Moreover, there are some critical 
parameters to be considered while designing a consensus 
algorithm. 

This  paper  discusses  the  consensus  mechanisms  in 
distributed  systems  and  their  significance.  Various  
consensus algorithms designed both for distributed 
environment in general and specifically for blockchain are 
reviewed. Parameters relevant to consensus algorithm are 
identified  and  discussed  that  will  help the  developers  in 
evaluating  and  designing  a  new  consensus  algorithm. Rest 
of the paper is organized as follows: Section 2 describes the 
blockchain technology and some well-known 
cryptocurrencies. Section 3 reviews the work done related to 
the design and comparison of consensus algorithms in 
blockchain. Section 4 reviews and discusses the consensus 
mechanism in distributed systems. Section 5 includes the 
comparative analysis of some recently designed consensus 
algorithms. Section 6 presents the research opportunities. 
Section 7 concludes the paper. 

 
Fig. 1. Blockchain architecture. 



II. BLOCKCHAIN TECHNOLOGY AND CRYTPOCURRENCIES 

Blockchain is a distributed system in which a common ledger 
of transactions is kept and shared among participants of the 
network. Transactions are kept in the form of chain of blocks 
where each block references previous block using a hash 
value. The participants must agree on a list of transactions. In 
either case, divergence will happen resulting in forks. Each 
miner has a local state of blockchain which may vary from 
miner to miner. The local states will be different when two or 
more miners simultaneously mine two different blocks. In that 
case, two blocks will point to the same previous block. The 
global state of a blockchain is constructed by taking union of 
all local states. In a global state, the point at which different 
blocks have a same predecessor block is referred to as fork. 
To resolve fork, various implementations of blockchain; such 
as Bitcoin and Ethereum use different mechanisms to identify 
the main branch of blockchain. Bitcoin resolves fork by 
considering a deepest branch as a main branch of blockchain. 
It uses Nakamoto's consensus protocol for this purpose. Main 
branch is selected as a branch that has the largest number of 
nodes. On the other hand, a consensus algorithm in Ethereum, 
Greedy Heaviest Observed Subtree (GHOST) selects heaviest 
subtree as a main branch. 

A. Bitcoin 

In Bitcoin or any other cryptocurrency, a transaction is a 
an atomic operation that represents the transference of money 
from sender to receiver. A public key and digitally signed 
hash value of previous transaction defines a current 
transaction in bitcoin. A transaction is identified by its hash 
value. For digitally signing the transaction, a private key is 
used. Public key is used in verification of the transaction. 
Each node in this peer to peer network possesses a copy of the 
ledger. If user A wants to transfer some coins to another user 
B, he has to announce this transaction publically. The network 
then verifies the correctness of this transaction. To ensure 
consistency, output of a transaction must not be used as input 
by entire blockchain more than once. If output is referenced 
more than once then this results in double spending problem 
that is strictly prohibited in the network. To eliminate these 
issues, proof of work is demanded from every node that 
verifies the transaction (also known as miners). Miners in a 
blockchain must verify the transaction and sender's public key 
based signature. They have to perform heavy computation to 
prove that they are valid entities in the network. The network 
will remain consistent only if the total computation power 
possessed by honest nodes is more than the computation 
power of an attacker. Merkle trees are used in Bitcoin to 
verify and commit transactions. It is a binary hash tree where 
each leaf holds transaction's ID and is represented by hash of 
its child nodes. A transaction is committed with a single hash 
value stored at the root of Merkle tree. Each user need to store 
only the root node of the Merkle tree. Bitcoin’s transaction 
processing rate is not scalable. With a high computational 
power consumption, it can only process 7 transactions per 
second. Bitcoin's POW mechanism consumes massive power. 
It is estimated that power consumption of Bitcoin per 
transaction is around 545 KWh [42]. 

B. Ethereum 

Ethereum is proposed by Vitalik Buterin to address the 
limitations in Bitcoin. The blocks in Ethereum also hold a list 

of transactions and the most recent state. Apart from 
transferring money, Ethereum also ensures execution of smart 
contracts. It uses GHOST protocol to ensure consensus in the 
network. It caters the issue of stale blocks that arise when a 
group of miners possess more computation power than the 
rest and thus contribute more to the network. This will result 
into centralization issue. The GHOST protocol integrates the 
stale blocks in longest blockchain calculation. The stale 
blocks are rewarded that eliminates the centralization issue. 
Miners are now rewarded even if they haven’t managed to be 
a part of the main blockchain. As compared to Bitcoin, 
Ethereum has better block time (15 seconds). It has a 
transaction processing rate of 11 per second. It is estimated 
that power consumption of Ethereum per transaction is around 
49 KWh [42]. 

III. RELATED WORK 

This section discusses the various consensus algorithms in 
blockchain that are recently proposed. The research works 
that have performed comparative analysis of consensus 
algorithms in blockchain are also reviewed. 

A. Secure sharding algorithm for open blockchain [11] 

ELASTICO is proposed as a scalable agreement algorithm 
for permission-less blockchain. Transaction rate scales 
linearly with the computation involved in mining procedure. 
That is, with more computation power, more transaction 
blocks are processed. This algorithm can tolerate with 
adversaries that possess one fourth of the total computational 
power. The main idea is to divide a network into small chunks 
known as committees. Each committee processes a disjoint 
set of transactions and whole procedure is parallelized. This 
algorithm is different from the classical byzantine algorithm 
in a way the agreement condition is implemented in 
probabilistic manner. Each honest process matches its agreed 
value with a constraint function and checks its validity. The 
solution is accepted only if it satisfies the constraint function. 
All committees perform a classical byzantine consensus. The 
final committee merges the results (shards) of all committees. 
Some security properties are defined and algorithm is 
validated with respect to each of these properties that 
highlights its security strength. Experiments are run on 
Amazon EC2 involving up to 1600 nodes. Regarding 
implementation of this algorithm, additional code is added to 
the publically available code for Bitcoin [11]. 

B. SCP: A computationally-scalable byzantine consensus 
algorithm for blockchain  [12] 

SCP is proposed as a new computationally scalable 
blockchain consensus algorithm based on byzantine. 
Computationally scalable means the algorithm is flexible 
enough to adjust the bandwidth consumption by altering the 
computational parameters such as level of difficulty in proof 
of work (PoW) mechanism. If we increase the computational 
power then an increase in throughput will be expected. In 
SCP, miners with less computational power are allowed to 
become a part of committee and involve themselves in the 
voting process. Moreover, transactions are divided uniformly 
among the data blocks resulting in decentralization of 
network. No central certificate is needed thus eliminating the 
risk of single point of failure. The SCP algorithm is mapped 
to scalable cryptocurrency: SCoin. Additionally, Merkel tree 
is used that avoids double spending problem. Double 



spending is prevented locally by checking if a transaction has 
only one output or not. SCP is proved to scale linearly with 
the increase in computational capacity without increasing the 
bandwidth in a quadratic manner. Experiments are run with 
80, 40, 20, and 10 cores on Amazon EC2 to assess the 
computational scalability  [12]. 

C. Leader-free byzantine consensus algorithm  [13] 

Byzantine based consensus problem is discussed for a 
partially synchronous system. A partial synchronous system is 
an asynchronous system that comes to synchronous mode 
eventually. Designing a deterministic leader free algorithm for 
a partially synchronous system is a challenging task. A leader 
free algorithm, however, consists of rounds in which all to all 
communication happens among the nodes. This paper 
proposed a leader free algorithm to achieve consensus in 
partial synchronous system. The consensus leader free 
algorithm for synchronous system is extended for partial 
synchronous system. The consensus algorithm considered in 
this paper for synchronous systems is based on interactive 
consistency problem. Each process computes a set of values 
with each value representing an element for a process. The 
correct processes come up with the same set of values. This 
algorithm is extended in two ways. One is by using 
parametrized consensus algorithm in which different models 
of fault are allowed in agreement. The other way proposed in 
this paper is to make the consensus optimal with strong 
validation [13]. 

D. On the Security and Performance of Proof of Work 
blockchain  [14] 

A quantitative framework is introduced to assess the 
security and performance of PoW consensus based blockchain 
with respect to various network and consensus related 
parameters. PoW consensus is adopted by most of the existing 
blockchain. The variants of PoW have not received attention 
in literature with respect to security assessment. The 
relationship between the performance and security of PoW 
blockchain is not studied well. This paper has studied this 
relationship using a simulator to mimic the network and 
consensus mechanism of a blockchain. Impact of varying the 
block size and block interval on double spending and selfish 
mining is studied. It is found that the high block reward for 
blockchain will result in less chance of double spending 
attack. With the block size of 1 MB and block interval time of 
1 minute, the security is not penalized. 

E. Blockchain Consensus: An analysis of Proof-of-Work and 
its applications [15] 

The authors analyzed proof of work in detail. Average 
time to mine a block, the number of stale blocks, and average 
fork length is analyzed with the varying problem complexity. 
As the problem complexity is increased, mining time for new 
blocks is also increased. Various applications of blockchain in 
general are also reviewed. PoW is a widely used consensus 
mechanism in blockchain solutions. It was first introduced by 
Bitcoin. In this algorithm, all the nodes vote by solving a 
proof of work and create new blocks with their own 
computation power. Bitcoin works with a hash based proof of 
work to find a nonce value. Security of this algorithm relies 
on the assumption that no node should possess more than 50% 
of the total computational power of a network. If this happens 
then such a node can control the whole system by 
constructing a longest chain. To ensure an agreement among 

participating nodes of a network, a voting mechanism is 
needed. In Nakamoto consensus, a node that wins a lottery is 
elected as a leader. In bitcoin, first node to solve a puzzle 
wins a lottery. This leader then broadcasts this block and other 
nodes vote implicitly for this block acceptance. Traditional 
Byzantine fault tolerance (BFT) algorithms are also used to 
achieve consensus among the nodes involving explicitly 
voting mechanism. 

F. The Blockchain Consensus Layer and BFT  [16] 

In this paper, the authors studied the relevance of 
byzantine fault tolerance algorithms and blockchain 
algorithms. A layered view of blockchain is presented that 
highlights its various components. Hybrid solution involving 
Nakamoto algorithm and BFT is also discussed. 

G. (Leader/Randomization/Signature)-free Byzantine 
Consensus for Consortium blockchain  [17] 

A consensus algorithm without signature, leader, and 
randomization is presented. The algorithm reduces the multi 
valued based Byzantine consensus problem to binary 
Byzantine consensus problem. Binary instances of consensus 
are run in parallel by which a value is decided in constant 
time. The optimality of proposed design is proven 
theoretically. 

H. Implicit Consensus: Blockchain with Unbounded 
Through- put  [18] 

An implicit consensus model is proposed in which each 
node possesses its individual blockchain. Primary benefit 
gained with this is an unbounded throughput. Termination 
property of BFT is replaced with a property of self-interest. 
Consensus is not guaranteed for every transaction. This makes 
this scheme scalable with linear message complexity. Instead 
of consensus of transaction blocks, a special type of blocks 
are considered, known as check point blocks. The 
performance and other aspects are analyzed theoretically. 

I. Design and Implementation of a Proof-of-Stake 
Consensus Algorithm for Blockchain [19] 

This research work discusses the implementation of proof 
of stake (PoS) consensus algorithm in blockchain. PoW is one 
of the heavily discussed aspects of Bitcoin. It is used as a way 
of selecting a block signer based on the computational effort 
of miners in computing complex mathematical problem. To 
overcome the energy wastage issue of it, Proof of Stake (PoS) 
is introduced. The basic idea is that the nodes having more 
stake will get an opportunity to add blocks to the network 
more often. A new block signer is elected using a random 
criteria based on the amount of stake that a miner possess. 
With this, the power effort in mining a block will get 
significantly reduced as compared to brute-force like 
computation in PoW. Ouroboros and Casper are the two well-
known PoS based consensus protocols. Ouroboros elects the 
stakeholder randomly by a secure coin flipping algorithm and 
an effective time slots synchrony. Casper provides a weaker 
guarantee regarding how much stake is controlled by 
adversary to cause disruption. 

J. PPCoin: Peer-to-Peer Crypto-Currency with Proof-of-
Stake [20] 

This paper discusses proof-of-stake algorithm that 
minimizes the energy consumption as it has no long term 



impact on the security of a blockchain network. Design of a 
peer to peer crypto currency: PPcoin is introduced that has no 
dependence on energy consumption. The design of a proof of 
stake algorithms is discussed with respect to the concept of 
coin age. Coin age is the time period for which a currency 
amount is held. Unlike PoW, creator of a new block is elected 
deterministically depending on its wealth (stake). There is no 
reward associated with the block mining or generation. It is 
more cost effective as miners do not have to compete to 
approach to the mathematical solution first. The hash target is 
not fixed for all nodes. It is dependent on the coin age 
consumed. Blockchain that has highest coin age consumed is 
treated as a winner. This algorithm makes double spending 
attack more easy for an attacker as only certain amount of 
coin age has to be accumulated to introduce a forged block to 
a blockchain. 

K. A Proof-of-Trust Consensus algorithm for Enhancing 
Accountability in Crowdsourcing Services [21] 

A consensus algorithm is proposed for crowdsourcing 
services. Transactions validators are elected based on the trust 
values of nodes. Two algorithms, Shamirs secret sharing 
algorithm and RAFT leader election are used in its design. 
The scalability challenges associated with the traditional BFT 
algorithms are addressed. The consensus algorithm is divided 
into 4 phases. Phase 1 is focused on leader election in 
consortium using Raft leader election algorithm. Next phase 
selects transaction validators using voting mechanism. In 
phase 3, group of nodes (that are selected for transaction 
validation in previous phase) validate the transactions. Last 
phase assembles the validated transactions and link it with the 
blockchain. The proposed algorithm can handle the failure of 
nodes such that x≥3y+1 where x is the number of nodes in 
the network and y is the number of byzantine nodes. Four 
categories of nodes are made in consensus procedure. These 
are consortium leader nodes, gateway nodes, normal ledger 
management nodes, and validator nodes. The proposed 
algorithm design is reviewed on the basis of properties: 
agreement, validity, performance, fairness, liveness, and 
scalability. Attack scenarios are also discussed. The size of 
consortium and validator group remains the same in hybrid 
consortium architecture even with the rapid increase in the 
number of nodes. This makes the scalability better than BFT. 
Experiments are conducted using simulation on a single 
machine. Comparison of PoT with the three consensus 
algorithms: Ripple, consortium, and joint consensus is done. 
The effect of concurrent transactions is also studied well. The 
results indicate that PoT is better than other consensus 
alternatives with respect to accuracy, scalability, and 
performance. 

L. RMBC: Randomized Mesh Blockchain Using DBFT 
Consensus Algorithm  [22] 

Diversity of opinion based BFT consensus algorithm is 
proposed and discussed. This algorithm mainly addressed the 
two problems in PoW and BFT algorithms respectively. In 
PoW, there is a cost overhead. With BFT, as number of 
malicious entities in a network increases by a large number 
then invalid transactions cannot be prevented. There are two 
layers in consensus agreement process. The first phase 
involves a BFT algorithm. Second phase performs grouping 
of related departments. After that, a verifier is elected from 
each department. Transaction is confirmed if the first and 
second agreement phase are identical. The proposed design of 

algorithm is not validated extensively using experiments. A 
short quantitative comparison with PoW and BFT solutions is 
provided. 

M. PoPF: A Consensus Algorithm for JCLedger [23] 

Developers can customize the cloud specific services 
using a model known as JointCloud. JCLedger is a blockchain 
based solution for JointCloud. This paper discusses the 
proposed consensus algorithm for JCLedger, known as PoPF 
(Proof of Participation and Fees). The computing overhead of 
PoW makes it difficult to get adopted by JCLedger. 
Therefore, a consensus algorithm is proposed that consumes 
much less computing power. The candidates for mining are 
elected using two factors: fee paid by participant and number 
of times the participant appeared as accountant. The authors 
have experimentally evaluated the algorithm through 
simulation with respect to distribution of accountants. The 
accuracy and performance related aspects are not involved in 
experiments. 

N. The Ripple algorithm Consensus Algorithm [24] 

A consensus algorithm, Ripple is presented that uses 
subnetworks that are collectively trusted within the whole 
network. The protocol is executed every few seconds to 
ensure correctness of the network. After consensus is reached, 
the ledger becomes closed. The last closed ledger possessed 
by all the network nodes should be identical if no fork 
happens. This protocol runs in rounds. At the start, each node 
publically announces a candidate list having all the valid 
transactions that it has perceived before the consensus round. 
Each node then votes on the correctness of all transactions 
and unites the candidate sets of all nodes. Number of votes are 
compared to a threshold value and accept/ discard the 
transaction on the basis of it. Then, a final round is carried out 
which requires that at least 80% of the nodes must agree on a 
transaction. All transactions confirming to this criteria are 
validated and applied to the ledger, constituting a new closed 
ledger. 

O. Proof of Vote: A High-Performance Consensus algorithm 
Based on Vote Mechanism & Consortium Blockchain  
[25] 

Consensus algorithm, named as Proof of Vote (POV) is 
pro- posed that is efficient than POW. Verification of the 
blocks is carried out using voting mechanism. Four roles are 
defined in a consortium network model. These are 
commissioner, butler candidate, butler, and ordinary user. The 
proposed algorithm has shown best performance in terms of 
power consumption. 

P. Proof of Work [26] 

In PoW, miners that solve a mathematical puzzle first are 
rewarded. The complexity of a puzzle is decided by the 
overall power of the blockchain network. In order to mine, 
miners have to possess huge computational power to solve a 
mathematical puzzle first. The main disadvantage of this 
algorithm is the overhead of computations involved. 

Q. Qualitative comparisons 

In [27], authors have done a short comparison of PoS, 
PoW, BFT, PoET, and Federated BFT on the basis of some 
qualitative parameters. The research work [28] compared 
variants of Proof of exercise (PoX) and some hybrid 



consensus algorithms qualitatively. In  [29], five consensus 
algorithms, PBFT, PoW, DPoS, PoS, and RAFT are 
compared briefly with respect to Byzantine and crash fault 
tolerance, verification speed, throughput, and support for 
scalability. The research work [30] briefly compared some 
consensus algorithms qualitatively. However, some recent 
algorithms proposed are not involved in comparison. Giang et 
al. [43] qualitatively compared the two main categories of 
consensus mechanisms in blockchain, vote-based and proof-
based. The authors only briefly discussed the working 
mechanism of various consensus algorithms that belong to 
these two categories. The categories are generically reviewed 
with respect to agreement, joining of nodes, number of 
executing nodes, decentralization, trust, identities of nodes, 
and security threats. In [44], author compared PoW based 
solutions to BFT state machine replication based approaches. 
High level comparison is done on the basis of node identity 
management, consensus finality, scalability, performance, 
power consumption, adversary tolerance, network synchrony, 
and availability of correctness proofs. In [45], authors 
reviewed some consensus protocols on the basis of consensus 
resilience properties. Some prominent consensus protocols 
focused on permissioned systems are discussed. Elli et al. [46] 
discussed the horizontal scaling of permissioned blockchain 
using sharding. In permissioned blockchain, the power of 
adversary is relaxed. Confidentiality in the presented design is 
also reviewed. Sharding is adapted for permissioned asset 
management environment. 

There exist some research gaps in the fore-mentioned 
research works. The proposed algorithms are not evaluated in 
detail with respect to performance and security parameters. 
Performance and security are two core aspects that must be 
involved in evaluating the quality of blockchain consensus 
solutions. There is a need to cover these aspects to analyze the 
consensus solutions. Research works that have compared the 
consensus algorithms in blockchain have not incorporated 
some critical performance and security parameters. The 
comparison is done briefly that does not help in evaluating 
maturity of a consensus solution. Most of the comparison 
studies have evaluated the algorithms qualitatively without 
considering quantitative performance related aspects. 
Moreover, some recent consensus algorithms are not involved 
in comparative analysis. In this paper, we have identified 
some critical parameters related to the performance and 
security of a consensus algorithm. Various recently proposed 
consensus algorithms are compared and analyzed with respect 
to the identified parameters. This research study will help 
developers in selecting appropriate algorithm design for their 
blockchain application. This will also highlight the research 
gap regarding evaluation of consensus algorithms. 

IV. CONSENSUS IN DISTRIBUTED SYSTEMS AND BLOCKCHAIN 

Consensus is a core concept in distributed systems and not 
restricted to blockchain. It applies to scenarios in which 
multiple processes or nodes have to maintain a common state 
of data item. Permission-less and permissioned blockchain are 
two major types of blockchain. In permission-less blockchain, 
nodes are anonymous. A new tampered transaction block can 
be added resulting in a fork. Fork occurs where a valid 
transaction mismatches with the invalid one. The primary 
goal of consensus algorithm is to achieve agreement among 
the nodes such that each node agrees on one true value. In 
permissioned blockchain, the nodes are not anonymous and 
considered as known entities.  

Consensus is still important to achieve in that case as the 
nodes are not trustworthy. Figure 2 depicts the architecture of 
blockchain. In general, consensus is worth to consider where 
the nodes of a network are faulty or they communicate in an 
unreliable way. Consensus is achieved in distributed systems 
with regard to some failures. Further, while defining 
consensus system communication model such as synchronous 
or asynchronous is also considered relevant. There are various 
categories of failures: crash failure, transient failure, omission 
failure, security failure, software failure, byzantine failure, 
temporal failure, and environmental perturbations. 

 
Fig. 2. Consensus in distributed environment. 

• Crash failure: In crash failure, process halts in an 
irreversible way. Timeout measures will help to detect 
this failure in synchronous environment whereas in 
asynchronous environment, it is difficult to detect crash 
failure. 

• Transient failure: These faults are non-deterministic 
and permanent. In terms of hardware it can be a fault due 
to weak batteries or power surge. With respect to 
software, these errors could be bugs in internal codes 
that occur rarely and are not detected during the testing 
phase. 

• Omission failure: These type of failures occur due to 
transmission issues such as buffer overflow, collisions, 
or malfunctioning of transmitter. 

• Security failure: Security failures are induced as a 
result of security attacks and impersonation. Data might 
be corrupted due to it. 

• Software failure: Software failures are due to the design 
and modeling flaws. This type of failure can induce 
other type of failures such as crash or omission. 

• Byzantine failure: Byzantine failure refers to the fault 
that presents different symptoms to all members of the 
system. It hinders all members to reach a consensus or 
agreement. These failures confuse the system and makes 
it difficult for the system to tolerate the failures. For 
example, a server may appear failed to one observer and 
functioning to the other. The server cannot be entitled as 
failed because both the observers will not reach 
consensus because they have conflicting information. 

• Temporal failure: Temporal failures occur due to 
latency in meeting the deadline. That is, correct results 
might be generated but too late to be considered useful. 
This category is quite relevant in real-time systems. 

• Environmental perturbations: This type of failure 
occurs if solution is not made adaptable to the 
environment changes. Environment change might make a 
correct result wrong [31]. 

 



Blockchain are not managed by a central authority and 
maintains a decentralized ledger. Malicious entities might be 
given huge incentives to try causing faults. Thus considering 
Byzantine problem and its solutions will be relevant to 
blockchain. Byzantine fault refers to the fault that presents 
different symptoms to all members of the system. It hinders 
all members to reach a consensus or agreement. These 
failures confuse the system and makes it difficult for the 
system to tolerate the failures. For example, a server may 
appear failed to one observer and functioning to the other. 
The server cannot be entitled as failed because all the 
observers will not reach consensus. The term Byzantine is 
derived from Byzantine general’s problem. It is an agreement 
problem in which group of generals head an army encircling a 
city. The generals want to decide upon a plan regarding 
attacking a city. Preference of each general will be either to 
retreat or attack. Each general should agree on a common 
decision. Issue is created when there is a traitor in a group of 
generals. The traitor will vote for sub-optimal strategy and do 
this act selectively to create confusion. For example, if there 
are 11 generals with one traitor and ten honest generals. If 
five of them vote for retreat and five of them vote for attack, 
then the traitor will send a vote of retreat to the group 
supporting retreat and vote of attack to the group supporting 
attack. In this case, half of the army will retreat and half will 
attack. Consensus problem is difficult to be solved in 
asynchronous networks. To cater this, some randomized 
consensus solutions are proposed in literature that relax the 
three mandatory properties of Byzantine consensus, 
agreement, termination, and validity. Some well-known 
randomized solutions include Ben-Or’s consensus algorithm 
and Rabin’s consensus algorithm. There are many flavors of 
randomized algorithms such as Monte Carlo consensus and 
Las Vegas consensus algorithms. There is another category of 
consensus algorithm that deals with a leader selecting a 
probability for itself by election process. Monte Carlo 
consensus is further classified on the basis of relaxed validity 
property. Randomized consensus solutions have a drawback 
that they violate the safety properties of the distributed 
system. The main categories of consensus algorithms are 
randomized  [32]  [33]  [34], deterministic [35] [36], Monte 
Carlo [37] [38], Las Vegas [39], leader based [40], and leader-
free algorithms [13]. Apart from this, each algorithm is also 
categorized based on communication model such as 
synchronous, partial synchronous, and asynchronous. 
Randomized consensus provides guarantee to agreement, 
validity, and termination properties but with some probability 
value. If no probability is associated then the solutions are 
referred to as deterministic. Monte Carlo consensus works by 
running Monte Carlo algorithm on each process or node with 
specific ranged data. Values from various processes are 
combined to a global consensus value. Las Vegas is another 
category in which each consensus round has a probability. 
The difference between Monte Carlo and Las Vegas is in the 
running time. Monte Carlo has deterministic running time 
whereas Las Vegas has a probabilistic running time. There 
also exist leader based consensus algorithms in which a leader 
is needed to make termination on consensus. Leader-free 
consensus algorithms are also proposed. Figure 3 depicts the 
generic architecture and categorization of consensus 
mechanisms in distributed systems. 

 

 
 

Fig. 3. Categorization of consensus algorithms. 

Apart from the general categorization of consensus algorithms 
in distributed environment, the categorization can be done 
with regard to blockchain. Specific to blockchain, consensus 
algorithms can be categorized into two groups: proof-based 
consensus and vote-based consensus. In proof-based 
consensus, node that wants to join the network must prove 
that it is more qualified than the rest in carrying out the 
appending work. In vote-based consensus, each node in the 
network is required to communicate and exchange the result 
of new transaction block that it verifies to the rest of the 
network nodes. Final decision is made only after considering 
results of the majority. For example, a node A will manage to 
get a block x appended to the blockchain only if at least T 
nodes append the same block x to it. T is a threshold 
parameter decided by the system. 

A. Comparative analysis of consensus algorithms in 
blockchain 

This section discusses the parameters relevant in evaluating 
the consensus algorithms in blockchain. Blockchain type, 
transaction rate, scalability, adversary tolerance model, 
experimental setup, latency, throughput, bandwidth, 
communication model, communication complexity, attacks, 
energy consumption, mining, consensus category, and 
consensus finality are identified as a critical parameters for 
comparing the various consensus algorithms for blockchain. 
Comparative analysis of some recently proposed algorithms: 
ELASTICO [11], leader-free Byzantine consensus [17], 
implicit consensus [18], blockchain with unbounded 
throughput [18], Proof of trust (PoT) [21], DBFT consensus 
[22], PoPF [23], Ripple [24], Proof of Vote [25], and Proof 
of work [26] is performed. The comparative view of the 
consensus algorithms is presented in table I-III. The 
identified parameters and comparison of the consensus 
algorithms with respect to them is presented as under. 

• Blockchain type: There are three types of blockchain, 
public, private, and consortium [41]. The type of 
blockchain defines the membership control in the 
consensus algorithm. This has to be considered while 
evaluating the consensus algorithms to check what kind 
of membership is assumed in the design. The type of 
blockchain should be chosen according to the nature of 
business application. 



• Scalability: Scalability is a core requirement to deal with 
big data in today’s environment. Scalability is achieved if 
increasing the number of nodes results in more 
transaction blocks being processed. Proof of trust and 
ELASTICO are scalable. Implicit consensus and PoW are 
not scalable solutions. Other algorithms involved in 
comparisons are not tested with respect to their scalability 
yet. 

• Adversary tolerance model: Adversary model controls 
the fraction of blockchain network that can withstand 
failure or attack without affecting consensus. The 
algorithm proposed for consensus in blockchain come 
with threshold value for this adversary model. Higher 
value for adversary threshold is better. ELASTICO has 
best adversary control than the rest of the algorithms. 

• Performance related parameters: Some of the existing 
consensus algorithms are not experimentally evaluated. 
They are only compared theoretically using correctness 
proofs. However, along with this there is a need to have a 
quantitative analysis in place that reviews the 
performance and security of these consensus algorithms. 
Latency, throughput, and bandwidth are the three core 
performance aspects that must be focused on for each of 
the consensus algorithms. Except ELASTICO, other 
algorithms are not experimentally evaluated with respect 
to these performance aspects. 

• Communication model and complexity: In synchronous 
communication, sender waits for recipient to 
acknowledge the request. In asynchronous 
communication, sender does not need to wait for the 
response from recipient and continue with the 
communication. For real time applications that cannot 
afford delays, PoW, PoT, Ripple, and implicit consensus 
can be considered. If there are more read operations 
expected in an application then synchronous model must 
be chosen as it gives immediate response. ELASTICO 
and leader free consensus algorithm [17] has synchronous 
communication model assumed in consensus algorithm 
design. Leader free consensus algorithm [17] has linear 
and better cost of communication than ELASTICO and 
PoT. Communication cost of the rest of the algorithms is 
not analyzed yet in literature. 

• Attacks: Ripple is prone to Sybil attack in which single 
attacker controls multiple network nodes by creating 
different IP addresses, virtual machines, and user 
accounts. Leader free consensus, PoT are secure against 
this attack. The algorithms are not evaluated and analyzed 
with respect to the number of security attacks possible in 
a blockchain network. It is important to review the 
algorithms with respect to security attacks. 

• Energy consumption: Energy consumption defines the 
amount of energy or electricity that the hardware 
infrastructure consumes in the blockchain network. The 
energy consumption of almost all of the consensus 
algorithms is not experimentally evaluated. 

• Mining and consensus category: It defines how the 
process of mining is carried out in the blockchain 
network. It is closely related with how the verification 
process occurs. Proof-based consensus is ideal for 
networks with large number of nodes. Vote-based 
consensus, on the other hand, works best with limited 

number of nodes. If the network has large number of 
nodes then it is preferable to use ELASTICO, PoW, 
PoPF, and implicit consensus. In other case, the rest of the 
consensus protocols (involved in comparison) would fit 
best.  

• Consensus finality: Finality in blockchain indicates that 
the transaction is finalized and will not be reverted back. 
It is an important aspect to consider while designing a 
consensus protocol for blockchain. Probabilistic finality 
and absolute finality are the two categories of consensus 
finality. In probabilistic finality, as the block gets deeper 
into the chain the chance of its reverting decreases. 
However, in absolute finality, a transaction is 
immediately finalized after its inclusion in the blockchain. 
If absolute consensus finality is to be achieved then 
ELASTICO, PoPF, and implicit consensus are 
recommendable variants in consensus. 

In summary, number of features exist to evaluate a 
consensus algorithm with respect to its working, 
performance, and security related aspects. 
 

V. CONCLUSION AND FUTURE WORK 

With the recent trend towards blockchain, a lot of 
applications and businesses are moving towards blockchain 
based solutions. This made it important to comprehensively 
analyze blockchain with respect to performance and security 
characteristics. Recently, some research efforts are done 
regarding comparing the existing consensus algorithms used 
in blockchain and proposing a new one. In this paper, we have 
discussed in detail the consensus mechanisms, their 
categories, and importance in distributed environment. 
Consensus mechanisms are discussed generally for a 
distributed system and specifically for blockchain. We 
compared some recently proposed consensus algorithms with 
respect to number of parameters that have a significant impact 
on  consensus algorithm. The parameters identified for 
comparison covers both security and performance aspects. 
The algorithms are then discussed along with each of the 
identified parameters. Apart from these, a number of other 
aspects are also important to be considered. Network topology 
(e.g. fully connected graph), transaction rate, consistency 
achieved by the consensus solution, concurrency check, 
transaction verification speed, and complexity of rounds (if 
the consensus algorithm involved multiple rounds or phases). 
For future research, these parameters can be incorporated to 
make a more detailed comparison. The comparative view 
provided in this paper has highlighted the parameters with 
respect to which some recent algorithms need evaluation and 
analysis. A detailed qualitative and quantitative comparison 
can be carried out that covers up the missing areas in 
comparison presented in this paper. Experiments must be 
carried out in cluster environment to truly evaluate the 
strengths and weaknesses of the consensus algorithms with 
respect to big data needs. 
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TABLE I.  COMPARISON OF THE CONSENSUS ALGORITHMS WITH RESPECT TO GENERIC PARAMETERS 

 

TABLE II.  COMPARISON OF THE CONSENSUS ALGORITHMS WITH RESPECT TO PERFORMANCE RELATED PARAMETERS 

 
 

Parameters 
Consensus algorithms 

References Date Blockchain type Mining Consensus category 

ELASTICO [11] 2016 Permission-less 
Based on 

computational 
power 

Proof based 

Leader- free Byzantine 
Consensus 

[17] 2017 consortium 
Non-proof of work 

based mining 
Vote based 

Implicit Consensus [18] 2017 permissioned 
Proof based 

mining 
Proof based 

    Proof of trust (PoT) [21] 2018 
Permission-based 

consortium 
Probability and 

vote based mining 
Vote based 

DBFT 
Consensus Algorithm [22] 2018 permissioned 

Non-proof of work 
based mining 

(random selection 
of verifier) 

Vote based 

PoPF [23] 2018 permissioned 
Selection on the 

basis of accounting 
right 

Proof based 

 
Ripple 

[24] 2014 Permissioned Vote based mining Vote based 

Proof of Vote (PoV) [25] 2017 consortium Vote based mining Vote based 

Proof of Work (PoW) [26] 2008 Permission-less 
Based on 

computational 
power 

Proof based 

Parameters 
Consensus algorithms 

Scalability Latency Throughput Bandwidth Experimental setup 
Communicatio

n model 
Communication 

complexity 

ELASTICO Linear 

103-110 
seconds 

with around 
400-800 

nodes 

1-6 
blocks/epoch 

with 100-1600 
nodes 

Constant, 
5MB/ node 

Simulation, 
Amazon EC2 with 

1600 nodes 
Synchronous 

O(nc+nc3) 
where c is a 

committee size 
and n is the 

number of nodes 

Leader- free 
Byzantine Consensus 

- - - - 
Theoretically 
evaluated the 

design 
Synchronous 

Termination 
time: O(t) where 
t is the number 

of faulty process 

Implicit Consensus Not scalable - - - 
Theoretically 
evaluated the 

design 
Asynchronous 

O(n) where n is 
the number of 

nodes 

    Proof of trust (PoT) Scalable - - - 
Simulation, Single 

machine 
Asynchronous 

O(m2) where m 
is the number of 

consortium 
ledger 

management 
nodes 

DBFT 
Consensus Algorithm - - - - 

Proposed solution 
is not validated 

through 
experiments 

Asynchronous - 

PoPF - - - - 
Simulation, Single 

machine 
- - 

 
Ripple 

- - - - 
Simulation, Single 

machine 
Asynchronous - 

Proof of Vote (PoV) - 

0.25 
minutes for 
transaction 
verification 

- - 
Simulation, Single 

machine 
- - 

Proof of Work (PoW) Not scalable - 
Less than 100 

seconds 
- 

Real 
implementation 

done using Bitcoin 
Asynchronous - 



 

TABLE III.  COMPARISON OF THE CONSENSUS ALGORITHMS WITH RESPECT TO SECURITY RELATED PARAMETERS 

 

 

 

 

 

 

 

 

 

 

 

Parameters 
Consensus algorithms 

Adversary 
tolerance model 

Prone to attacks 
Secure against 

attack 
Energy consumption Consensus finality 

ELASTICO 

Faulty process 
can have up to 

1/4th of the 
computational 

capacity 

Double spending 
attack 

- - 
Absolute/ instant 

irreversibility 

Leader- free Byzantine Consensus 

Number of 
faulty process < 

number of 
processes/3 

- Sybil attack - Probabilistic 

Implicit Consensus 

Number of 
faulty process ≤ 

number of 
processes/3 

DDoS attack - - Absolute 

       Proof of trust (PoT) 

n≥ 3b+1 where 
n is the number 

of nodes and b is 
the number of 

byzantine nodes 

DDoS attack 
Sybil attack, 

collusion attack 
- Probabilistic 

DBFT 
Consensus Algorithm - - -  Probabilistic 

PoPF 

No node can 
possess more 

than 50% of the 
computational 

power. 

- 51% attack 

Less energy 
consumption 

claimed as compared 
to PoW 

Absolute 

 
Ripple 

faulty 
processes¡= 

(processes- 1)/5 

DoS attack, Sybil 
attack 

- - Probabilistic 

Proof of Vote (PoV) 
faulty processes 

¡ 50% of 
processes 

- - - Probabilistic 

Proof of Work (PoW) 

No node can 
possess more 

than 50% of the 
computational 

power. 

Selfish mining, 
DoS attack, Sybil 

attack, bribe 
attack 

- 
538 KWh electricity 

consumption 
Probabilistic 

View publication statsView publication stats

https://www.researchgate.net/publication/330880555


<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


