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1 Introduction
Shared logs are a key component of modern distributed systems. They keep a persistent, totally ordered, se-
quence of records that can be leveraged to coordinate multiple servers running the same or different applica-
tions. The literature is rich in shared log-based applications, including State-Machine Replication [1], Object
Stores [2, 3], FaaS runtime engines [4] and Lock Systems [5, 6].

Although the shared log provides a unified global ordering of events, not all services may be interested in
all records. For example, in a database system that supports cross-partition transactions, each partition is only
interested in records that access their key-set [2, 3]. In addition, some systems leverage the same log infrastruc-
ture to support multiple independent applications: Boki [4] uses the same physical log to support a fault-tolerant
FaaS workflow framework, an object store, and a message queue.

An application can always read all log entries and discard those that are not of interest to it. Unfortunately,
this approach is inefficient. First, even if the application has quick access to the log entries, parsing the log to find
the relevant entries is time-consuming. Second, most logs are distributed and replicate log entries so that they
can be read with low latency. Replicating a log entry on a server whose content is irrelevant to its application
is a waste of resources. Due to this problem, several log designs [2–4,7] support streams (sometimes, also called
materialized views) which enable applications to efficiently read only the log entries in which they are interested.

This work surveys the main techniques that have been proposed to support streams in distributed shared
logs and proposes a design that aims at improving existing work. The remainder of this document is structured
as follows. Section 2 identifies the goals of our work and its expected contributions. Section 3 provides the
relevant background and surveys the related work. Section 4 describes the plan to improve on the state-of-the-
art and Section 5 describes the proposed evaluation techniques. Section 6 provides a schedule for future work
and Section 7 concludes this report.

2 Goals and Expected Results
This work addresses the problem of building a distributed shared log for scenarios where different clients are
interested in different subsets of the log entries. More precisely:

Goals: Extend existing shared logs with techniques that allow clients to consume only a subset of
log entries efficiently, in particular they should prevent a client from blocking while waiting for a
record it is not interested in.

The proposed design will leverage ideas from ZipLog and Hydra [8] to achieve a shared log implementation
that enables clients to efficiently track the latest appended entries of interest in the log. The project will produce
the following expected results:

Expected results: A survey of related work. The proposal of a novel algorithm to support multiple
streams in a shared log. An implementation and evaluation of the proposed algorithm.

3 Background and Related Work
This section provides the necessary background on shared log abstractions and surveys relevant system imple-
mentations. The observations and limitations identified here motivate the design of the proposed system, which
is described in Section 4.

3.1 The Shared Log Abstraction
Shared logs allow multiple servers to store and read ordered records of data, i.e. log entries. These log records
are persistently stored. The shared log abstraction provides an append-only interface, which means that records
are immutable, and their binding to a specific log position is definitive; once appended, the position of a record
is permanent and will always refer to that same record. Servers may only add new records or read existing ones.
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Shared logs also provide ordering guarantees. Some implementations provide total order, where all servers
observe the same global sequence of records, while others offer partial order. Figure 1 illustrates an example of
partial ordering, where two servers receive operations from clients 𝐴 and 𝐵. Although both servers observe an
order of operations that preserves per client ordering, the global order of operations differs between servers. In
contrast, in a totally ordered shared log, all servers observe the same global order of operations.

A_1 A_2

B_1 B_2

(a) Dependency constraints in partial ordering: for each client,
the first operation must be ordered before the second

A_1

Servers

A_1

B_1

A_2 . . .

. . .A_2 B_2

B_1 B_2 . . .

Log entries

(b) Example of a partial order in which operations without de-
pendencies may be ordered differently across servers

Figure 1: Partial ordering example

In terms of performance, shared logs must scale to support high-throughput workloads, handling concurrent
operations from multiple clients without jeopardizing the properties introduced above. A common way to scale
the system is to partition the log across multiple servers (often denoted as shards) that store and serve a subset
of the log entries.

Distributed shared logs are typically implemented by multiple processes, each with a different role. Common
roles include shard servers, sequencers, and clients. The shard servers are responsible for storing and serving
a subset of all log entries. Sequencers are used to establish the ordering of records. Finally, clients can either
append new records or read existing ones. Additionally, clients can also become subscribers to the log, to receive
new log entries as they are appended.

Clients that read log entries process each appended record to extract the contained information, and subse-
quently can report this information to relevant applications or services. This procedure is commonly referred to
as the delivery of the operation.

The common exposed API for shared logs typically includes three main operations: append, read, and
subscribe, as summarized in Table 1.

Operation Description
append Adds a new record to the log.
read Retrieves a specific log entry.
subscribe Allows clients to continuously track newly appended records.

Table 1: Common API operations for shared logs

3.2 Relevant Shared Logs
This section presents a brief survey of some of the most relevant shared log designs that can be found in the
literature.

3.2.1 Corfu

Corfu [9] implements a totally ordered shared log, with linearizable [10] appends, which aims at achieving high
throughput by letting different log entries be written in parallel to different storage units. Corfu uses multiple
Solid-State Drives (SSD) with write-once semantics to store log entries. The SSD drives are organized into
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replication groups, each responsible for storing and serving a different portion of the log. The mapping between
log entries and replication groups, called a projection, is known by all participants.

To perform an append, clientsmust first determine the log’s tail, i.e. its next free position. In Corfu, clients can
achieve this using two different complementary techniques. First, the client can read the log entries sequentially
until it finds an empty entry. Then it attempts to write on that entry. If two clients attempt to write on the same
entry concurrently, the write-once semantics of the SSD units ensures that only one of them succeeds. If the
write fails, the client will continue to look for the next empty log position and repeat this process. Alternatively,
the client can find the next free entry with the help of a centralized sequencer process. Instead of iterating
through the log, the clients first contact the sequencer, which provides the next empty log position. This is
faster and prevents different clients from performing concurrent write attempts at the same log position. The
latter approach is used by default, but a client can always fall back to sequential parsing if the sequencer becomes
unresponsive.

As noted above, each entry is replicated in multiple storage units. To ensure the consistency of replicas,
Corfu uses a variant of Chain Replication [11], where the client updates all replicas in sequence, starting from
the head until it reaches the tail. Note that if two clients attempt to write to the same log position concurrently,
only one will succeed in writing to the head of the chain, and therefore only one client will be allowed to update
the remaining replicas. If a client fails during this process, a special recovery procedure is invoked. The recovery
procedure also handles the case where a client obtains an entry from the sequencer but never updates any of the
replicas, marking the entry as a “no-op”.

Corfu provides high scalability by supporting parallel append operations. However, its design still presents
significant challenges. First, while the sequencer improves contention on append, the sequencer itself becomes a
contention point and can become a bottleneck to system performance. Second, Corfu requires all nodes to agree
on the mapping between entries and storage units, which introduces a significant coordination overhead during
reconfiguration. Third, in Corfu, the log position is assigned before data is persisted, which causes “holes” in
the log, when clients crash during the write operation. This prevents progress in reading the log, as clients must
wait for the recovery procedure to decide if they can safely ignore this position or should wait for an incoming
record.

3.2.2 Scalog

Scalog [12] is an alternative shared log design that, like Corfu, offers total order. In contrast to Corfu, Scalog first
stores log entries and then assigns a global order to operations. This approach allows Scalog to avoid blocking
readers if a client crashes during a write operation, enabling seamless reconfiguration.

The architecture of Scalog is split into the data layer and the ordering layer. Similarly to Corfu, the storage
nodes in the data layer receive client requests. Scalog servers are also divided into multiple fault-tolerant groups,
called shards, which are responsible for storing and replicating data using a variant of the primary-backup
protocol [13, 14].

This system uses an ordering layer responsible for assigning global sequence numbers to log entries. The
ordering layer is implemented using Paxos [15] for fault tolerance. Scalog also uses a middleware layer of ag-
gregators to connect the ordering layer and the data layer. The aggregators are used to reduce the load on the
machines ordering records, aggregating requests from multiple storage servers.

To execute an append operation, clients first forward the record to a storage server, which replicates the
new data to the backup servers, ensuring fault-tolerance. The storage server periodically reports newly stored
log entries to the ordering layer. The ordering layer aggregates these reports and informs all servers in the data
layer of which records have been successfully replicated. Using this information, the data layer induces the
global order of operations via a deterministic ordering function.

One advantage of Scalog over Corfu is that entries are only submitted to the log after being replicated. Thus,
any delays in the replication procedure do not affect the append/ read latency of other entries. Furthermore, the
use of an aggregation layer also mitigates eventual bottlenecks at the sequencer nodes. The main disadvantage
of Scalog is the latency penalty in the ordering service introduced by the batching scheme, given that a request
must wait for a batch to complete at multiple levels of the aggregation topology.
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3.2.3 NOPaxos

NOPaxos (Network Ordered Paxos) [16] is a protocol that leverages specialized hardware, in the form of “in-
network” sequencer (a programmable switch or a smart NIC), to totally order a sequence of messages. In failure
free operation, the protocol avoids explicit coordination among the participants, since the ordering is defined
by the network itself. NOPaxos ensures that for every message sent to a destination group, either no process
receives the message, or all processes receive the message or a notification that the message was dropped. In
addition, if two messages are sent to a destination group, every process that receives both messages delivers
them in the same order.

To order messages, the component that functions as the network switch keeps a monotonically increasing
counter, which it increments each time it forwards a message. As part of the forwarding procedure, the message
is automatically tagged with the counter value. These tags allow recipients to deliver requests in the same order
and detect out-of-order or dropped requests. If a message drop is detected, recipients need to coordinate to
execute a recovery procedure (which recovers the message or assigns a special “drop” message to that sequence
number). This broadcast primitive can be used to create a shared log that is constructed by assigning requests
to log entries according to the order established by the network.

The advantage of this system is that it allows for a coordination free mechanism to achieve ordering of
requests. The disadvantage of this algorithm is that it requires specialized hardware for the sequencer. Moreover,
the in-network sequencer is a physically centralized component that may become a bottleneck in the system
operation. In the event of a sequencer failure, costly coordination between receivers is required to determine
which entries must be marked as “drop”. Finally, to ensure a total order, all replicas must receive all the client
append operations.

3.2.4 Hydra

As discussed above, NOPaxos [16] uses a single centralized “in-network” sequencer that can become a bottleneck
and a source of downtime. Hydra [8] attempts to circumvent these problems by using multiple active sequencers
concurrently as opposed to a single sequencer. Hydra uses timestamps taken from loosely synchronized clocks
on each sequencer. To guarantee the safety of the algorithm, these clocks must be monotonically increasing.

A client is able to send the operation to any sequencer, the operation is assigned a timestamp taken from
the sequencer clock. The order of the operations is based on these timestamps, but because there are multiple
sequencers, the system must ensure that after delivering an operation, no future operation will arrive with a
lower timestamp. Therefore, the system waits to deliver an operation until all other sequencers have reported
timestamps that exceed the timestamp assigned to that operation. In the case where two timestamps are the
same, the order is defined by the sequencer’s unique identifier.

Waiting for the timestamps of other sequencers to progress introduces a liveness problem. If a message is
assigned a timestamp by a sequencer but no other operations arrive from other sequencers, the system will
wait indefinitely to get information about their clock values. To solve this, Hydra uses flush messages that are
sent periodically by all sequencers and contain the current clock value. With this information, Hydra orders
operations that were on hold waiting for higher timestamps from other sequencers. Furthermore, Hydra can
optimize the flushmessaging process by using client side solicitation, i.e., the subscribers requests flushmessages
when needed to speed up the delivery of operations. Although this approach bypasses the need to wait for flush
messages, it increases the number of messages exchanged for each delivery, and in the worst case, when a
subscriber receives an operation, a roundtrip of latency is necessary before it can be delivered.

The advantage of this system is that it no longer relies on a single sequencer to order operations. The
disadvantage is that, if the operations are not uniformly distributed across sequencers, clients need to wait for
flush messages, which increases latency. Furthermore, Hydra supports only partial ordering for operations.

3.2.5 ZipLog

In all the systems described above, the ordering of append requests is in the critical path of clients, i.e., it is
performed after the append operation is invoked and before any read operation can observe the new entry. This
introduces a non-negligible latency in the path between producers and subscribers. ZipLog aims at circumvent-
ing this limitation. To achieve this, ZipLog orders operations before they are issued by clients. This reduces the
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latency in the critical path and avoids bottlenecks that may occur when multiple clients use a single sequencer
concurrently.

Zipper

Clients

Shard 1

Shard 2

Proxies Storage
Servers

Subscribers

Figure 2: ZipLog System Architecture

The ZipLog architecture, illustrated in Figure 2, includes client processes and storage servers that are or-
ganized in replication groups. Additionally, ZipLog assumes that all operations that are sent to a given replica
group are mediated by one or more client proxies, which help in the process of pre-ordering requests. A replica
group of storage servers and its associated client-proxies is denoted as a ZipLog shard. ZipLog also uses a com-
ponent to assist in the ordering of records, referred to as Zipper. However, and unlike previous systems, the
Zipper pre-assigns sequence numbers to requests in advance, based on throughput estimates that it periodically
adjusts with the help of the client proxies.

Clients are required to register with a proxy before issuing appends to the log. Proxies are responsible
for assigning a predetermined sequence number to incoming operations and forwarding ordered operations to
storage servers in the same shard. To ensure a consistent ordering of operations, each proxy receives sequence
numbers from the Zipper to later assign to incoming records. To achieve this, ZipLog divides time into epochs.
Before each epoch, every proxy informs the Zipper how many slots in the log will be necessary to meet the
registered client invocation rate. This ensures that each proxy has enough sequence numbers to assign to client
operations arriving in the next epoch. The Zipper uses the proxy estimates to pre-assign slots in the log to each
proxy, which starts filling these slots with incoming client append operations and forwarding ordered operations
to the storage servers in the shard. Storage servers combine operations that arrive from possibly multiple proxies
in the shard and use the assigned sequence number to create a single durable, consistent order.

The advantage of this system is that client appends are distributed acrossmultiple proxies instead of a central-
ized sequencer ordering all the operations. This results in lower latencies, as appends are ordered immediately
upon arrival, but still high throughput and scalability because the system does not rely on a single centralized
component that operates on the critical path. One disadvantage of ZipLog is that, similarly to all the previously
introduced systems, clients that subscribe to the log have to process all the log entries. These systems do not
provide mechanisms for subscribers to consume only log entries of interest. This puts more load than necessary
on the subscriber, which causes higher latencies to consume the records of interest.

3.3 Supporting Streams in Shared Logs
The shared log designs covered in the previous section have focused on improving system throughput to sup-
port a higher rate of appends by using techniques such as batching, sharding, using multiple sequencers and
reducing performance penalties during failures. However, none of these systems has been designed to address
the challenge of enabling clients to efficiently read new entries from the log. A shared log may be used by mul-
tiple data producers, each appending entries related to different contexts. This means that clients may not be
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interested in reading the entire log. If clients must parse the entire log to identify the entries they are interested
in, they experience unnecessary delays. This limitation can be mitigated if clients are able to skip the entries of
no interest to them, i.e., if the shared log provides support for streams. This section describes approaches that
implement streams in current shared log implementations.

3.3.1 Tango

Tango [3] is a shared log implementation that addresses the problem of ensuring fast playback speed for clients
that are interested only in a subset of log entries. To achieve this goal, Tango introduces a new abstraction over
the shared log, called a stream, which represents a subset of log entries regarding a particular context. Clients
interested in reading entries that belong to a given stream can invoke a readnext primitive, which returns the
next log entry that belongs to that stream while skipping entries from other streams. Clients can read from
multiple streams, and because all entries are inserted in a global shared log, all clients always observe a single
total order of entries, regardless of the streams they read from.

To support these streams, Tango uses a centralized sequencer that stores the latest entry for each stream.
Clients appending to the log use this information to add metadata to each entry, in the form of backpointers to
previous entries in the log belonging to the same stream. Similarly to Corfu, Tango also has the problem that a
client may reserve an entry in the log for a given stream but fails before filling the entry. The use of multiple
backpointers allows clients to navigate in the stream even if some entries are replaced by a “no-op”, which itself
contains no backpointers. When a client wants to read from a single stream, it contacts the sequencer to find the
latest entry and then starts reading the log backward, using backpointers, until it reaches an entry it has already
read previously. This allows the client to skip log entries regarding other streams.

One advantage of Tango is that it offers away for clients to read only the log entries of interest without having
to playback the entire log. A disadvantage of Tango is that, like Corfu, it relies on a centralized sequencer that
can become a bottleneck in the system. Also, backpointers have some limitations, for example, if a client only
wants to read a specific entry from a stream, it might need to playback the entire stream to find it.

3.3.2 vCorfu

Like Tango, vCorfu [2] aims to solve the playback speed bottleneck of shared logs. vCorfu also offers the stream
abstraction, but instead of using backpointers, vCorfu stores all log entries in different sets of replicas: stream
replicas and global log replicas. Similarly to Tango, vCorfu relies on a centralized sequencer that keeps track
of not only the next position in the global log replica, but also the next position in each stream replica. When
a client wants to append to the log, it contacts the sequencer. The sequencer returns both the next global log
position and the next position within the stream of that entry. The client uses this information to write the
operation to both the log replicas and then also to the corresponding stream replica(s). Because all entries are
still ordered by the sequencer, which issues sequential tokens with the next global log position, total order across
streams is ensured.

Clients who are only interested in a given subset of log entries can read from the corresponding stream
replica that stores only those entries. Therefore, unlike Tango, vCorfu allows clients to read a specific entry in
a stream directly, without having to follow backpointers.

The limitation of vCorfu is that it relies on a centralized sequencer, which limits the scalability of the system.

3.3.3 Boki

Boki [4] is a shared log that, just like Scalog [12], orders client operations only after storing them, but offers a
mechanism for clients to read only a target sub-set of log entries. Tomeet this requirement, log entries are tagged
with labels. Entries with the same label operate as vCorfu [2] streams. To implement streams, Boki maintains
an index on the client side that maps which entries belong to each stream.

Append operations operate in the same way as in Scalog, with the additional step that after log entries
are ordered, the ordering layer provides subscribers with metadata regarding the mapping between sequence
numbers and label. Subscribers use this information to update the local index. Subscribers can take advantage
of the sequence numbers stored in the index to read only log entries of a given stream.
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An advantage of Boki is that, just like Scalog, it enables high throughput for append operations, provides
total order across all shards, and, additionally, allows clients to consume only log entries of interest. The main
weakness of Boki is the need to perform index updates, where all subscribers are provided with metadata regard-
ing each and every stream. This results in unnecessary information processing by subscribers, as most clients
are not interested in all streams.

3.3.4 Eris

Eris [7] is a system that aims to improve NOPaxos [16] by avoiding the need to send all messages to all recip-
ients. Recall that in NOPaxos, all recipients need to receive all messages, both to detect message drops and to
deliver messages in order. To solve this limitation, Eris employs a technique called multi-sequencing, where the
sequencer keeps a separate counter for each possible destination group. For each orderedmessage, the sequencer
increments the counter corresponding to the destination group and forwards the message with a multi-stamp,
which is a set of <group-id,sequence-num> pairs, one for each possible destination group. This allows correct
drop detection without requiring receivers to process all messages. Messages can be sent to multiple destination-
groups and, in this case, the different counters are incremented atomically, which ensures that messages that are
sent to the same set of groups are delivered in the same order. Hydra [8] also uses this strategy to avoid having
to broadcast all messages. However, this mechanism only offers partial ordering, as messages sent to different
groups may be received in different orders by different recipients.

The disadvantages of this system include the need for specialized hardware and the fact that, as inNOPaxos [16],
no single global total order is imposed on all messages.

3.4 Discussion
From the shared log algorithms surveyed above, it is possible to conclude that systems with a centralized se-
quencer (e.g., Corfu [9], NOPaxos [16]) exhibit a common scalability limitation (i.e., the sequencer becomes a
bottleneck), while also suffering from availability outages when the sequencer fails. Scalog [12] attempts to mit-
igate these problems, by employing a store first order later approach. This solves the availability outages caused
by sequencer failures as the storage servers can continue to accept new operations. However, for the scalability
limitation, Scalog employs a batching solution, which while increasing throughput compared to previous sys-
tems, causes increased latency for append operations. Another alternative is Hydra [8], which aims to solve the
mentioned limitations by using multiple active sequencers simultaneously instead of a centralized sequencer.
This successfully eliminates the common bottleneck of previous systems. Nevertheless, because each operation
can now be ordered by any sequencer, subscribers must wait for information from all sequencers before deliver-
ing an operation, which increases latency. Hydra addresses this problem by having the sequencers periodically
send flush messages, but if the distribution of operations is not uniform across sequencers, clients have to either
be constantly waiting for the next flush message or use client side flush message solicitation. Both of which
increase delivery latency. Additionally, Hydra only offers partial ordering, compared to the total order offered
by Corfu [9], Scalog [12], and ZipLog.

The only algorithm described that overcomes all the limitations listed above is ZipLog. This system does
not suffer from the centralized sequencer problems as clients are distributed to multiple proxies. The system
also does not share the latency limitations of Scalog, because operations are immediately ordered upon arrival
at the server, without employing any batching. ZipLog also does not have the latency limitation present in
Hydra, because clients do not need to hear from other sequencers before delivering an ordered operation, i.e.,
the sequence number assigned to each operation on arrival represents the final position of the operation in the
global order, not being affected by other future sequenced operations. In addition, ZipLog provides global order.
A summary comparison of these shared log systems is presented in Table 2.

From the mechanisms surveyed that enable stream support, it is possible to conclude that most depend on
a centralized sequencer (e.g., Tango [3], vCorfu [2], and NOPaxos [16] with the Eris [7] approach to enable
streams). This places a limitation on the scalability of the system as the sequencer becomes a bottleneck in the
system and represents a single point of failure for system operation, as explained before. Another alternative
to these limitations is Hydra, using the Eris approach to implement streams. However, this solution introduces
the latency problems mentioned previously and also requires specialized hardware. An alternative approach is
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Sequencer Ordering Layer Order
Corfu Central Global
Scalog Central (replicated via Paxos) Global

NOPaxos Central (In network) Partial
Hydra Multi Partial
ZipLog Multi (off path) Global

Table 2: Comparison of ordering mechanisms and their limitations

Boki [4], which, like Scalog, employs a replicated ordering layer that allows storage units to continue accepting
requests even in the event of an ordering layer failure. Boki allows subscribers to consume only a subset of
log entries by leveraging a client side log index. This protocol, like Scalog, suffers from the problem that the
latency for each append to become visible to clients is affected by the batching approach employed by the proto-
col. Furthermore, subscribers receive index updates related to each and every stream, resulting in unnecessary
information processing. The following Table 3 summarizes this comparison.

System Stream Support Requirements Limitations
vCorfu Materialized Streams Central Sequencer Appends need to write to multiple replicas
Tango Backpointers Central Sequencer Sequencer recovery requires log scan
Eris Multiple Destination Groups Specialized HW Only partial ordering
Boki Log index None Subscribers need to receive information

regarding all streams
Proposed Stabilizer None Stabilizer may be a bottleneck

Table 3: Comparison of stream implementation mechanisms and their limitations

As explained before, ZipLog successfully overcomes the limitations discussed above. However, the inability
to implement multiple streams limits the performance of subscribers interested only in a subset of log entries.
The next section explains how this problem will be addressed.

4 Streamed ZipLog
This section outlines the design of a shared log that aims at offering low append latency and efficient support
for multiple streams. The proposed system extends ZipLog, given that this shared log is, to the best of our
knowledge, the system that provides the lowest append latency. Currently, ZipLog has no support for streams,
the proposed architecture augments it with additional components to implement this functionality.

4.1 Architecture
The proposed design, illustrated in Figure 3, preserves all components of the original ZipLog implementation.
Storage servers are grouped into replication groups (input shards), each associated with a set of client proxies.
Clients use the proxies to append entries to the log and can use the subscription interface to receive notifications
regarding newly appended entries. The API of the system will be extended to allow entries to be labeled with
tags that identify their associated stream(s). Readers can leverage labels to subscribe to specific streams and be
notified when new entries with the desired labels are appended to the log.

Streams will not be statically bound to particular input shards. A client is assigned to a proxy of a given
shard and can append entries to different streams. Consequently, subscribers need to read from all shards to
obtain the complete set of entries belonging to a given stream. The main difference with regard to the original
ZipLog architecture is the introduction of a new component class, the stabilizer, which assists subscribers in
accelerating the delivery of operations. The following section provides a brief description of each component in
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Figure 3: System Architecture

this augmented version of ZipLog, referred to as “Streamed ZipLog”. For better understanding, Table 4 outlines
the different types of messages exchanged during system operation and their respective contents.

Name Contents Sender Recipient
Record Append Notification Log entry and associated label Input shard Subscriber

Progress Report Sequence number and label Input shard Stabilizer
Flush Message Sequence number Input shard Stabilizer or Subscriber

Delivery Notification Sequence number Stabilizer Subscriber

Table 4: Contents of exchanged messages during system operation

4.1.1 Input Shards

The shards will be responsible for receiving and storing operations arriving from client proxies, receiving sub-
scribe requests from subscribers that specify labels of interest, and transmitting to those subscribers any newly
appended records associated with those labels. This message is referred to as a record append notification. Fur-
thermore, each shard also reports progress to a stabilizer, i.e., for every received record belonging to a stream, the
shard informs the stabilizer with the label and sequence number assigned to the new entry. This notification is
referred to as a progress report. In effect, shards interact with the stabilizer as though it were a special subscriber,
one that is interested only in the metadata (sequence number and label) of newly appended entries.

4.1.2 Stabilizer

The stabilizer receives progress reports from the input shards. A stabilizer nodewill keep track of the last sequence
number reported by each shard and, for each stream, a collection of sequence numbers it has not informed
subscribers to deliver. With this information, the stabilizer speeds up the delivery of operations by subscribers
in the following manner: when a subscriber of a given stream 𝑠 receives a record with sequence number 𝑛 from
a shard, before delivering the operation, it must ensure that it will not receive in the future a record with a
sequence number lower than 𝑛 from another input shard. Without the stabilizer, this requires the subscriber
to wait for all other shards to send either a record for that stream or a flush message with a sequence number
larger than 𝑛 (this procedure is referred to as the slow path). In the proposed architecture, because the stabilizer
receives progress reports regarding all streams, it can determine, more rapidly than the subscriber, that the
remaining input shards are already assigning higher sequence numbers. Therefore, the stabilizer can issue a
delivery notification instructing the subscriber to deliver the operation (this procedure is referred to as fast path).
Both procedures are illustrated in Figure 3.
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It may appear to be a contradiction that in order to prevent a subscriber from receiving entries from all
streams, this approach relies on a stabilizer that receivesmetadata (in the form of progress reports) for all streams.
The key intuition here is that receiving entries is significantly more resource consuming than receiving meta-
data. As a result, the stabilizer is expected to be able to keep up with subscribers, despite receiving metadata for
all streams, since subscribers receive information from only a subset of streams but must also process the cor-
responding entries. Furthermore, as the following Section 4.2 demonstrates, several refinements can be applied
to mitigate stabilizer load and improve throughput scalability.

A key point in our design is that the stabilizer is not required for safety nor for liveness. Even if a stabilizer is
overloaded or crashed, subscribers keep delivering entries using the slow path. The stabilizer serves only as an
optimization by accelerating the delivery of entries using the fast path. Without the stabilizer, the system falls
back to the slow path, which is equivalent to the approach used in Hydra [8], where subscribers need to receive
information from all shards to deliver operations.

4.1.3 Subscriber

The subscriber informs all shards and the stabilizer of the stream(s) it is interested in. Subsequently, it starts
receiving record append notifications from the shards and delivery notifications from the stabilizer indicating
entries that are ready for delivery. An operation is ready for delivery when one of two conditions is satisfied: (1)
the stabilizer indicates that the operation can be delivered because it has confirmed that other shards are already
receiving operations with higher sequence numbers (fast path); or (2) the subscriber has received, from all other
shards, either operations or flush messages with higher sequence numbers (slow path). Note that it is possible
that the subscriber receives the delivery notification from a stabilizer before it has received the associated record.
In this case, the client stores the sequence numbers that are ready for delivery, and upon arrival of the mentioned
record, it is immediately delivered.

4.2 Refinements
As mentioned above, having the stabilizer receive progress reports for all the streams in the log can cause a bot-
tleneck that limits the throughput scalability of the system. To address this issue, multiple mitigation strategies
are considered, each of which is described in the following sections. These strategies will be implemented and
evaluated.

4.2.1 Partitioned Stabilizer

Shards

Stabilizer

Subscribers

(a) All streams are managed by one stabilizer

Shards

Stabilizers

Subscribers

(b) Each stabilizer manages a subset of streams

Figure 4: Partitioned stabilizer example

One possible strategy is to partition the stabilizer component, with each stabilizer node responsible for a
subset of the existing streams. Figure 4 illustrates an example, where four streams exist, each subscriber is
interested in one stream, in 4a all streams are managed by a single stabilizer, whereas in 4b each stabilizer is
responsible for a subset of existing streams.
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This design provides two benefits: it reduces the load handled by each stabilizer node and enhances fault
tolerance of the stabilizer component, since subscribers of streams managed by the remaining stabilizers can
continue operating on the fast path even if one stabilizer fails. This strategy enables the system to achieve higher
throughput scalability by eliminating potential bottlenecks. However, partitioning the stabilizer causes a slight
increase in delivery latency as each stabilizer now receives progress reports from fewer streams. Consequently, it
takes longer for a stabilizer to gather information from all shards and issue a delivery notification. To prevent a
stabilizer node fromwaiting indefinitely for information from shards that are receiving mostly records regarding
streams managed by other stabilizers, each shard is configured with a timeout to issue a flush message to the
stabilizer if it has not sent a progress report within that interval. This allows the stabilizer to issue delivery
notifications even if it never receives progress reports from some shards.

This partitioning strategy is expected to be more advantageous in high load scenarios, where a single stabi-
lizer processing all progress reports would result in a bottleneck.

4.2.2 Rate Aware Mapping

Shards

Stabilizers

A B

X Y

Progress report issue rate:

s_1: 100/s from X and 50/s from Y 
s_2: 90/s from X
s_3: 10/s from X and 50/s from Y

(a) Initial mapping of streams to stabilizers

Shards

Stabilizers

A B

X Y

(b) After re-assigning 𝑠2 to stabilizer 𝐵

Figure 5: Rate aware mapping example

An additional strategy that can be used when using a partitioned stabilizer is to assign streams to each
stabilizer using a progress report rate aware mechanism that minimizes the average latency to issue delivery
notifications. Consider two shards, 𝑋 and 𝑌 , and three streams 𝑠1, 𝑠2, and 𝑠3. Shard 𝑋 issues progress reports
for all three streams, while shard 𝑌 issues reports for 𝑠1 and 𝑠3. Two stabilizers are active: stabilizer 𝐴, initially
responsible for 𝑠1 and 𝑠2, and stabilizer 𝐵, responsible for 𝑠3. Stream report rates are as follows: 𝑠1 causes 100
progress reports/s from𝑋 and 50 reports/s from 𝑌 ; 𝑠2 causes 90 reports/s from𝑋 ; and 𝑠3 causes 10 reports/s from
𝑋 and 50 reports/s from 𝑌 . This example is illustrated in Figure 5a.

In the initial assignment, stabilizer 𝐴 is limited by shard 𝑌 at 50 reports/s, while stabilizer 𝐵 is limited by
shard 𝑋 at 10 reports/s. Reassigning stream 𝑠2 to stabilizer 𝐵, as illustrated in 5b has no impact on stabilizer
𝐴 latency to issue the delivery notification, as it is still limited by shard 𝑌 . However, it changes the limit of
stabilizer 𝐵 to 50 reports/s by shifting its bottleneck to shard 𝑌 . This example demonstrates that the average
latency to issue delivery notifications can be improved by mapping streams to stabilizers in a way that leverages
information about the rate at which each stabilizer receives progress reports from each shard. In general, this
mechanism should employ a mapping that minimizes the difference between the arrival rates of progress reports
from shards that issue these at higher rates and from shards that limit the delivery notification issuance rate. This
strategy is expected to provide greater benefits when this imbalance between these rates is greater.

4.2.3 Dynamic Activation

Another strategy is to activate or de-activate the stabilizer under certain workload conditions. Specifically, when
streams are receiving entries at a fast rate and are evenly distributed through the shards, the slow path also can
achieve low latency (because new entries, with higher sequence numbers, are received from all shards shortly
after entries pending for delivery). This strategy can avoid wasting the resources required for the operation of
the stabilizer in situations where it could become a bottleneck and offer minimal improvement in latency.
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4.2.4 Batching

Shards

Stabilizer

Subscriber

Deliver

Clients

(a) Shards continuously send progress reports to stabilizer

Shards

Stabilizer

Subscriber

Deliver

Aggregated
progress
report

Clients

(b) Shards can produce aggregated progress reports

Figure 6: Progress report batching example

A further strategy to improve throughput under high-load scenarios, where some input shards continuously
send progress reports to the stabilizer, is to batch these prior to transmission. Figure 6 illustrates this refinement.
The resulting aggregated progress report can contain information regarding multiple streams. This reduces the
number of messages that the input shards must send and the stabilizer must process, thereby alleviating potential
bottlenecks. However, this mechanism should only be employed by some input shards to ensure that the delivery
notifications sent by the stabilizer are not delayed as a result. When applied only to the subset of shards that
emit progress reports at the highest rates, batching reduces message exchanges without impacting the delivery
latency of subscribers. This strategy is expected to be more effective in scenarios where progress append rates
are unevenly distributed across shards, enabling shards that continuously issue progress reports to batch them
without introducing latency for subscribers.

4.2.5 Flush Messages

The proposed approach falls back to the slow path upon a crash of the stabilizer. Notably, in the possibility
that shards take too long to detect a stabilizer failure and begin sending flush messages to subscribers, delivery
latency can increase. Another strategy is to have input shards send flush messages to subscribers continuously
rather than only during stabilizer failures. Under normal operation, these messages are redundant with regard
to the information provided earlier by the stabilizer, and are thereby discarded by the subscribers. With this
approach, the system becomes less susceptible to short-term performance penalties during failure scenarios, but
incurs a slightly higher overhead under normal conditions. Depending on application requirements, this can be
a beneficial trade-off.

4.3 Expected Gains and Tolerance to Skew
The proposed approach improves upon previous mechanisms to implement streams that relied on centralized
sequencers (e.g. vCorfu [2], Tango [3], Eris [7]), by extending the ZipLog protocol, which circumvents the
problems related to bottlenecks or single point of failure mentioned before. This approach also overcomes the
Boki [4] limitation, where all clients must receive information regarding every stream, allowing each client to
only receive data regarding the streams of interest. There is also no latency overhead caused by batching, as
ZipLog orders operations immediately upon arrival at the server.

The described approach takes inspiration from the Hydra [8] protocol. This is, to the best of our knowledge,
the only system that enables clients to process only a subset of all log entries and is not dependent on a single
centralized sequencer, which would otherwise limit the scalability of the system.

Importantly, the proposed design does not share Hydra’s latency limitations. In particular, when streams are
skewed to particular shards, Hydra relies on either flushmessage timeouts or client side flush solicitation, both of
which are expected to incur higher latency than the proposed approach. In general, the proposed approach with
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the stabilizer is not affected by stream skew across shards, since the stabilizer receives information regarding
multiple streams from each shard.

For workloads that demonstrate evenly distributed streams across shards and each stream is receiving entries
at a high rate, the stabilizer can be de-activated, as explained in 4.2.3. Even with the stabilizer de-activated, the
proposed approach still provides global order across shards, rather than partial ordering (as in Hydra), since
ordering is established with ZipLog.

Intuitively, streams will most likely not be distributed evenly across the shards due to skewed usage patterns
and inherent variability of workloads. The remainder of this section provides a more detailed comparison with
the Hydra algorithm under these scenarios. Base Hydra implementation is referred to as Periodic Flush, the Hydra
implementation with proactive client side solicitation is referred to as Proactive Subscriber and the proposed
approach is referred to as Stabilizer.

In the Periodic Flush approach, clients can be continuously overwhelmed by flush messages. The Stabilizer
approach overcomes this limitation, since the stabilizer issues a delivery notification for subscribers only once for
each newly appended record regarding the subscribed stream. Although the Proactive Subscriber approach also
circumvents this limitation, it increases the number of messages exchanged for each delivery, and in the worst
case, when a subscriber receives an operation, a roundtrip of latency is necessary before it can be delivered.
The proposed Stabilizer strategy reduces both the delivery latency and the number of messages exchanged.
Table 5 compares the expected latency for a subscriber to deliver an operation after its arrival, across the three
approaches, when each stream is skewed towards some shards.

Strategy Expected Latency
Periodic Flush 𝑇timeout/2
Proactive Subscriber 2 Communication Steps
Stabilizer 1 Communication Step

Table 5: Comparison of different approaches in terms of delivery latency after arrival at the subscriber

In the Periodic Flush approach, the subscriber must wait for the next flush message from the shards that have
not received updates for the subscribed stream. In the Proactive Subscriber strategy, the subscriber must request
the flush message and wait for the reply. This yields a total of 2 communication steps. In the proposed Stabilizer
approach, even fewer communication steps are required, as each shard sends the operation to the subscriber
while simultaneously issuing a progress report to the stabilizer. The stabilizer combines this information together
with reports from the remaining shards and issues a delivery notification to the subscriber. This results in a single
communication step of latency overhead after the arrival of the record at the subscriber.

Another aspect that affects system performance is the number of messages exchanged that is necessary to
provide stream support. Table 6 compares how this overhead scales, using as a baseline the fact that, regardless
of the approach, shards must always send record append notifications regarding a stream to the corresponding
subscribers. The table only refers to the additional overhead on top of this baseline, when each stream is skewed
towards a single shard.

Strategy Messages
Periodic Flush (#𝑆ℎ𝑎𝑟𝑑𝑠 − 1) × #𝑆𝑢𝑏𝑠𝑐𝑟𝑖𝑏𝑒𝑟𝑠
Proactive Subscriber 2 × (#𝑆ℎ𝑎𝑟𝑑𝑠 − 1) × #𝑆𝑢𝑏𝑠𝑐𝑟𝑖𝑏𝑒𝑟𝑠
Stabilizer #𝑆ℎ𝑎𝑟𝑑𝑠 + #𝑆𝑢𝑏𝑠𝑐𝑟𝑖𝑏𝑒𝑟𝑠

Table 6: Comparison of different approaches in terms of number of messages to provide stream support

In the Periodic Flush approach, every shard, except the one that sent the record append notification to the
subscribers, has to send a flush message to every subscriber of the stream. In the Proactive Subscriber strategy,
each subscriber proactively requests a flushmessage from every shard, resulting in twice the number of messages
compared to the Periodic Flush approach. In the proposed Stabilizer approach, each shard issues a progress report
to the stabilizer, which then sends each subscriber a delivery notification. The proposed solution achieves the
lowest number of messages exchanged in order to provide support for streams.
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Note that all of the above strategies can optimize the number of messages exchanged necessary to deliver
operations. Both the Periodic Flush and the Proactive Subscriber strategies can use the same flush message to de-
liver multiple pending operations. Similarly, the proposed Stabilizer approach can employ batching, as described
in 4.2.4, to further reduce message exchanges.

Importantly, if the system uses a partitioned stabilizer (4.2.1) and the operation belongs to multiple streams,
the shard might need to send the progress report to more than one stabilizer. Additionally, if the proposed
approach uses redundant flush messages (4.2.5), this would increase the number of messages the shard must
send.

Critically, the stabilizer is still limited by the shard that issues progress reports at the slowest rate, as it requires
this information before issuing a delivery notification. The refinements presented in 4.2.2 and 4.2.4 leverage this
imbalance between shards. The first increases the rate at which the stabilizer can issue delivery notifications,
while the second leverages the imbalance to reduce both the number of progress reports that the shards must
send and those that the stabilizer must process.

Finally, the proposed design augments the original ZipLog system as it is expected to allow subscribers to
efficiently consume only a subset of all log entries.

5 Evaluation
With the proposed approach implemented, an evaluation will be conducted to determine whether the system
efficiently allows clients to consume only the log entries of interest.

5.1 Methodology
The evaluation will be conducted using the proposed system implementation. Experiments will be conducted
on physical machines deployed within a single data center. The evaluation will use synthetic workloads to
systematically vary and assess different levels of stream skew across shards.

The evaluation will consider four different implementations: (1) base ZipLog implementation; (2) the pro-
posed approach; (3) ZipLog extended with the Periodic Flush strategy; and (4) ZipLog extended with the Proactive
Subscriber strategy. Evaluating all four variants across multiple deployment configurations and multiple work-
loads would result in an infeasible number of experimental combinations. Thus, only a subset will be selected
for evaluation. This subset will be determined based on preliminary results achieved.

5.2 Evaluation Objectives
The evaluation aims at answering the following questions:

• How do streams benefit the base ZipLog implementation? (5.2.1)

• How do the proposed refinements impact the overall architecture? (5.2.2)

• How does the timeout configuration affect the behavior of the system? (5.2.3)

• How does the stabilizer strategy compare to alternative approaches? (5.2.4)

5.2.1 Latency benefits of Streamed ZipLog

To motivate the need for streams in a shared log, the evaluation will begin by comparing the proposed solution
to the base ZipLog implementation. By allowing subscribers to only read log entries of interest, a decrease in
record’s end-to-end latency is expected (i.e., from the time the record is appended to the log until the subscriber
observes and processes it). For a given stream, the improvements are expected to be inversely proportional to
its popularity, as this allows the subscriber to skip a greater majority of records.
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Refinement Target Workload
Partitioned Stabilizer High throughput so that a single stabilizer would result in a bottleneck
Rate Aware Mapping Imbalance between append rate to streams managed by each stabilizer
Dynamic Activation Well distributed streams with high append rates across shards

Progress Report Batching Imbalance between append rate at the shards

Table 7: Refinements and target workloads

5.2.2 Evaluation of Architectural Refinements

The second point of the evaluationwill be to determine the best parameterization for the architecture refinements
mentioned in Section 4.2. The goal is to determine the workload characterization thresholds that should trigger
each of them in order to obtain the highest performance. Specifically, each refinement will be assessed under
the described target workload summarized in Table 7 to quantify its impact on performance. The evaluation
will assess the advantages of each in isolation and in combination to identify potential interactions. The goal is
to define the conditions under which a given refinement improves performance and those under which it can
introduce overhead.

5.2.3 Effect of Timeout Configuration

Another aspect of the evaluation will assess how the timeout values that trigger flush messages affect system
performance in two contexts: (1) flushes sent from shards to subscribers when the stabilizer fails, and (2) flushes
sent from shards to stabilizers when a partitioned stabilizer is used (4.2.1).

Flush messages sent from shards to subscribers prevent subscribers from waiting indefinitely in the presence
of stream skew across shards, as explained in 3.2.4. Similarly, flush messages sent from shards to the stabilizer re-
duce delivery latency when the stabilizer is waiting for progress reports from shards that mostly receive appends
regarding streams managed by other stabilizers.

Importantly, short timeouts can negatively impact performance, as shards may send flush messages prema-
turely instead of waiting for subsequent appends.

5.2.4 Comparison with Alternative Strategies

Finally, the evaluation will assess how the proposed system compares with existing strategies that implement
streams. Two of the previously mentioned state-of-the-art techniques (Periodic Flush and Proactive Subscriber)
will be implemented on top of the base ZipLog algorithm. Subsequently, both will be evaluated against the
proposed approach. The proposed Stabilizer strategy is expected to yield improvements proportional to the
stream skewness across shards. The more skewed a stream is, the worse the performance will be without the
stabilizer, as the subscriber has to wait for information from the shards receiving fewest operations regarding
that stream. By receiving a constant flow of information from all shards, the stabilizer can speed up the delivery
of operations by directly informing subscribers, rather than requiring them to wait for information directly from
the shards regarding the specific stream of interest.

6 Work Schedule
The Gantt chart in Figure 7 illustrates the planned schedule for various tasks related to the MSc dissertation.

17



Jan’26 Fev’26 Mar’26 Apr’26 May’26 Jun’26

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Proposal Implementation

Evaluation

Project Paper

Dissertation Writing

Figure 7: Planned Schedule

7 Conclusions
Shared logs are a crucial component in distributed systems. By maintaining a persistent and totally ordered
sequence of records, they enable coordination among multiple servers. However, when clients must process all
log entries instead of only those relevant to their interests, scalability is hindered. Unfortunately, existing shared
log implementations that offer support for streams rely onmechanisms that include either centralized sequencers
or complex coordination that limit the scalability of the system. This report surveyed the state-of-the-art shared
log and replication systems. Their implementations were described, detailing the advantages and limitations of
each approach. A novel approach to efficiently offer support for streams in a shared log was introduced. Finally,
the evaluation methods planned to assess the quality of the resulting system were presented and the scheduling
for future work was outlined.
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