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StreamingHand:  An In-depth Look

Overview

This paper examines StreamingHand, a provider of hosting services and bandwidth on demand, which offers a unique way of selling bandwidth that saves buyers 29% on the cost of bandwidth, while at the same time provides a gross profit margin which is double the industry average for similar resellers (13% versus 6-7%).   This paper will take an in-depth look at the technology that makes this possible as well as the benefits for both the seller and the buyer.

Introduction

StreamingHand (http://www.streaminghand.net) provides IP bandwidth buyers of various types with Tier 1 quality Internet transit service.  Using the Merkato™ software platform from InvisibleHand Networks, StreamingHand acts as an IP bandwidth market-maker, allowing customers to purchase bandwidth as needed, in real-time at market-based prices (using patented spot and reservation market mechanisms) with no volume or term commitment. 

This proposition has proven particularly attractive to content providers characterized by:

1. Bandwidth being a significant cost of goods sold

2. Variable and unpredictable demand

3. Price-elastic demand

In the 12 months since launching, over 65 buyers have joined the market, representing a wide range of applications and services, such as:

· Large file downloads (primarily PC game software)

· Streaming media (Internet “radio” and “TV”, as well as business voice and video conferencing)

· Adult entertainment

· Short film distributors

· Advertising servers

· Bulk email servers

Service Architecture

· Located in a carrier neutral co-location facility, StreamingHand runs an Autonomous System (AS22867) connected to multiple Internet backbone networks, which allows it to offer reliable Tier 1 quality Internet transit. The majority of StreamingHand traffic originates from co-located content servers.  In a few cases, customers connect from other locations via dedicated metropolitan area links (see Appendix A: Physical Topology).

· A Merkato server co-located alongside the edge router provides the context in which automated agents run, representing the buyers, the seller and the network resources. Users control their agents as well as monitor the marketplace and their traffic through a Web portal, which can support multiple distributed markets. Whenever a buyer agent obtains an allocation of bandwidth, a resource agent in the Merkato server charges it to an accounting database, and configures the edge router with traffic shaping parameters corresponding to the allocation of bandwidth. Of the variety of allocation types offered by Merkato, StreamingHand uses the Committed Access Rate model, where an allocation consists of a guaranteed throughput equal to the allocation, with a proportional allocation of burst buffer space. The allocations are for the buyer’s aggregate flow, i.e. for the total traffic identified either by the source IP subnet corresponding to a server or cluster of servers, or the MAC address corresponding to the buyer’s egress router (see Appendix B: Application Topology). 

Dramatic Demand Growth

[image: image3.png]


Launched in April 2001, the StreamingHand market has experienced dramatic growth over the first 12 months of existence, which can be broken down into three phases:

· Growth of average traffic volume at a rate of 45% per month (i.e. doubling every two months) 

· A seasonal lull in the first two months of 2002;

· Resumed growth at 42% in the three following months.

Overall, the 12-month traffic growth rate has been 30% per month.

The largest category of buyers by traffic volume is gaming software download services.  These have found StreamingHand particularly attractive, not only because they are extremely bandwidth intensive due to the large size of the software files, but also because success in that industry is dominated by unpredictable “hits”, much like Hollywood, which makes bandwidth demand very difficult to predict.  New game releases are seasonal, again like Hollywood
, with the big growth coming in the months leading to Christmas, and into the summer.  This accounts for the seasonal pattern shown above in StreamingHand traffic. 

As the market place has matured, it has diversified. With increasing adoption in particular by streaming video and audio customers, the share of StreamingHand revenue from gaming customers has gone from more than two-thirds in Q3 2001 to less than one third in Q2 2002. 

The number of participating buyers increased from 3 in May 2001, to at least 45 as of this writing in May 2002.  The total number of customers stood at 65 at the end of April 2002, but, as there is no minimum bandwidth commitment, not all customers buy bandwidth every month. Indeed, a number of the more sophisticated buyers start out using StreamingHand for excess traffic to avoid peak “penalties” with their traditional providers, and transition more of their traffic over to the market as the other commitments expire.
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In terms of protocol type, StreamingHand is dominated by TCP, with the bulk within that being WWW (i.e. from the standard HTTP port number 80). Thus, while the customers run a wide variety of applications, most are layered on top of traditional IP protocols. 

Dynamic Pricing 
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With spot market allocations performed with 5-minute granularity, the market price of bandwidth dynamically adjusts to demand in real-time. As can be seen in the following figures, short term traffic spikes result in price spikes, evidence that price correctly reflects demand and supply constraints. When demand is low, prices drop, which encourages additional demand to the extent possible.  

Buyers’ Perspective

StreamingHand, powered by Merkato, satisfies the needs of its customers by allowing them to allocate and pay for just the bandwidth they expect to use. This is in sharp contrast to contract based services offered by most other providers of bandwidth services, who offer fixed contracts that lock in either price, or time, or both. For bandwidth-intensive content-providers and ISPs, the most common alternative is “95th percentile usage-based pricing”. In that model, the buyer’s traffic is measured, typically in 5-minute averages. The top 5% of the traffic measurements in a billing period are discarded, and the highest remaining value (the 95th percentile) is multiplied by a fixed price to obtain the usage charge for that billing period.   For example, a buyer with a peak of traffic that lasts for more than 1.5 days will pay for that level for the whole month, regardless of traffic levels for the remainder of the month. 

Merkato’s benefit to buyers in terms of cost is three-pronged:

1. The ability to buy on demand and thus avoid this peak “penalty” inherent to traditional usage pricing results in tremendous savings for buyers with highly variable traffic;

2. For price-elastic buyers who can shift their demand patterns, the price dynamics provide opportunities for further savings by buying more bandwidth when demand is low;

3. Even for buyers who do not care explicitly about price dynamics, the efficiency of the marketplace means that, on average, prices are lower than with other providers, thus providing further savings.

The following table compares Merkato and 95th percentile usage pricing from the perspective for 11 representative buyers in one billing period, using actual StreamingHand customer data.  
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The three columns on the left show the measured traffic statistics for each buyer. Based on this, the cost they would have paid in a 95th percentile usage-pricing scheme is calculated, using a reference price of $230/Mbps/month.  This is contrasted with their Merkato-based buying. The activity column indicates the percentage of time during the billing period when the buyer was actively buying, while the next columns show their average allocation when they are buying, the average price they paid, and the total cost for that billing period (one month). On average, buyers save 29% with Merkato compared to 95th percentile usage-based pricing, with greater savings achieved by those with bursty traffic, evidenced by a high peak-to-mean traffic ratio, as well as lower percentage of active buying time in Merkato.
 

However, the benefit of Merkato to buyers is more than just cheaper bandwidth.  All sellers of IP bandwidth make a tradeoff between quality and price in one way or another. With traditional usage-based pricing, the seller plans capacity based on expected traffic, and tries to set a price that is estimated to be as high as possible but low enough to attract sufficient demand to fill the available capacity. Of course, over the long term this is an iterative process, as network capacity is increased and competition from other sellers as well as underlying demand affects the willingness to pay of buyers.  But there is no guarantee that at a given time traffic will fit within the planned capacity. The seller must thus provision the total capacity based on an expected level of utilization. Today, a typical Tier 1 provider of transit service on the Internet will plan for average utilization of 40%, based on the assumption that aggregate peaks are about 2.5 times average. 

Some providers might aim for a higher utilization, say 60%, but that means the probability that the network becomes congested is higher, which means lower overall quality, and thus it will attract buyers with a lower willingness to pay.  In essence, the planned utilization drives the price seller can set and, over the long term, that determines not only the amount, but also the type (expected quality) of the demand that can be attracted.  In effect, with the traditional fixed-price usage-based model, the provider: 

1. Mixes traffic with no guarantees;

2. Offers all buyers a single aggregate quality & price point;

3. Must target narrow market segments (low price & low quality, or high price & high quality, etc.)
By contrast, with Merkato, it is up to the each buyer to determine their own level of utilization within their allocated capacity. The provider:

1. Explicitly allocates a guaranteed throughput to each buyer individually;

2. Lets buyers choose their own “quality” vs.  “savings” trade-off;

3. Satisfies diverse set of buyers.
Because buyers control their quality, they get a further benefit beyond simple cost savings. For example, buyer “A” above chose to buy allocations of bandwidth equal to 3 times their average traffic, and even greater than the “peak” as measured in 5-minute samples. This may appear wasteful, but it may make perfect sense for applications with low-latency requirements, such as voice conferencing. This is because there may be very high microbursts hidden in the 5-minute average which would suffer from unacceptable latency if the capacity were smaller (indeed, as the throughput approaches the allocated capacity, packet queuing delay increases rapidly).

The following chart summarizes this. The “quality margin” on the horizontal axis represents the degree to which buyers maintain high quality in the presence of short-term bursts. Recall that in the Committed Access Rate model, traffic is shaped such that the throughput remains equal to the allocation. Any excess above that rate, up to the allowed burst size (which is proportional to the allocation) will be buffered, thus experiencing some latency, and excess traffic beyond even the allowed burst will be dropped. A margin of 0% means customers are, on average, buying bandwidth allocations in Merkato exactly equal to their measured traffic. A margin of 150% means their average allocation is 150% greater than their average passed traffic, thus very short term bursts up to 2.5 times greater than average will flow through with zero latency.  A negative margin means that the buyer is willing to tolerate congestion on an on-going basis.

As expected from the above explanation, plotting the measured statistics from the buyers (blue dots) shows a direct trade-off between quality margin and the cost savings relative to 95th percentile usage-based pricing. The linear trend curve shows that roughly, a 1% increase in cost translates to a 4% quality added margin. 
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For comparison, a single point representing the quality versus price trade-off made by a typical Tier 1 transit provider using fixed-price usage-based pricing is shown in purple. The provider’s degree of “over-subscription” is the direct equivalent to the per-buyer quality margin, except that of course it is performed in the aggregate for all buyers. We take as a reference here a provider running a network at 40% average utilization
 -- which corresponds to a quality margin of 150% -- and a price of $230/Mbps/month.  

A key observation is that the purple point lies below the trend line extrapolated from the actual StreamingHand customer data.  Even for equal quality, real-time market-based pricing results in 25% savings for the buyers. Thus the 29% average savings reported above is largely due to the improved efficiency of the marketplace, and not because customers want lower quality.

Seller’s Perspective

For StreamingHand as a seller, we seek to estimate the revenue gain or loss from using Merkato.  This is difficult to estimate as it is impossible to know how many of these customers would have signed-up under traditional pricing. Certainly, anecdotal evidence from the StreamingHand sales team indicates that, as a new entrant, without the cost-savings and flexibility provided by Merkato, it would have been near impossible to grow a hosting service at this rate in the face competition from established providers.  To make a very approximate estimate of the revenue gain, we take the actual total cost paid by StreamingHand customers as their “revealed” willingness to pay, apply it hypothetically to the same customer base with 95th percentile pricing,  and infer
 that Merkato produces a revenue gain of 22%.

Profitability can be computed directly and exactly based on actual revenues and costs paid to the upstream transit service providers.  As of April 2002, StreamingHand has a gross profit margin of 13%, which is double the industry’s typical gross margin on bandwidth (6-7% for IP resellers). This is achieved in spite of the fact that due to its small size, StreamingHand does not get the aggressive pricing from the suppliers that larger hosting providers do. With volume discounts and increased leverage from having multiple suppliers, StreamingHand’s relative cost of bandwidth is expected to significantly decline; from that alone, without any additional assumptions on the demand side, margins should increase to 30%. Adding multiple transit providers and improved routing (including leveraging free peering) to better manage costs will further improve the margin. 

Based on a simplified model of dynamic pricing the long term expected benefit of Merkato to StreamingHand is on the order of 45% revenue gains relative to traditional pricing, and gross margins of 25-40%
. This benefit will come primarily from increasing diversity among buyers, which will make the “yield management” benefits of dynamic pricing even more apparent. Indeed, with greater “buy-side liquidity”, overall demand will be more price-elastic, thus underused capacity (i.e. “valleys” within the supply-side commitments) will be more likely to be purchased thanks to dynamic pricing, without increasing the cost of goods sold.  This is of course independent of the fact that on both the supply and demand sides of StreamingHand, the unit price of bandwidth should decline over time, continuing the industry trend of the past 25 years. In essence, StreamingHand, as a market maker, arbitrages the bandwidth of Tier 1 backbone providers.

The recurring cost of StreamingHand network operations during this period was 5 people. Across the individuals, the proportion of time spent on Merkato-related work ranged from 60% to 5%, with an average of 30%, i.e. 1.5 person years were invested that would not have been required if StreamingHand was a hosting provider using traditional pricing. 

The following shows gross margins (considering the cost of bandwidth only) and operating margins (considering bandwidth costs plus network operations costs) estimates with and without Merkato. Merkato provides immediate gross margin gains relative to traditional pricing (fixed-price applied to 95th percentile of usage). It is expected that this gain covers the operational overhead of Merkato at a volume of 500Mbps.  

Overall, StreamingHand has yielded a positive gross margin from the beginning, and is expected to reach operational profitability at a volume of  under 1 Gbps.
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Summary

· While buyers do not explicitly care about the fact that pricing is market-based, they value the three-pronged costs savings, as well as their ability to control their own price versus quality tradeoff. 

· StreamingHand as a provider benefits from a market-making platform which, by  dynamically responding to variable demand, and taking advantage of price elasticity, leads to higher utilization of available capacity. This, in combination with its ability to attract a wide range of buyer types, rather than being constrained to a narrow market segment, yields substantially greater profit margins than would be achieved with traditional pricing.
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Appendix C: StreamingHand Architecture System Specifications

Merkato Servers

· 512MB RAM

· 2x 1GHz PIII CPU

· 2x 10/100 Ethernet Adapter

· Floppy Drive

· CD-ROM Drive

· Serial Port

High-availability Options

· Additional 10/100 Ethernet Adapter
· Raid W/SCSI Controller & 2x 10GB 10K RPM Hot-swap Ultra160 Drives

· 270W hot-swap redundant power supply
Operating System: Merkato Operating System (stripped and hardened Red Hat Linux distribution)

Network Elements

Cisco 7507 + 128MB RAM, IOS version 12.0 and higher * or

Additional 128MB RAM for BGP
3x VIP4-80 controller line cards w/ Enhanced Gigabit Ethernet  
IOS supports the following specific functionality:

IOS support for http (optional)

IOS support for CAR

Back office 

Database
· 2 x dual CPU Sun Enterprise E250 servers with 1Gbyte RAM.

· Symmetrically replicated Oracle 8 database.

Portal: Linux server running Apache
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� Revision 2 – May 23, 2002.


� In fact, some of the games are actually tied to movie releases. Part of the peak in May 2002 is due to a game derived from the latest Star Wars movie, released in May 2002.


� For buyers who are not buying, a small amount of free capacity is set aside in Merkato for buyers to use on a shared best-effort basis, i.e. with no guarantee, to ensure minimal connectivity.


� This is based on empirical data from actual Tier 1 service providers – see “Internet Server Farms as Bandwidth Markets”, InvisibleHand Networks, Inc. whitepaper, available at http://www.invisiblehand.net.


� This inference is as follows. For those customers who pay more for higher quality at StreamingHand than they would with 95th percentile pricing, the difference is a net gain, a willingness to pay discovered by Merkato. This may be an underestimation, since those customers might not have signed up at all for the lower quality. For those who pay less, we could assume that they would not sign-up at all under 95th percentile pricing or that they would generate the same traffic and pay the higher cost. Taking the middle ground, we assume that they are budget constrained, and so would have signed up and paid the same amount but generated less traffic.


� See “Efficiency of Dynamic Bandwidth Markets”, InvisibleHand Networks, Inc. whitepaper, available at http://www.invisiblehand.net.
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