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ArctiqDC – Arctic Datacenters project aims to strengthen the regional data centre 
industry's products, services, solutions and offerings to customers (parties) outside 
the region, nationally or internationally. This should be done by demonstrating and 
proving that; Investing and operating data centres in Arctic regions have low and 
among the lowest investment and operating costs in the world in terms of cooling and 
power distribution
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1 Fiber optics 
Fiber optic systems are an important part of the telecommunication infrastructure for world-wide 
broadband networks. Wide bandwidth signal transmission with low delay is a key requirement in present 
day applications. Optical fibers provide enormous and unsurpassed transmission bandwidth with negligible 
latency and are now the transmission medium of choice for long distances. 
 
The main driving force behind the widespread use of fiber optics communication is the high and rapidly 
increasing consumer and commercial demand for more telecommunication capacity and internet services. 
There are a number of benefits for using fiber optics compared to wireless connections or copper cables 
such as high reliability over long distances, low attenuation, low interference, high security, very high 
information capacity, longer life and ease of maintenance (1).  

 

1.1 Basic principles 
Fiber optic communication is a communication technology that uses light pulses to transfer information 
from one point to another through an optical fiber. The information transmitted is essentially digital 
information generated by telephone systems, cable television companies and computer systems. An optical 
fiber is a dielectric cylindrical waveguide made from low-loss materials, usually silicon dioxide. The core of 
the waveguide has a refractive index a little higher than of the outer medium (cladding), so that light pulses 
are guided along the axis of the fiber by total internal reflection (2). Fiber optic communication systems 
consist of an optical transmitter to convert an electrical signal to an optical signal for transmission through 
the optical fibers, optical amplifiers to boost the power of the optical signal, and an optical receiver to 
reconvert the received optical signal back to the original transmitted electrical signal. 

There are two main types of optical fibers, step index optical fiber which includes single mode optical fiber 
and multimode optical fiber, and then graded index optical fiber. Single mode step index optical fiber has a 
core diameter of less than 10 micrometers and only allows one light path. Multimode step index optical 
fiber has a core diameter greater than or equal to 50 micrometers and allows several light paths, this leads 
to modal dispersion. Graded index optical fibers have their core refractive index gradually decrease farther 
from the center of the core. This increased refraction at the core center slows the speed of some light rays, 
thereby allowing the light rays to reach the receiver at almost the same time, thereby reducing dispersion. 
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Figure 1. Different optical fiber modes. 

 

There are three prime wavelengths for fiber optics, 850, 1300 and 1550 nm. 

To increase the capacity of a fiber cable wavelength-division multiplexing (WDM) where a multiplexer at 
the transmitter join several signals together and a demultiplexer at the receiver split them apart. Modern 
systems can handle 160 signals and thereby increase the capacity of the cable with 160x.  

The speed of fiber optic system depends on many factors, but the highest per channel speed reached by 
researchers is 1 TB/s. With multiplexing enabled the highest reported value is by NEC at 101.7 Tbit/s. These 
values are for standard fiber cables, specialized fiber cables have shown much higher values. 

Multimode fibers are used for short-distance communication links and for applications where high power 
must be transmitted. Single-mode fibers are used for most communication links that span longer distances. 
In a fiber cable there are usually multiple fibers meaning that the capacity of a cable becomes very high. 
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2 Distribution  
Fiber optics are widely spread over the world which makes fast communication possible between the 
different points that are connected to the network. There are many owners of the fibers in Sweden, 
but there are seven that have large networks that span large parts of the country, these are:  

- Telia carrier 

- Telia (previously skanova) 

- Tele2 

- Telenor 

- IP-only 

- Trafikverket 

- TDC 

- Svenska Kraftnät (SvK) 

Telia has two different grids in Sweden, one large that spans Sweden that Skanova previously owned, 
currently it is operated under the Telia brand. Then there is Telia Carrier that operates the 
international lines and a few large ones inside the south part of Sweden. Tele2, Telenor and TDC also 
operates fiber optic networks inside Sweden. Trafikverket and Svenska Kraftnät (SvK) also operates 
networks that are not used for public operations. Sunet also operates a grid for universities and 
other institutions that span the whole country. 

From these large networks smaller local providers connect their networks, similar to how the power 
grid operate. The large network that span the country act as highways and the smaller ones connect 
the consumers to the highway. There are many of these smaller providers, usually municipally owned 
power providers operate a fiber network.  

The fiber network in Sweden is usually connected in the end to an Internet Exchange Point (IXP) like 
NetNod which has connections to other IXPs in the world. In Sweden there are IXPs in Luleå, Umeå, 
Sundsvall, Stockholm, Gothenburg and Malmö. 

There are many IXPs in Europe and the largest ones are in Frankfurt and Amsterdam, but there are 
many in London and Paris as well. The Netherland in whole has very many IXP points. So, to get out 
in the world the data first usually needs to travel to one of these points and then be delivered. This is 
the reason why IXPs usually pops up in financial districts, to be able to participate on the speed 
trading market low latency is of highest priority.  

According to NodePole, datacenters want low latency to their datacenters, a value mentioned was 
17.5 ms to Amsterdam/Frankfurt.  
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3 Latency, bandwidth and throughput 
Latency is the time measurement of how fast contents in a pipe can be transferred from the client to the 
server and back, this value is often showed in milliseconds. Bandwidth is the determination of how narrow 
a pipe is. The narrower it is the less data can push through it once, the theoretical maximum of a 
pipe(bit/s). Throughput is the actual amount of data which can be transferred over a given time period, 
differs from the bandwidth due to latency and protocols (bit/s). 
 

3.1 What causes latency 
Processing delay is the time it takes for the router to process the packet header as well as in some 
cases add additional information. Each hop a packet takes from router to router increases the latency 
time. Each gateway node takes time to examine and possibly change the header in a packet, for 
example hop count in the time-to-live field. 

Queuing delay is the time the packets spends in routing queues, i.e. the sum of delays between the 
time of insertion into the network and the time of delivery to the address. Routers can only process a 
certain number of packets a time. If packets arrive faster than the router can process them the 
router puts them into the queue.  

Transmission delay is the time it takes to push the packets bits onto the link, this has nothing to do 
with the distance between the two nodes. This delay is proportional to the packet’s length in bits. 
Most packet switched networks use store-and-forward transmission at the input of the link. A switch 
using store-and-transmission will receive(save) the entire packet to the buffer and check it for CRC 
errors before sending the first bit of the packet into the outbound link. Thus, store-and-forward 
packet switches introduce a store-forward delay at the input of each link along the packets route.  

Propagation delay is the time that it takes for the head of the signal to travel from one sender to 
receiver, it can be computed as the ratio between the link length and the propagation speed over the 
specific medium. In theory this is the speed of light for fiber optics but the index of refraction for 
most fiber optic cables is around 1.5 meaning that light travels 50% faster in vacuum compares to the 
fiber optic cable. This corresponds to about 5 microseconds latency per kilometer, in a perfect world 
this would be 3.33 microseconds. There is also delays introduced by amplifiers/regenerators which 
fix light degradation due to imperfections in the fiber, these are needed every 100km. 

Storage delay can occur when a packet is stored or accessed resulting in a delay caused by 
intermediate devices like switches and bridges. Within networks at each end of the journey a packet 
may be subject to storage and hard disk access delays.  

 

3.2 How is latency measured 
Latency can either be calculated in one-way or round-trip time, where seconds is mostly used as a 
unit since it can be measured from a single point. The round-trip latency excludes the amount of time 
that a destination system spends processing the packet. There are also different ways to perform the 
round-trip delay time measurement, the most common way is with a service called ping. This uses 
the Inter control Message Protocol (ICMP) echo request which causes the recipient to send the 
received packet as an immediate response, thus it provides a rough way of measuring round-trip 
delay time. The problem with ping is that it cannot perform accurate measurements. This is due to 
ICMP only being intended for diagnostic or control purposes and differs from real communication 
protocols such as TCP. Furthermore, routers and internet service providers might apply different 
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traffic shaping policies to different protocols. For more accurate measurements it is better to use 
specific software for example hping, Netperf or Iperf. 

In a non-trivial network, a typical packet will be forwarded over multiple links and gateways, each of 
which will not begin to forward the packet until it has been completely received. In such a network, 
the minimal latency is the sum of the transmission delay of each link, plus the forwarding latency of 
each gateway. In practice, minimal latency also includes queuing different sources heading towards 
the same destination. Since typically only one packet can be transmitted at a time, some of the 
packets must queue for transmission, incurring additional delay. Processing delays are incurred while 
a gateway determines what to do with a newly received package. The combination of propagation, 
queuing, transmission and processing delays produces a complex and variable network latency 
profile. 

There is thereby not a single value that can be measured if undisturbed access to a fiber cable and 
the rest of the network can be guaranteed between two different points. There are too many 
variables to control. ISP do however have tools to calculate this (according to NodePole). 
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4 Reduced latency in the north 
Corporations that want to establish data center usually require low latency, this depends partly on what 
kind of workload is going to operate on the data center but, the lower the better. The large hubs that data 
centers in Europe connect to is Amsterdam and Frankfurt, so low latency to these are the priority. To get a 
signal from the Northern parts of Sweden the signal needs to travel the complete way through Sweden, 
Denmark, continue through Germany and then cross the Netherlands to arrive at Amsterdam. According to 
google maps the short distance with car is 2333 km. If a cable was directly connected this way without any 
interruptions the latency would be,  

2333𝑘𝑚 ∗ = 11665𝜇𝑠 = 11.7𝑚𝑠. 

According to Nodepole it takes about 10ms to get to Stockholm meaning that the cable is not the largest 
provider of latency. The calculation is also best case without any additions from the regeneration centrals 
that are needed each 100km, or any of the other delays.  So, to get the latency needed in the north to be 
able to provide low values of 17.5ms a single cable with as little interruptions as possible would be needed.  

The providers do not provide values on how quick their networks are and do not publish maps of how their 
networks looks. According to NodePole it is never a problem to get the data center connected, there does 
not either seem like the network is too narrow at the moment and it can carry all the data needed. 

It is thereby hard to reduce the latency from the north down to the south, it appears to be a combination of 
the distance and all the jumps in between. The only solution would be to have a direct line or skip some of 
the steps between Luleå and Amsterdam. 

Thereby it appears to be hard to propose any concrete solutions to the problem, but the power problem in 
southern Sweden will not become better according to IVA since new nuclear is not being built. To access a 
stable power supply northern Sweden will still be the place to go. 
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