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Abstract We are entering a new era of the Intelligent Internet of Everything, characterized by human-
cyber-physical ternary computing. This requires information infrastructure with massive high-concurrency
processing and high-quality user experience delivering capability. To address this challenge, a new type of
cyberinfrastructure called Information Superbahn (1SB) has recently been proposed. ISB is envisioned as a
planet-scale, low-entropy, high-goodput network computing system that aims to mitigate the negative im-
pact of various disorderly factors on the user experience and significantly enhance system goodput and effi-
ciency. However, experimental evidence is yet to be provided to support this vision. The purpose of this
work is to provide such evidence. To achieve this, we build an ISB prototype system (1SB prototype) and
compare its performance to that of a Kubernetes-based cloud computing system (K8s system) using the
same workload and raw resources. This paper focuses on verifying the following three hypotheses. High-
goodput hypothesis: I1SB prototype should achieve orders of magnitude improvement in yield and goodput
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under high load; Low-entropy hypothesis. both the yield and single-core goodput are significantly nega-
tively correlated with CPU entropy, and the CPU entropy of the ISB prototype can be reduced to less than
50% of that of the K8s system; Prioritization hypothesis: the ISB prototype provides prioritization capabili-
ties at the infrastructure layer. A wide-area experiment is designed to verify the three hypotheses. The ex-
periment has two phases. In the first phase, we design a distributed intelligent workload to compare the two
systems’ goodput and yield. The workload involves edge data collection and cloud-based computation, fea
turing both burst and gradual workload changes. In the second phase, a red packet task is designed to vali-
date the prioritization hypothesis. During this phase, the highest-priority tasks are required to complete first
and execute exclusively, while tasks with the second-highest priority are required to finish earlier compared
to most lowest-priority tasks. The ISB prototype is implemented based on one core idea and two key deci-
sions. The core design idea is pooling all resources in the wide-area distributed system, then scheduling
tasks in alogical queue based on their QoS requirements and priority labels, and transforming unordered
task requests into well-ordered executions. To improve throughput and reduce system entropy, two key de-
sign decisions are adopted: the rapid scaling of wide-area shared resources and the native support of the
DIP (Differentiation, Isolation, Prioritization) thesis. To accurately analyze the performance of both systems,
this paper quantitatively defines and measures goodput, yield, and two types of CPU entropy. The results
demonstrate that the above three hypotheses are verified. Firstly, compared to the K8s system, the ISB pro-
totype improves yield by at least 1-fold and 1000-fold in 55.5% and 12.2% of the test samples, respectively,
while goodput improves by at least 1-fold and 1000-fold in 58.9% and 14.4% of the test samples, respec-
tively. Secondly, the ISB prototype's CPU entropy exhibits a significant negative correlation with yield and
single core goodput, indicating that the low-entropy approach has the potential to improve the system's
yield and throughput. In over 90% of the test samples, the regularized CPU entropy of the ISB prototype
decreases to |less than 50% of that of the K8s system. Lastly, the ISB prototype provides three levels of pri-
ority support at the infrastructure layer based on awide-area synchronized clock, ensuring that high-priority
tasks receive quality service. In summary, this work provides initial evidence indicating that Information
Superbahn has the potential to significantly improve goodput over traditional cloud computing systems.

Keywords cloud computing; computility grid; low entropy computing; high-goodput computing;
stranding
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TE MR A S50 0.96 0.82 -0.86

* 15 BRHZBEES CPU MHIXAR (Bfigk, p<0.001,

TH=25%)

Spearman 1Mt 1C2C 4C8C 15 B 4k SR
e A 0.33(p=0.014) 0.37(p=0.005) -0.58
B 0.92 0.58 -0.60
TE S0 Ak i £ FH A -0.61 0.11(p=0.43) -0.38
E Ak B A S8 0.88 0.48 -0.55

F 16 HiZ@EES5 CPU BXFE (SfHigk, p<0.001,

TH=30%)

Spearman 3 1c2c 4C8C 8 Ak S g
I 0.32(p=0.021) 0.26(p=0.071) -0.61
AR 0.94 0.63 -0.69
TE D)k 14 £ef 4 —-0.63 —0.09(p=0.55) -0.41
TE AL A 25 0.92 0.53 -0.60
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* 17 BZBELS CPU BHXER (BHE, p<0.001,

TH=35%)

Spearman 1c2c 4C8C 15 1 e Bk L 0
o 0.34(p=0.017) 0.30(p=0.037) -0.61
AR 0.94 0.68 -0.70
TE DUk 1 6 FH A -0.62 —0.12(p=0.4) 041
1E Ak 14 A 5 0.92 0.58 -0.60

* 18 BHEBES CPUBHXHR (§fiiF, p<0.001,

TH=40%)

Spearman FH 4 1C2C 4C8C {2 1 4k SRR
1 0 0.30(p=0.063)  0.17(p=0.3) -0.64
AR 0.93 0.80 -0.75
TE DAk B il FH A -0.58  —0.42(p=0.009) -0.45
TE IR A S50 0.92 0.69 -0.66

* 19 BERBEES CPU MHXAR (§fidk, p<0.001,

TH=45%)

Spearman X 1c2c 4C8C 15 B i S A
{65 0.27(p=0.12)  0.18(p=0.3) -0.64
EEEy e 0.93 0.78 -0.75
TE S0 Ak i £ FH A -0.56  —0.38(p=0.021) -0.44
TE WA A S0k 0.91 0.66 —-0.66

®20 BRBES CPUMKXAE (§H#, p<0.001,

TH=50%)
Spearman i 3¢ 1: 1c2C 4C8C 5 i kS R
i A 0.28(p=0.13) —0.14(p=0.46) -0.66
3 0.93 0.89 -0.77
IEME A% —0.51(p=0.004) -0.66 -0.47
E Ak 9 RO 0.93 0.84 -0.69
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Background

Computing technology is entering a new era of the In-
telligent Internet of Everything. In this era, information
infrastructure needs to handle a massive number of tasks
with Quality-of-Service (QoS) requirements from trillions
of smart devices, while achieving high efficiency. A new
measurement called “goodput” is used to show how many
QoS-satisfied tasks can be processed in a given amount of
time.

Information Superbahn was proposed to meet the re-
quirements of this new era. It is designed as a planet-scale,
high-goodput, low-entropy computing network. However,
there is alack of empirical evidence to verify the hypothesis
that high-goodput can be achieved by decreasing entropy in
computing systems like Information Superbahn. The pur-
pose of our work is to provide such evidence.

A large-scale testbed has recently been established
between Beijing and Nanjing to evaluate the Information
Superbahn prototype and associated technologies. We con-

structed an Information Superbahn prototype system on this
testbed to verify our hypotheses. In comparison to a com-
puting system based on Kubernetes, our research demon-
strates that Information Superbahn can substantially im-
prove yield and goodput by orders of magnitude, given the
same workload and resources. We also define and measure
CPU entropy, which exhibits a significant negative correla-
tion with goodput, indicating that a low-entropy approach
has the potential to improve the system's yield (the percent-
age of QoS satisfied tasks) and goodput. Our work supports
the vision of Information Superbahn and demonstrates its
potential to significantly increase goodput and yield by re-
ducing entropy.
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