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1. An explanatory example for information sextuple model
In Objective Information Theory (OIT), information is mathematically modeled as a sextuple model, that is, . Here, I denotes objective information;  denotes noumena (i.e., objects that originate information in the real world),  denotes carriers (i.e., objects that transmit and maintain information in the real world),  denotes the occurrence time, and  denotes the reflection time. Moreover,  represents a non-empty set of  over , which is referred to as a state set; and  represents a non-empty set of  over , which is referred to as a reflection set. A concise and explicit interpretation of the model can be illustrated in Fig. S1.
Fig. S1 visualizes the information flows in the news gathering and release process. This intuitive scenario can help us understand the sextuple model of information. In Fig. S1, the information collection link primarily collects the state information of the interviewees through video, audio, text, and other collection means. In addition, the information transmission link transmits the collected information to the corresponding processing system through the Internet and other wide area networks, and the information processing link performed video, audio, text, and mutual fusion processing to form various news materials. These news materials are gathered into a comprehensive news database to support extensive access and application. Then, in the information processing link, news information with richer content and forms is distributed and arranged to satisfy the publishing conditions. Through the information transmission link, all types of media news information are then transmitted to various information terminals over the Internet. Finally, in the information action link, all kinds of terminal devices display the corresponding news information to different audiences or readers in a variety of formats.
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According to the analysis of information space framework, the entire news gathering and release process includes seven important links, where the information in each link has six elements, i.e., noumenon, occurrence time, state set, carrier, reflection time, and reflection set. Table S1 shows the specific content. Note that the information noumenon and carrier at each link in Table S1 differ. In particularly, the noumenon, occurrence time, and state set of the next link are the carrier, reflection time, and reflection set of the previous link, respectively, which reflects the concept of information flow (an important characteristic of information transmission). In addition, the news information itself reflects the subjective and objective state of the interviewee; thus, the noumenon and state of all links can be understood as the subjective and objective content of the interviewee's image, voice, and text during the interview period, which is also a basic characteristic of information transmission.

Table S1 
Information elements in main links of news gathering and release process.
	No.
	Links in information systems
	Noumenon ()
	Occurrence time
)
	State set
()
	Carrier
()
	Reflection time
)
	Reflection set
()

	1
	Information collection
)
	Interviewees
)
	From the beginning to the end of the news interview
)
	Images, voice, and text of interviewees and the interview scene, as well as the subjective consciousness of the interviewees
)
	Video camera, camera, voice recorder, notebook, etc.
)
	From the beginning to the end of the news interview
)
	Image, voice, text, and other data and text collection of the interviewee and interview site
)

	2
	Information transmission
)
	Video camera, camera, voice recorder, notebook, etc.
()
	From the beginning to the end of the news interview
()
	Image, voice, text, and other data and text collection of the interviewee and interview site
)
	Transmission links, e.g., the Internet
)
	From the beginning of news data transmission to the end of transmission
)
	Digital coding of images, voice, and text of the interviewees and interview site
)

	3
	Information processing
)
	Transmission links such as the Internet
()
	From the beginning of news data transmission to the end of transmission
)
	Images, voice, text, and other digital contents of the interviewees and interview site
()
	Video processor, audio processor, codecs, news editing and clipping subsystem, etc.
()
	From the beginning of digital decoding to the completion of audio, video, text, and fusion processing
)
	News video, audio, text, and fusion material information
)

	4
	Data space
)
	Video processor, audio processor, codec, news editing and clipping subsystem, etc.
()
	From the beginning of digital decoding to the completion of audio, video, text, and fusion processing
)
	News video, audio, text and fusion material information
()
	News database
)
	From entering news video, audio, text, and fusion information into the information database to deleting the corresponding content or disabling the database
)
	News video, audio, text, and fusion information
)

	5
	Information processing
)
	News database
)
	From entering news video, audio, text, and fusion information into the information database to deleting the corresponding content or disabling the database
)
	News video, audio, text, and fusion information
)
	News media production subsystem
)
	From when news media began to accept video, audio, text, and fusion information to the completion of the production of publishing content editing.
)
	News video, audio, and text content with broadcasting and publishing conditions
()

	6
	Information transmission
)
	News media production subsystem
)
	From when news media began to accept video, audio, text, and fusion information to the completion of the production of publishing content editing.
)
	News video, audio, and text content with broadcasting and publishing conditions
)
	Internet transmission link
)
	From the beginning to the end of the transmission of news articles
)
	Digital coding of news manuscript
)

	7
	Information
action
)
	Internet transmission link
)
	From the beginning to the end of the transmission of news articles
)
	Digital coding of news manuscript
)
	Television, radio, newspapers, mobile phones, etc.
)
	From the beginning to the end of the news broadcast and reading
)
	News video, audio, web pages, text, etc.
()



2. Inferences of some information properties
2.1. Inference of information reducibility
Information  is a surjective map of  onto  and is called injective if for any , with 
                      (S1)
there holds

If information  is injective, then it is called invertible since it is surjective by definition. In this case, there exists an inverse map   of . That is, for any , there exists a unique set of , s.t.
                   (S2)
This means that
                     (S3)
For the invertible information , we say that  on  of  can be reduced to the state  of  on  by , and call the information  reducible and  the reduction state of information .
2.2. Inference of information transitivity
Information  is a surjective map from  onto . If there exists the set  in the objective world, the time set , the set  of all states of  on , and a surjective map 
                         (S4)
with
                      (S5)
then

is also an information, where the set  is denoted by . This is the transitivity of pieces of information.
2.3. Inference of information compositionality
For two pieces of information  and  with
                        (S6)
if for any , there holds 
                  (S7)
then  is called sub-information of , denoted as . We also say that  is contained in . 
If, moreover, there holds , then  is called a proper sub-information of , denoted as . We also say that  is properly contained in .
If  and  are two pieces of proper sub-information of the information  with , then  is said to be a combination of  and , denoted as .
Naturally, it can be decomposed or combined into several new sets, so the information is combinatorial.
3. Arguments of modifications of some metrics
3.1. Volume
In the previous work of the OIT [1], the volume metric is defined as .                       
Here, information volume  is defined as some measure  in the measure space of carries . However, this definition does not consider the information presented in the temporal dimension. Therefore, in this paper, the metric is modified by the measure space of the reflection set . Thus, the revised metric is defined as . 
3.2. Delay
In the previous work of the OIT [1], the delay metric is defined as . This definition of delay represents the maximum from the beginning of the occurrence time of the atomic information state to the end of the reflection time. Here, the delay is modified as .
This modification represents the delay from the end of the state occurrence time to the end of the reaction time in the information, which can better reflect the objective characteristics of the information without considering the factor of the occurrence time itself. In addition, defining the delay by the difference between the reflection time of the whole information and the occurrence time of the state is more concise and clearer than considering the delay of all atomic information, and has more deterministic significance for reducible information.
3.3. Granularity
In the previous work of the OIT [1], the granularity metric is defined as . Here,  is some measure on ,  is an index set, and  is an index. This original definition of granularity is modified in this paper, because the current criterion that uses the average value to define the granularity is more general than the way of using the minimum value to define the granularity.
4. Explanation of information system efficacies
Amongst the various efficacies, volume efficacy is the most fundamental one that information systems act on information. In practice, each link of information collection, transmission, processing, data space, and action can affect the volume efficacy by changing the capacity of the system. For example, the insufficient storage of information collection, data space, and information action will lead to the reduction of the volume efficacy of information systems. The insufficient channel bandwidth of information transmission system will lead to discard part of the information, thus reducing the volume efficacy. Information processing also needs enough storage space to support, thus also affects the volume of information. Note that information processing systems can affect volume efficacy by the data compression processing, that is, the total information volume of whole system is increased by the decompression of some information.
Delay efficacy is the ability of information systems to change the delay metric. In fact, all information flows and processing require a period of time, so each link of information collection, transmission, processing, data space, and information action will certainly affect the delay metric. However, through the improvement of hardware or algorithms, each link can also achieve the lowest possible delay, so as to optimize the delay efficiency of the whole system. In particular, in the information processing link, the state set of the noumenon in the future can be predicted by the extrapolation algorithm in time dimension, which can actually reduce the delay metric of information and thus improve the delay efficiency of the information system.
Scope efficacy characterizes the ability of information systems to change the scope metric of information noumena. In the information collection link, the scope metric of information acquisition is affected by the energy, distribution, and other physical attributes of the acquisition equipment. For instance, the physical parameters such as antenna aperture, transmitter power, receiver sensitivity of radar determine the radar’s detection range, viz. the scope of acquired information. The information processing link can also affect the scope effect of the output information due to the differences in the algorithms or the equipment. Note that although the information processing link does not directly involve the information noumena, it can also extend the scope of information noumena through the extrapolation algorithm in spatial dimension, thereby improving the scope effect of information. Data space, as the reflection of the real-world in information systems, certainly affects the scope effect of information by the integrity of the data model, database capacity, and etc. Remarkably, the volume efficacy of information transmission step can also affect the scope effect of information, but in an indirect manner. Here, we can assume that the information transmission does not have the scope efficacy.
Granularity efficacy is the ability of information systems to change the information granularity metric. Granularity metric characterizes the meticulousness of information noumena. In the information acquisition link, the granularity metric of information can be affected by the aperture area of the acquisition device, the number of sensors, and other physical attributes. For instance, the number of photoelectric sensors integrated in the video information acquisition device determines the resolution or pixels of the video picture, which is the granularity efficacy of information acquisition. Information processing will also affect the granularity-effect of information due to the differences in the algorithms or the equipment. For instance, through interpolation algorithms in spatial dimension, it is possible to optimize the granularity of information. Data space can also affect the granularity effect of information by factors such as the model integrity, granularity, and database capacity. Similar to the analysis of scope efficacy, the information transmission does not directly have the granularity efficacy on information.
Variety efficacy is the ability of information systems to change the information variety metric, which characterizes the richness of the state set types of information subjects. Each link in information space can affect the variety metric of information. The information acquisition and action can obtain and output different types of information owing to the differences in input and output methods. For example, microwave acquisition and audio acquisition devices can obtain different input information, and optical output and audio output devices can also produce different output information. In information transmission, various protocols for different types of information have been designed and implemented, which can standardize and simplify the system interface, ensuring the transmission efficiency. Different types of information naturally require different processing methods, which obviously affects the variety effect of information. The internal structure, model design, and storage capacity of data space are directly related to the richness of information types, and thus affect the variety effect.
Duration efficacy is the ability of information systems to change the information duration metric. Duration characterizes the time span of information continuity. Therefore, the duration of information collection directly determines the duration metric of information, and the duration of information processing also affects the duration metric of output information. Although in many cases, the duration of information transmission does not necessarily affect the duration metric of output information, there are some special cases that the duration of information transmission will directly affect the duration metric. For instance, the case of live broadcasting, usually occurs in radio and television. In general, information processing does not directly affect the duration metric of information, but by extrapolating, the state set of information can be expanded in time dimension, which actually affects the duration metric of information. Obviously, the storage capacity and structural design of the data space can directly affect the duration metric of information. Therefore, all links in information space have duration efficacy.
Sampling rate efficacy is the ability of information systems to change the information sampling rate metric, which characterizes the occurrence density of the information state set in time. Obviously, the density of information collection directly determines the sampling rate metric of information. For instance, Nyquist sampling theorem shows that for periodic sine function curve, as long as the sampling rate is higher than half of its frequency, the original function curve can be restored by sampling information. Similarly, the frequency of information action can affect the intensity of the output information, viz. the sampling rate metric. In information transmission, if the bandwidth of the communication system is higher than the sampling rate of the input information, it will not affect the sampling rate of the output information, otherwise it will inevitably reduce the sampling rate. In general, information processing does not directly affect the sampling rate metric of information. However, through interpolation, the state set can be predicted in time. Thus, information processing can also affect the sampling-rate metric of information. The storage capacity and structure design of data space can directly affect the sampling rate metric of information. Therefore, each link in information space has sampling rate efficiency.
Aggregation efficacy is the ability of information systems to change the aggregation metric, which characterizes the closeness of the elements in the information state set. Normally, information collection and transmission does not directly affect the information aggregation. Through the analysis, association, and fusion of information processing, the internal pattern of information state set can be revealed, which improves the information aggregation metric. The internal structure and model design of data space can directly determine the aggregation metric of information. The information action, which is based on information processing and data space, certainly has the aggregation metric of information. Therefore, the information processing, data space, and information action have the aggregation efficacy.
Coverage efficacy is the ability of information systems to change the information coverage metric, which reflects the pervasiveness of information carrier and its copies. In general, information collection does not involve the formation of information copies, so it has not the coverage efficacy. Information action ultimately produces output information, and the scale of action directly affects the coverage metric of information. In information transmission, the distribution of communication networks determines the coverage of information, so information transmission has the coverage efficacy. Although information processing does not directly interact with users, the targeting or distribution processing determines the targets of information action, so it also affects the coverage metrics. Both the distributed structure design and the replica distribution range of data space are directly related to the coverage metric. Therefore, there are information transmission, processing, data space, and information action that have the coverage efficacy.
Distortion efficacy is the ability of information systems to change the information distortion metric. Obviously, most of information collection are physical or human-in-loop processes, which often produce errors due to various reasons, thus increases the distortion of information. Similarly, most information actions are also physical or human-in-loop processes, which can also affect the distortion metric of information. Information transmission can increase the distortion of information due to the limitation of communication bandwidth, error code, packet loss or other reasons. Information processing can increase the distortion of information due to computation errors, whereas the filtering, smoothing or other processing algorithms can reduce the distortion metric of information. Information representation and storage in the data space can also affect the distortion metric of information. Therefore, all links in information space have the distortion efficacy.
Mismatch efficacy is the ability of information systems to change the information mismatch metric. The information mismatch metric reflects the degree of deviation to the needs of users. Note that all users concern the distortion metric. As each link in information space has distortion efficiency, it can be simply inferred that each link also has mismatch efficiency.
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