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1 Atmospheric Science

Since the 19807 s, the developments of meteorological science in China
have entered into a new era. Copious investigations and significant
achievements have been made in the researches on weather, atmospheric
dynamics, atmospheric chemistry and physics, climate dynamics, global
climate change, atmospheric boundary layer, climate resources, medium to
long-term Numerical Weather Prediction ( NWP), tropical meteorology.
agricultural meteorology, and polar meteorology, etc. A technical platform
for the medium to short-term NWP has been established. Monitoring and
early warning of typhoon, torrential rain., heavy snow, and dust storms have
been put into practice. Wind and solar energy resources have also been
exploited and utilized. These accomplishments have made great contributions
to the disaster prevention and mitigation at the national level of China. It is
worth mentioning that the global climate change researches pioneered by
Chinese meteorological researchers have made great impacts on the
international science community. A supporting network for scientific decision
making in response to the global climate change in the aspects of politics,
social economy development, and environment protection has been built up.
Chinese scientists have played leading roles in the implementation of several
regional-scale international scientific experiments and plans.

In the 21st century, there is an increasing trend for the basic and applied
atmospheric research to be syncretized. Interdisciplinary, cross-subject and
complementary researches have become the major tasks in the modern
meteorological sciences. Advanced observing techniques have facilitated the
launch of a series of meteorological satellites and establishment of highly
automatized ground-based observing systems. The capability in atmospheric
chemistry ecological and oceanographical observations has also been largely
improved. Ground based measurements are supplemented by the
measurements from and beyond the troposphere with combined conventional
and non-conventional approaches and a wide geographic coverage for China
and adjacent areas. A comprehensive observing and monitoring network of
weather and climate has been constructed. The Fengyun satellite series have

been successfully put into the operational use and are officially placed into the
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global array of the earth observing satellites by the World Meteorological

Organization (WMQO). The fact entitles China to be one of the few countries
in the world that are able to research, produce, launch, and take control of
both the polar-orbit and the stationary meteorological satellites.

The meteorological modernization signifies the development level of a
nation. The Chinese meteorological enterprise should follow the speeches
given by President Hu Jingtao and Premier Wen Jiabao when they visited the
China Meteorological Administration, that 1is, providing best public
meteorological services, encouraging the meteorological science innovation,
and enhancing the equipment, technology, human power, and observation
station development. The ultimate goals are to build up an advanced modern
meteorological system, to make a transition from a big meteorological country
to a strong meteorological country, and to provide first-class meteorological

services for the overall well-being of China.

2 Palaeontology

2.1 Introduction

Palaeontology is an interdiscipline science involving geology, biology and
dealing with scientific questions, such as the origin, evolution of life on the
earth, the interaction of organisms and the environment, and the origin and
preservation of natural resources in the geological records. Palacontology has
a long history, since its birth in late 19th century in China. However the
significant progress has not been made until early 20th century; when new
sub-disciplines have been developed, interdisciplinary fields have been
expanded, and new theoretical studies have emerged. Since the late 1970’s,
Chinese palaeontology has entered a rapid growth period. A significant
number of young researchers in palaeontology have come on to the stage.
Very active in domestic and international academic circles, they have made
important contributions and gained international recognition. China has
become one of the hottest county in contemporary palaeontological study. In
recent years, Chinese palaeontologists aim at the international academic
frontiers and make a series of rapid progresses, thus remarkable new

achievements have been made in basic research, service for the national
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energy strategy and socio-economic development, popular science education

as well as personnel training and international exchanges. Palaeontology has
become one of the most prosperous physical sciences contemporarily China,
which becomes backbone of the international palaeontology circles. Thanks to
over thirty year’ s reform and opening-up poling to the outside world in
China, the academic status of palaeontology in this country has risen up
among the international academic community. Significant achievements and
great contributions have been made in China for the world palaeontology.

2. 2 Important results and achievements

(1) Proterozoic biological evolution: The origin and early radiation of
Eukaryotes in Proterozoic is one of the most profound innovations in the
human’s history. Some important fossil evidences, such as the discovery of
Eukaryotes in the transitional interval between  Archean and
Paleoproterozoic, the multicellular algae and stem-group animals including
the lichen-like fossil ca. 600 Ma, the earliest skeleton fossil, the earliest
animal body fossil, the earliest embryos and fossil corallinaleans, and green/
brown algae in the Neoproterozoic Edicaran Doushantuo and Dengying
formations, have extended the root of the evolution and diversification of
Eukayotes far back into the Proterozoic, and made a best annotation to the
Darwin’s doctrine of evolution.

(2) The Cambrian explosion: In last five years, discoveries of new
Cambrian fossils are in the highlights of palaeontology in China. These fossils
include the phosphatized embryos (earliest ctenophores) and meiofauna
(earliest euarthropods), Cambrian Ediacaratype fossils, and arthropod with
collective behavior. New hypotheses about origins and early evolution of
arthropods. deuterostomes, and vertebrates have been proposed based on
these Chinese materials. High-resolution stratigraphy and chronology during
the Cambrian explosion interval have been achieved based on the integrated
study in China.

(3) The great Ordovician biodiversification event: The great Ordovician
biodiversification event could be discussed against graptolitic biozones, and
further refined than ever before in China. Taxonomically, the Ordovician
brachiopod radiation, the taxonomic diversity of trilobites, and the diversity

change of graptolites show different patterns on the Yangtze Platform and the
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Jiangnan Slope. The Ordovician brachiopod radiation of South China first

occurred in the shallow marine environments, and then gradually expanded
their ecospace to both more offshore and near shore benthic regimes. The
great Ordovician biodiversification of South China was also manifested by
faunal turnover in all major groups.

(4) Mass extinction and recovery: The biodiversity pattern of South
China from Neoproterozoic to Triassic has been established based on a large
palaeontological database. Both the end-Ordovician mass extinction and the
end-Permian mass extinction in South China consist of two phases. The later
one is a catastrophic event which caused the demise of Palaeozoic evolutionary
fauna and the collapse of Late Permian ecosystem. This mass extinction was
followed by a much longer recovery which lasted for more than five million
years than the recovery after the end-Ordovician mass extinction.

(5) Palaeoecology. palaeoclimatology. and palaeobiogeography are the
three major subjects branching from palaeontology. They are all related with
each other and concern with multiple disciplines. It is especially obvious in
the new branches of palaeoclimatology, such as molecular palaeoclimatology,
loess  palaeoclimatology.,  carbonate palaeoclimatology,  astronomical
palaeoclimatology and dynamical palaeoclimatology.

(6) Biostratigraphy and Chronostratigraphic System: In the past
decades, China has achieved remarkable progresses in the application of
palaeobiology in biostratigraphy. Among them, the most glaring progresses
are the establishments of 9 GSSPs in South China, which include the bases of
Guzhangian Stage (Cambrian), Furongian Series ( Cambrian), Dapingian
Stage ( Ordovician), Darriwilian Stage ( Ordovician), Hirnantian Stage
(Ordovician) , Visean Stage (Carboniferous), Lopingian (i. e. Wuchiapingian
Stage, Permian), Changhsingian Stage (Permian), and Triassic System (i.
e. Induan Stage).

(7) Mega-invertebrate palaeontology: In the last five years,a series of
achievements have been made in the study of mega-invertebrate
palaeontology, including systematic summary of the critical mega-invertebrate
palaeontology, the origination, radiation, mass extinction and recovery
during the critical geological periods, study on marine stratigraphy in China,

co-evolution between creatures and environments, and many models, new
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methods of analysis and techniques, and the population study.

(8) Vertebrate palaeontology: Significant progress has been made in the
field of vertebrate palaeontology in China. Some of these discoveries have
been reported in Nature, Science and PNAS by Chinese vertebrate
palaeontologists. Remarkable contributions have been made to the study on
the origin of vertebrates, including new discoveries of osteichthyes (bony
fishes) . sarcopterygians, and tetrapods. Discoveries and studies of marine
reptiles from the Triassic of Southwest China have been performed. New
discoveries of frogs and salamanders from the Jehol Biota include lizards, over
10 different species of feathered dinosaurs, reconstruction of the habit of
some theropod dinosaurs involving four-winged dinosaurs. Many new species
of birds have been reported from the Early Cretaceous of Northeast China,
which have greatly improved our understanding of the morphological
differentiation and ecological and evolutional radiation of early birds; and
finally, over ten different species of Early Cretaceous mammals that include
eutherians and metatherians have been reported.

(9) Micropaleontology: The marine micropalaecontology plays a key role
in the study of palaeoceanography and evolution of ancient East Asian
monsoon; whereas terrestrial micropalaecontonlogy provides evidence for
determining stratigraphic age and regional correlation, especially in the
complex structural areas. Micropalaeontology plays a decisive role for the
high-resolution division and correlation of stratigraphy, especially the
establishment of international GSSP (such as the P/T boundary) based on
the investigations on a number of important fossil categories. In addition, the
summary of systematic micropalaeontological research has made several
achievements; some new developing tendencies are emphasized for some
research areas, including the combination of geochemistry, mathematical
modeling, and other aspects of discipline developments.

(10) Palaeobotany and palynology: The studies on the origin and
evolution of early terrestrial vascular plants in China are close to the
international level. The Pre-Cathaysian Flora concept is proposed and the
non-marine floral successions have been established. The systematic
taxonomical studies were made for some representative plant groups as well

as the coal-ball flora. Further studies on the reproductive structures of
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Mesozoic ferns lead to the natural taxonomy of this plant group. The

discovery of fossil Ginkgo specimens from the Early Cretaceous in western
Liaoning represents the missing link of the evolutionary process of Ginkgo.
Comprehensive overview of Ginkgoales was made with emphases on their
classification, fossil record, distribution and evolutionary trends. The
structural preservations of fossil cycad stem, leaves, and petrified wood have
been reported from the Triassic and Jurassic deposits in China. The Jurassic-
Cretaceous paleo-CO, was reconstructed based on fossil Ginkgo leaf stomatal
parameters., The curve of climate quantitative change from Paleogene to
Neogene was firstly reconstructed in China and even in Asia. The study on
fossil angiosperm material from the Jehol Biota has promoted the global
investigations on origin and early evolution of angiosperms. Through efforts
made in the last 20 years, the achievements accomplished by Chinese
palynologists have attracted much attention from the world, and international
cooperations involved with some very important and major national scientific
programs have increasingly conducted.

(11) Molecular palaeontology: A number of research groups in
molecular palaeontology have been studying two major problems in China:the
first one is extracting ancient DNA from geological record with emphasis on
Quaternary mammals; the second one is building the time tree of life
combining genetic and fossil data with emphasis on early animal divergences.

(12) Geobiology: The recent understandings suggest that the geobiology
should be considered as an interdisciplinary subject involving earth science
and life science as well as environmental science. Geomicrobiology has
received relatively more attentions in the field of geobiology. Many scientific
organizations have placed geobiology or the interaction of biosphere with
other Earth’ s spheres on the strategic strong points in the new age, and
provided special supports in recent years. The basic theory, disciplinary
system, and practical application of geobiology have been reasonably
investigated and considerably developed in China during the last decade.

( 13 ) Palaeoanthropology: For the past 10 years, the Chinese
palaeoanthropological studies have been mainly focused on evolution and
classification of early Pleistocene hominins in China, evolution and variations

of Chinese Homo erectus, late Pleistocene human evolution and modern
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Chinese origin, technique as well as behavior and living patterns of
Pleistocene humans in China. Some important advances have been made,
there are discoveries of Nanjing Homo erectus fossils, and series of related
studies; fossil feature and evolution of Chinese Homo erectus and archaic
Homo sapiens; some important late Pleistocene human fossil discoveries and
studies of formation as well as diversification of modern human population;
Miocene hominoid studies; behavior and techniques of Pleistocene humans in
China; and theories of human evolution in China.

2. 3 Future development and perspectives

China has rich resources in geology and palaeontology, the recent new
and fantastic fossil discoveries in Weng ’ an ( Guizhou), Chengjiang
(Yunnan), Guanling (Guizhou), Jehol (west Liaoning), and other places
have opened a windows and raised new questions for further in-depth
research. In a perspective for future studies in palaeonotology, the emphasis
is placed on strengthening the research foundation by continuing traditional
quality in hard research of fossil taxonomy and biostratigraphy. On this basis
of this, new techniques and methods need to be employed with emphasis on
comprehensive study of multi-taxa and multi-disciplinary interactions. The
extensive cooperation with domestic and foreign experts and institutions in
different fields is needed. It is supposed to be prioritized that young
researchers should get comprehensive training to get solid palaeontogical
background for the future.

Despite of recent success of palacontology in China, there are a number
of the challenges and problems for the disciplinary development in the coming
years. These challenges and problems include the lack of ability to apply new
analytical means to the studies, fostering the solid palaeontological research
skills of younger generation, the lack of synthetic and theoretical studies of
large data sets, and insufficiency of strongly integrative cross-taxa and cross-
age researches. More academic exchanges among colleagues in various
Chinese institutions are also necessary. More effective proteetions for fossil
sites and curtain of fossil collections are needed by mean of establishing
relevant laws and regulations in China. Establishing or reinstalling more
formal programs in China’ s qualified universities is called for in order to

ensure that students have access to palaeontology and those who are
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interested in the science will have the opportunities to enter the field. This is
essential for the sustainable development of palaeontology in China.

As China is becoming a critical and high potential region for international
palaeontological researches, it is expected that with sufficient support from
the government, Chinese palaeontologists will play an increasingly greater
role in the international academia, natural resources exploration, and public

education.

3 Microbiology

Microbiology is one of the fundamental disciplines for life sciences. It is
related to human health, industry, agriculture, environment, and
ecology, etc.

A well-developed system has been established for the microbial taxonomy
and collection with leading roles in some aspects of the taxonomy area.
Recently, microorganism’ s preservation was rapidly developed. Both
preservation technique and depositing quantity entitle China to be listed as a
leading country in the world. Some description criteria and technological rules
have been instituted. large quantity of strains have been preserved and have
standardized description. Simultaneously, the information related to them has
put on the website of National Science and Technology Infrastructure for
public inquiry. More than 180,000 cultures have been provided to about 5000
institutes, universities, and companies for different purposes.

Many great progresses have been made in several aspects of hepatitis
viruses, Mycobacterium tuberculosis, AlDS-related virus., Streptococcus
suis s Yersinia pestis, Helicobacter pylori, bird flu virus, HIN1, and the
construction of national surveillance network for infectious diseases. Genome
sequences have been decoded for some medically important bacteria, such as
Yersinia pestis, Streptococcus suis, Mycobacterium tuberculosis, etc.
Human-to-human transmission of Anaplasma was first reported by China
CDC. The preventive/curative vaccines of hepatitis B, AIDS-related virus,
and M. tuberculosis have been put into the clinical trials. Vaccine
certifications for bird flu, HIN1 flu virus, and H. pylori had been issued by

State Food and Drug Supervision Administration.
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Metabolic engineering of microbial secondary metabolite biosynthesis can

not only improve the yield of active compounds and decrease the production
cost and ultimately cut down the drug price, but also generate some new
compounds with bioactivities. It will provide broad and abundant sources for
the drug discovery and development. Metabolic engineering has been
purposefully employed to modify or update the biosynthetic pathway of the
metabolites and optimize the characterization of the secondary metabolism by
integrating with genomic, transcriptomic, proteomic and metabolomic
technologies. It is expected to improve the productivity of industrial
microorganisms or to get novel metabolites.

The advance of agricultural microbiology in recent years in China mainly
focused on the fields of collection and evaluation for the resource of the
agricultural microorganisms, the nutrients transformation and the
bioremediation for soil environments conducted by the microorganisms. By
now, the Chinese collections of the microbial resource ranks the third place in
the world with more than 15000 cultures; especially the collections of rhizobia
and the strains of pesticide-residue decomposition are the largest in the
world.  The mechanism of associated-azotification has made a huge
breakthrough with Pseudomonas stutzeri A1501. Its complete genome was
decoded and the regulation of the genes of nitrogen-fixation islands was
studied. Also the study of Plant Growth Promotion in Rhizosphere (PGPR)
has deeply advanced in the resource collection and mechanism study for their
functions. It has been proved that the strains of PGPR would play an
important role in decreasing the soil obstacles to the continuous cropping and
the field would be the continuous focus on the study. The applications of new
techniques and methods, especially the technique of meta-genomics, have
greatly promoted the progress of agricultural microbiology study.
Furthermore, the study of the biodiversity and its function of soil
microorganism, functional analysis for the genome and proteome for the
important microbial resource will become the hot topics and from up an
advancing frontier in this field.

As for the industrialization of agricultural microbiology. the biofertilizer
and biocontrol products have occupied the leading positions in the microbial

products, and the industry received the attention from national government
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and national support by means of scientific inputs and industrialization

programs. By now, the biofertilizer industry involving in more than 600
production enterprises has the production capability of more than 8 million
tons and the value of the output has surpassed 10 billion Yuan per year.
Regarding the industry of biological pesticide, its market demand was 150000
tons and the value of the output is near 1 billion Yuan per year. In a word,
the industry of agricultural microbiology will further support the maintenance
and promotion of soil fertility, enhance the quality and health of tillage soil,
and ensure the continuous stabilization of agriculture production and the
quality safety for agricultural products.

Enzyme engineering is an integrated technology of enzymology and
engineering, and becomes one of the major fields of modern biotechnology. In
recent years, China has made some progresses in the enzyme engineering
research. Several enzymes have been developed for the practical applications
in industry.

Microorganisms, due to their diversities, rapid mutation, and versatile
metabolic abilities, are involved in the transformation of millions of natural
compounds and xenoboitics. As a major member in ecosystem,
microorganisms give full play to the substance cycle and environment
protection. As one of the ways to solve the global problems of environment
and resources, environmental microbiotechnology is an important part of the
stratagem for the sustainable development, and is the flourishing industry in
the 21st century. In the field of collection of environmental and unculturable
microbiological resources, thousands of microorganisms that are capable of
high efficiently degrading Persistent Organic Pollutants (POPs) including
pesticides, Poly-Chlorinated Biphenyls ( PCBs ), Polycyclic Aromatic
Hydrocarbons (PAHs), halogenated aromatics, nitro aromatics and dyes,
have been isolated. The culture technologies of new extremophiles have been
developed. A series of world class progresses have been made in the
petroleum biodesulfurization. Chinese scientists have contributed greatly to
the study of microbiological degradation mechanism of aromatics, especially
of the halogenated aromatics and nitro aromatics. In the field of
bioremediation of pesticides residues, more than 500 microorganisms that are

capable of degrading various pesticides have been isolated, and the novel
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pyrethroid hydrolase gene (pytH) and chlorothalonil hydrolytic dehalogenase

gene (Chd) have been characterized. The metabolic pathways for some
pesticides including hexachlorocyolohexane have been elucidated. The
industrialization of the organophosphorus hydrolase enzyme is achieved. The
phyto-microbial remediation of POPs contaminated soil has applied in the
middle scale. The biotreatments of hazardous wastewater and municipal
garbage landfill leachate have been applied in the large scale. Even if great
progresses have been made in environmental microbiology, further studies
need to carry out on the microorganism resources in extreme environment,
the functional genomics of environmental microorganisms, biodegradation of
pollutants and bioremediation of pollutants contaminated-sites, and
engineered biotreament of wastewater and garbage landfill leachate.

Marine microbiology is a newly developing discipline and interests in the
origins and evolution, classification and distribution, growth and
reproduction, physiology and biochemistry, heredity and variation of marine
microorganisms, as well as their interactions with marine environment and
with other organisms. The utilization and development of marine microbial
resource has become the major subject in recent several decades. Down to
date, more than 20, 000 structurally unique and pharmacologically active
compounds have been isolated from marine microbes. The well-known
cephalosporins that isolated from a marine fungus ( Cephalosporium
acremonium ) has become a global first-line anti-infective agent against
infectious diseases and yielded a huge market which is more than 60 billion
US dollars per year. Cyanovirin-N, a polypeptide consisting of 101 amino acid
residues isolated from the marine cyanobacterium Nostoc ellipsosporum, has
completed its phase III trials as a new medicine for prevention and treatment
of AIDS. Others, for example, marine microbes-derived anti-bacterial
istamycin, anti-malarial aplasmomycin, anti-viral halovir A as well as anti-
cancer macrolactins are now in the different phases of the clinical trials.

According to WHO’ s estimation, thousands of millions of cases of
foodborne disease occur every year around the world. As many as one-third
population in industrialized countries may be affected by foodborne illness
each year, and the disease results in human suffering and economic losses

that could be run into billions of US dollars. Therefore, the risk assessment
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and risk management for microbial hazards in food have great significance for
the food safety. Foodborne microbial hazards can be caused by bacterial/
toxins contamination, virus infection, and fungal toxins, etc. As food safety
and environmental issues have become increasingly prominent, the demand
for the detection of various microbiological toxins will increase, and the
detection as well as analysis techniques with sensitivity, specificity, and
rapidity will also become more stringent requirements. Biological toxin
studies in China have advanced in many aspects, including the research on
detection of Staphylococcus aureus enterotoxins, mycotoxin, and micro-algal
toxins (MC-LR) by newly developed ELISA, immunochip and biosensor. By
the end of 2008, 17 microbiological criteria for food standard formulation had
been established or revised, involving Staphylococcus aureus, E. coli 0157 :
H7, and Cronobacter sakazakii, etc. The results of serial experiments
suggest that gut-derived endotoxemia could account for the inflammatory
mediator formation and release, which might be involved in the pathogenesis
of sepsis and multiple organ dysfunction following severe hemorrhage,
trauma, and burnings.

There are also excellent progresses in the following areas: namely,
biosynthesis of gene clusters for genetic recombination and reconstruction of
metabolic pathways, regulatory networks for some antibiotics and
heterogenous expression of gene clusters. The studies showed that ocean
microoraganism has played an important regulatory role in ocean ecology.
Metagenomics has been successfully used for the studies on human gut
microbial population and on microbial population in bioreactor. The advances
that have made in virology and mycology are very attractive and interesting.
The survey results of fungi in tropical and northwest areas have been

compiled into a book and published in English.

4 Ecology

Ecology is a scientific discipline concerning relationships between
organisms and their environments. For nearly a century, along with the rapid
increasing human population, exploration of natural resources, and

continuous disturbance of ecosystems, the global ecological environments
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have changed dramatically, such as global warming, sea level rising,
atmospheric and water pollution, biological invasion, loss of biodiversity,
degradation of ecosystems, water shortage and desertification. Environmental
problems not only are the greatest challenge mankind facing in the 21st
century, but also a key issue for the sustainable development of our
overcrowded planet.

Meanwhile, China has also suffered from ecosystem degradation including
ecosystem instability, decline in ecosystem services, and intensification of
ecological disaster. Ecological and environmental problems are becoming
more complicated, and the overall situation is dim. For instance, the average
annual expansion of desertification in China was 1 560 km* in the 1960’ s,
2100 km?* in the 1980”7 s, and 2460 km?” in the 1990’ s. According to the
second national remote sensing survey conducted in 1999, China’s water
erosion area was 1. 65 million km?, accounting for about 17. 2% of total land
area of China. In China, there are about 4000 ~ 5000 endangered higher
plants, and 398 endangered vertebrates, among which, 258 wild animals are
facing extinction. Due to the globalization of economies, a continuous
introduction of exotic species into China has resulted in the rapid spread of
alien plants and animals, which has become a serious matter in regards to
national food security, ecological security, and economic security. At
present, China has more than 50 species in a list, released by the World
Conservation Union, of the worlds 100 most threatening alien species.

Ecology can provide a theoretical basis and action guide for the
coexistence of human beings and the natural ecosystems. In order to achieve
this goal, the development of ecology in recent years has been focusing on the
following four aspects.

In terms of scientific discovery and understanding mechanisms of natural
processes, understanding the relationship between organisms and
environments is still an important issue in ecological researches. Classical
approaches such as observation, control experiment, and transect monitoring
are applied to investigate the effects of global change on the ecosystem
structure and function. The main topics are the biogeochemical cycles of
carbon, nitrogen and water, and the relationship between biodiversity and

ecosystem functioning.
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As respects comprehensive studies on multi-process, multi-scale and
multi-disciplines, the complexity of ecosystems needs the comprehensive
studies on multi-process, multi-scale and multidiscipline. The sustainability
science and complexity science come into being. The related main research
fields are network for observation of carbon, nitrogen and water flux in
terrestrial ecosystems, and restoration ecology based on multi-disciplines.

The lag between the presence of eco-environmental problems and its
detection requires ecologists to use system simulations based on knowledge
and make scientific predictions. The most famous example is modeling of
carbon and nitrogen cycles in terrestrial ecosystems.

In order to meet the needs of the society, main research directions
include the utilization of ecology and sustainable development, ecosystem
assessment and ecological regionalization, ecological restoration and
construction.

In the coming years, ecologists would continuously pay attention to the
above four key issues. The most important scientific questions in some
research fields for China are pointed out as follows:

In the field of global change biology, the most important scientific issues
concerning ecosystem and global change science include the response,
adaptability and sensitivity of major biological taxon and classic ecosystems to
global change and its underlying ecological processes; changes in the
relationship between biodiversity and ecosystem functioning under global
change; effects of global change on biogeochemical cycles and ecological
stoichiometry.

In terms of ecology of extreme environments and restoration of degraded
ecosystems, restoration ecology should combine the knowledge of different
disciplines with an adoptable natural process. Studies should focus on the
ecosystems and establish practical evaluation systems in order to protect and
restore natural ecosystems and evaluate the objectives and standards.

In terms of biodiversity and conservation biology, main research fields
of biodiversity and conservation biology are rapid assessments on the
biodiversity, conservation biogeography, the relationship between
biodiversity and ecosystem function, macro ecology, phylogenetic

biogeography. the effect of global change on biological diversity, DNA
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barcoding, and biodiversity inventory and monitoring.

In terms of mechanism of biological invasion and control, with the
increase of research materials and the improvement in research platforms,
there are more opportunities to elucidate the mechanisms of biological
invasion and develop more useful control methods. It is also expected to
achieve major breakthroughs in fundamental theory and monitoring
technology involving invasion species in order to meet major national
demands.

In terms of biogeochemical cycles, future research should prioritize more
on the regional biogeochemical processes, the role of microorganisms in
biogeochemical cycles and the coupling of the cycles of various elements. It is
also encouraged to strengthen the applications of new techniques such as the
ecosystem model, long-term simulation experiments, molecular biology,
stable isotopes, and ecological stoichiometry for the sake of pushing forward
the biochemical studies. It is also recommended to introduce human activities
to the biogeochemical cycles and assess its impacts.

In terms of ecological studies on water resource management, the
ecological studies on water resources management should focus on water
environmental issues in typical regions in order to explore the effect of climate
change and human activity on the availability of water resources, the
combined effect of vegetation and climate on river runoff and hydrological
processes, and the optimal allocation, sustainable use, and adaptive
management of water resources.

In terms of ecology and evolution of infectious diseases, studies should
focus on the relationship among the ecology, evolution of infectious disease,
environmental change, economic globalization, and diseases interfere.

In terms of ecological civilization and sustainable development of
ecology, the purpose for building ecological civilization is to understand,
simplify, control., and enjoy the complexity of ecological relationships, and to
achieve a sustainable development of between human and environment
through people’s plan, construction, management and advocacy. Some of the
emerging application fields in sustainable development ecology are ecological
restoration and ecological design of landscape, index systems of ecological

evaluation, systematic approaches of ecosystem planning, integration of
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ecological engineering technologies, integrated approaches of ecosystem

management, eco-tourism, ecological health, ecological construction, and

eco-industrial planning.
5 Rock Mechanics and Rock Engineering

Rock mechanics and rock engineering is an applied science discipline that
is closely related to the national economic construction and civil defense.
Rock engineering projects completed in recent years made a feature of large
scale, great difficulty, and huge number, and the construction tendency has
substantially promoted the development of rock mechanics and rock
engineering in China. A significant progress has been made in theories,
methods of rock mechanic and rock engineering technology, which has
attracted the worldwide attention. Professor C. Fairhurst, the former
president of International Society for Rock Mechanics (ISRM), wrote “the
future of rock mechanics lies with China” in a letter addressed to the editor-
in-chief of CSRME News Journal.

The rock engineering geomechanics that was proposed by Professor Gu
Dezhen from Institute of Geology of CAS 30 years ago has become a
theoretical foundation and methodology for the distinctive rock mechanics and
rock engineering. Wang Sijing and Sun Guangzhong have conducted in-depth
studies on the rock engineering geomechanics and further developed the
subject. Wu Faquan continued to investigate its quantification. In terms of
rock material strength theory, Yu Maohong established relationships among
various failure criteria and initiated a unified and systematic strength theory.
Chen Zongji(Tan Tjong-Kie), Sun Jun, and other scholars pushed forward
the researches on rock rheology. Some breakthroughs have been made in the
areas from theories to experimental techniques and methods. Xu Weiya and
others originated a new nonlinear elasto-plastic rheological model for the
rock. Based on the experiments, Xu Jiamo discovered that the elastomer
solidified from liquid phase has no initial strain energy but memory on the
solidification pressure. It is a brand-new understanding of solid properties
including rock material.

In recent years, many achievements have been realized in numerical
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methods and related theories. Significant contributions have been made by a

number of scholars. Tang Chun’an and others broke through a conventional
concept that the finite element method can be hardly applied to the mechanical
problems when dealing with inhomogeneity and discontinuum. They have
primarily implemented a numerical simulation for the deformation, fracture
and failure process of such material. The research work has won high praises
from the experts in the international rock mechanics community. Zheng
Yinren et al extended the usage of finite element methods. The thorough
studies have been carried out on the safety factor for strength reduction,
failure criterion and selection of constitutive relation, and strength criterion.
The results have greatly improved the accuracy and application scope of finite
element methods. Over the past decade, Xie Heping et al have studied
discontinuum problems involving rock fault, joint, coal fragmentation,
fragmentation characterization, and mechanical behaviors. A series of
distinctive and original results have been obtained, and have significant
internationall impacts on the field of rock mechanics. Feng Xiating has made
an important progress in the area of intelligent rock mechanics and related
engineering applications.

Zhu Dayong, Zheng Hong, and others have put forward explicit
expressions for the safety factor satisfying six equilibrium equations. They
have made a contribution to the three-dimensional limit equilibrium theory for
slope and the contribution has a great impact on the international science
community. Huang Runqiu has published his thesis stability evaluation and
disaster control for high slope in Southwest China, and made an important
progress through long-term exploration. The research work was received the
first prize of National Scientific and Technological Progress Award. In the
past few years, the technical difficulties and technical indexes encountered
with some representative major hydropower projects, such as the steep slope
for Three Gorges Project ship lock and slope for Jinping Stage I Hydropower
Station on Yalongjiang River, are the highest in the world. The success of
the projects marked that China has made a progress with leaps and bounds in
rock mechanics theory and techniques for rock slopes. The experts and
scholars in the field of rock mechanics and rock engineering have held a

number of technical consultations in this matter and contributed their
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professional expertise to the implementation of the entire projects.

Sui Haibo has developed a distributed optical fiber monitoring system
based on the BOT technology for slope deformation monitoring, and realized
the remote distributed monitoring and prediction for the whole slope. As for
slope reinforcement techniques, Northwest Research Institute of China
Railway together with related engineering, educational, and managerial
departments attained a number of invention patents. These patents have been
applied to the engineering practices and brought significant economic
benefits.

He Manchao ez al investigated and developed an experiment system for
the deep soft rock deformation. Systematic and in-depth theoretical
researches were carried out to study the deformation mechanism of soft rock
and the progress has been made in many aspects. Yangtze River Scientific
Research Institute and others studied rock mechanics problems related to high
geo-stresses encountered with the construction of major underground projects
in high mountains and canyons or in rock mass at great depth and acquired a
lot of new knowledge. Song Shengwu et al have studied design,
construction, and management of cavern groups with large span and high
sidewalls. A big progress has been made in theories, methodologies,
techniques and measurements. Qian Qihu has probed into the zonal
disintegration phenomenon in the surrounding rock masses for deep caverns
and put forward his own insights. Gu Jincai has reproduced the major
features of the phenomenon by using laboratory tests and identified the
occurrence conditions for the phenomenon. In connection with large
deformation in the surrounding rock masses induced by mining at great
depth, He Manchao has proposed a support concept in his paper titled large
cross section , deformation allowance, constant-resistance large-de formation
bolt and multiple grouting. He also developed a patented supporting
technique which is applicable for mine roadways and intersections with large
cross section and control of large deformation in the surrounding rock masses
for cavern groups. By means of the technique, the technical problems in
engineering practices have been successfully solved.

Cheng Liangkui et al obtained a series of innovative results on the design

of load transfer mechanism, structural form, grouting technology and

COPREHENSIVE REPORT ON ADVANCES IN SCIENCES



N

=%

<L
evaluation of long-term performance and safety for rock bolts. They also
established the technical standards for rock and soil anchorage techniques in
China, which led to rapidly development and radically upgradation of the
comprehensive technical level of rock and soil anchorage in China and edge
into the advanced ranks in the world.

Over the years, rock mechanics and rock engineering has kept a good
momentum for the development in China. Research achievements in some
areas have reached the international advanced or leading level. However,
comparing with some developed countries, there is still a relatively large gap
in experiment techniques, measurement technologies, and rock engineering
technologies; high-quality scientific research papers are quite few; a lot of
research works are in the status of follow-up and lack of originality and
innovation,

As an applied science closely related to the construction of national major
projects, rock mechanics and rock engineering will inevitably face more
opportunities and challenges in the 21st century. Everyone engaged in
research work involving rock mechanics and rock engineering field, especially
young researches, shall have a clear understanding on the importance of the

mission and corresponding responsibility.
6 Systems Science and Systems Engineering

On September 27, 1978, an article The Technology of Organization
Management—Systems Engineering written by Qian Xuesen, Xu Guozhi,
and Wang Shouyun was published in the Wen Hui Bao ; it marked the rise of
systems engineering discipline in China. And the theoretical framework for
systems science was subsequently established. During the past three decades,
systems engineering and systems science have developed rapidly, formed their
own disciplinary frameworks and features, and established the corresponding
academic institutions and discipline organizational system. In recent years,
the researches on systems engineering and systems science are carried out in
three layers: the engineering technologies of systems engineering, the
theoretical methods of systems engineering, and the fundamental theory in

systems.
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Systems science starts the research on a problem by investigating its
comprehensiveness and integrity with cross-cutting, comprehensive,
integrated and cross-sectional characteristics. Systems science mainly
investigates the general attributes and motion laws of systems. It not only
helps us to understand the systems with the laws that it reveals, but also
helps us to control over the systems based on the understanding of them.
Systems science is a discipline of methodology, which provides generally
applicable research methods, techniques and procedures to other disciplines
as well as a brand new pattern of thinking.

The fundamental theories of systems science mainly explore the structure
and function of systems, the general laws of the evolution, coordination and
control of systems. The complex system theory belongs to the fundamental
theory layer of systems science. According to the current situation., the core
theories of complex systems science include the areas as follows: the
emergence of generation theory, the complex adaptive systems theory, the
evolutionary computation theory, the self-organized criticality theory, the
artificial life theory, and the complex network theory.

The methodology of systems science is about the ways and routes that
should be followed when researching on the problems. As a kind of
methodology, reductionism has achieved a great success in the field of natural
science. The reductive method is dialectically unified with a holism method.
It breaks down a system from an integrated point of view, and then integrates
them as a whole to achieve an overall result of 1 + 1 > 2 and finally
researches and solves the problems as a whole. The comprehensive
integration of thoughts, the comprehensive integration of methods, the
comprehensive integration of theories, the comprehensive integration of
technologies, and the comprehensive integration of projects constitute the
comprehensive integration system of systems engineering discipline, which is
doubtlessly to have a great impact on the development of modern science and
technology, especially on the advancement of science and technology and
towards a comprehensive and integrated orientation.

The emergence and development of systems science reflect the
significance of the integrated and holistic trends in the development of modern

science. A comprehensive integrated method is the methodology that deals
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with the complex systems and it is a researching and working mode
implemented by the cooperation among expert systems and cooperation among
expert systems and machine systems. It is achieved by the following three
steps: the qualitative comprehensive integration, qualitative and quantitative
combined comprehensive integration, and the comprehensive integration from
qualitative to quantitative, which essentially constructs a human-computer
cooperative, human-network cooperative, and human-based comprehensive
integrated system of information, knowledge, wisdom, and effectively
addresses the complex cross-system problems. The purpose of the
comprehensive integrated method is to accelerate the development of systems
engineering, and the development of the comprehensive integrated method
will provide the scientific basis and methods for the further implementation
and development of scientific development concepts

Systems engineering has been widely used in the areas of agricultural
development, financial engineering, large-scale project management, traffic
engineering and management, grass planning and development industry, etc.
It is attempted to forecast the prospects of systems science and systems
engineering disciplines, and propose countermeasures and suggestions on the
systems science and systems engineering disciplines in order to reflect the

foresightedness of the disciplines development.

7 Tibetan Plateau Research

The Tibetan Plateau is a natural laboratory for the scientific researches
on earth sciences, life sciences, resources and environment sciences. In the
theoretical side, it has an important significance on lithosphere geodynamics
and global environmental change studies. In the practical aspeet, it also has
wide application prospects on revealing formation and distribution of mineral
resources, predicting climatic and environmental changes and their impacts,
and guiding regional sustainable development on the plateau. The researches
on Tibetan Plateau in China have advanced from previous general scientific
surveys to present multidisciplinary comprehensive studies focusing on some
key scientific issues. It has been gradually transformed and deepened from

mainly a qualitative study to the combination of qualitative and quantitative
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studies; from a static study to the dynamic studies; from a single discipline
study to the integrated studies, and from a regional study to the studies
closely linking up with the global changes.

The current scientific frontiers and social requirements of Tibetan
Plateau researches are mainly concentrated on following eight fields: complex
lithosphere structure and deep process as well as related basic theory of
continental dynamics; formation mechanism and reserves exploration of
energy and mineral resources; temporal and spatial processes of intensive
uplift and its impacts on the global environmental patterns; climatic and
environmental history and regulations in the key areas of global changes; land
surface-atmosphere exchange and climatic process as well as their impacts in
the unique regions; positive and negative feedback effects of ecosystem under
condition of climatic change; characteristics of life process and physiological
and ecological adaptability in extreme environments; fragile natural
environment and sustainable development of social economics during regional
developments.

The main progresses obtained on the Tibetan Plateau researches are:

As respects formation and evolution of the plateau and lithosphere
structure study, the Tibetan Plateau was combined by several blocks which
were split from ancient Gondwanaland and floated northward and then spliced
in different geological times. Before the collision between Indian and Eurasian
plates, the landforms in Tibetan area had shown the features of alternation of
basins and mountains. The deformation pattern of the plateau is not evenly
distributed. It focused on some zones with relatively thin earth crust. The
average crust thickness of Tibetan Plateau is about 70 km, which is two times
of normal continental crust. The crust thickness pattern of the plateau shows
the shape of an inverse convex lens with thin rim area and thick internal zone,
and furthermore the central part becomes thin again. The geophysical
exploration results suggested that the bidirectional convergent extrusion from
Indian and Eurasian plates is the main dynamic source for the plateau uplift.

As regards the uplift process of the plateau and the environmental
effects, there were three uplift periods and two planation stages in the uplift
processes of the Tibetan Plateau. The first uplift period occurred at about

45 ~ 40 MaBP and followed by the first planation stage occurred about 33
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MaBP. The second uplift period happened at about 33 ~ 30 MaBP and
followed by the second planation stage happened about 23 MaBP. The third

uplift period occurred at about 23 ~ 22 MaBP and produced the most intensive
deformation in Cenozoic. Afterward the accelerated uplift of the plateau
occurred at about 8 ~ 7 MaBP. The planation surface, glacial landforms.,
paleo-lacustrine changes, river system development and evolution., paleo-
karst, etc all have obvious reflections on the uplift of the plateau and
concomitant climatic and environmental changes. The uplift of the plateau
implied significant relations with formation and evolution of Asian monsoon
and desiccation of Asian inlands.

In terms of climatic and environmental changes since the Last Glacial
Maximum (LGM), the equilibrium line declined in LGM on the Tibetan
Plateau with big amplitude in marginal areas and small amplitude in interior
areas. Holocene climatic and environmental changes related to the plateau can
be divided into three stages, namely the boundary of 7 kaBP for early/middle
Holocene and 3 kaBP for middle/late Holocene, respectively. The climate in
early Holocene showed rather high temperature with intensive and frequent
warm/ cold fluctuations, and the middle Holocene had the warmest and most
humid climate while it became cool since late Holocene. The temperature
increased gradually in Tibetan Plateau area in the past 2,000 years, during
these years, there was a Medieval Warm Period (MWP). Three obvious cold
phases could be distinguished in Little Ice Age (LIA) period. The general
trends concerned the precipitation and temperature variation showed a
positive correlation.

As respects life processes and adaptation of human being to environment
of the plateau, the biota on the plateau is characterized by complex
geographical composition, plentiful unique components, abundant endangered
species, and uneven spatial distribution of different species. Ecosystems on
the plateau are various.indicated by the forest, shrub, steppe, meadow, and
desert from southeast region to northwest region of the plateau along with
increased altitude and latitude. The changes of morphology and reproductive
features of the animals and plants in extreme environment can rapidly and
accurately reflect their adaptive strategy to environmental changes. The

conditions of low oxygen density, special landscape biology and unevenly
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distributed environmental life elements have profound impacts on the
physiology and health of people who permanently live in this area, and show
the obvious expressions in the genetics and endemic diseases.

As regards the natural environment and its regional differentiation, the
natural environment of the Tibetan Plateau is characterized by the special
high-cold climate, prevalently distributed snow, ice, and frost weathering
effect, unique alpine flora and fauna and ecological adaptability. The natural
geographical factors perform the differentiation both in horizontal and in
vertical distribution. The combination of heat and water is different in
geographical zones, shows a successive changing trend from warm and humid
in southeast area to cold and dry in northwest area, and exhibits a horizontal
belt zone of the forest-meadow-steppe-desert. The vertical natural zones of
the mountain systems can be divided into two types of diverse spectrum
system; they are continental and monsoon system.

In terms of natural resources, disasters, and regional development, the
quantity and composition of the natural resources on the Tibetan Plateau,
such as land resources, water resources, grassland resources, and mineral
resources and so on, have been studied and evaluated. The major abrupt
natural disasters on the plateau are earthquakes, debris flows, low-
temperature frosts, heavy snow damages, etc. The slowly-occurred natural
disasters on the plateau are getting increasingly serious due to climatic change
and improper human activities. According to the resources and environment
features of the plateau, China should have a brand new developing concept for
the opening and cooperation, and ideas of leap-forward development, the
strategy of developing science and education, and special industries in the
process of sustainable developments.

The Tibetan Plateau research in China is generating more and more
important international impacts. The International Symposium on Tibetan
Plateau initiated by Chinese scientists has already entered into the
international serial conferences. The amount of publications and the total
citation rate related to the Tibetan Plateau research papers in China have both
raised from No. 3 to No. 1 in the world. The multidimensional cooperative
researches among China and many other countries have been formed.

In the future, the main scientific frontier issues involving the Tibetan

178 “ GOPREHENSIVE REPORT ON ADVANGES IN SCIENGES



=%

<<

Plateau researches in China will be focused on the continental collision

dynamics and the mechanisms of the plateau uplift; the uplift of the plateau
and abrupt environmental evolution; past climatic and environmental changes
on the plateau; the ecosystem on the plateau and global changes; dynamic
processes of multi-spheres on the plateau and their mechanisms of
interaction; regional sustainable development on the plateau; developing

pattern and approach of the Tibetan Plateau research.

8 Crystallography

Most solid state matter on earth is in crystalline state, and
crystallography is the particular field to study the formation and growth
mechanism, the atomic structures and functions of all kinds of crystalline
matters. Thus, crystallography is a very typical interdisciplinary research
field interfaced with mathematics, physics, mineralogy, metallurgy,
chemistry, biology, earth sciences, material sciences, medical sciences and
drug discovery research and so on. The most unique and core techniques for
crystallography are the methods for determining high accuracy and high
resolution atomic structures of any diffracting crystalline materials. Since
atomic structural information is required by almost all branches of analytical
sciences, it is fair to say that crystallography is a fundamental branch of
modern sciences.

Early crystallography belonged to mineralogy and mathematics. Only
after Wilhelm Conral Rontgen discovered X-ray more than 110 years ago, and
particularly in 1912, the German physicist Max von Laue discovered that X-
ray diffraction by crystals could reveal the internal atomic periodicity of
crystals, and the British physicists Henry and Lawrence Braggs solved the
first crystal structure of sodium chloride in the next year, the era of modern
crystallography had finally come. In the last 50~60 years, the overwhelming
achievements of modern crystallography have always been accompanied by the
breakthroughs in the fields of theoretical advancement such as direct
methods; by newer and stronger X-ray sources such as synchrotron radiation;
more sensitive and efficient X-ray detectors such as CCD; fast computers and

application software; and in particular the exponential development of protein
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crystallography has been owing to the invention and applications of the

recombinant DNA technologies. We can thus expect that the further
developments of novel methods, informatics tools, particularly the
technologies related to the automation and high-throughput will be the key
points for the large-scale, high efficiency of protein crystallography and
crystallography in general.

In this review, we have divided in the following six parts: Biological
macromolecule crystallography (also shorted as protein crystallography) ;
Functional molecular crystallography; Laser and nonlinear optical crystal
growth; Powder diffraction methods; Electron diffraction methods; and
Crystallographic Instruments; to describe and discuss the current trends and
achievements of both international and domestic crystallographic fields.

8.1 Advances in Biomacromolecular Crystallography

In China, biomacromolecular crystallography has been experiencing rapid
progress in the recent years. In the last five years, Chinese scientists have
reported great achievements in the structural studies on a series of membrane
proteins, protein complexes, and proteins with important biological
functions. In the last few years Chinese structural biologists have published
10 papers on the most top-rated academic journals such as Cell, Nature, and
Science, and among these papers, five were successively published in recent
two years, 2008 ~ 2009. These indicated that the biomacromolecular
crystallographic research in China has become one of the best countries
internationally. Besides, in the last five years, a series of special national or
regional programs for overseas talents, such as “ Thousand Talents”,
“Hundred Talents”, and “Cheung Kong Scholarships”, as well as programs
by individual universities and institutes, have brought back many highly
successful overseas scientists. These returnee scientists, together with
domestically trained scientists, are now forming many young, active, and
very creative research teams. On the part of crystallographic instrument and
equipment developments, China’s third generation synchrotron X-ray
radiation facility was commissioned in 2009 in Shanghai. A series of the most
advanced cryo-electron microscopies were purchased and installed. Together
with the National Installation and National Laboratory for protein research

that are in construction, we now have a world-class research platform in
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protein crystallography for biomacromolecular structural and functional
studies. The Chinese biomacromolecular crystallography research teams are
now going to a new advanced phase and expected to make more important
contributions to the challenging problems in life sciences and in human
diseases and health.

8.2 Advances in Functional Molecular Crystals

This is a brief summary on the main achievements obtained by Chinese
researchers in the fields of coordination polymers, metal clusters, molecular
magnetic materials, non-linear optical crystals, organic crystal engineering.
as well as metal-organic compounds in the last few years. Based on the
literature search, the report illustrates that the researches in the above
mentioned fields (especially in molecular magnetic materials, flexible and
smart porous coordination polymer materials, and huge metal clusters) are
very active in China, and fruitful contributions have been made in the recent
years, as being evident by the rapid increase in the publications in the leading
scientific journals. It has also been noticed that the synthesis and crystal
structural characterizations are the very strong field, while the structure-
property studies become much more active, resulting in a more in depth
research in China recently. In order to have more scientific impacts world-
wide, molecular design and investigation for the structure-property
relationship should be further enhanced in China in the future years.

8. 3 Advances in laser and nonlinear optical crystals

Laser materials take an important role in the design and manufacture of
laser instruments. Laser crystals are the most popular laser materials which
have been used widely in various fields. The development of laser crystals
takes a key role for the lasers, especially for all solid-state lasers. Nowadays,
the laser is developing toward high power, high energy and with short
pulses. And new wavelength lasers are also demanded by various
applications. As the result, new and high quality laser crystals are crucial to
meet these demands.

The trend and development of laser crystals have been summarised up in
this review including large size Nd : GGG crystal, Nd : YAG ceramics and
laser crystals for femto seconds and new wavelength as well as microchip

(disk) laser crystals in China. Based on the present status of research on
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laser crystals, suggestions are proposed for the enhancements of the new

laser crystal research, harmonic development for different kinds of laser
crystals, sound basic research for laser crystal theory and also for the
combinations among research, development and applications.

Manufacture of non-linear optical crystal is also a very important field for
functional crystal research, and the non-linear optical crystals have been
widely used in the frequency harmonic generation and Q-switch etc. An
excellent non-linear crystal must possess a series of characters such as high
non-linear parameter, wide transparent region and so on. It is very important
to explore and develop new non—linear optical crystals for the laser
technology and industry.

Great achievements have been obtained in China in the exploration of
new non-linear optical crystals. The progress made in borate crystals has been
introduced. 1. 05 W mean power output of 193. 5 nm has been performed
based on KBBF-PCT prism device. 170 X 160 X 79 mm® LBO crystal weighed
1596 g has been successfully developed. The progress in IR non-linear optical
crystals and Raman shift crystals has also been introduced in the review.

8.4 Advances in Powder Diffraction

Powder diffraction belongs to one of the oldest diffraction techniques and
still a very useful tool for characterization of solid materials based on X-ray,
neutron and electron diffractions. Relative to other methods of analysis,
powder diffraction allows for rapid, non-destructive and accurate analysis of
powder samples and finds a variety of applications in metallurgy, mineralogy,
forensic science, archeology, condensed matter physics, and lately the
biologicals and pharmaceuticals. With the recent developments in
diffractometers and software, remarkable progresses in this research field and
its applications have been made over the past few years.

We summarize these progresses with an emphasis of the following
branches, including: @O Powder diffraction instruments; (@ Phase
identifications of minerals; @ Thin film diffraction; @ Strains and textures; &)
Phase transitions and phase diagram; © Crystal structure refinement and
determination; (D) Size and strain broadening; ®Pharmaceutical applications;
@ Software and databases.

A detailed comparison of the state-of-the-art in this research field
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between domestic and overseas has been made and analyzed. The future

development and our strategy are also briefly discussed.

8.5 Advances in Electron Microscopy

Electron microscopy has been rapidly developed in the last decade. In
particular the introduction of the spherical aberration corrected electron
microscope improved the spatial resolution of the electron microscope down to
0.5 ? approaching scattering limit, and solved many outstanding problems in
such important areas as materials science and nanotechnology. Combining
high resolution electron microscopy and sample cooling technology,
cryoelectron microscopy has made it possible to determine the structures of
large molecules and proteins, and became an important component of
structure biology. The integration of scanning probe microscopy and electron
microscopy s on the other hand, extend our control down to the molecule level
and into low temperature and high vacuum environment., enabling
measurements such as electrical, mechanical, optical, optoelectric and
thermoelectric properties being carried out on individual nanostructures, and
greatly promoted the developments of nanoscale science and technology.

8. 6 Advances in Crystallographic Instruments

In the early period, crystallography belonged to mineralogy and
developed primarily as a branch of geology. The most important instrument
for the study of crystal morphology was the optical goniometer, which used to
measure the angles between the normal of crystal faces, and the polarizing
microscope was an important tool for the investigation and identification of
mineralogical specimens. 100 years ago, the German physicist Max von Laue
discovered that X-ray diffraction by crystals could reveal the internal atomic
structure of crystals, and the British physicists Henry and Lawrence Braggs
solved the first crystal structure of sodium chloride in the next year. The era
of crystallography had come into being. Crystallography nowadays is the
foundation of the solid state physics and many other branches of sciences
concerning atomic structures, because most of solid state materials are
crystalline materials. Since the discoveries of X-ray, electron and neutron
diffractions by crystals, the methods of the crystal structure analysis extend
into electron microscopy, X-ray diffraction and neutron diffraction. And the

analyses of crystal structure also extend into chemistry, mineralogy and
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biology. The instrumentation of X-ray crystallography has also been changed

drastically; developing from various X-ray sources to different kinds of
diffractometers and detectors, and finally with sophisticated computer
controlled automats; the scale of X-ray instruments also extended from small
sealed-tube like home-source into huge synchrotron machines. This report will
touch upon the major advances on modern X-ray sources including
synchrotron radiation and also neutron sources which are the most important
methods for the current crystallography research. It also pointed out that it is
limited and deficient in Chinese crystallographic instrument industry and the
slow instrumentation development, as a consequence of the overall drawback

of the equipment development in our country.

9 Power and Electrical Engineering

Power and electrical engineering is a discipline to research and solve the
scientific mechanism, key technology, engineering method and technical
approach involving the generation, transmission, distribution and control of
electric power. Entering into the 21st century, with a further growth of
energy demand resulted from China’ s rapid economic development, re-
distribution of the world’s energy structure and the worsened ecological
situation on earth, power and electrical engineering is now facing
unprecedented opportunities and challenges.

Firstly, the coal is the primary energy source and generates large amount
of energy for China; furthermore, this situation will not be significantly
changed in the long run. There is a certain gap between coal consumption in
China and that of the advanced level in the world. And the overdependence on
the coal has led to serious environmental problems. Now, the climate change
has become a hot global issue. The per capita installed power-generating
capacity in China is only the one-fifth of that in U. S. ; furthermore China’s
per capita hold of freshwater resources is far below the world’s average level.
Therefore, the development and adoption of clean and efficient coal fired
power generation technology and advanced environmental protection
technology are the significant strategic needs and extremely important. In

recent years, a positive progress has been made in clean and efficient coal
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fired power generation technology, China has become one of the countries in

the world where most supercritical and ultra-supercritical power generation
units and Circulating Fluidized Bed (CFB) boiler units are adopted (including
several 1 000 MW-class ultra-supercritical power generation units which are
in operation or under construction). The design and manufacture technology
for 600 MW-class supercritical power generation units and 300 MW-class
CFB combustion technology have been mastered; the heat and power
cogeneration technology and the air cooling generation technology have got
the further adoption and development, and 600 MW-class cogeneration and
air cooling generation units can be independently designed and manufactured.
The CFB combustion technology has approached the international advanced
standard and more technologies with independent intellectual property rights
and core technologies, such as design of air cooling island, have further
grasped; units with the capacity above 300 MW-class account for more than
60 percent of total thermal power unit capacity. The 250 MW Integrated
Gasification Combined Cycle (IGCC) power generation units that are
equipped with gasification process and possess independent intellectual
property right and design are under construction. Many kinds of oxygen
enrichment combustion technologies are researched, and the experimental
study in the small scale experimental platform is carried out. A large scale
biomass power generation technology with multi-fuel combustion of biomass
and coal has advanced, and multi-fuel combustion experiments on a 300 MW
unit have succeeded. A clean and efficient coal fired power generation
technology is moving further toward the direction that requires high
parameters, high-capacity, pollutants emission reduction, resource utilization
rate improvement, and so on. However, there is still a gap between the
China and the international advanced standards in some respects, such as the
key component material for ultra-supercritical units and key devices (such as
gas turbine) in IGCC technology. Some positive progresses have also been
made in the advanced environmental protection technology; China has become
one of the countries in the world where most coal fired pollutants removal
technologies and equipments are adopted, and some technologies and
equipments have been exported to the foreign countries. The design and
manufacture capacity of ESP for 1000 MW units, baghouse filter for 600 MW
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unit and electrostatic-bag dust collector for 660 MW unit are mastered, it is

indicated that the dust collection technologies have approached the
international advanced standards. The design and manufacture capacity of
desulfurization technologies, such as limestone-gypsum wet Flue Gas
Desulfurization (FGD) for 1000 MW unit, CFB semi-dry FGD for 600 MW
unit and ammonia FGD technology for 350 MW unit, seawater FGD for 1,
000 MW unit and activated coke (carbon) FGD technology are grasped,
moreover, the CFB semi-dry FGD technology has reached the international
advanced standards. A low NOx combustion technology has got a universal
use in large and medium scale boiler units. The design and manufacture
technologies for Selective Catalytic Reduction (SCR) denitrification catalyst
which is fit in with the characteristics of coal fired flue gas in China are
mastered; the catalyst production capacity of 60500 m® per year are formed
and these catalysts are used in several 600 MW units. The multi-pollutants
removal technologies based on the existed dust collection and desulfurization
device are in the engineering application; the capture technology of CO, in
flue gas and the CO, reclamation technology, such as the polymer
composition also make breakthroughs and a demonstration project has been
built. The prospects for related technologies and goals, as well as strategy
are briefly discussed later on.

Secondly, in recent years, “smart grid” has become a worldwide hot
topic related to the future power grid’s development trend, which has been
successively denominated by United States (using the term of “Intelli-Grid”)

3

and Europe (using the term “of Smart Grid”) early in this century.
However, there is not yet a unified and clear definition on smart grid in the
world. In China, at present, it could be defined as a high integration of
advanced sensing and measurement technology, advanced information
technology, advanced communication technology, advanced analysis and
decision-making technology and automatic control technology with physical
power transmission and distribution grids in order to form a new type power
grid.

It possesses lots of advantages, such as meeting the elevation demand of

electric power caused by social development, solving the lack of primary

energies, improving the reliability, safety and capability of power supply and
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power quality, speeding up the utilization of renewable energy and reducing
the dependence on non-renewable energy, better protecting environment and
lowering the impact on environment, mitigating the impact of greenhouse gas
on climate, improving energy efficiency and reducing power losses in power
grid, opening power market further, realizing more interactive activities with
customers and providing value-added service for customers. Smart grid has
following characteristics, that 1is, robust, self-healing, compatible,
economical, integrated, and optimized.

The smart grid technology involves power generation, transmission,
distribution and customer power utilization. Its main development directions
and focal points are as follows: (O advanced Pharos Measurement Unit
(PMU) and Wide Area Measurement System ( WAMS), @ advanced
dynamic, visualized power grid dispatching automation system, (@) smart
(digital ) substation, @ advanced grid components and equipments for
transmission, Gadvanced distribution operation automation, (®advanced grid
components and equipments for distribution, (?)advanced custom power,
advanced outage management (real time) system for distribution and fast
fault treatment, @distributed energy resources and micro grid operation,
energy storage, (Dadvanced distribution management system, (2charging and
discharging technology for electric vehicles and construction of charging
stations, (3 Advanced Metering Infrastructure (AMI) and Automatic Meter
Reading (AMR), (@demand response, @ Home Area Networks (HANs) and
smart home, (®optimal asset management and utilization for transmission and
distribution, (Dcondition and reliability based maintenance, (@®information and
communication ( information integration and sharing), @9 smart grid
interoperability standards, etc.

Comparing with advanced developed countries in the world, the technical
level of smart grid technologies in China is as follows: in the areas of O,®,
@ , @ China is at a leading or cutting edge level, in the areas of @, (9, China
is keeping the same pace with the international advanced level, in the areas of
®.©,1,0.,@, China is just started implementing, in the rest of areas,
China is lagging behind or has implemented the capability technically, but the
implementation conditions are not mature. In general, the smart grid

technologies in the transmission field are not lagging behind and the R&.D
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work of smart grid technologies in the distribution and utilization field should

be strengthened and the implementation should be speeded up.

The development of smart grid technology is a long and gradual process,
but the technology changes are very fast; therefore, it should be closely
traced and studied in depth. In view of the practical situation of power
transmission and distribution grid constructions in China, the smart grid
technology for transmission should be one of the focal points in the
development, but a lot of smart grid technologies are at distribution and
utilization sides which are closely related to the customers, thus they should
be implemented step by step according to the need and planning.
Implementation is a long journey and it should be carried out gradually based
on practical possibility. Key technologies must be first demonstrated and then
disseminated. lLarge-scale blind investment should be discouraged.
Technologies should be implemented distinguishingly based on the different
regions and situations. The research and establishment of smart grid
standards should be strengthened and in line with the international standards.
The laboratory construction for simulation and testing should be
strengthened. A cyber security protection system should be built. It is very
important to avoid overlooking the construction of physical power grids for
the overall development of future modern grid technology.

The smart grid is a key enabler to the modern grid. Currently, a lot of
countries in the world, including China, are actively starting their smart grid
constructions due to the various challenges from the power grid in the 21st
century.

Thirdly, entering into the 21st century, along with the economic and
social development, the demand for electricity as well as the power system
stability and reliability is gradually increasing. In recent years, in order to
meet the needs of social progress, a number of modern new transmission and
transformation technologies have emerged, such as Ultra High Voltage
(UHV) AC/DC transmission technology, FACTS technology, new
communication technology based power system dispatching system, digital
substations, and superconducting electric power technology. These
technologies are being or about to serve power systems, and thus play active

roles in the economic and social development.
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China’s power grid will become stronger with the development of smart

grid. The ultra high-voltage power grid is the basis for building a strong
smart grid, and the reason for developing an ultra high-voltage power grid as
the backbone network is quite simple. According to China’ s national
conditions, the development of UHV power grid is the correct decision for
implementing the scientific view of development, carrying out the national
energy policy, and ensuring that the power industry undergoing a
comprehensive, coordinated and sustainable development, and eventually
achieving a wider range of optimal allocation of resources to meet future
China’ s economic and social development and the increasing electricity
demand accompanied with the economic and social development. In a word, it
has great political and economic significance, as well as technological
innovation significance.

In recent three years, with lots of HVDC transmission project
constructions, China has realized the great development in the field of HVDC
transmission project construction, equipment manufacture, and technical
research. The construction scale in HVDC transmission, application level of
HVDC, and design/operation/ test technology, as well as the research on
and control over ac-dc system interaction are all leading the world. China has
also made great progresses on the localization of main HVDC equipments as
well as control and protection equipments.

In the developing process of electric power system, the most important
task for constructing power networks is to ensure secure and stable operation
of the power grid. In order to realize the goal of building an adequate,
reliable, high-quality, economical feeding and operation of the power grid, a
flexible and reliable AC control technology is called for. Flexible AC
Transmission System (FACTS) is a kind of technology which applies high-
techs, such as power electronic technology. microcomputer technology and
control technology. to the high voltage transmission system in order to
improve the system reliability, controllability, operation performance, and
power quality, as well as to obtain large amounts of new synthetic
technologies for the benefit of energy-saving. The technology will augment
the conveyance capacity of transmission lines, optimize the operational

conditions for power transmission network, expand power network operation
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and control technology, and change the traditional application scope of AC

transmission, etc.

The electric power dispatch automation is the core and key technology
for the automation system,and plays an important role in quality and stability
of automation system. Improving the efficiency of power dispatch system is
an essential way to ensure reliability and safety operation of the power
system. Firstly, to improve network’s stability and reduce the data loss rate,
the power network should be optimized; secondly, to ensure the accuracy and
timeliness of dispatching work, the data instantaneity should be improved and
data exchange time should be cut down.

With the popularity and development of information technology. the
research realizing digitization of information, communication, decision-
making and management for digital substations and networks is received more
and more attentions. By using the optical fiber communication in digital
substation instead of the conventional cable point-to-point communication
mode, the instantaneity and redundancy of various electrical quantities has
been greatly improved.

As the development of power source construction, especially large-scale
hydropower projects’ construction, the transmission voltage level and gird
size are gradually increasing in China. After many years’ rapid development,
China has experienced the progress from 220 kV, 500 kV(330kV), 750 kV
and even to 1000 kV in AC transmission system, got fully hold of the
technology of extra-high voltage power transmission, and also grasped the &+
500 kV HVDC technology, meanwhile, the = 660kV and = 800kV HVDC
projects are recently under construction.

Superconducting technology is a high-tech with the strategic
significance, and is considered as a key point of the future technology
competition. It mainly uses the unobstructed high-density current-carrying
capacity of superconductor and the superconducting-normal state transition
characteristics. It requires a close integration of superconducting materials,
low temperature engineering, power electronics, and intelligent control. The
main research contents for superconducting power technology include the
electrical and magnetic properties of applied superconducting materials, the

study and development as well as application of superconducting power
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devices, superconducting power device’ s transient characteristics and its

interaction with power system, characteristics, planning, design, operation,
control, and protection of power system with superconducting devices, and
so on. Now, the superconducting power technology not only has become an
important pillar for the future superconducting industry, but also is
considered as an important frontier development direction for advanced power
technology in the 21st century.

Fourthly, wind energy has rapidly developed all over the world in the
past 10 years, and the total installed capacity increases by 30% each year.
China has the resourceful wind energy, and wind energy reservation which
can be estimated and utilized is about one billion kilowatt. By the end of
2008, the total installed capacity reached to 12152. 8 thousand kilowatt. Based
on the analysis of the wind power technology actuality and the comparison
between China and aboard, the future development and strategy of the wind
energy in China is pointed out.

In recent years, the photovoltaic technology, as a clean and renewable
energy power generation mode, is rapidly developing. The range of
applications unceasingly widens and the system integration technology
continue to be improved. Application forms include off-grid PV system, BI
(A) PV, large scale PV, and PV Micro-Grid system. Application fields
include  communication, railway, meteorology, petroleum, rural
electrification, PV application products, distributed power generation
systems, and large-scale PV. All over the world, a lot of countries are
committed to the photovoltaic technology research.

The solar thermal power generation technology is relatively mature, low
cost with small impact on the grid. It is considered as one of the most
promising ways of renewable energy power generation in competition with the
wind energy, hydroelectric power, and fossil fuels in power generation. The
status quo of China’s solar thermal power generation technology is reported
and a comparative analysis on the foreign technology is also given. Finally the
prospect and strategy of the technology development are put forward.

Moreover, the nuclear power is a kind of safe, clean, stable, and
economical energy which can be supplied at large scale. For the sustainable

development of China society, it is a strategic choice for the Chinese
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government to develop more and more nuclear power plants, while the closed

nuclear fuel cycle is adopted by the Chinese government as a principal policy.

The present status and prospects on the technology development of
advanced nuclear energy and power engineering in China are summarized from
three aspects, i. e. the front part of the nuclear fuel cycle, the reactor
engineering., and the back parts of the nuclear fuel cycle.

In the aspect of front parts of nuclear fuel cycle, China has already
developed a completed industry system for the uranium exploring, mining,
refining , enriching and fabrication of the nuclear fuel assembly. The R&.D on
advanced uranium separation technology, such as centrifugal machine, the
advanced nuclear fuel assembly with high performance, and the advanced
MOX fuel are conducted.

In the aspect of reactor engineering, the R&.D is extensively performed
on the Gen. [[ , Gen. [l and Gen. [V, as well as the fusion technology.

Based on the M310-type PWR, a French Gen. [| technology, China has
developed its own CPR1000-type PWR. On the basis of AP1000 technology
transfer, China now is developing its own advanced PWR with even more
large output.

In the field of Gen. IV, China Experimental Fast Reactor (CEFR) is
expected to reach its first criticality in 2010; China experimental high
temperature gas reactor (HTR-10) has been completed in 2002, while two
prototype high temperature gas reactors with 200 MW output in total is under
construction; the fundamental researches on Super Critical Water Reactor
(SCWR) are also performed with the support from a national fundamental
science and technology program named “973”.

In the field of fusion technology, it is well known that China became a
member of the ITER program in 2003. The Experimental Advanced
Superconducting Tokamak (EAST) facility has been put into the operation in
2006.

In the aspect of back parts of nuclear fuel cycle, China has already
developed a completed industry system for the spent fuel processing,
solidification of the radioactive liquid, and the disposal of the high level
radioactive waste. A pilot factory for the spent fuel processing is nearly

completed. The R&.D on the geologic disposal of the high level radioactive
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waste is performed.

At last, after hard struggling for 60 years, especially the fast
development for 30 years after reform and opening up, the large-scale power
generation equipment manufacturing industry in China has made some
remarkable achievements. The Chinese manufacturing capacity of large-scale
power generation equipment ranks No. 1 in the world and some of the power
generation equipment manufacturing technologies of China have already
reached the world advanced standard.

The large-scale power transmission and transformation equipments are
key equipments of power system; their manufacture technology level will
influence the safety and reliability of power system significantly. With the
development of science and technology, the design and manufacture
technology of international large-scale power transmission and transformation
equipments have obtained a rapid development. However, restricted by the
whole mechanical manufacture technology, new material technology, the
large-scale power transmission and transformation equipments, especially
extra and ultra high voltage equipments, need to be urgently improved.

The improvement of design and manufacture technology of large-scale
power generation, transmission and transformation equipments in China need
a concert effort that coordinates related manufacture factories, research
institutes, colleges, and guilds. By using the organization function of guild,
the scientific research and innovation ability of research institute and college,
and the design and manufacture ability of manufacture factory, solutions to
the difficulties existing in the  design and manufacture of large-scale power
generation, transmission and transformation equipments are gradually
provided.

To sum up, the development process involving manufacturing technology
of generation, transmission and transformation equipments in China is
reviewed. Secondly, the comparison with international advanced levels is
made and the gaps are found out. Finally, the future for the large-scale
generation, transmission and transformation equipment manufacturing
technology in China is forecasted and some good advices and suggestions are

put forward.
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10 Engineering Thermophysics

Nowadays, China is facing with the dual pressures coming from energy
and environment which are a long-term bottleneck for the economic and social
development. Engineering thermophysics is a science which studies the rule
of energy transformation in the form of heat and its related applications, and
it also explores the inherent laws of various thermal phenomena and thermal
processes that are used to guide the engineering practice. As a science of
technology, engineering thermophysics that is a completed subject system
involves knowledge innovation as well as technology innovation.

In recent two years, Chinese scientists in the field of engineering
thermophysics have obtained a lot of achievements;

The principles related to the cascade utilization of energy and method of
CO, control in the energy and power system are developed. The functional
ability of fuel that is concerned with cascade utilization of chemical potential
and the correspondent laws are revealed; and the fuel chemical energy
integrated with the physical principle of cascade utilization is established. In
terms of recycling method of chemical energy and physical synthesis steps,
the usages of thermal energy cascade theory and thermodynamic cycle are
expanded. By means of the establishment of a strict mathematical model of
STIG. the key phenomenon is explained. A new thermodynamic cycle based
on traditional knowledge is proposed. As respects CQO, integrated control
method and power system innovation, an alternative fuel production and CO,
capture methods and systems are realized and built. As regards flameless
chemical-looping combustion power systems, on the principle of fuel chemical
energy, physical synthesis steps, and control of CO, basis, he chemical
looping combustion is organically combined with CQO, separation. A new
phenomenon involving combustion of high concentration of CO, enrichment is
found, and the new method concerning zero-energy separation of CO, (non-
CO, gas separation process control) is proposed.

The infrared thermal radiation and transmission mechanism of spectral
characteristics is gradually built. As respects multi-layer absorption and the

transient conjugate heat transfer, an analysis method of ray trace is
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proposed. A multi-medium, radiation and thermal transient coupled heat
transfer model is established and the pulse laser produced in the translucent
material of the transmission mechanism of temperature response is revealed.
The non-incident surface of a transparent interface is found. In terms of the
inverse problem of heat radiation in semi-transparent medium, a multi-
parameter group of semi-transparent medium is brought forward in order to
establish a inversion method of three-dimensional radiation measurement in a
temperature field. As respects micro-scale radiative heat transfer, the
internal distribution of radiation absorption of translucent particles under the
action of external electric field radiation is revealed; according to the
mechanism, the lens phenomenon which is the incident radiation inside the
particle in the smooth convergence is explained. As regards experiment and
analysis method of thermal emission spectra in dispersion medium, a physical
model, which could determine the pseudo-scattering characteristics, is
constructed; it provides a basis for error source analysis, more specifically,
for a thermal radiation numerical algorithm. In terms of graded-index medium
heat transfer mechanism and characteristics of radiation, the non-uniform
composition, density, temperature of medium leads to the continuous changes
in refractive index and results in a refractive index gradient. A multi-
dimensional graded-index medium radiation transfer equation with space
coordinates as the independent variable is explored in theory.

The heat transfer technology with higher efficiency and lower resistance
is improved. The project has made a breakthrough on the constraints for the
traditional gas enhanced heat transfer technology by combing the basic
principles of heat transfer analysis with the numerical simulation and
experimental method. The efficient low resistance heat transfer enhancement
theory and related technologies are in depth studied, and the physical
mechanism which can be significantly enhanced heat transfer is revealed.

In terms of key technology for energy-saving emission reduction of oil
and gas gathering and transportation, the equipments used for measurement
on line and control, removal of sand dehumidification phase separation, high
efficiency heating and other key technologies are invented through the
theoretical and technical studies on the key processes of oil and gas gathering

and transportation. The efficient gathering and safe transportation of oil and
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gas, energy saving are achieved. The experimental devices that can be used
for key technology and equipment development and verification are designed
and built.

However, subject development of engineering thermophysics still has a
long way to go. The long-term strategic objectives for the disciplinary
development of engineering thermophysics are establishing a rational
structure, reducing and stabilizing the basic research team. supporting and
building a number of advanced research bases on the engineering
thermophysics and energy, so that more and more basic research branches
and areas of engineering thermophysics in China will be close to or even
reached the international advanced level. To this end, three aspects have to
take action in the near future;

Firstly, the research, development, and promotion of low-carbon energy
technologies should be further improved. The mitigation of climate change-
related CO, emission reduction of greenhouse gas control has become a
pattern change, which could affect the future of the major international
issues. As a country with a large amount of CO, emissions, China has
received the increasingly pressure from the development of international
forms on mitigation of climate change. And the problems concerning
greenhouse gas control have become more prominent urgent. However, due
to the primary energy source dominated by coal, low energy efficiency, large
and rapid energy consumption, these facts are decided on China’s national
conditions and complex and serious characteristics of CO, emissions.

Secondly, wind and other renewable energy sources should be vigorously
developed. The following five areas are proposed for further exploring:
establishing the national wind power experiment platform and comprehensive
research center with the provision for public technical services; inquiring
wind power investment issues involving finance, legal, policy, and
environmental protection; developing plan and the program concerning wind
power development issues that the first stage should be focused on land and
then on the sea; development of wind turbine machine testing technology,
and establishing and improving wind turbine testing, certification system,
product quality, and market access threshold; finally, export-related issues;

Thirdly. the research should be focused on renewable energy conversion
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theories. As regards solar-scale hydrogen production and fuel cell within the

multi-phase, the coupling system based on the solar photocatalysis and
biomass thermo-chemical hydrogen production technology as well as the
respective characteristics of the proton exchange membrane, and solid oxide
fuel cells has the critical significance for using the solar energy in an efficient,
clean, convenient, and high-quality way. As respects cost-effective large-
scale theory and technology of hydrogen storage. the development of
hydrogen energy is focused on the large-scale preparation, storage, and
utilization, meanwhile the hydrogen storage and transportation is the

bottleneck for the development of hydrogen energy.

11 Standardization Science and Technology

Now the standardization science is a crucial technical foundation for
China of marketing high-quality production and modernizing management
practices. The contributions of standardization science are significant when
China makes painstaking efforts to rejuvenate the science and technology
industry, encourage independent innovation, and realize technical
achievements.

11. 1 Standardization infrastructure

A system framework for support science involving basic theories,
standards engineering and application, and related standardization sciences
have been built.

Major theoretical breakthroughs in standardization science and
modularity research are achieved. The applications of the theory have push
forward the development of the high-tech sector and national defense industry
in China.

New studies on standardization science, namely, the relationship
between standardization and intellectually property rights as well as the
standardization strategies in developed countries are initiated.

21 departments in higher education universities of China have been
established to form a complete standardization education system giving
diplomas and awarding bachelor, master and doctor degrees. In addition, in-

service standardization programs provide special courses for hundreds of
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thousands of professionals every year.

11. 2 Progress in standardization science

China has increased the efforts on the standardization science and
technology. In year of 2002 alone, over 200 million Yuan has been invested in
the research programs, such as a 3-year study on major technical standards.

In 2008, the high-tech research program of national level Studies and
examples of identification & assessment of poisonous and harmful
substances in consumer products was received the second prize of State
Scientific and Technological Progress Award.

In 2009, the technical standard of safety engineering GB 50348-2004
with other 81 standards won the standards innovation and contribution
awards jointly issued by the General Administration of Quality Supervision,
Inspection and Quarantine of People’ s Republic of China and the
Standardization Administration of People’s Republic of China.

The research focusing on standardization science is shifted towards major
economic sectors.

11. 3 Applications of standardization

By the end of 2008, China has established 22931 national standards and
485,166 certificates.

Technical standards protect the quality of environment, control
pollutants and emissions, boost the international trade, and therefore
contribute to the construction of a prosperous society in China.

The independent certification system has completed more than 10
certification research programs that include the safety for electrical and
mechanical products.

The high-tech industry of national defense now has over 10000 national
military standards and 17000 industrial standards that cover all the sectors of
military and national defense.

By the end of 2008, China has established 444 (TC) specialized
standardization technical committees, 586 (SC) subcommittees, and 7
(SWG) standardization working groups at the national-level.

11. 4 Rising position of China’ s standardization in the international
standardization community

When China has become a permanent member of the International
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Organization for Standardization (ISO) in 2008, the rising position of China’

s standardization industry is quite apparent. By the end of 2008, Chinese
representatives have taken over 19 chairmanships and 31 joined secretariats in
ISO/IEC technical committees and subcommittees. Nine panel members of
ISO/IEC technical organizations were Chinese professionals. And over 600
Chinese registered specialists have participated in ISO/IEC international
standards.

11. 5 Outlook

On September 22, 2009, Chinese President Hu Jintao made a solemn
commitment on the United Nations Climate Change Summit in New York,
and has undertaken that China would try to cut down the CO, emission per
GDP unit considerably by the end of 2020 compared with that amount in
2005. As a result, the future key studies and standardization research
programs in China will address itself to the climate change, low-carbon

economy, nanotechnology, and cyber economy.

12 Science and Technology of Surveying & Mapping

It’s the age of information now and the method and content of Science
and Technology of Surveying and Mapping service, which is affected by the
China informationization environment, have been changed in deeply. Those
changes promote the development of surveying and mapping
informationization. And the new concept, Informatization Surveying and
Mapping, was formed. The development of the Surveying and Mapping
discipline, which is supported by contemporary techniques, such as 3S
technique, has advanced and expanded the establishment of Informatization
Surveying and Mapping system. The modern datum system for surveying and
mapping, the basic geographic information resource system, the real-time
acquisition system for geographic spatial information, automatic processing
system for geographic spatial information and network service system for
geographic spatial information have made up of Informatization Surveying and
Mapping system. Therefore, the development of the discipline, which will
provide the supports in aspect of theories techniques and methods, should

adapt to the requirement of the establishment of Informatization Surveying
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and Mapping system.

First of all, the precondition of the satellite positioning is the
establishment of modern datum system. The 2000 China geodetic coordinate
system (CGS2000) has been launched. Moreover, the establishment of
surveying and mapping datum, which is uniform, high-precision, earth’s
mass centre, dynamic and geometric-physical system, is ongoing. Secondly.
the Global Navigation Satellite System (GNSS) need be constructed. Besides
GPS (U. S. A.) and GLONASS (Russia). the Galileo (Euro) and
COMPASS (China) projects were put in practice. Thirdly, the satellite
positioning research focuses on the methods of the continuously operating
reference stations ( CORS) system, precision point positioning ( PPP)
technique, multi-mode satellite integrated navigation and multi-sensor
integrated navigation techniques. Fourthly, the main progress of height
measurement technique is attributed to the development of GPS/Gravity
method.

The development of aero and space surveying and mapping consist of
four aspects. Firstly, high-resolution satellite remote-sense image
cartography was change to practical technique. Secondly, the acquisition the
photogrammetry data with aero digital camera became the main technique to
acquire large-scale geographical spatial information. Thirdly, light and small-
sized low-altitude photographic surveying platform, with the advantages of
being flexible and economical, has been applied in different engineering
projects including large scale mapping and 3-D modeling of cities. Fourthly,
the new digital photogrammetry data processing platform——DPGrid will
solve the bottleneck question, which is the automatic rapid massive remote-
sense data processing.

Many new developments have been achieved in digitized cartography and
geographical information engineering. These developments includes: @D the
transformation from analogue to digital model in the cartography based on
which the integrated system for map production and publishing is established;
@the construction of spatial data base with a series of scales, which in turn
establishes the basic spatial data frames for digital China and digital city;
@ the coming forth of measurable image products for real scene and the

creation of point of interest which directly serves the everyday life of the
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public; @ The integration of grids and agents which leads to the sharing of

geographical information resources and cooperative work based on grid
services; (& the development of independent geographical information

network with “one station”

portal based on new technologies including
Internet map service and spatial data base interoperation, which provides a
series of services related to geographical spatial information to the public.

Great developments have been got in precise engineering and industrial
surveys. Firstly, GPS technology has been applied in different types of
engineering control surveying, which together with quasi-geoid, brings to the
outcome of 3-D engineering control networks. Secondly, GPS continuous
operating reference station network systems in cities have grown to integrated
service systems used by multi-disciplines with multi-functions. Thirdly, 3-D
surveying technologies have been applied in different projects, which makes
re-establishment of the targets possible. Fourthly, new survey techniques
with high precision have been developed for the construction of engineering
buildings with big size and complex structures. Fifthly, industrial surveying
has become an indispensable part of modern industrial production.
Techniques and equipments used in industrial surveying are developed to be
automatic, intelligent and informationized.

New technologies have been used in marine charting and hydrographic
surveying, which includes the application of COMPASS in attitude
measurements of boats, the application of GPS in the precise measurement of
velocities and the application of GPS technology in hydrographic surveying.
The efficiency and precision of single beam or multi-beam sounding
technologies and the related data processing techniques are studied. The
applications of remote sensing technologies in marine charting and
hydrographic surveying are investigated. A uniform marine information
administration network system is established. based on which informationized

services aimed at “digital ocean” and “digital waterway” are provided.

13 Tobacco Science and Technology

Due to the implementation of tobacco monopoly system since 1980’ s and

establishment of the common values of Chinese tobacco industry, namely
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state and consumer’ s interest come first”, Chinese tobacco industry
attached great importance to science and technology. The investment in
tobacco scientific research has increased by a big margin year after year; in
2008, the amount reached 1. 694 billion Yuan. As a result, the overall level
of science and technology of tobacco has been substantially raised, which in
turn give a great impetus to the rapid development of tobacco industry in
China. Chinese tobacco industry now has become one of the important realms
in domestic economy. Each year, China grows about 1. 1 million hectares of
Virginia type of tobacco. The yearly procurement of leaf tobacco reaches 2. 3
million tons. With the annual production and sales of 2250 billion pieces of
cigarette, the annual profit and tax coming from tobacco industry has added
up to 400 billion Yuan, the actual figure is 449. 9 billion Yuan for the year of
2008. Therefore tobacco industry has been made an outstanding contribution
to the national financial accumulation in China.

In general, the discipline of tobacco science and technology could be
divided into two categories, which are, science and technology of tobacco
agriculture and science and technology of tobacco industry. Among of them,
tobacco agricultural science and technology mainly deals with tobacco
breeding, tobacco cultivation, harmful tobacco biology and its control, as
well as tobacco curing. While tobacco industrial science and technology
mainly deals with tobacco processing, tobacco chemistry, less harmful
cigarette, tar reducing, cigarette casing and flavoring, cigarette material,
tobacco machinery, and tobacco related information and technology as well.

The domestic achievements of scientific research and technology in both
tobacco agricultural and industrial science and technology are reviewed since
2005, the overseas development of the disciplines is investigated and studied,
the discrepancy and disparity in each tobacco discipline among China and
other countries in the world are compared and analyzed, while the direction,
target, and research keystones of domestic tobacco discipline are studied and
pointed out.

The progresses in tobacco science and technology play an important role
in China in terms of promoting tobacco industry and regional economy,
safeguarding consumer health, and providing nationally and regionally

financial accumulation. Aiming at diminishing the potential hazard of smoking
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or tobacco consumption to the health of humankind, lessening detrimental

effect of tobacco industry on the environment, reducing processing cost, and
improving product quality, China has carried out a substantive research work
in resent years. Massive and state-of-the-arts research results and high tech
have been successfully applied to both tobacco agriculture and tobacco
industry.

In the realm of tobacco agricultural science and technology. the progress
has been persistently promoted. The quality of leaf tobacco has obviously
improved. A distinct breakthrough has been made in technology domain,
such as new tobacco variety breeding, regionalized growing, balance
fertilization, production of high quality leaf tobacco, forecast, integrated
prevention, elimination of disease, insect, and pest, floating seedling,
intensive curing, etc. The initial result for developing characteristic and high
quality leaf tobacco and the research on production technology of leaf tobacco
without public hazard has been acquired. Tobacco genome project has actively
promoted. The basic studies on tobacco agriculture are progressively
conducted. The proportion of popularization growing area of Virginia type of
tobacco selected by China is increased from 31. 1% in the late period of Ninth
Five-Year Plan to 80% by now. The intensive seedling has been basically
realized. More than 35% of leaf tobacco production is brought into the
interconnected system for eliminating disease, insect, and pest. The
technology on balanced fertilization is popularized in full swing. Intensive
curing barn is widely applied. And the level of mechanization is continuously
improved.

In the field of tobacco industry science and technology, the level of
science and technology is improved unceasingly and kernel competitive
capability is strengthened continuously. The breakthrough has been made on
the critical technology of tobacco chemistry, characteristic process, harm and
tar reduction, systematic design of cigarette, reconstituted tobacco sheet with
paper-making process, equipment of high speed cigarette making, filter
assembling, cigarette packing and airflow cut tobacco drying equipment. The
control over cigarette production is transformed from outcome control to
process control. Development and application of paper process reconstituted

tobacco equipment filled a vacancy in China as well. The level of technology,
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product quality, and ability of cigarette materials supplying are tremendously

improved. China successfully developed and is gradually recognized by
consumers for a set of cigarette products which reduce the harmful
components, such as free radical, carbon monoxide, condensed nucleus
aromatic hydrocarbon and tobacco specific nitrosamine (TSNA). By the end
of 2008, the weighted average of tar content reduced from 16. 1 milligram
during the late period of Ninth Five-Year Plan to 12. 8 milligram.

While in the filed of tobacco related information technology, the level of
informatization of tobacco industry represented by the Number One Project is
constantly improved. Infrastructural facilities of informatization began to take
the shape. The construction of cigarette sales network has been pushed
forward all round. The electronic administration, electronic commerce,
command, and decision-making system of production management have been
widely applied and played an important role in cigarette production,
management, and administration.

Over the past few years, the industry is carried forward in an all-round
way following the general guideline set out by Chinese tobacco industry; the
guideline involves scientific distribution, optimized station, mechanism
perfection and ability upgrade, technical innovation, knowledge innovation,
and the construction of technical service system. An innovation system with
rational distribution is fabricated, the orientation is well defined, and the
works between divisions are collaborated with each other and operated in
highly effective manner in order to provide an infrastructural guaranty for the
improvement of independent innovation and over all technical strength. In the
meantime, the discipline construction of tobacco has been further reinforced.
Through which, a large number of technical talent with high academic
credentials qualities is fostered for the tobacco industry.

At present, the annual scientific research projects within the tobacco
industry are more than 2000, they were about 2372 for the year of 2008.
Over 800 projects of which have annually appraised and adopted, and the
numbers for 2008 were 838.

With the joint efforts of scientists and technicians in tobacco industry, a
group of scientific and technical projects have gained good results since 2005,

Among them, Study on the technology of intensive production and
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meticulous filtration of cellulose acetate serum won the second prize of State

Scientific and Technological Progress Award in 2005. 81 projects won the
STMA ( China National Tobacco Corporation) prize of Science and
Technology Progress. Experimentation and popularization of balance
fertilization technology, Analysis of cut tobacco processing technical
standard and integrated study and popularization of quality improving ,
Development of high quality leaf tobacco of *Jin Pan Xi”, Study on and
application of the characteristic process technology of Changsha cigarette
factory, Study on the hazardous index system of cigarette, and Regional
division of tobacco growing in China received first prizes. Meanwhile, each
year there were also about 20 projects won other science and technology
prizes awarded by the provincial governments and ministries. It is worth to
point out that Rapid analysis of wolatile acid and wvolatile alkali in the
complex tobacco system with HS-LPME /capillary GC-TOF-MS won the
first prize of scientific and technical progress awarded by Henan province.

Each year, about 500 patents on tobacco science and technology
possessed application and popularization value within tobacco industry have
been applied, opened to the public or claimed by organizations and companies
within tobacco industry, the amount of patents for 2008 was about 527.
Among them, about 200 patents applied were considered as a patent related
to the innovation that number were about 237 in 2008. Meanwhile, about 300
patents have been granted, the figures for 2008 were about 335. Among
them, about 100 patents were patent of invention.

Since 2005, totally 275 pieces of technical standard related to tobacco
were worked out and promulgated by Chinese tobacco industry. 51 pieces of
standards worked out or revised are classified as the national standards. 224
pieces are classified as trade standards of tobacco industry. In the meantime,
about 800 academic papers concerned in tobacco were published annually.
Among them more than 35 papers were published in various periodicals
abroad or presented on international conferences.

Comparing with advanced countries in the world, some specific
disciplines of tobacco science and technology in China have already caught up
with the advanced international level. Some disciplines on the whole have

kept simultaneous with the advanced countries. However, majority
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disciplines still lagged behind. For instance, the infrastructural research was

not conducted promptly. The study scope was little bit narrow and
unsystematic. Profundity of study was still inadequate. An understanding of
tobacco science and technology rules was superficial and short of scientific
discoveries and findings. Even in the case conducted the research on applied
technology, part of them were still considered as low level and was the
repeated studies. The research results rarely could be used directly and there
was almost no breakthrough in the realm of key and kernel technology.

There still is a great gap between China and the internationally advanced
countries in terms of casing and flavoring technology in the realm of cigarette
and low tar cigarette production, characteristic and high quality leaf tobacco
growing and breeding of superior quality variety as well as the substantial
breakthrough for key technology.

The orientation of tobacco science and technology in future will still
focus on reducing the hazard of tobacco consumption to human health,
economizing tobacco raw materials, improving the quality of products. While
the pivot of scientific research in future will be centralized around the tobacco
genome project and modern biotechnology, breeding of characteristic and high
quality variety, production technology development of characteristic leaf
tobacco, technology of public hazard free leaf tobacco, process and equipment
of cigarette with Chinese characteristic, technology of hazard reducing and tar
reduction, cigarette flavoring and humidification, development of high speed
machinery for cigarette making, filter assembling and packing, modern

information technology and development of smokeless tobacco products, ezc.

14 Simulation Science and Technology

14. 1 Concept of simulation science and technology discipline

Simulation science and technology ( hereinafter referred to it as
“simulation”) discipline is a comprehensive interdisciplinary subject that uses
modeling and simulation theories as the foundation, uses computer systems.,
physical effect equipments and simulators as tools, understands and changes
the study objects by building and running models in accordance with research

objectives.
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This discipline has formed an independent knowledge system, and
included the theoretical system consisting of simulation modeling theory,
simulation system theory, and simulation application theory; the knowledge
technical system integrating the professional knowledge and technologies of
models, simulation systems, with the application fields; and the methodology
system integrating simulation modeling methodology based on the similarity
principle, simulation system methodology that build on the basis of system
theory as well as simulation application methodology of the simulated whole
system and its entire lifecycle activities and whole orientation.

14. 2 The research on the discipline in recent years

14. 2.1 The theory and method of simulation modeling

Regarding as simulation modeling theory and method research, a large
amount of research have been conducted in recent years in China that include
modeling methods in the fields like continuous systems, discrete event
systems or hybrid systems, complex systems, intelligent systems, complex
environments and life system modeling. And remarkable progresses have
been achieved in the utilizations of multi-agents and web-based modeling
techniques and other aspects; modeling and simulation with the combination
of quantitative and qualitative methods have received attention from various
application fields.

14. 2. 2 Simulation system and technology

Progresses and contributions have been made in parallel with simulation
including the load balancing and processor-subdivision technology, high
efficient parallel solving technology, real-time simulation algorithms for
distributed systems, qualitative simulation algorithms, and research on
construction, theory and parallel efficiency for large-scale system parallel
simulation algorithms. A number of parallel computing software for specific
industries and application domains have been developed.

Research, development and applications have been carried out for the
different kinds of modeling and simulation supporting environments and
platforms, large-scale virtual battlefields, synthetic natural environment
modeling and simulation, simulation grid/cloud simulation, ad hoc simulation
tools, and embedded simulation technology, etc.

Visualization and virtual reality technology have made the considerable
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progress. The key technologies and technical indicators for the domestic input

devices, drawing systems, and display systems have reached international
standards.

A large number of sports simulation systems and digital entertainment
simulation technologies have been independently developed and widely applied
to the areas including sports training, large-scale group performance, digital
film and television, and traditional culture and arts, etc.

14. 2. 3 Simulation application engineering

The application of simulation has already infiltrated into all areas of
China domestic economy, and has made important contributions to the
economy, national defense, science and technology, society, culture, and
emergency processing, etc.

In the field of aviation and aerospace, simulation projects have got
involvement in all stages from the feasibility study of product types, system
design and dynamic performance validation before flight test to performance
improvement and failure analysis after flight test.

In the implementation of the development strategy integrating
informatization with industrialization, the simulation technology has become
an effective support means for product design, process planning, and
production process scheduling. The architecture of the virtual manufacturing
system has been proposed. Based on deep research and application of the
virtual prototype technology, important contributions have been made to
upgrade and structures adjustment of products, such as aircrafts, missiles,
automobiles, textile machines, etc.

The simulation platform of the South-to-North Water Transfer Project
has made significant contributions to simulation calculations and experiments
that are the major issues concerned by the project.

14. 3 Significant progresses and significant results of the discipline

The significant progresses are made in three areas as follows:

14. 3. 1 Simulation modeling theory and technology of complex systems

In military systems, a relatively complete system concept and a clear
system modeling method have been developed, research on information war
simulation theory and method innovation has been conducted and won the

second prize of State Science and Technology Progress Award in 2009.
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In the field of life system modeling and simulation in 2002, the research

on the first digitalized visible human in China was completed, the fact make
China become the third country in the world that owns the visible human data
set after the United States and South Korea. The establishment of China
digitalized visible human data set won the second prize of State Science and
Technology Progress Award in 2007.

14. 3. 2 Simulation computer and software

As early as in the 1980’ s, the galaxy all-digital simulation computer Y H-
F180 was successfully developed, and in the 1990’s, the galaxy simulation II
computer and the galaxy super mini simulator were successfully come out. In
2003, YH-Astar high-performance real-time simulation platform based on a
general computer was successfully developed, which reached the international
first-class level over the same period.

Dawning series high performance computers have realized multi-thread
mechanism and multi-processors of fine granular parallel holohedral
symmetry with a peak performance of floating point operations from 100
million, then 2. 5 billion to 230 trillion operations per second, which have
been widely applied to petroleum, meteorology, research, teaching, national
defense, business, etc.

14. 3. 3 Simulation support system and technology

HILA series of supporting software, such as KD-HLA simulation
platform, SSS-RTI, AST-RTI, and TH_RTI have broken the situation that
the foreign simulation software has occupied China’ s domestic application
market for a long time.

COSIM-GRID, the Federate-style collaborative design/simulation/
optimization integrated platform FIA/FEI, etc. have made a major
breakthrough in the system architecture, system function, system
performance and other aspects.

In this area, several second prizes of State Science and Technology
Progress Award have been received.

14. 4 Major achievements

The major achievements are obtained in three areas as follows:

14. 4. 1 Simulators and training simulation systems

The petrochemical device simulation training system (OTS) has been
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independently developed and has already occupied the absolute market shares

in China and some products have been exported. The computer automatic
HAZOP safety analysis technology with a complete independent intellectual
property right, developed on the basis of the qualitative simulation
technology, has already been used in national major petrochemical equipments
and has been listed at the 100 key promotion technologies of 2004 ~ 2010
national safe production science and technology development project.

By the year of 2008, the power station simulators owned by China has
been ranked number one in the world. Moreover, more than 95% of the
power station simulators are developed by China itself and have reached the
first-class level in the world. The nuclear power simulation platforms with
complete independent intellectual property rights have been successfully used
in several nuclear power stations.

The advanced digital power system simulator ( ADPSS) developed by
China is the first digital real-time simulation device in the world that can
simulate the ten thousand node level power systems of the whole country,
which won the first prize of State Science and Technology Progress Award in
2009.

14. 4. 2 Virtual design, virtual manufacturing and virtual prototype projects

As early as the end of 19907 s, due to the virtual manufacturing
technology combined with the development strategy of the structural
adjustment of China’ s textile machinery products, both independent
development of rapier weaving machine product innovation and the leap-
forward development of “sharpening a sword in two years” have successfully
realized. It won the second prize of State Science and Technology Progress
Award in 2000,

The product concept design and virtual prototype technology based on
intelligent computing has been successfully used in the designs of special
vehicles. It received the second prize of State Science and Technology
Progress Award in 2006.

In 2006, a subsea pipeline detection develop system was successfully
developed based on virtual prototype technology, which has the great

practical significance for offshore oil-gas exploitation in China.
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14. 4. 3 Modeling and simulation for engineering systems

The research result of material forming process modeling method won
the second prize of State Science and Technology Progress Award in 2007.
The research result of water resources and hydropower project geology
simulation modeling theory and method won the second prize of State Science
and Technology Progress Award in 2007. Turbulence model and finite
volume method research has solved several types of typical dam hydraulic
problems, and its result won the second prize of State Science and
Technology Progress Award in 2008.

14. 5 Establishment of disciplinary academy

In 1979, the System Simulation Special Committee of Chinese
Association of Automation was founded. In 1989, the Chinese Association
for System Simulation was founded. In 2000, the Chinese Association for
System Simulation joined the Chinese Association for Science and Technology
and formally became a first-class society. At present, the Chinese
Association for System Simulation has 16 special committees and branches.
Each year, there are all kinds of influential academic meetings held. Since
2002, the Chinese Association for System Simulation has organized and held
an international simulation academic conference with the simulation societies
from Japan, South Korea, and other countries for each year.

Journal of System Simulation, Computer Simulation, and System
Simulation Technology have published thousands of papers on simulation
technologies and provided the academic exchange platforms for the purpose of
formation of simulation discipline and the improvement of academic levels.

Simulation is conceived, crossed, integrated and developed in cross and
integration among system science, control science, computer science,
management science and other disciplines. Moreover, it grows from the
practical applications involving all disciplines and all industries, and gradually
breaks through the original categories conceived for this discipline. The
system and independence of the discipline have been formed.

Research results show that the condition for simulation discipline
becoming a first-level discipline has been mature. The Chinese Association
for System Simulation has submitted a proposal to the Ministry of Education

to suggest that simulation science and technology should be set up as a first-
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level discipline in the higher education of China.

14. 6 Discipline talents training

Over the past decade, 107 universities of 211 Project have trained 14. 2%
of outstanding master students and 18. 4% of doctoral candidates related to
the simulation technology. 38 universities of 985 Project have trained 17.5%
of outstanding master students and 25. 1% of doctoral students related to
simulation technology. 107 universities of 211 Project and 38 universities of
985 Project have trained a total of 18. 8% of graduates related to simulation
technology.

14. 7 Discipline research platforms

The colleges, universities and research institutes in China have
established a number of simulation research and application laboratories and
engineering research centers. The state-level key laboratories or engineering
research centers, such as the National Key LLaboratory of Numerical Modeling
for Atmospheric Sciences and Geophysical Fluid Dynamics, the National Key
Laboratory of Control and Simulation of Power System and Generation
Equipment, the National Key Laboratory of Automobile Dynamics, the
Virtual Reality Technology Laboratory, the Beijing Simulation Center, the
Environment Simulation and Pollution Control Joint Laboratory, the National
CIMS Engineering Research Center, and the National Engineering Research
Center of Economic Field System Simulation Technology Applications, have
totally won 111 state-level, provincial and ministry level awards and 7
invention patents.

14. 8 The development trend and prospects of the discipline

Simulation has formed a comprehensive professional technical system,
become a common and strategic technology and is developing towards a
modernization direction featured by “ digitalization,  virtualization,
networking, intelligentization, service-oriented, and pervasive”. There are
seven aspects deserve special attention, which are networked modeling and
simulation, integrated natural/man-made environment modeling and
simulation, intelligent system modeling and intelligent simulation systems,
the modeling/simulation of complex systems/open complex giant systems,
simulation based acquisition and virtual prototype engineering, high-

performance computing and simulation, pervasive simulation based on

COPREHENSIVE REPORT ON ADVANCES IN SCIENCES



pervasive computing technology and embedded simulation.

The development of simulation science and technology will make
important contributions to China for taking a “new industrialization road
characterized by high technology contents, good economic benefits, low
resource consumption, little environmental pollution, and that the human
resource advantages are brought into full play”, and realizing the sustainable
development strategy. It will become one of the strategic technologies
supporting the development of China. Therefore, the three suggestions are
pointed out as follows:

Simulation science and technology should be added to the discipline
category of the Ministry of Education as the first-level discipline to
consummate the training system of special simulation talents;

The fusion of simulation science and technology with the application
fields and related disciplines should be further strengthened;

The importance should be attached to the development of simulation
industry in order to change the dominant position of foreign simulation

systems and technologies in the Chinese market.

15 Particuology

Most of the solid substances that exist in nature are in the form of
particles, such as soil, sand, and dust. Food for human consumption often
appears in particulate form, such as the grains, beans, salt, and cane sugar.
Artifacts, such as ground coal, catalysts, cement, fertilizers, pigments,
medicines, and explosives are mostly prepared in the form of powders.
Morphologically, liquid drops in an immiscible liquid or in gas, and bubbles
in a liquid or in a solid could all be considered as particulate. Studies of the
basic phenomena related to these materials have a fundamental significance to
the related fields, for example chemical, metallurgical, energy and light
industries, as well as environmental protection, national defense, and health
services.

The word particuology was coined by combining the Latin prefix
particula for particles with the Greek suffix logia denoting a subject of

study. The lexical meaning of particuology is the science and technology of
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particles.

On November 27, 1986, the Chinese Society of Particuology (CSP) was
inaugurated in Beijing, consisting of five subsidiary institutes, which are
Institute of Particle Characterization, Institute of Particle Preparation and
Treatment, Institute of Ultra-fine Particles, Institute of Fluidization, and
Institute of Aerosol Science and Technology. The science and technology
advances in the institutes and their respective fields are described as follows:

(1) Institute of Particle Characterization works on particle testing
instruments, establishes the criteria for particle testing, characterization and
properties of powder and aerosol concerned with geometrical properties,
physical properties, surface characteristics, and mechanical characteristics of
powder packing. Four Chinese companies, OMEC Technology Co., Ltd,
Dandong Bettersize Instruments Ltd, Chengdu Jingxin Powder Analyses
Instrument CO. Ltd, and Jinan Winner Particle Technology Co. Ltd, share
about 80% of Chinese market in production of laser particle sizers with
original design features. The successful development of three new
instruments based on dynamic light scattering or photon correlation
spectroscopy., dynamic digital image particle sizing, and ultrasonic spectra
stands for the advanced technical level of Chinese particle instrumentation
industry. The institute is credited for the considerable progresses on the
manufacture of Certified Reference Materials (CRM) which are used in
calibration and verification of particle instrumentation.

(2)Institute of Particle Preparation and Treatment is involved in particle
preparation, dispersion and surface treatment, unit operation of bulk
processes that deals with granulation, classification, drying, packaging,
transportation, collection and dust removal. Its accomplishments are
summarized as follows:Based on the survey on the production technologies of
powder/particle in China, certain effective solutions for existing major
problems are proposed. Advances in chemical preparative techniques of
particles are reviewed, including coprecipitation, sol-gel processing,
microemulsions, hydrothermal/solvothermal =~ methods, and flame
combustion, in particular, the main achievements of synthetic strategies of
inorganic nanocrystals in China. Since 2000, the progresses in the area of

powder surface modification has been reviewed, with special attention on the
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modifying agents and their prescriptions, processes, and equipment,
especially the preparation of functional powders and research directions for
surface modification of powders.

(3) Institute of Ultra-fine Particles is related to the preparation,
treatment and characterization of nano-materials; physical and chemical
properties of nano-particles; dispersion, surface treatment, and property
modification of nano-materials; applications of nano-materials and nano-
particles. Guided by application, the researches have paid much attention to
controllable fabrication and property optimization, such as size and
morphology. surface modification and nano-particle assembly, as well as new
materials with novel performance. The nano-powder industry in China has
realized significant development in the many fields closely related to daily life
as well as medicine, aerospace, water treatment, etc. However, many
aspects still lag behind and need to catch up in international competition.

(4) Institute of Fluidization devotes itself to gas-solid, liquid-solid, gas-
liquid-solid fluidization technology and its application, reaction, separation,
purification and transportation equipment, ultrafine particle fluidization,
supercritical fluid fluidization and high-temperature and high-pressure
fluidization; computer simulation and scale-up of industrial fluidized beds.
Fluidization technology has been widely applied to the chemical,
petrochemical, petroleum-refining, energy-related, environmental, and
pharmaceutical industries. Many international-level Chinese researchers in
the field have become top-notch experts both in fundamental studies and in
application research:

Fundamental research in fluidization is mostly related to the integration
of multiple physical and chemical processes as well as to the micro-scale
particle-fluid behavior in multiphase systems, for example, particle-scale
movement, heat and mass transfer, chemical reactions, including advanced
measurement techniques for complex multiphase flows. Cross-scale modeling
and simulations have received much attention. In particular, the capacity for
large-scale computations has been significantly enhanced either in terms of
hardware or in terms of software. From the viewpoint of particle properties,
ultrafine/nano-particles exhibit unique behaviors due to size effect, leading to

unique fluidization techniques and bringing about a highly promising area for
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both academic studies and practical applications.

From the point of view of industrial needs, petroleum refining and
related fluidization techniques are still much in demand in China, especially in
the utilization of heavy oils. Several novel designs of fluidized bed reactors
have been successfully developed and commercialized, aiming at clean fuel
production., as well as the integration of refining and chemicals (e. g. . low-
carbon olefins) production on the basis of FCC techniques. At the same time,
in order to relieve the current energy crisis, applications of fluidized bed
technology has pushed toward other energy-related processes, such as
pyrolysis, gasification, and combustion of coal and biomass feedstocks.

(5) Institute of Aerosol Science and Technology explores aerosol
properties (physical, chemical, optical and radiative), and processes that
control aerosol properties and aerosol dynamics, that is, the study on aerosol
production., sampling. monitoring and analysis, as well as the emission,
transformation and removal of aerosol, and their effects on weather and
climate, environment and human health, etc. In recent years, there has been
an increasing interest in studies of atmospheric aerosols due to their impact on
climate forcing, chemical heterogeneous reactions, air quality degradation,
visibility impairment and human health. Due to scattering and absorption of
solar radiation by anthropogenic aerosols, the changes in energy balance in
the atmosphere and at the earth surface might affect the Asian monsoon water
cycle and global warming. Such studies will give rise to many new theories
and technologies on aerosol measurement, and monitoring and analysis will
become the current foci of the aerosol research.

In the past five years, Chinese particuology has scored considerable
progress in both fundamental research and industrial application. Some
achievements have reached world advanced levels, although many tasks yet
need to be accomplished in order to lift its overall level. In accordance with
China * s policy that economic development depends on scientific and
technologic progress, and scientific and technologic works must be geared to
the needs of economic development, greater efforts will be made in order to
bring about more effective interaction between research and development on
the one hand and industrial applications on the other hand. In the meantime,

particuology as a relatively new science and technology in China is expected to

216~ GOPREFENSIVE REPORT ON ADVANGES IN SOIENCES



=%

<<
play a more important role in technological progresses and economic
development by aiming at international academic fronts and meeting the needs
of China.

16 Inertial Technology

The inertial technology, which is used to control the pose and track of a
moving object, is the generic term of inertial instruments, inertial
stabilization, inertial guidance, inertial measurement and other correlative
techniques. It is a kind of multidisciplinary science involving physics,
mathematics, mechanics, optics, material science, precision mechanics,
electronics technology, computer technology, control technology, measuring
and testing technology, simulation technology, manufacturing and process
technology etc., which mainly focuses on the theoretic, design,
manufacture, testing, application, maintenance and otherwise of inertial
instruments and inertial systems. It is widely used in aviation, aerospace,
marine, land navigation, geodesy, drilling and tunneling, geologic survey,
robot, vehicles, medical facilities and so on, as well as cameras, mobiles and
toys. In a word,the inertial technology could not be absent for measuring the
pose and track of a moving object, location and orientation.

The development of China’s inertial technology has been gone through
more than 50 years, and experienced from the primitive stage to the advanced
phase that includes the establishment, development, and innovation. Some
prominent progresses and achievements have been obtained. Since the China’
s reformation, the demand for inertial devices has been rapidly grown. Along
with the development of computer technology, information technology.
microelectronics, new materials, new process technology, and other
advanced high techs, the inertial technology has become the spirit of modern
engineering disciplines. At present, China is capable of developing and
producing the high, medium, and low-precision levels of inertial instruments
and systems, and the independent-developed inertial products have been
widely used in many fields of national defense construction and national
economy in China. Therefore, the precision of pinpoint strikes from the sea,

land, air and space has become much higher. Making the successes of new
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intercontinental missiles, the manned spaceflight, and lunar exploration

project indicates that China’s inertial technology has been already reached out
a high level.

The development of the China’s inertial technology mainly consists of
the following aspects:

16. 1 The development of the inertial instrument technology

A hierarchy of China’s inertial system involving instrumentation, test,
and production has been established. Under the influence of basic industry
progress and increasing demand, the instrument accuracy, reliability,
stability, and environmental adaptability have been substantially improved.
The traditional mechanical gyroscope technology has grown up, and it is
represented by the liquid floating gyro, three floating gyro, ESG, and DTG.
The performance of the laser gyro has steadily increased and the rapid
development of fiber optic gyro is quite obvious. In addition, the performance
of various accelerometers has also been improved and a series of the products
have increased. Besides, the technology of MEMS-IMU grows up rapidly and
some breakthroughs have been made in its engineering implementation. A
great progress has been attained in the advanced inertial actuator utilized in
industry applications. By means of upgrading the theoretical level of new
concepts, new principles, new technologies, and new methods, the gap
between the international advanced level and the China’ s new gyro
technology is narrowed down; it is indicated as photonic crystal fiber optic
gyros, MEMS gyroscope, and atomic gyroscope.

16. 2 The development of the inertial system technology

The research of inertial navigation system technology primarily focuses
on the system analysis and overall technology, instrumentation application
technology, test and simulation, calibration and compensation technique,
etc. As the traditional mechanical gyro technology continuously matures, the
platform-based inertial system technology has concertedly developed, and the
breakthrough for key technologies has been made. The accuracy levels have
also elevated in a great degree, furthermore a series-type spectrum of the
products has formed. Besides, strap-down inertial system technology has
developed rapidly on the basis of a large number of basic technology

researches, and its accuracy has been greatly improved. The laser gyro-based
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strap-down system technology has reached a considerable level of accuracy

and fiber optic gyro-based strap-down system technology has entered into the
stage of industry applications. Meanwhile, MEMS strap-down system
technology is focusing on the breakthroughs in research. Gyro-monitor
technology for improving the accuracy of inertial navigation system has made
a breakthrough and the long-term accuracy of the system has been
significantly improved.

16. 3 The development of the inertial-based integration technology

The development of China’s inertial-based integrated system is closely
related to the development of a variety of navigation technologies. Satellite
navigation technology has unceasingly matured along with the constitution of
“Compass system”. The independent-developed inertial / terrain-aided
navigation system has been successfully applied, geomagnetic survey and
geomagnetic navigation technology have rapidly developed and the star
tracker technology of celestial navigation has achieved a breakthrough.
Besides, the visual navigation has also made a progress in the area of image
matching technology. All of them have laid down a solid foundation for the
development of China’s inertial-based integrated systems technology.

16. 4 The development of the inertial-related measurement and devices

In the field of the inertial testing technology, the research mainly focuses
on the environmental suitability testing, the separation calibration technology
of Inertial Measure Unit (IMU), the self-calibration technology of inertial
system, and auxiliary information calibration technology. Furthermore, a
progress has been made in the field of failure diagnosis and real-time state
detection technology. In terms of testing equipments, China has already been
capable of developing all kinds of testing equipments for the inertial system
testing and motion simulating, such as turntable, swing sets, angle vibration
table, line vibration table, precision centrifuge, six degree of freedom
simulation equipment, target motion simulation device, load simulation
equipment, composite environmental testing equipment.

16. 5 The development of the inertial applications

The development of the inertial application technology is mainly
represented by the improvement of performance and environmental suitability

of the inertial instruments and systems in different application backgrounds.
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At present, the China’s marine high-precision inertial navigation system has
moved from liquid floating gyro-based platform system to the electrostatic
gyro navigator. The applications of strap-down inertial system based on
optical gyro in the aerospace, aviation, land-used areas have been promoted.
Besides, the micro inertial system technology as the core of MEMS inertial
instruments has made a huge progress, and the applications of inertial
products in the oil exploration, geological measurement, and robotics have
also been further improved.

With the rapid development of modern science and technology, inertial
technology marches toward high-precision, high reliability, miniaturization,
wider applications as well. At present, China’s inertial technology is also
undergoing a major period of innovation and development. Therefore, some
suggestions on China’ s inertial technology development are pointed out as
follows:

To strengthen a leading role of professional technology, and carefully
drawn out a long-term development plan of the inertial technology; to actively
promote the self- innovation and enhance capacity for sustainable
development; To intensify the research on bottleneck-problems in order to
meeting the demand of the national defense and national production; To
accelerate the transformation speed from scientific researches to industrial
applications; To enrich the human resources and enhance the training for
technical personnel; To establish the center for the test and evaluation of

inertial technology.

17 Landscape Architecture

17. 1 Introduction

Landscape architecture is a comprehensive discipline that is characterized
by Chinese traditions and specially deals with protection, planning, design,
and sustainable management of natural and cultural environment. By means
of science, technology, and arts, its goals are protecting, using, and re-
building nature, and creating sustainable environment with function, eco-
friendly, beauty, culture, disaster and risk prevention, and hazard aversion

in order to satisfy human’s needs and to form a harmonious relation among
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man, nature, and society.

Landscape is the only green, alive infrastructure to improve urban-rural
eco-system and human habitat. It is irreplaceable in the construction of
spiritual and material civilization. Landscape lays down an important
foundation for building a harmonious society and realizing eco-civilization.
Green land has advantages in energy-saving, emission reduction, promoting
carbon sink and driving low-carbon economy. Landscape is the carrier of
natural, cultural and artistic values, and some of the landscapes and gardens
in China are listed as UNESCO World Heritages. And landscape provides the
significant space for the people to live, work and have leisure and to ensure
their health and quality of life.

17.2 Major achievements

The major achievements of landscape architecture are described in 10
areas as follows:

(1) Outstanding achievements in the study on the history and theory of
Chinese landscape architecture include the in-depth research on the history of
Chinese Gardens and, case studies and classical work of garden-making and
broadening on the system of Chinese landscape architecture. The publications
of two monumental books, History of Ancient Chinese Gardens and History
of Chinese Garden-making , represent the highest level in this field. The
third important book, history of Chinese Classical Gardens, has revised.
The research on the gardens in the old capitals and Yangshilei has made a
positive progress; the research on the classical book, Garden-making , and
traditional gardens has been conducted from new perspectives; the definition,
system and trends of the discipline are deeply explored.

(2)In the fields of development of theory and practice of urban landscape
planning and design, the concept of nature-culture mergence is tightly
associated with site analysis, eco-design, landscape and context. Green
infrastructure focused on the definition, policy. structure, and approach
related to its realization. Humanized design considerations are linked with
ergonomics, ethnology, psychology and ethics. In addition, landscape
technology is studied and applied to the area of inheritance of the tradition,
eco-design and human-friendly design, and computer-aided design. Some of

the most successful projects have the significant influence at home and
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abroad, such as the Olympic Forest Park in Beijing, the West Lake

environmental improvement in Hangzhou, applied eco-technology in
Xinjiangwan City in Shanghai, and restoration of the Genzhitu in the Summer
Palace.

(3)Planning of urban green land is the key to a special planning, which is
the urban-rural development. It is strengthened that the planning must be
closely linked with urban general planning and urban land use planning,
green land priority is a key principle. And landscape security pattern and
urban eco-infrastructure have promoted the urban green land planning theory
and practice. Ecology and landscape ecology have been applied to the research
on the structure and function. The relationship between urban development
and function of green land construction is now a research subject. The index
system and evaluation of green land have improved. The remote sense and
information technology are widely used in the investigation and analysis of
urban land system, therefore to upgrade the level of urban green land
planning.

(4) Planning and study of the scenic and historic areas focus on the
system planning, general planning, and detailed planning at urban,
provincial, and national level. It has the features of comprehensiveness,
diversity, and complexity. And post-disaster planning of the scenic and
historic areas has been quickly approved and utilized in the areas hit by
earthquake in Sichuan province. System planning within the provincial areas
has completed. The tasks, function, features and contents are defined.
General planning is focused on sustainable and harmonious development,
visits control, resource-saving, environmental protection, etc. Especially,
the preservation planning, typical landscape planning. and environmental
assessment are the main areas. Borrowed from urban planning, the detailed
planning deals with index system structure and control. Finally, after-
disaster planning and construction of the scenic and historic areas are now
developed.

(5) The researches on landscape plants are conducted in the areas, such
as analysis of plants arrangement in both classical Chinese gardens and
foreign landscape, ecological, economical and naturalistic plant community,

and selection of appropriate plants for human habitat. The research on the
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resources of traditional Chinese famous flowers and their species classification
and germplasm resources are established. New species with own intellectual
property rights are cultivated together with the normal seed cultivation. The
preservation and breeding of important and endangered species are conducted
at cell and gene level. In addition, control over the harmful creatures and
rejuvenation of old trees are given much attention. The research on the
benefits of plants to ecological improvement, health care and environment
protection artificial plants have made large progress.

(6 ) Landscape construction and technology are enhanced by new
techniques and expertise with innovative measures, and are moved forward to
deal with the complex projects. While in heritance of traditional garden-
making, more and more new technology and materials, such as concrete,
steel and synthetic resin, are applied to the construction and maintenance of
traditional buildings. The techniques are gradually mature in the areas of
GRC man-made rockery, eco-banks, plants construction in the summer and
autumn and large seedlings planting. Greening of salty land and eco-
restoration of brown fields, landfill and highway slope and vertical greening
are successfully carried out in the practice. In addition, the research on
artificial wetland and eco-restoration are conducted. Energy-saving oriented
research on local plants breeding and plant community building, storm
management and water-saving irrigation and waste recycling use has made
progress.

(7) The research on the function of green land and bio-diversity are
conducted successfully in so many areas, such as improving micro-climate and
purification of the air. Rational green land use and structure are put forward
based on the research of heat island. Green land disaster-prevention and
hazard-aversion research and applications are carried out in the green land
layout and planning. Investigation on urban bio-diversity, data research,
current situations analysis and assessment, policy of protection are
conducted, and much attention is given to the relationship between urban
landscape and low carbon city at different urban levels.

(8) Exploration of protection of natural and cultural heritage moves
towards the application and management of heritage resources with cross-

disciplinary collaborations. The idea of heritage, its definition, and
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characteristics of public property are deeply studied. The system planning
and protection of the scenic and historic areas are put forward based on the
conservation of landscape resources, tourism development and management,
stewardship and related laws and regulations. Inspection and management of
the scenic and historic areas, remote sensing monitoring, and digital tourism
are studied and applied.

(9) Exploring the roles of the management, summarizing of the
successful experiences, and improving laws, regulations, policies and
standard system are the major subjects of landscape architectural economy
and management. The social public characteristics and its promotion to
economy and social development are proved. Some of the related laws,
regulations and codes are made and put into effect. The operation of the
scenic and historic areas and urban green land is carried out, and the quality
control system in the enterprises is promoted professionally.

17. 3 Education

Landscape architectural education is growing rapidly and great
achievements in teaching, research and practice have been attained. And the
universities continuously produce many high quality talents for the profession
and strongly support the profession nationwide. Three specialists are the
members of Chinese Academy of Engineering. Two specialists are selected as
the members of international cultivar registration authority of ornamental
cultivars.

Currently 166 universities offer 184 undergraduate programs of landscape
architecture and 61 universities and research organizations offering 151
disciplinary points of its kind. The level of education has been upgraded.
Frequent exchanges with foreign universities strengthen collaboration and
benefit both sides, for example, Chinese students have won 5 first prizes and
many other prizes in International Federation of Landscape Architects
(IFLA) Student Design Competitions since 2002.

17. 4 Goals

The long term goals for the development of landscape architecture are
enhancing studies on landscape theory, protecting and using scenic and
historic areas and heritage resources, landscaping and greening for livable

cities, resource-efficient landscape construction, applying landscape plants,
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new technology and materials.

17. 5 Measures

Measures for straightening the discipline should be adopted, which
enhance basic research on theory, carrying on the accreditation of the
education, building up landscape human resources, strengthening academic
exchanges platforms, improving laws and regulations, and emphasizing links
and mutual learning with related disciplines.

17. 6 Vision

Landscape architectural discipline makes contributions to national
development and meets the social needs. Based on the tradition, it will
definitely promote the healthy development of the discipline, improve human

settlements and benefit the people and society.

18 Animal and Veterinary Science

Animal and veterinary science play an important role in both domestic
economic and social development. Recently, the combination of high
technologies and traditional skills has become an obvious feature in these
fields. During last two years, scientists have obtained a great deal of
achievements in both above scientific areas, which reflect the latest advances
of research and provide positive impacts on the future development of animal
and veterinary science studies.

The study on “DNA Marker Technique and Its Application in Chicken
Breeding” conducted by Li Ning and his research team have discovered that
majore genes or DNA markers which can be used for genetic improvement of
the economic traits, such as growth, fat, meat, anti-diseases, of chickens.
Based on these discoveries, further inventions provided several diagnostic kits
widely used in the leading enterprise. More importantly, the discoveries and
applications of dw and K genes, provide basic theories and novel methods for
chicken molecular breeding.

Through the project “Innovation and Application of the Excellent
Characters of Chinese Local Chicken Resources” , Kang Xiangtao’s team has
gotten eight excellent core lines of chickens with independent intellectual

property rights, and found 12 breeding and production patterns. These
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researches provide new ideas, new methods and new materials for the

protecting and exploiting of Chinese local chicken resources

Through the project involving “Study and Application of Nitrogen and
Phosphorus Metabolism Regulation and Crucial Technique for Safe Feed
Formulating in Domestic Animals”, Yin Yulong and his research team have
systemically investigated the excretion patterns of endogenous nitrogen and
phosphorus in swine, developed and evaluated the methods analyzing true
digestive rate of amino acids and phosphorus in feed and mechanisms of
bioactive elements in regulating nitrogen and phosphorus metabolism. They
have established a platform for reducing the nitrogen and phosphorus
excretion and improving the methods of low nitrogen diet preparation for good
meat properties.

“Study of Nutrient Regulating Technique in Swine Health Industry”
performed by Li Defa research team created a swine immune model
responding stresses, by which can elucidate the mechanisms of essential
nutrients in regulation of immune function to gut health. They also optimized
the assessing system for feed nutrients. Additionally, specific techniques for
detection of 13 types of banned feed additives and evaluation of biosafety of
transgenic soybean meal. They have also developed multiple feed additives.

“Technique Exploitation and Application of Protein Feed Resources”
conducted by Li Aike’ s research team has developed a series of new ways
through which rapeseed and cottonseed meals of low-toxicity &. high-protein
content, high-bioavailability can be produced in oil-seed processing industry.
At the same time they set up new soybean processing techniques to increase
protein content and bioavailability of soybean meal. Li’ s team has also
developed a series of new techniques to produce feedstuffs which are ideal
substitutions for traditional protein feed resources and established new
methods such as protein feed microscopy. nitrile & small peptides analyzing.

The project “Ecological Cyclic Utilization of the Waste in Animal
Industry & Comprehensive Technique for the Waste Reducing and
Controlling” completed by Chen Yingxu has obtained a great deal of the
accomplishments which include development of the techniques for
fermentation of the waste in animal rising and functional organic fertilizer

making, invention of techniques for carbon-nitrogen-phosphorus synchronous
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treatment, establishment of the ecological tech-system for high efficient cyclic

utilization of the waste and the pollution controlling and reducing.

Through the research on “Immunochromatographic Strip for Detecting
Forbidden Drug Residues in Pork”, Zhang Gaiping and his team have
developed 15 immunochromatographic strips for fast, convenient, cheap
testing for the residues of small molecules.

Through a study of “Development and Industrialization for New Drug
Quinocetone”, Zhao Rongcai’ s research team have developed the new feed
additive quinocetone which can increase the growth rate of pigs, chicks and
fishes by 15%, 18%, 30% respectively. Meanwhile, this drug can decrease
the diarrhea rate by 50% ~70% in animals.

Animal and veterinary science have been apparently improved with the
great efforts from all scientists in these scientific areas. Some techniques,
such as cryopreservation of mammalian embryos by vitrification, bovine and
goats in vitro fertilization, animal cloning, are world-class, meanwhile some
fields, such as buffalo cloning, sex-controlling tube buffalo techniques and
Chinese traditional medicine, have reached the world leading levels.
However, the big gap between overall level and the world advanced level
must be clearly realized. The youth researches should be encouraged to create
novel ways for research instead of simply following foreign techniques.

Now, animal and veterinary science has become one frontier field of
biological science and biotechnology applications. With the rapid development
of molecular biology, a revolution in animal science study whose characters
are modification of research methods, and the study technique moves towards
molecular level has been triggered in other countries. The research of animal

and veterinary science has entered into a new period of development in China.

19 Crop Science

Since 1978, science and technology innovations, as a strength source for
the modern agriculture science, have made major contributions to the
agriculture development. The contribution rate has risen from 27 % to nearly
50%. With the major project support from national ministries and provinces,

the crop science has played an extremely important role in guaranteeing the
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national food security, promoting the increment of farmers’ income and
keeping the sustainable development of economy and society by overcoming
the difficulties and independent innovations.

19. 1 Basic capacity building and award in crop science

Over the past two years, the crop science has made a great progress in
the capacity building of discipline, research teams and platforms. So far,
there has been 6 state key laboratories, 49 key laboratories of Ministry of
agriculture, 22 national crop improvement centers and sub-centers, etc.
From 2008 to 2009, the crop science has won 29 national awards for the science
and technology achievements; including 1 First and 27 Second prizes of State
Science and Technology Progress award,1 second prize of State Invention Award
and a number of awards at the ministerial and provincial levels. Also, the crop
science has developed to become a modern multidisciplinary system including crop
genetics and breeding, tillage and cultivation, physiological and ecological,
molecular biology and bioinformatics.

19. 2 The research progresses in basic research and technology innovation
of crop science

Based on the functional genomics and proteomics research, a comprehensive
discipline system with an integration of interdiscipline has been formed. So far,
more than 300 genes of major agronomic characters in rice, wheat, maize,
soybean, rapeseed, etc, have been fine-mapped and cloned, and the marker-aided
breeding system is established and used in breeding procedure, and the related
research progress have been published in the international journals, such as
Nature Genetics s Genes & Development, and PNAS, etc.

The genome sequences of crops, such as rice, maize, soybean, potato,
have been obtained. Modern biological technology. especially genetic
engineering and molecular marker assisted selection, accelerate the utilization
of crop breeding program. Gene discovery and identification have been
conducted in large-scale, and have provided plenty of gene resources for the
crop genetic improvement. Integration of gene discovery, transgenic with the
molecular marker-assisted breeding has become a major approach in the crop
improvement. Currently, the transgenic breeding system has been
established in a number of crops, such as cotton, rice, maize, wheat,

soybean, etc, and has made a great research progress in Bt cotton, phytase
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corn, Bt rice, herbicide-resistant soybean, etc. Meanwhile, a space mutation

breeding technology has rapidly developed, which is in a novel technological
growth point for the genetic manipulation of crops.

Crop heterosis has made a great progress in hybrid rice breeding, maize
heterotic group utilization, hybrid soybean breeding etc. The goal for the
super rice breeding has been moved forward 13. 5 t/hm” in 2010. The
incapability in soybean male sterility and insect pollination have been resolved
to robust the three line sets and achieve the hybrid soybean utilization.

In the past two years, the crop science and technology innovations and
transformations have been emphasized. A number of technology innovation
and transformation systems were built, such as “establishment of quality
evaluation system and utilization of molecular methods for the improvement of
Chinese wheat quality”, “maize high yield and efficient production technology
system in Jilin province”, “The research and application of the key cultivation
technique to improve the winter wheat roots, ear development and yield and
quality”, “Establishment and application of the key cultivation technique and
standards in quality control in double-low rapeseed whole-production
system ”, “ Model-based crop forecasting and precision management
technology”, “System development and application of peanut cultivation
techniques”, “Research and application of the key non-pollution cultivation
technique in corn production”, “Research and application of the clean
cultivation technique in vegetable production in South China”. All of these
achievements have increased the production yield, improved the quality and
agric-ecological environment.

19. 3 Comparative analysis on the crop science research at home and abroad

Biotechnology breeding needs further strengthen due to the weak of
independent innovation. The breeding goal is simple and elite breeding
materials are lack; Genomics and proteomics research are still in an initial
stage. The novel genes with potential usage in breeding are short of and the
capacity for isolating and using the genes should be emphasized.

The basic research of cultivation techniques theory on the high production,
high quality, high efficiency and ecological security is weak with a low level of
technological innovation; overall national modern agriculture development is still

behind in the areas of basic construction and qualified personnel.
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19. 4 Trends and prospects in crop science

A molecular design breeding project, including the basis of crop genetics
and breeding, large-scale gene discovery and identification, crop molecular
breeding technology, etc, is registered.

Crop Cultivation research has been changed., and new technique has
provided friendly agriculture for basic theory support, such as high-yield,
high-quality = simultaneous improvement of technological innovation,
determining the precise and digital cultivation and farming research, and
strengthening high-efficiency agriculture.

According to the national needs for building a well-off society and a
modern agriculture, the goals for the crop science development are ensuring
food and environment security, and increasing farmers’ income, aiming at the
international leading level of crop science and technology development,
expanding the crop science development areas, and enhancing the technology
independent innovations and transformations.

The basic research areas include molecular biology basis of major
agronomic traits in crop breeding; isolation and cloning of functional genes of
important traits, the theory and method of crop molecular design breeding;
exploring the genetic basis of heterosis and mechanisms.

The research goals are establishing a crop yield, quality and efficient
regulatory mechanism, optimizing the theory and strategy in crop
productivity and resource efficiency management; optimizing the theory and
control mechanism in crop productivity in response to the climate change, and

the agro-ecosystem.

20 Tea Science

Tea science is the discipline that researches on the tea breeding,
cultivation, manufacture, utilization, etc. The development of tea industry
relies on the development of tea science, and in turn supports the
development of tea science.

In the recent five years (2005~ 2009), the researchers of tea science
have continuously increased; the structure of researchers has also been

optimized. The research equipments for the tea have been significantly
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improved, and the progress of tea science has been accelerated. During this
period, total 2800 scientific papers of tea science are published, and
approximate 200 achievements are acquired, 63 of them are awarded the
prizes at the provincial or even higher level.

In terms of tea germplasm and breeding, about 200 accessions of tea
germplasm have collected and preserved in the National Germplasm
Hangzhou Tea Repository (NGHTR). The core collection for Chinese tea
germplasm has primarily constructed. The in situ conservation and the
standardized appraisal of tea germplasm have also enhanced. Approximate 20
new tea cultivars have been released to the public, the cultivars include
national and provincial registered clones and plant new variety (PVP)
protected clones. A batch of new lines of tea, such as high tea polyphenol
content, high aroma, resistant to pests, and low caffeine content, etc. has
obtained by individual selection and mutation breeding.

In terms of tea cultivation, the requirement rule of N, P, and K for
different age tea gardens has illuminated. Optimum usage of N for different
production pattern tea gardens has suggested. Series controlled release
fertilizers that are special for the tea plant has successfully developed. The
preliminary cultivation conditions for machine harvest tea gardens have put
forward. The main sources of lead pollution in tea have found out and
technological measurements for reducing the lead contents have proposed.

In terms of tea protection, the harmless control techniques for tea pests,
such as spiny white fly, have developed. The chemical ecology concept
involving the relationship among tea plant-pest-natural enemy has been
introduced into the tea protection research; a new pathway to control over the
tea pests and diseases is opened. Introducing advanced technologies of
molecular biology and electrophysiology to the area will lead to new
innovations for the tea protection research.

In terms of tea manufacture, the tea quality has improved; the secondary
pollution is cut down in the tea processing procedure after the application of
microwave, hot wind, far infrared, and the development of continuous
processing line. The premium tea production has basically made
mechanization and step by step serialization, and clearer. The techniques of

membrane, enzymic engineering, frozen drying, column chromatography,
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and resin absorption are applied to the tea deep processing, therefore the tea
quality has significantly improved. The new technology involving the isolation
of tea functional components plays an important role in the wide utilization of
the medicine, food and chemical industry.

In terms of tea related standards, China has proclaimed about 470 tea
related standards at national or provincial level. The limitations on the
maximum residue of 20 pesticides and 2 heavy metals in tea are determined.
Analysis technique and method of tea quality are fast developed. A
simultaneous rapid analysis technique for multi-pesticide residues and a
component quantitative analysis model are established.

In the relation of tea and human health, it is a promising field in the tea
science. The research results indicate that the functional components of tea
have some curative effects on the cancer, diabetes, Parkinsonism, and
nephropathy, etc. The medicine that protects and cures cardiovascular
diseases using tea polyphenol and its derivatives as the raw materials has been
registered at the national level. Functional food containing tea functional
components could be found on the market soon.

Since 21st century, the tea science in China has significantly progressed.
Nevertheless, it is essentially a tracking study, lacks of important theoretical
innovation, and key technologies possessing intellectual property rights. The
tea science needs to widen its research fields, foster new growth points
continuously by using the theories and achievements from other scientific
disciplines. In particular, new breakthrough involving certain important basic
theories, such as the metabolism, regulation and control mechanisms on the
gene level, and stress physiology of tea plant, will strongly support the

sustainable development of tea industry.

21 Sport Training

The sport training course is a science which studies the law of sports and
training activities and effective organization of the sports and training
activities. The sport activities that improve the athletic abilities and sports
achievements of athletes are specially planned and organized. It is a

comprehensive and applied subject integrated natural science with social
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science. It originates from sports and training practices. It is also a

combination of two great knowledge areas with training practice; the area
involve some natural sciences, such as physiology, bio-chemistry, bio-
mechanics, mathematics and some social sciences, such as education,
systems science, philosophy, etc.

In recent years, China has developed an active exploration on the several
issues, such as methods of sports and training, the humanistic education in
the process of sports and training, the division of training cycle, “mini-cycle”
and “plate structure” theory, the effect of over-restoration theory, the
attribution of coordinate ability, and so on. The hot study topics are
embodied in the following aspects: the establishment of 3-level theoretical
system in sports training course and the breakthrough on the study of special
training theory, the issue of public knowledge on the sports and training that
has attracted widespread attention, so as the issue of individual training on
elite athletes. Meanwhile the study of competitive ability has constantly gone
into depth, the theoretical research on the exercise control over the training
process has become routine, the technological support for large-scale events
are systematically and efficiently prepared, etc.

The hot topics of sport training at home and abroad are described
respectively as follows:

21.1 Hot topics related to sport training research in foreign countries

21. 1.1 The research on sport training system

In the process of performance achieving, psychological effects have been
treated as equal important as training skill, which causes more focus on the
psychological aspect of workout; the establishment of sport training process
and scientific organization theory facilitate the whole training procedure. A
successful coach should be equipped with the unique training philosophy, or
coaching philosophy.

21. 1. 2 The basic research on sport training

Several treatises further perfected the physiology study on sport training
that is referred to the psychology of competition result, behavior psychology,
the training behavior process of exercise skill, and cognitive exercise training
psychology. The compilation of a sport training dictionary is completed and

the dictionary contains the contents of basic theory researches, such as
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dynamical system theory and sport training and chronic observation of

competitive skill development.

21. 1. 3 Athlete competitive status study

The fact that home court advantage and opponent’s ground disadvantage
objectively exist is proposed, and it is also found that this situation is related
to the occasion familiarity, travel elements, and allopatry match.

21. 1. 4 Study of all links and aspects in sport training

It is found that common warming-ups have the extraordinary importance
in most exercise, and it can’ t be replaced by the specific training
warming-ups.

21. 1. 5 Specific training theory study

Because of the different adjustment on the individual athlete affected by
the different training content, coaches should have a clearly understanding of
the need of their teams and teammates and make a reasonable training plan on
the basis of these needs.

21. 1. 6 The research on training cycle theory

Training cycle theory is enriched by block training model, or the plate
structure training theory.

21. 1.7 Conditioning training study

The generation of reactive strength plays a significant role in different
sports for its different effects on the muscle working types, energy
production and neurological regulation between traditional fast power and
explosive power, etc.

21. 1. 8 Altitude training or hypoxic training research

Since the HilLo training model was proposed in 1991, a great
improvement related to this field has generated. Not only the enhancement of
RBC, Hb, and VO,max in elite athletes can be observed in the Hil.o
experiment, but also their performance is better.

21.2 Hot topics related to sport training research in China

21. 2. 1 The extension of sport training theory to competitive sport
science theory

In recent years, the sport training theory has been penetrated into the
athlete material selection, sports competition and game management and

produced large amount of treatise. Specially, the initial gene selection study
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conducted in Beijing Sport University gained a breakthrough in the gene

selection for middle-distance race athlete.

21. 2. 2 Wide spread public concern about sport training recognition

The recognition of training nature has the direct influence on the
scientific degree of training. As the knowledge of human body and training
activities increasing, the exploration of sport training has got a significant
breakthrough.

21. 2. 3 The re-recognition of three requirements and heavy load training theory

The consensus about this training theory reached by scholars in new era
have something different. The core is the idea of “start from real
competition”, which certainly has a limitation of times. At this period of
pursuing for scientific training, sport training should combine reasonable load
with regulation, keep pace with the times, and further improve the theory.

21. 2.4 Focus on the individualized training on elite athletes

Research effects mainly concentrate on the study of individualized
training characters from different angles. It greatly enlarges the sport
training theory from the perspective of elite athlete features.

21. 2.5 The research on group event theory

In recent years, group event theory has been frequently applied to
practical field study. Lots of typical results are included.

21. 2. 6 Research on competitive skill is intensive

The following aspects represented the chief research achievement of
competitive skill in sport training. Firstly, competitive skill structure and
function are built. Secondly, the research value of competitive skill status and
monitoring system is highlighted.

21. 2.7 Skill training study

Innovative view and new angle of exercise skill study, such as movement
system structure, formation of students’ exercise skills, and so forth provide
a huge space for research.

21. 2. 8 Study of sport training controlling process

In recent years, the deep research and discussion on the labor division of
sport training, the whole aspect and details of sport training process, the
relationship between competition and training and sport training load, etc are

conducted.
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21. 2.9 Competition theory study

The competition theory study mainly focuses on the subjects of
“chocking”, competition risk recognition, evaluation and reply study, road
ground and home court competition study, competition information
processing etc.

21. 2. 10 The scientific and technological support for the preparation of a
large competition

In this area, the main issues involve strengthening the psychological stability
of athletes in Olympic Games; training monitoring system; athlete weight
control; difficult and new techniques; changes of rules and related reply;
information preparation for Olympic Games; creation of movement series.

21.3 New concepts and explorations in the study of Chinese sport training
theory

21. 3.1 The humanistic education in sport training

Many studies imply that Chinese competitive sport is undergoing a
significant transformation.

21. 3. 2 Study of training cycle division

Training division theory once was an important basis of sport training theory
and had the great influence on many countries’ exercise. However, as the
practical activities changing, its correctness has been queried for a long time.

21. 3. 3 Mini-cycle and plate structure theory exploration

Comparing with traditional training cycle theory, the plate structure
theory suggests developing diverse physical qualities in preparing period.

21. 3. 4 The argument on the practical effect of super compensation theory

The main points querying the practical effect of compensation theory
include: the theory lacks of scientific experimental data; the theory has no
clear idea about the limitation of human ability; it emphasizes on the short-
term improvement while ignores the chronic accumulation. Some scholars
firmly believe that as a kind of material basis of competitive ability
improvement, the super compensation is an objective fact, however it is not
equal to exercise ability enhancement.

21. 3. 5 The dispute between the unitary training theory and the binary
training theory

It involves the philosophy side of sport training.
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21. 3. 6 Discussion on the belonging of coordination skills

There are some basic viewpoints about the belonging of coordination
skills, it belongs to a skill aspect, and the coordination skill is a sub-
conception of exercise ability, so it belongs to and is a part of exercise ability.
They should not be obscured and treated coordination skill as the common
physical quality.

21. 3.7 The expansion and practice of altitude training theory

Research on the altitude training theory and its applications in training
practice and competition remains to be the hot topics in sport training field.
In China, the practical theory of altitude training. the effect of different sea-
level elevation training and nutrition control on middle-distance racing
athletes’ exercise ability, the intensity in altitude training and competition in
altitude have been discussed.

21. 3. 8 Conditioning character study

The conditioning character study always attracts scholars’ attention.
The main results are as follows: exercise quality indicator construction and
effect evaluation in taekwondo athletes’ conditioning training, study of
competitive aerobics conditioning training, study of Chinese elite eurythmics
athletes” physical characters and training-related ability tests, and so forth.
These researches point out the direction for Chinese specific sport

conditioning training.

22 Public Health and Preventive Medicine

Public health is a science, and an art in sense. It promotes environment,
prevents diseases, extends lifespan, and advocates physical and mental
health. It also helps individuals to grow and explore their greater potentials.
The working areas of public health include environmental health, infectious
diseases control, health education,and organizing medical workers to achieve
early diagnosis and early treatment of disease. It also tries to construct a set
of social systems to help citizens to maintain their proper health and archive
longer life expectancy.

Chinese government has attached the great importance to public health.

In the year of 2008, the central government appropriated special funds of 126
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million Yuan, for the public health. In the year of 2009, the funds increased
to 246 million Yuan. To achieve the goal of “health for all” in 2020, the
Chinese Ministry of Public Health has formally proposed a “Healthy China

20207 plan in 2008. The goals of this plan are setting up a framework of basic
medical and health care system by the end of 2010; building a preliminary
basic medical and health care system that numbers among developing
countries by the end of 2015; establishing a relatively mature basic medical
and health care system that covers both urban and rural residents, so as to
provide a accessible basic medical services for everyone, and to realize the
equalization in the use of health care services. Therefore, the health level of
the entire population will be greatly improved by the end of 2020.

22.1 The development of public health and preventive medicine disciplines
at home and abroad

With the rapid changes of human’s life style, severe global warming and
environment pollution, scholars in the field of public health and preventive
medicine all over the world not only pay attentions to the traditional site
investigation, statistic analysis and the testing of environment, food, etc. ,
but also address the laws, regulations, and policies affecting the related fields
and attach importance to the change of the health behavior of human being
and the social environment in relation to health.

Due to the feature of multi-gene effect of chronic non-infective diseases,
oversea researches of molecular epidemiology and genetic epidemiology have
switched from individual genetic variation or polymorphism reaches to gene
chip, genome-wide scanning, family study and twin analysis, epigenetic
research on gene and environment, and behavior research. In order to
research the long-term effect of various risk factors on the chronic diseases,
based on the prospective cohort study, the Framingham Study has established
and its results have made a great contribution to the risk assessment,
prediction, and prevention of angiocardiopathy.

With the entire population ageing, elderly people in EU, USA, Japan,
etc. has constituted above 20% of their total population. The health issue for
aging population has become a main concern of public health. Some public
health universities and colleges have set the subject on old people health, and

engaged in the prevention and care of the common diseases for aged so as to

238 GOPREFENSIVE REPORT ON ADVANGES IN SOIENCES



make them live healthy and long.

22. 2 Development of all disciplines involving public health and preventive
medicine

China has substantially established a disease prevention and control and
health supervision system; the infective diseases and parasitic diseases that do
severely harm to the health of people have been under control; the average
life expectancy has greatly increased and up to 73 years; Infant mortality rate
and maternal mortality have remarkably decreased; the growth level of
infants and teenagers has increased obviously; a remarkable progress has
been made in the prevention of endemic diseases, such as Kersan disease and
Kaschin-Beck disease, etc; the study on the prevention of occupational
diseases has obtained an outstanding result. In addition, China has
established an environment pollution monitoring system, the safety
evaluation system for environment quality and chemical compositions and
made some progresses in the environment and health researches. The
research of nutriology becomes the driving force for the improvement of the
food structure and nutrition state of the Chinese people.

China has realized the immunization rate of 85% for children under the
immunization program taking province, county and township as unit and the
bacterins under the immunization program in China can prevent 15 infectious
diseases. The disease prevention and control system has been increasingly
improved and a network of three-class medical prevention and care has been
established nationwide in China. The public health system has become a
network covering the entire population and an online direct reporting system
for 39 notifiable diseases has been realized. The development in preventive
medicine and public health will play a crucial role in the promotion of the

socialism modernization construction of China.

23 The History of Science and Technology

23. 1 Survey on the HST discipline in China
The History of Science and Technology (HST) is a branch of history
which examines how humanity’s understanding of the natural world (science)

and humanity’s ability to manipulate it (technology) have changed in the past.
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This academic discipline also studies the interaction among politics,

economics, industry, culture, religion, philosophy, science and technology.
It was established as an independent discipline in the first half of the 20th
century in the world.

Chinese scholars such as Li Yan and Qian Baocong started the research
on HST in China in the early 20th century. by studying scientific and
technological literatures and relics in ancient China. Since 1957, HST, as an
independent discipline, was established in China, and the marked event was
the establishment of the Institute for History of Science in the Chinese
Academy of Science.

In recent years, the HST discipline is developing rapidly and the re-
institutionalization of this discipline has been re-opened in China. Many
universities have established departments or institutes related to HST, since
the first one was founded in Shanghai Jiaotong University in 1999. In 2006
and 2008, the first and the second National Symposium on Teaching of HST
were held in Beijing and Harbin respectively. The Institute for the History of
Natural Science, CAS, Chinese Society for the History of Science and
Technology,and Inner Mongolia Normal University etc. together organized
the first Teacher Training Course in Hohhot in 2009 for advancing the
teaching level of HST in China.

Many top— level international academic conferences in the field of HST
were held in China in recent years such as the 22nd International Congress of
History of Science (Beijing, 2005), the 11th International Conference on the
History of Science and Technology in China (Nanning, 2007), and so on.
Many Chinese HST scholars hold important positions in international
academic societies for HST, for example, Professor Liu Dun has been elected
as the President of the International Union of the History and Philosophy of
Science/ Division of the History of Science and Technology in 2009.

23.2 Recent Progresses

During the 3 years from 2007 to 2009, many important achievements in
HST research were attained in the following research fields: the history of
science and technology in ancient China, the history of science and technology
in modern China, the oral history of science and technology in contemporary

China and the history of science and technology in world.
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23.2.1 Progress on the History of Science and Technology in Ancient
China

The history of science and technology in ancient China is still an
important research field, new studies on the history of ancient Chinese
astronomy, mathematics, medical science, physics, chemistry and
technology emerge one after another.

In the research on the history of ancient Chinese astronomy, the
archeological discovery of “Taosi Observatory” is one of the most important
developments, which offers substantial new clues on the origin of Chinese
astronomy. Scholars on the history of mathematical astronomy in ancient China
make great progress by new methods, and they take use of modern celestial
mechanics and computer program to examine the precision of Chinese ancient
calendars and re-construct the ancient calendars in modern astronomy term. In
addition, studies on the intercourse between ancient China and other nations in
astronomy have also made a difference. Besides the transplants of Islamic
astronomy in Yuan and Ming Dynasties of China and European astronomy in
Ming and Qing Dynasties of China to which have been given much attention for
a long time, the impact of Indian and Persian astronomy on Tang and Pre-Tang
Dynasties of China was studied as well in recent years.

In the research on the history of ancient Chinese mathematics, the
discoveries of the Han letter “Suan Shu” and the Qing letter “Shu” offer
important new material for the research on the history of mathematics in early
China. Based on them and the Han letter “Suan Shu Shu” unearthed at
Zhangjiashan in 1980s, researchers have arrived new understanding on the
history of mathematics in Qing and Han Dynasties of China. At the same
time, supported by Wu Wenjuan Mathematics, Astronomy &. Silk Road
Fund, research on the history of the intercourse and the relation between
China and other nations in mathematics has also made great progress. As
achievements of the projects supported by the fund. two Series have been
published in the name of A Translated Series of Mathematics Master piece o f
Silk Road and A Series of Comparative History of Mathematics.

The research on the history of ancient Chinese technology has been a
noticeable field since the protection of intangible cultural heritage was regard

as important in the past years. Two series have been published in the name of
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Complete Works of the Chinese Traditional Crafts and A Great Series of the

History of Engineering and Technology in ancient China for collecting,
arranging and conserving the knowledge of the ancient craft and technology.
The Compass Project is going along, which started in 2006 for unearthing the
value of ancient Chinese invents.

23.2.2 Progress on the History of Science and Technology in Modern China

As a new noticed field, the research on the history of science and
technology in modern China is rapidly developing in these years. This field
studies the process of the modern system of science and technology
established in late Qing Dynasty of China and Mingguo period of China. All
the important scientific societies and the process of modern industries
established in the early 20th century China are given more and more attention
by researchers. Recently, some researchers give scrutiny on the history of
Academia Sinica of China founded in 1928, National Academy of Peiping
founded in 1929, and the Science Society of China founded in 1915. And
others discuss the early history of Chinese industrialization since Self —
Strengthening Movement from different aspects.

The oral history of science and technology in contemporary China is
another of the hot fields in recent years. The Chinese Journal for the
History of Science and Technology has offered a special column for the oral
history since 1999 to collect and conserve the oral history materials from old
Chinese scientists. The publishing plan for A Series of the Oral History of
Science in the 20th Century China started in 2006. Several books of this
Series have been published in the past year.

23.2.3 Progress on the History of Science and Technology in World

Compared with the above three fields, the research on the history of
science and technology in world is still an underdeveloped field in China.
There are, however, also motive changes took place in recent works from
young researchers. Firstly, in the research on famous scientists, more
scientists including Faraday, Maxwell, Lavoisier, and so on were studied
besides Newton and Einstein. Secondly, new ideas were applied to the
research on different disciplinary histories, which cared not only the
accumulating process of knowledge but also the process of the

institutionalization of different disciplines. Studies on Disciplinary Histories
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in China Project were supported and organized by the China Association for

Science and Technology. Thirdly, research on the national history has also
made progress with some national characteristic problems as the key points.
Lastly, the research on the foreign famous science societies are given more
and more attention to, while some young researchers are studying the Royal
Society of London, the Lunar Society of Birmingham and the Franklin Society
in Philadelphia.

23. 3 Present Difficulties and Strategies

Naturally, there are some difficulties in front of Chinese scholars in HST
at present. Firstly, the research on the history of science and technology in
world is still accepted little attention respectively. Secondly, the history of
science and technology in ancient China need to be re—researched by means
of new methods and new perspectives. And thirdly, studies on applied
history of science and technology should be noticed more. Furthermore,
though getting much attention already, the oral history of science and
technology in contemporary China and the research on Chinese traditional

crafts and technology need more supports yet.

24 Land Science

24. 1 Introduction

Land science in China is an academic discipline with the vigorous
evolution and a long history. As early as 4 000 years ago, a land classification
method and a property tax system based on land classes were described in the
book, Yu Gong . while a study on land use suitability was also recorded in the
book of Qi Min Yao Shu. These works have laid down the early foundations
for land science research in China.

However, it was until the 20th century that land science started to
emerge as an independent academic discipline in China with the initial focuses
on land administration and human capital development over the first half of
the 20th century. Land survey and land use planning entered into the focus in
the mid-20th century, followed with land classification and evaluation in the
mid- to late- 19707s.

As China opened its doors to the outside world since 1978, China kicked
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off a land policy reform and the land is started entering into the market place
and gradually becoming a driving force for China’s economic transformation.
In the late 1980’s, the Chinese government is started using a comprehensive
land use planning in the land use control, particularly in preventing
encroachment of agricultural land from industrial uses.

Entering into the 21st century, more systematic and comprehensive
studies were initiated and implemented, induding agricultural land protection
vs. food safety, land control vs. healthy path of economic growth, reform of
land rights vs. social harmony, etc. With the challenges facing the world’s
largest population base and still growing, the constraints of natural resources
to support economic growth, as well as the environment issues (e. g.,
pollution, land contamination), the focuses of land science researches
gradually shift to areas, such as optimal land resource allocation, land
conservation, eco-systems protection, sustainability, and social fairness.

24. 2 Major advances in land science: 2006 ~2009

The evolvement of land science in China has been closely tied to how
government regulates and manage land uses over the last four years. As
such, this report will try to summarize major progresses of land science in
China during the period of 2006 ~ 2009 with the emphasis on the land
management. The report is divided into five major areas, which are land use
and protection; land survey, evaluation, and panning; land information
systems; land economy; and land management.

24.2.1 Land Use and Protection

Land use and protection is the most active research area which includes
Land Use and Coverage Change (LUCC), land ecology, land conservation,
and land restoration and engineering.

In recent years, LUCC researches are concentrated on what are the
driving forces, mechanisms, and simulations to future land use changes. The
research on the driving forces were concentrated on the shrinking of
agricultural land, with more attentions given to the natural, socioeconomic as
well as the responses of land use and management to LUCC. Many modeling
techniques, such as logistic regression, Cellular Automata (CA), and
computer-aided information systems, have been employed to develop

simulation models in order to better understand the future land use and
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coverage changes. At the same time, the research also has moved toward the
ecological impacts caused by land use changes.

On the basis of the basic theory of landscape ecology, land ecology
becomes a hot study area and plays an increasingly important role in the land
management ( land inventory management, quality control, ecosystem
management, etc). Land ecology focuses on the trends of regional ecosystem
patterns in ecologically fragile areas, metropolitan and urbanizing areas. Now
researches are digging into the ecological safety pattern, ecological service,
aesthetic and cultural functions of ecosystems.

Researches on the land use protection emphasize on applying ecological
principals to the development of reasonable and sustainable land use practices
and to better understanding of human-land relationship. Meanwhile, the non-
engineering factors in the land protection, such as influences of social and
economic developments and human-land relationships, are playing increasing
important roles. The unfairness caused by land use control and agricultural
land protection as well as the government’s low compensation standards for
expropriated land have drawn an universal attention in recent years, and
many experts believe that the government is in need of establishing
compensation standards and mechanisms of land development right for the
sake of better facilitating a major wave of urban-rural integration.

Researches in land restoration and engineering emphasize on the actual
performance of land productivity and the environmental impact of land use.
Construction land consolidation and revitalization, rural resident land
consolidation ( evaluation, modeling and mechanism), and mining land
restoration are the areas that researchers are interesting in recent years.

24. 2.2 Land Survey, Evaluation and Planning

Land survey researches are associated with the survey projects initiated
by the government. In recent years, land survey researches has been focused
on the database management, data quality, and the application of “3S”
(remote sensing, global positioning system, and geographic information
system) techniques. Many applied works involving information capture, data
mining, survey methods and techniques, land use status quo update,
cartography and process optimization have been done.

The land evaluation has evolved from the evaluation of physical
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attributes to inclusion of economical and social attributes, while the scope has

also expanded from the traditional agricultural land to the industrial and
commercial land. The evaluation of intensively-used construction land of
different types and scales is becoming the hot topics, while the land ecological
evaluation has turned into the ecological safety from only concerned land
degradation. More quantitative evaluation methods, such as Analytic
Hierarchy Process ( AHP), Principal Component Analysis (PCA), Data
Envelopment Analysis (DEA), Artificial Neural Network (ANN), Pressure-
State-Response (PSR), farmer behavior, and ecological footprint and energy
analysis, are integrated into the land evaluation process.

The formation and implementation of “ Regulations of Farmland
Classification” issued by the Ministry of LLand and Resources have paved the
path towards a more quantitative land evaluation system, which has been
widely adopted in entire China and regarded as a major breakthrough in the
farm land classification. Farmland classification and related researches were
also applied to the farm land protection and agricultural land quality
monitoring in recent years.

Since the implementation of land reform policy, researches on land use
planning switched from primarily rural land to cover all types of land within a
given administrative area. Many specialists and scholars have participated in
the regional land use planning initiated by local governments and engaged in
the process design, supply and demand forecast, zoning policy development,
environmental impact assessment, etc. Innovative methods, such as rigid vs.
elastic constraints, spatial control vs. buffer zone, planned vs. market
involvement are developed in the practical applications. Some technological
methods, for example. spatially explicit analysis, landscape ecological
methods, national quantitative control and public involvement were also been
taken into the considerations in the land evaluation and planning research.

24. 2.3 Land Information Systems

The land information science focuses on land information capture,
database establishment, and GIS applications. In response to the practical
needs, researches have utilized the Remote Sensing (RS) images classification
and land use status updating techniques in creation and management of land

database information systems, land registry and management system, land
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use and monitoring system, and land information registration system that
provide a fundamental support for the government’ s land and resource
management.

24. 2.4 Land Economy

The researches on land economy involve the economical (supply and
demand, taxation, financials, etc) perspective of land use with focusing on
the land market, regulation, income distribution, property tax reform, and
land finance. Land economy researches highlight the connection between
micro-market mechanism and macro-economic environment.

Researches on land market are concentrated on the urban land market,
rural land market establishment, as well as co-development of the urban and
rural land markets. Rural residential land under collective ownership and real
estate with the non-integral property rights derived from rural residential land
and other sources are the hot topics in the land market studies. Most scholars
contend that construction land under collective ownership should be circulated
in urban-rural unified market to propel the intensive land use for the sake of
meeting the needs of socioeconomic development. In the field of land finance.,
the development of land shareholding cooperative system and land financing
and securitization were performed. The land appreciation tax and property
tax are two main concerned issues in the land taxation, as well as the
procedures and impacts of taxation. New approaches were explored in land
classification and benchmark land pricing, for example a land price spatial
analysis using Kriging interpolation, a price modeling for agricultural land
expropriation, etc. Meanwhile, the relationships between land market and
real estate market, especially the price relationships between lands and
houses, as well as regulation measures are also hot topics in these days.

24. 2.5 Land management

The land management research includes property rights, land policies,
and cadastral management. Within the study of land property rights system.,
the collective ownership of land and corresponding land use rights, land
development rights have drawn broad attentions. Most opinions stand for
maintaining the status quo of collective ownership while optimizing the use
right system later on. Land policy studies include land use planning and

management, farmland protection, land expropriation and compensation
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mechanism, land consolidation, land registration, land circulation and the
drawbacks of land administrative law system. Most academic publications are
in the land expropriation, focus on the definition of “public interests”,
expropriation scope and compensation mechanism. Publications in the
farmland protection reflect on the drawbacks of existing farmland protection
system from the perspectives of property rights system, game theory, and
other dimensions. The significance, potential, and mechanism of urban-rural
construction land interactions were also discussed by scholars. Cadastral
management researches highlight the ownership adjustments in land
registration and land consolidation after the property rights is enacted.

24.3 Applications of researches in the practical land management

Chinese land science scholars focus their research on providing support to
the government’ s efforts in regulating and managing land uses. Indeed,
many scholars rely on government financial supports to fulfill their research
effort and in return provide expertise opinions on many government affairs.
Notable examples include facilitating government’s land survey and monitor,
building land information systems, implementing comprehensive land use
planning, establishing technical standards and regulations concerned with
land administration.

For example, during the second national land survey, thousands of
experts from academia were actively involved in establishment of four levels
(national, provincial, regional, and county level) of land information
databases and management systems with unitary time points involving land
photos and images, land types, area and land attributes. Based on the remote
sensing, the national land use dynamics monitoring system has realized a
multi-scale, multi-angle, high precision, and real time land use monitoring.
And in the area of urban land price monitoring, a land price reporting system
has been established, the system includes quarterly and yearly reports, key
area monitoring reports, and thematic reports.

The progress in land science also accelerates the digitization of land
management information system. Currently, the Ministry of Land and
Resources is building an unified database using RS images, current land use
status quo, land use planning, basic farmland information, many basic social

and economic information layers that can be overlaid in the land resource
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systems to support the ministry’s needs for planning, granting, supplying,

developing and administration. Its strategic goal is to establish a common
land administration platform, facilitate land monitoring for a dynamic
surveillance purpose.

Land consolidation, reclamation and exploitation are the three key
mechanisms to ensure a dynamic target maintaining the total cultivated lands
to be met. Literatures about the corresponding process compilation have been
published for guiding the investigation, study reports and scenarios, and
ensuring these projects’ operation. Scholars began to call for the prevention
of negative ecological impact resulting from the land development, and pay
more attentions to land consolidation and reclamation.

Over the past 20 years, many literatures and reports published by
Chinese land science scholars have offered guidelines for the compilation of
comprehensive land use planning at different levels, and prompted the
conversion of planning ideologies from the agricultural land protection and
construction land supply to the dynamically quantitative equilibrium of
agricultural land conservation and further to the economic and intensive land
use. A series of standardized systems have been established, including the
processes and regulations for planning compilation at various levels and
mapping standards. framework of national comprehensive land use
planning (2006-2020) was approved by Chinese State Council in September
2008, which provides the guiding principles for the land use planning.

Compilation of Regulations of Farmland Class was accomplished and
enacted in 2003. Guided by the Regulations of Farmland Class, national
farmland class evaluation was accomplished in August, 2009. It’s a unique
achievement in the area of agricultural land quality and productivity
evaluation. And it provides the first overview on the land quality classes and
distribution, the class comparison at national scale, and push forward the
development of quantitative and qualitative land administration.

The decision-making process of Ministry of Land and Resources are
heavily relied upon suggestions and proposals on land system reform, land
law legislation and revision pointed out by the scholars. Ideologies and
rationales, such as establishing the most rigid agricultural land protection

system and economic and intensive land use, decreasing land expropriation
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scope and increasing compensation standard, establishing urban-rural
integrated construction land market and rural village consolidating, and so
forth have been adopted by Chinese policy makers.

24.4 Thoughts on future land science researches

The basic theories of land ecology, the mechanisms of land degradation,
and the physic and socioeconomic factors that drive LUCC should be given
more attentions to, specially the physic factors influencing socioeconomic
forces and the function of socioeconomic and technical factors on the
reclamation of restricting land attributes.

In light of the resource constraints that China is facing and the increasing
complexity of human-land relationship, the land economy research should be
focused on how to fully utilize macro-regulation and micro-market
optimization of land resource allocation, and further develop the micro- and
macro- land economy theories and techniques. More researches should be
concentrated on the formation, establishment, operation and management of
land market in China, and land resource and property market allocation
mechanism to realize coordinative urban-rural and regional developments.
The land welfare economy should be developed to solve land income
distribution among nation, region, collective, and individual at different
temporal stages. More researches are needed in the field of land price
formation and operation mechanism by using land prices, rents, fees as the
regulation tools to supplementing macro-economic regulation, promoting
intensive land use. And the impacts of political institutions and land property
rights system on land resource allocation, land expropriation and
compensation, land market operation and land finance also need further
explorations in order to provide basic theories and calculation methods for fair
land expropriation and compensation mechanism, land use control and
ecology and development right compensation.

The future development of land information technologies includes
digitalization techniques on land survey and monitor, and improved
approaches for an urban-rural land cadastral management system, land
information standardization, and decision-making supporting system.

Future sustainable land use and engineering shall focus on technology

innovations in following areas soil and water conservation, land
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reclamations and engineering, prime farmland consolidation and engineering,

efficient land use, and ecological recovery and restoration.

Researches should be focused on the mechanism, regulation improvement, and
innovative policies for cultivated land protection. In the settlement of urban-rural
integration, the policies involving land expropriation and compensation mechanisms,
researches on urban construction land increase and rural construction land decrease
correspondingly shall be explored for encouraging land using right transfer, economic
and intensive land use, and proper income distribution mechanism; and also,
attentions should be given to the land and housing price; the theoretic foundation for
land regulation should be provided as well in order to ensure the economic

development and social harmony.

25 Intelligence Science and Technology

25.1 What is Intelligence?

Intelligence as a term is defined as a kind of ability for problem-solving
through the way of utilizing the related knowledge under certain conditions
whereas knowledge itself is the products refined from the information
processing. It is also regarded, on the other hand, as the climax of the
capability of living things for living and development both in nature and in
society. Living beings of all kinds will normally have intelligence to certain
extent which is named Natural Intelligence (NI) while machines may also
have intelligence, through special designing, which is called Artificial
Intelligence (AD). It is accepted that NI is the original intelligence whereas
Al is the simulative product of NI.

A general model of human intelligence processes can be shown in Fig. 1
below.

As is seen from Fig. 1, when a problem is given with constraints, the
intelligence process for problem-solving is started from information
acquisition for obtaining the information concerning the problem and the
constraints, and then the information is passed to the unit where information
is processed to make it easy to use. The next step is the cognition in which
the information is refined into the corresponding knowledge. Further, the

knowledge is activated, governed by the goal given before, into the intelligent
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Fig. 1 General Model of Human Intelligence Processes

strategy for problem-solving. The intelligent strategy produced is passed to
another unit where the intelligent strategy is executed to become intelligent
action for dealing directly with the problem to be handled. If everything in
the process is perfect, the problem can be solved at the end of the intelligent
action execution. Otherwise, the error in problem-solving will be treated as a
kind of new information and be feedback to the process so as to upgrade the
knowledge and optimize the strategy, until the goal isattained.

The entire process in Fig. 1 is the comprehensive concept of intelligence.

For many reasons at the present time, however, only the parts of
Knowledge Refining and Strategy Producing in the processes in Fig. 1 are
regarded as Intelligence. The former is termed Cognition and the latter the
Decision-making. This is the heart of intelligence, or the intelligence in
narrower sense.

25.2 What is Intelligence Science and Technology?

Science is the study for understanding the properties and laws of the
nature which is the environment for human and the results of science study is
the knowledge concerning the nature. Technology and engineering, on the
other hand, is the study, based on the knowledge provided by science, to
reshape the world for better living and sustainable development for human as
well as for all kinds of living beings in the globe.

It is obvious that science and technology-engineering make respective
contributions to human kind and are of equally importance. It will be difficult

for humans to understand the world without the contributions from science
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while it will also be severely problematic for humans to live in the world

without the contributions from technology-engineering. It is wise for people
to have close cooperation between science and technology/engineering.

Intelligence Science and Technology, IST in brief, is a discipline in
science and technology dealing with the study for understanding the
mechanisms that intelligence grows and works on one hand and the study to
create intelligent machines based on the mechanisms of intelligence that have
been understood. IST is an inter-disciplinary study based on both Information
Science &. Technology and Life Science & Technology.

The task of IST is to understand in depth the mechanisms of intelligence
related to living beings, particularly to human beings, that is termed the
Study on Natural Intelligence (SNI), and then implant as good as possible
the mechanisms of intelligence to machines so that intelligent machines can be
produced that is termed the Study on Artificial Intelligence (SAI). Both SNI
and SAI are interactive and mutually supportive in nature.

More precisely, SNI as science branch of IST consists mainly of Brain
Science and Cognitive Science and SAI as technological branch of IST consists
of various approaches to the simulations of the brain and cognitive capabilities,
including many practical approaches to the simulation such as Structuralism
Approach, Functionalism Approach, Behaviorism Approach, and Mechanism
Approach.,

25.3 Why Is IST important to the economic and social development?

Many reasons could be given to the explanation on the importance and
significance of IST to the development of science, technology, economy and
society. The most convinced evidence may, however, be the following.

There are three levels of human ability, named as the constitution, the
strength, and the Intelligence. The constitution of human body is the base
level to support all human abilities, the strength of human body, in the
middle level, is the key to play the physical abilities, and the intelligence is
on the top level to play the intellectual abilities, for making decisions and
giving commands to control almost all the human activities. The evolution
law for human ability extension is from constitution in agricultural age to
strength in industrial age and further to intelligence in information age, as
indicated in Table 1.
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Table 1 Law of Evolution
The Ages Science &. Technology Production Tools Ability Extension
Agriculture Material S& T Man-Driven Tools Constitution
Industry (Energy + Material) S&T Power-Driven Tools | Strength
Information (Info 4+ Energy + Material) S&T | Intelligent Tools Intelligence

It is clear from Table 1 that the focus on the development of science and
technology for the information age should be the extension of human
intelligence. This can only be realized by heavily utilizing the various
achievements made in intelligence science and technology to all areas in
science, technology, economy, and society.

25.4 Major achievements recently made in IST in China

There have been so many outstanding achievements originally created by
Chinese researchers in IST field during the past few years that implies clearly
that IST in China has been in a good status of its advancement.

Some of the representatives of the achievements are briefly listed here below.

(1) The theory in visual perception being internationally accepted

The point of view “topological approach to the perceptual organization”,
proposed by Professor Lin CHEN of China Academy of Sciences, has been
accepted as the dominant theory in cognition in the year of 2005 by the
scientists from International Society of Cognition who elected Professor
CHEN as its Chairman in 2009. Not long ago, the so-called “Atomic Theory”
in this field was dominant.

(2) First discovery of the mechanism of decision-making in drosophila

Chinese Professor A. K. GUQ, et al has been the first group of scientist
in the world who discovered, in the year of 2007, the mechanism of decision-
making in Drosophila. It was reported that it was the integration of Dopamine
and Mushroom Body Circuit that Regulates the Saliency-based Decision-
making. Without the integration, the decision will be difficult to be made.

(3) New progresses made in mechanization of mathematics

A new algebraic system based on advanced invariant was found in 2006
that is able to successfully deal with the problem of huge volume of
computation and thus applicable to the theorem proving in geometry.
Moreover, the method of mechanization of mathematics has been well applied

into Differential-Difference Polynomial Systems in 2007,
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(4) Success of R-Calculus in theories discovery

The R-Calculus proposed by Professor Wei LI, who was also the original
designer of “Open Logic”, from Beijing University of Aeronautics and Aero-
space found successful applications in scientific theories discovery. Two famous
theories, the Relativity Theory by Einstein and the Theory of Biological Evolution
by Darwin, were beautifully re-discovered by using R-Calculus.

(5) Internationally well-known work on uncertainty in Al

A “Cloud model” able to describe the uncertainty caused by the
combination of both randomness and fuzziness and the calculation of the

¢

parameters related to the “cloud” were proposed by Professor Deyi LI.
Further, the investigations over the uncertainty throughout each respect of
Al research were carried on and a number of methods and considerations were
given for better dealing with the uncertainty based on the model.

(6) The first theory of universal logics and continuum algebra

A theory of universal logics were proposed and established by Professor
Huacan HE in his book Principles of Universal Logics in Chinese in 2001
and in English in 2006. The universal logic, featured with “Soft Logic” whose
value could be any number within the unit interval, would be able to unify all
logics which have been existed already and predict all possible logics which
have not been available so far.

(7) The extensibility theory found successful applications in various areas

The Extensibility Theory together with Extensibility Set and
Extensibility Logic, created by Professor Wen CAI, is able to cope
successfully with contradictive problems that contain contradiction in it so
that they seemed unsolvable in view of traditional mathematics. Since 2007,
the researchers applied their theory to the real problems in many different
areas and made encouraging achievements.

(8) A new theory on multi-dimensional space bio-mimetic informatics

Different from the internationally dominate theory in pattern recognition,
Professor Shoujue WANG established in 2009 a new theory, named Multi-
dimensional Space Bio-mimetic Informatics based on the analysis on its own
feature in multi-dimensional space and needless to compare with the features
of other classes. It has been shown that the performance of the new method is

much better than that achieved with traditional one.
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(9) Coordination theory for complex systems

As more and more complex systems received attention in academic circle
nowadays, the coordination among the elements of the system become a
unavoidable issue. Professor Xuyan TU proposed a Coordination Theory to
deal with the study. Based on his own work, he summarized in 2005 a
number of different coordination strategies for handling the different kinds of
problems in complex systems.

(10) Mechanism approach and unified theory of Al established

There have been three leading approaches to Al - Structuralism,
Functionalism, and Behaviorism. Professor Yixin ZHONG proposed a new
one, Mechanism Approach featured with Information-Knowledge-Intelligence
Transform. Later he discovered the Knowledge Ecology. As results, the
three existing approaches above were proved well unified within the
framework of Mechanism Approach, thus leading to a Unified Theory of Al

(11) Progress in knowledge processing and machine learning

Professor Zhongzhi SHI et al made progress in agent and multi-agent
theory and developed an agent-grid platform. Professor Dayou LIU et al
derived a theory making the MRCC able to handle the multi-object space
relation. Professor Zhihua ZHOU put forward an idea of “Many could be
better than all” in assemble neural networks in machine learning. Professor
Ling ZHANG et al established the quotient theory in granular computing.

(12) Advanced Intelligence widely accepted

To improve Al research in the future, Chinese Association for Artificial
Intelligence proposed in 2006 a concept of Advanced Intelligence that
emphasized on (D the unified theory in AI should be established, @ the
interaction between Al and NI should be insisted on, and (3) the integrative
theory of consciousness-emotion-cognition-decision should be sought. The
proposal has been accepted by participants of 2006 International Conference

on Artificial Intelligence as guideline in Al research.

26 Cryptology

26.1 Introduction
Cryptography is a subject that studies the methodology of transforming
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from plain texts into cipher texts according to a specific coding rule used by

communicating parties. Contemporary cryptography is mainly about the
security of information transmission and storage. Apart from that,
cryptography is also about the guarantee of message integrity, authenticity,
controllability, and non-repudiation. Therefore, cryptography is the
foundation for constructing a secure information system.

The history of cryptology can be divided into four main stages:

(1) The eve of modern cryptography (from remote antiquity to the year
of 1948) : During this period, the design and analysis were usually based on
the perception and faith of cryptographers.

(2) The early development of symmetric key cipher (1949 ~1975): In
1949, C. E. Shannon published his milestone paper “Communication Theory
of Secrecy System ”, which established a theoretical foundation for
cryptography, and becomes a subject of science.

(3) The period of modern cryptography development (1976 ~ 1996) .
During this period, two landmark advances in cryptography are the public key
cryptography initiated by Diffie and Hellman in 1976, and the USA
established the Data Encryption Standard (DES) in 1977. Both events
indicate the evolution of modern cryptography.

(4) The period of applicable cryptography development (from 1997
onwards) : Since the 1990’ s , cryptographic algorithms have been widely
used, and the cryptographic standardization and practical application has
attracted the highest attention ever since.

26. 2 The recent advances in cryptology in China

In recent years, China has made giant progresses in the area of
cryptology. Following are a summary and an overview with respect to new
theories and technologies, applications of new results, and academic
constructions,

26. 2.1 On the development of new theories and technologies

The Chinese academics have obtained many research results; they are
briefly described as follows:

With respect to the research of stream ciphers, the academics in China
started doing research on this field since very early years, where two aspects

of representative results are significant; First, Professor Dai Zongduo and her
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research team have proposed a theory of multi-continued fraction algorithms,

and based on this theory, they solved many important problems in multi-
dimensional sequences and a number of internationally well known open
problems. Second, in the late eighties of the 20th century, Professor Zeng
Kencheng initiated some pioneering works on the sequences derived from
rings, and then Professor Qi Wenfeng and a research team leaded by him
have made a significant progress on the entropy lossless compression of
primitive sequences over rings.

With respect to the research of block ciphers, many Chinese academics
have also made significant progresses. For example, Professor Wu Wenling
and a research team headed by her have realized great achievements in the
analysis of block ciphers, one of the representative research fruits is the
analysis on the NUSH algorithm which caused it to be deselected by the
NESSIE project; and other research fruits include the analysis of AES,
Camellia, and SMS4 with the attacked round number and challenge the world
record from time to time.

With respect to the research of Hash functions, some world class
research achievements have been made by Chinese scholars. Among them,
Professor Wang Xiaoyun and her research team have obtained many initial
results in the analysis of Hash functions: some fundamental theories on the
analysis of hash functions are formed, and effective collision attack and pre-
image attack on a number of Hash functions are given.

With respect to the research of security protocols, the research
achievements gained by Chinese scholars have won a significant international
influence. One of the most eminent achievements is the results on zero-
knowledge resettability obtained by Deng Yi, and based on that two
internationally well-known important conjectures are solved.

With respect to the research of PKI technology, significant achievements
have been made by the Chinese scholars, particularly by the research team
leaded by Professor Feng Dengguo: an architecture of PKI model with a own
intellectual property right has been constructed, where the concept of
intrusion tolerate Certification Authority (CA) with double layer secret
sharing and the concept of PKI entity have been proposed, furthermore a

number of national standards are also proposed and approved. These research
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achievements have received the second prize of State Scientific and
Technological Progress Award in 2005.

With respect to the research of quantum cryptography, some of the
original works on the decoy state quantum cryptography and quantum error-
avoiding code have been completed by Chinese scholars; several constructive
progresses has been achieved on the quantum cryptography based protocol
design and analysis. Professor Guo Guangcan who is an academician of CAS
and his research team., Professor Pan Jianwei and his research team have
made much bright achievements in experiments, where both quantum
government and quantum voice network are firstly proposed in the world.

26. 2.2 On the applications of most research achievements

The year of 2009 is the 10th anniversary when the “policy on the
management of commercial cryptography” has gone into effect in China. In
the past 10 years, the commercial cryptography in China has gained a
significant development, particularly the application of cryptography in the
trusted computing and WAPI. It can be reflected by the following facts:

In order to promote the application of cryptography in trusted
computing, China has issued a regulation, “Specification of cryptographic
support platform and interface for trusted computing”, which has greatly
pushed forward the design of applicable cryptographic algorithms and their
implementations in China.

The security technology for WAPI designed by Chinese researchers has
amended the security flaw existing in other similar international standards.,
and it forms and publishes two national standards, where the encryption
algorithm adopts the SMS4 designed by Chinese scholars. These research
achievements have been won the second prize of State Invention Award
in 2005.

26. 2.3 On the recent progress of academic construction

In recent years, much works have been done in China with respect to the
academic construction of cryptology:

The China Association of Cryptologic Research (CACR) was formally
found on March 25, 2007, which is a big event for the development of China’
s cryptology. Then an academic committee and a working committee under

the association for academy, education and organization, as well as a specific
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sub-committee on the quantum cryptography have been established. Since
then, the CSCR has published two annual reports Adwvances in China
Cryptology 2007 and Advances on China Cryptology 2008. The official

website of CACR is http://www. cacrnet. org. cn.

In order to advance the application of commercial cryptography, a
headquarter group for national commercial cryptography and its applications
and multiple specific working groups has been established for the application
of cryptography in different areas.

The China Trusted Computing Module Union ( TCMU) was formally
established in December, 2008. The official website is http://www. tcmu.
org. cn.

The national information security standard technical committee (known
as TC260) has organized a working group WG3 which is specialized in
forming the standards and specifications of cryptography.

26.3 A comparison among China and foreign countries in the cryptology
research

The comparison will be focused on the cryptologic theory, technology,
standardization, and applications.

26. 3.1 On the cryptologic theory

In general, we must say that the theoretical research on cryptology in
western developed countries has reached a higher level; it is indicated as more
eminent research achievements, more comprehensive coverage, and many
new theories, ideas, and methods.

In China, the theoretical research development on the every area of
cryptology is not in balance. Although in some areas the research represents
international level, however the depth, coverage, and research continuity has
an obvious gap comparing with the international level. There are not as many
new theories, new ideas, and new methods as that in aboard.

About the research of stream ciphers, many original and important
research achievements on the linear complexity of stream cipher have been
made by Chinese scholars. However the research in general does not
represent the international level.

The Chinese scholar Professor Zeng Kencheng proposed the initial work

on sequences derived from rings, and the current research progress on this
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topic by Chinese scholars still represents the international advanced level.

The research on the structure of Feedback with Carry Shift Register
(FCSR) by Chinese scholars until now still leads the international level.

The research on the algebraic attack of stream ciphers in China remains
behind the international level. However, the research on an induced
problem, the algebraic immunity of Boolean functions done by Chinese
scholars has received the international recognition.

The research on the algorithms (both design and analysis) for
eSTREAM project by Chinese scholars is way behind the international level.

The design theory of stream ciphers by Chinese scholars is also below the
international level.

About the research of block ciphers, the SMS4 algorithm designed by
Chinese scholars indicates the fact that the design of block ciphers in China
meets the international level.

The research of block cipher analysis conducted by Chinese scholars is
closed to the international level, and some specific works represent the
international level.

However, the research on modes of block ciphers is in the very
beginning stage in China.

The research team involving the public key cryptography in China is very
small, and considering the hard problems related to the public key
cryptography, the situation is even worse. In the meantime, a persistent
progress on some important aspects of public key cryptography has been made
by international scholars. The research on hash function conducted by Chinese
scholars now represents the international level. The research on Message
Authentication Code ( MAC) algorithms in China is still weak, but the
analysis on MAC obtains some international level achievements. The research
on the formal analysis of security protocols by Chinese scholars is in its early
stage, and the big concern is that the young researchers treat the subject with
less enthusiasm. The research on the provable security theory for the security
protocols by Chinese scholars has made some progress in recent years and
received some recognition internationally.

There are very few researchers in China doing research on the zero-

knowledge protocols, and the research coverage is far behind the international
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level. However the research on resettable zero-knowledge has reached the

international level.

The research on quantum cryptography conducted by Chinese scholars
has made great achievements, particularly the research achievements on
theoretical research have significant international impact, and some aspects of
experiments have also reached the international level.

26. 3. 2 On the cryptologic technology

The cryptology system is basically formed in China. However in general
the development is not even. Although the research on some specific areas or
problems can represent the international level, judging side by side with the
international situation it is still lack of the depth and coverage, and there are
not enough novel technologies.

With respect to cryptographic algorithms, many of them have been
proposed, mostly come from developed countries and areas, and formed a
fairly complete system of cryptographic algorithms. In this field, the research
in China has fallen short with the international level, and the self-designed
cryptographic system has not been established in China yet.

With respect to the design of crypto chips, it is quite mature in China.
However we are still fall behind in the area of some high-tech chips design.
With respect to the secure implementation of crypto chips, it is still in the
experimental stage in China and lacks practical applications. The variety of
security products is available from the commercial market; however they are
usually short of a necessary protection mechanism.

With respect to the side-channel attack, there is a big gap between
Chinese research and international level. With respect to the cryptographic
infrastructure, in recent years breakthroughs have been accomplished in
China. The PKI technology has been completely self-made, and has the
capability to establish PKI/CA systems for the information development. A
large number of practical PKI/CA systems have been set even though the
research is able to represent the international level.

26. 3. 3 On the cryptographic standardization

Many developed countries have a number of systematic cryptographic
standards, these countries not only promptly follow up and updates, but also

conduct the advanced research. The number of formations for cryptographic
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standards in China is quite a few, only the SMS4 algorithm was published
in 2006.

26. 3.4 On the cryptologic applications

The applications of cryptography in many developed countries and
regions are relatively more comprehensive, concrete and with higher
manageability. Every time considering a new technological application, it
always takes the application of cryptographic technology and solutions into
account.

The integration of cryptographic technology and application has made
some progresses in China, but it is not as good as that in many other
countries, and both application depth and coverage need to be further
extended.

26.4 An overview on cryptologic developments

The applications of new technologies and the development of
computational power have brought a big challenge to the cryptology, and the
study of cryptology has to comply with the demand in every specific period of
time. In general, the four trends for the cryptology development are as
follows:

(1) The standardization trend of cryptography. The cryptographic
standards are the results of cryptographic theory and technology
development, and cause a big push to the subject as well. For example, the
study of cryptography has been largely motivated by AES, the eSTREAM
project, and the SHA-3 project.

(2) The formalization trend of cryptology. Currently, there is a
requirement for the provable security of cryptographic algorithms. The
formal analysis and provable security of security protocols, secure multiparty
computation, and zero-knowledge proof will remain to be the main research
directions.

(3) The practical application trend. The rapid development of electronic
government and electronic commerce has created a good opportunity as well
as a big challenge to the applications of cryptographic technology. The
biometric cryptographic technology is one of the hot research topics, and will
be a good direction for the future development due to the application

demands. The light-weight cryptography (with appropriate security) is
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another research direction that has attracted much attention.

(4) The adaptability trend of new technology-oriented cryptography.
Quantum cryptography and DNA cryptography can be used to cope with the
new challenges resulted from new computational capabilities and new
computational modes. With the wide and in-depth application of networking
technology, the research modes of cryptology will have a trend of networked
or distributed development, and induce the emergence of new technology and
new modes of applications.

More specifically speaking, the development trend of cryptology has the
following characteristics;: The eSTREAM project lunched in European has
effectively promoted the development of stream ciphers. The AES project
launched in USA and the NESSIE project launched in FEuropean have
promoted the fast development of design, analysis, and modeling of block
cipher operation. The post-quantum cryptography and quantum immune
cryptography are the important research directions for the public key
cryptography. The studies of hash functions will have a big leap with the
progress of SHA-3 project made by NIST in USA.

Some important research directions about digital signatures are the
design of new digital signature schemes, in-depth digging of security
foundations, and security analysis or proof of some well-know digital
signature schemes.

Another research direction in formal analysis is the methods which would
enable the formal analysis and have the cryptographic reliability, and it is also
a direction for the future development. Other hot topic in formal analysis is
the problem involving composability.

The development of provable security will be focused on developing
suitable models for new security attributes, and designing new security
protocols with provable security under the standard model. In addition, the
resettable zero-knowledge is also an important research direction in the field
of security protocols.

In key management area, how to support anonymity and privacy in
different applications and how to design new key management protocols for
the specific applications are currently hot research topics. The PKI

technology will be developed in order to cover the multi-domain,
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decentralized, introduction and error tolerant with the ID-based structure and

targeting practical applications.

The design of crypto chips aiming at new applications and new types of
security systems will be a research direction in the future. The current focus
is on how to reduce the error-checking complexity, the cost of hardware, and
the process speed.

The quantum cryptography has come into a real application stage. The
future research trend will be how to overcome the technical problems in
practical applications of quantum cryptography and security analysis. In
addition, quantum repeater, quantum secure communication between ground
and satellites, computation of quantum key capacity, and device-independent
quantum cryptography system are all the important future research
directions.

26. 5 Some suggestions on the development of the cryptology subjects
in China

It is difficult for the overall research level of cryptology in China to catch
up the international leading level; one of the reasons is the human resources.
With respect to the development of cryptology discipline in China, we hereby
give the following advices.

26. 5. 1 Increasing the funding strength on the cryptologic research

It is suggested that the financial budget devoted to the national
cryptologic development foundation should be increased in order to form an
effective foundation management, attract the interests and motivations from
cryptologic researchers, support the domestic researchers to participate in the
academic discussion involving the design and analysis of cryptographic
algorithms from both domestic and overseas, and eventually to improve the
academic position of Chinese cryptologic research at the international
platform.

Based on the current status of different national foundation and scientific
projects, increasing the grant strength, promoting the study and development
on the cryptology foundation, cryptologic core and key technology as well as
cryptologic products and systems are all in high demand. Promoting the
participation enthusiasm from trades and all sectors of society and making the

fund utilization more efficient are the major tasks at the moment.
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26. 5. 2 Launching the selection for standard cryptographic algorithms
in China

It is suggested that a project devoted to cryptographic algorithm selection
should be lunched in China; the purpose of the selection is to make a public
call for standards of cryptographic algorithms, industrial standards, and
evaluation tools. By doing this, it will not only lead to our independent
cryptographic algorithms with own intellectual property right, but also give a
good training in the engineering practice for the cryptologic experts.

26. 5. 3 Promoting the mechanism development of integrating research,
development, and commercialization

It is suggested that favorable policy support are granted to the
enterprises, and enterprises are encouraged to increase the investment in
cryptologic research, the depth cooperation between enterprises and
universities as well as research institutes is promoted, and the cryptographic
research and its applications are hence better combined with each other.

The other suggestions are also given as follows: that is enhancing the
study on the development policy of cryptographic subject, providing a
decisional support for a national plan of scientific development, emphasizing
on the combination of research, development, and commercialization, finding
and solving the problems in practice, and establishing such a scientific
administrative system and commercialization mechanism that is suitable for
the cryptologic innovation.

26. 5. 4 Enhancing the education for the future leading experts

It is suggested to strengthen the human resource infrastructure for
cryptologic experts, to foster a large number of well-qualified people in the
field of crypto strategic research, crypto theoretic research, technological
development, and industrial management. By means of scientific research
projects, China should construct a base of talent people for the purpose of
attracting, educating, and training highly intelligent people dedicated
themselves to the cause of cryptology study.

26. 5. 5 Strengthening the international exchange and cooperation

Cryptology is a subject originated from the military and government
applications and gradually applies to the whole society; therefore it has the

inherent sensitivity. However as a scientific subject, we must raise the
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intensity of international exchange and cooperation. A only path for

improving the capability of independent innovation and the cryptologic study
in China is to be competitive internationally, that means to follow, learn, and
master the internationally most advanced theories, state-of-the-art
technologies, and status que of development, import some advanced

technologies and products in time and then study them creatively.
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