资源分配中“看不见的手” 

230多年前，亚当·斯密在《国富论》中指出：自由市场表面看似混乱而毫无拘束，实际上却是由一双所谓的“看不见的手”（invisible hand）所指引，引导市场生产出正确的产品数量和种类。我们相信，这只“看不见的手”不仅仅存在于经济市场中，也广泛存在于各种社会或生物系统中。这些由大量相互作用的个体组成的系统，对环境具有高度的适应能力，可被视作复杂适应性系统。这些系统中的个体以自利为原则决策各自的行为，在对系统内分布不均的有限资源的竞争中导致系统整体上有效的（合理的，均衡的）或非有效的资源配置。实际生活中的资源分配现象往往面临资源的非均匀分布，例如：公司及其竞争对手选择进出不同大小的市场，司机们选择不同的交通路线，赌马时人们以不同的赔率投注赢得奖金，等等。通常认为，在普遍存在的“看不见的手” 的引导下，系统资源的配置最终可以达到一种理想的均衡状态，即有效配置状态。然而，现实当中这种所谓“看不见的手”有时也会失效，即所谓的“市场失灵”现象。
在最近的研究中，我们聚焦于非均匀分布的资源分配问题。首先，我们设计并组织了一系列行为经济学的实验。我们发现即使完全没有实验参加者之间的直接交涉，也完全没有外部力量对参加者进行的协调，实验中的虚拟资源的配置还是达到了有效状态。也就是说，我们找到了“看不见的手”存在的证据。然后，我们在“少数派博弈”（Minority Game）模型的基础上构建了“市场导向的资源分配博弈”（Market-Directed Resource Allocation Game，MDRAG）模型。新模型很好地解释了实验结果。与此同时，通过MDRAG模拟我们提出了“看不见的手”作用的一种可能的微观机制，并且发现了使其发挥调节功效的充分条件：第一（也是最重要的）：资源竞争的参与者所持的竞争战略必须具备足够的多样性，对分布于各处的资源的偏好能随环境演化而自动调整；第二：市场参与者的决策能力必须与环境的复杂程度相匹配。更为有趣的是，在MDRAG的模拟结果中我们发现了多个相变过程，而正是在这些相变的临界点附近“看不见的手”的调节功效可以被发挥到极致，此时的市场呈现出资源配置有效、配置波动稳定、波动方向不可预测的状态。
The “Invisible Hand” in Resource Allocation 

More than 230 years ago, Adam Smith expounds in The Wealth of Nations that the free market, while appearing chaotic and unrestrained, is actually guided to produce the right amount and variety of goods by a so-called "invisible hand". It is believed that the generalized "invisible hand" exists not only in economic markets, but also in many biological and social systems. Involving a large number of interacting agents, all these systems can be regarded as complex adaptive systems (CAS), because they are characterized by a high degree of adaptive capacities to the changing environment. Self-serving agents in these CAS compete against others for the limited and biasedly distributed resource by conducting strategic behaviors, which could globally result in some kinds of efficient (reasonable, balanced) or inefficient resource allocation. Examples of such phenomena include companies competing among markets of different sizes, drivers selecting different traffic routes, people betting on horse racing with the odds, etc. Generally speaking, the allocation of the resources could reach an idealized balanced state, that is, the efficient allocation state, under the directing power of the “invisible hand”. In practice, however, sometimes it will fail and cause the so-called “market failure” phenomenon. 

In our recent study, we focused on the biasedly distributed resource allocation problem. First, we designed and conducted a series of behavioral economic experiments. We found that the allocation of a virtual resource could reach the efficient state in these experiments, even if direct negotiations among the participants, as well as the external instructions which might create collaboration among them, were completely forbidden. In other words, we demonstrated the existence of the “invisible hand”. Next, based on the minority game (MG), we constructed a model called market-directed resource allocation game (MDRAG). The new model can explain what we found in our experiments. In the mean time, through a large number of the MDRAG simulations, we are able to put forward a possible mechanism for the “invisible hand”. Furthermore, the sufficient conditions under which the “invisible hand” could fully play its role are found as the following: First and most importantly, the competing strategies of the participants of the resource allocation market must have heterogeneous and adjustable preferences for the biasedly distributed resources; second, the decision making capacities of the participants must match the complexity of the environment. A more interesting discovery is related to a number of phase transitions found in the MDRAG simulations. Around the critical region of these phase transitions, the directing power of the “invisible hand” can be released completely, which could lead to an efficient, stable and unpredictable market.
