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What Are the Limits of Conventional Computing

常規計算的界限？
查爾斯‧雪夫（CHARLES SEIFE）

At first glance, the ultimate limit of computation seems to be an engineering issue. How much energy can you put in a chip without melting it? How fast can you flip a bit in your silicon memory? How big can you make your computer and still fit it in a room? These questions don’t seem terribly profound.
乍看之下，極限計算似乎是一個工程學的問題。您可以在一塊晶片中注入多少能量，並使之不融化呢？您又能多快速的在晶片中運轉記憶體？您能夠擁有體積多大的電腦，並且還能將它安置在一個房間裡？這些問題似乎並不難懂。
In fact, computation is more abstract and fundamental than figuring out the best way to build a computer. This realization came in the mid-1930s, when Princeton mathematicians Alonzo Church and Alan Turing showed—roughly speaking—that any calculation involving bits and bytes can be done on an idealized computer known as a Turing machine. By showing that all classical computers are essentially alike, this discovery enabled scientists and mathematicians to ask fundamental questions about computation without getting bogged down in the minutiae of computer architecture.
事實上，如何計算比如何更有效地製造一台電腦，更為基礎且抽象。這種認知源自於三十年代中期，普林斯頓大學數學家亞倫佐（Alonzo Church）和亞蘭（Alan Turing）表示，粗略而言，任何涉及計算位元和位元組的理想式電腦稱為杜林機。因此，所有的傳統電腦基本上都十分相似，這一發現使科學家和數學家提出一個有關計算的根本問題，而非陷入細微的電腦體系結構中。 
For example, theorists can now classify computational problems into broad categories. P problems are those, broadly speaking, that can be solved quickly, such as alphabetizing a list of names. NP problems are much tougher to solve but relatively easy to check once you’ve reached an answer. An example is the traveling salesman problem, finding the shortest possible route through a series of locations. All known algorithms for getting an answer take lots of computing power, and even relatively small versions might be out of reach of any classical computer. Mathematicians have shown that if you could come up with a quick and easy shortcut to solving any one of the hardest type of NP problems, you’d be able to crack them all. In effect, the NP problems would turn into P problems. But it’s uncertain whether such a shortcut exists—whether P = NP. Scientists think not, but proving this is one of the great unanswered questions in mathematics.　
例如，理論家現在可以將計算問題歸類成不同類別。P問題是指，一般來說，可以快速解決的，譬如用字母排序名字列表。而NP問題，則是困難處理的，但得到答案後，相對前者容易驗算。以到處奔波的銷售員為例，如何在一系列必須通過的地點中，尋找到達目的地的最短路線。使用現象界所有已知的算法來得到答案，需要大量的計算能力，甚至較小型的電腦可能無法達到傳統電腦的效能。數學家已經證明，如果你能拿出一個快速、簡便的方式解決任何一個最難類型的 NP問題，你可以成功解題。效果上，NP問題將轉變成P問題。但我們卻無法驗證這種捷徑是否存在，無論NP與P兩者間是否相等。科學家不認同以上論述，但認為這是一個數學上偉大且懸而未決的問題。　
In the 1940s, Bell Labs scientist Claude Shannon showed that bits are not just for computers; they are the fundamental units of describing the information that flows from one object to another. There are physical laws that govern how fast a bit can move from place to place, how much information can be transferred back and forth over a given communications channel, and how much energy it takes to erase a bit from memory. All classical information processing machines are subject to these laws—and because information seems to be rattling back and forth in our brains, do the laws of information mean that our thoughts are reducible to bits and bytes? Are we merely computers? It’s an unsettling thought.　
在20世紀 40年代，貝爾實驗室科學家克勞德（Claude Shannon）表明，位元不是電腦獨有的單位，它們是描述資訊從一端到另一端的基本單位。物理定律上也已驗證出，位元的傳遞速度有多快；它們可以在指定的通訊渠道中，來回負載多少資訊；它需要多少能量來刪除記憶體等。所有傳統的資訊處理機器都依循此定律，但是資訊似乎不斷的在我們腦中來回流竄，如此一來人類的思考可以使用資訊定律中的位元和位元組作為單位？我們是否就是電腦？這是一個令人不安的想法。　
But there is a realm beyond the classical computer: the quantum. The probabilistic nature of quantum theory allows atoms and other quantum objects to store information that’s not restricted to only the binary 0 or 1 of information theory, but can also be 0 and 1 at the same time. Physicists around the world are building rudimentary quantum computers that exploit this and other quantum effects to do things that are provably impossible for ordinary computers, such as finding a target record in a database with too few queries. But scientists are still trying to figure out what quantum-mechanical properties make quantum computers so powerful and to engineer quantum computers big enough to do something useful. 
但是有一個領域卻超出了傳統電腦的假設：量子。廣義量子理論的性質，允許原子在其他量子體間存儲訊息，並不局限於二進制 0或1的資訊理論，但同時卻可以是0和1。世界各地的物理學家正在建立基本的量子電腦，用以揭開前述疑問和其他的量子效應，證明量子是一般普通電腦所不可及的，如在數據庫中輸入極少的查詢條件進行搜尋任務。但科學家們仍在試圖找出量子力學的特性，以及可以使電腦如此強大的原因，以協助工程師更有效的使用。　
By learning the strange logic of the quantum world and using it to do computing, scientists are delving deep into the laws of the subatomic world. Perhaps something as seemingly mundane as the quest for computing power might lead to a newfound understanding of the quantum realm. 
透過學習這些新奇邏輯的量子世界，然後使用它為計算工具，科學家們正深入鑽研這個亞原子世界的奧秘。或許是因為看似平常追求計算效能的同時，卻產生量子領域新發現及理解所致。　
問題討論
· What is a species?
· 什麼是物種？

· A “simple” concept that’s been muddied by evolutionary data; a clear definition may be a long time in coming.
· 如此「簡單易懂」的概念，卻在越趨進步的資料中顯得混淆不清，因此，明確的定義可能會在今後很長一段時間才會出現。

· Will there ever be a tree of life that systematists can agree on? 

· 生命樹還會有新的學門出現嗎？系統學家是否能贊同此觀點？

· Despite better morphological, molecular, and statistical methods, researchers’ trees don’t agree. Expect　greater, but not complete, consensus.

· 儘管有更新型態的、分子的和統計的方法，專家學者仍不同意此觀點。期望越大，卻又沒能完成，為此已達成共識。

· Who was LUCA (the last universal common ancestor)?
· 誰是LUCA（共同物種的最後一個祖先）？ 
· Ideas about the origin of the 1.5-billionyear- old “mother” of all complex organisms abound. The continued discovery of primitive microbes, along with comparative genomics, should help resolve life’s deep past. 
· 追溯高齡1.5億歲，所有複雜有機體的「祖宗」。隨後發現原始微生物，以及比較基因學，可以協助解決人類的深層歷程。 
· How many species are there on Earth? 
· 地球上有多少物種？ 
· Count all the stars in the sky? Impossible. Count all the species on Earth? Ditto. But the biodiversity crisis demands that we try. 

· 計數天上的星星？這就如同計算地球上所有的物種一般，幾乎不可能。但是，生物多樣性需要我們不斷努力探尋。 
· Why does lateral transfer occur in so many species and how?　

· 為什麼許多物種之間會出現橫向轉移？如何形成的？

· Once considered rare, gene swapping, particularly among microbes, is proving quite common. But why and how genes are so mobile—and the effect on fitness— remains to be determined..

· 一度被認為罕見的基因交換，尤其是微生物，經過證實其已相當普遍。但是，基因為什麼以及何以如此機動性，還有其匹配的效果，仍尚待確定。　
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