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2025-11-25 
Although it is far from being the true application, the step by step mini word example in decomposing 

words into components does help me a lot. Now let’s take a look at the possible components offered by 

GPT a while ago: 

 

How to understand these possible ‘axis’? Just flavors? Or something else? When the component is a 

generic state identifier vs a functional tag? In the above ‘axis’, some of them sounds very ‘word specific’, 

ie, 14, ‘or’, 15 ‘not,no’, 19 ‘number token’, 52, determiner-ness ‘the/a/this’, clause boundary ‘that/ 

which’, 62 ‘there/it’, 74, sarcasm cue ‘yeah right’….etc. what I mean is, they don’t seem to be generic 

word components every words have,  but some of them sound like components specific for certain 

words. It is as if one component is just for checking if it is words like, ‘not, no, and, but, which, that….’. 

why should these words be different directions rather than different states along a same direction? 

Some words are ‘functional’, like ‘and, or, but, however,’ some words are ‘state-identifier’---- which I like 

to call. There are words that have contents. The functional words don’t have contents, they are more for 

supporting complex language structures. Then the contents words will have lots of nuances/flavors. I 

would say when our world was simple, the words should all be content-related: simply looking at the 

words itself, you have pretty much good idea what’s the key message here. There would be no tense, no 

agreement matching needed. There is no concept of subject and object (though implied). 
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What baffled me is the 100 axis seem to be too random, just bullet points, are there any structures that 

can hold them together? For example, some axis are related to content, ie, topic, some are functional, 

ie, whether interrogative, negation attachment, relative clause introducer(?), hedging maybe/perhaps, 

some are intensity ie, calm-excited, some are specifically made for certain words (functions). So how to 

understand these axis rather than just a list? 

1. Content word 

◼ Football 

◼ Tree 

◼ Mix 

◼ Blue 

◼ apple 

2. Functional words 

◼ A, an, the 

◼ It, they, them 

◼ Why 

◼ Maybe, perhaps 

◼ Anyway 

◼ That, which 

What are the biggest difference between the above two? Well, after reading content word, you have 

some idea, some mental picture about what could be focus. But the functional words, are to support a 

complex language structure, they themselves don’t mean much. The functional words serve a purpose, 

like to ‘introduce a clause’, ‘topic shift’, ‘modify adj’. Content words will bring more detailed 

information, like reading ‘blue’, I will have the color blue in my head, reading ‘football’, I will think of a 

round object played in a game. If it is a content word, it should have a core content, then on that, it can 

have different flavors.  

I have to say most of those axis are not needed in our small word, because there is no tense, no 

abstractness, no complex structure, no topic (only one topic actually). They emerge to support a 

language system getting more complex. I would think you choose the components/ingredients so that 

everyone is made up of you. Similar to that you can think of all the colors made up of the same 

ingredients: red, blue, green. But looking at the ‘axis’ here, it is obvious a lot of them only apply to 

certain words. For example, for words ‘of, then, if, it…etc’, obviously, there is no gender-ness here, no 

animacy here, no intensity here, no topic, causality, quantity/magnitude, determiner-ness…. Actually I 

would say the above 99% don’t apply! So it is as if we have one axis per word (type)! Is that right? What 

does it mean??? Why it is so?  

Ok, I guess pretty unfair to say we have one axis per word. Because those special words ;the/a/this, 

in/on/of, that/which, and/but, uh/hum…. Those are still rare. I think most of our words are still content. 

GPT confirms my thought. So then we should understand those functional words have no redundancy, 

unlike a lot of content words, ie, amazing/fantastic/excellent, they are the same thing just with different 

intensity. That’s why each type of functional words needs one axis.  
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Can I also think that, functional words play a big role in multi-head analysis? Because the multi-head 

analysis is really about how one word should follow another, and functional words are created for that? 

Here is GPT’s answer. 
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What does it mean by ‘linear detectability’? Take a common head example, ‘neg→verb/adj’, since it 

comes from linearly mixing the meaning components, what components could get mixed here’?  That’s 

token dependent.  

I am still trying to understand why a query/token could be formed by linearly mixing the meaning 

components. Take word ‘not’ as an example.  

If it is word ‘not’, then if we are analyzing from the perspective of ‘negative-verb or negative adj’, then 

its query is a verb or adj. Its key is a ‘negation tag?” We need to understand prior to arriving at the 

conclusion that “ not’s query is a verb or adj’ from the perspective of ‘negative-verb/adj’, why you need 

to linearly combining meaning components to form Q and V? What meaning components might need to 

be picked so to form such query? The ‘negation’, ‘explicit negator’ one for sure. Then verb-ness, adj-

ness? We’ve seen how so many other ‘axis’/directions are non-relevant, so I am suspecting during this 

linear mixing step, a lot of irrelevant axis will be downplayed, while the relevant one will be highlighted.  

From Det-noun perspective, it asks nothing, providing nothing? Almost from other heads’ perspective, 

no query, no key! Step back. 
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2025-11-26 
What does negation head learn? GPT’s answer is full of jargons. Maybe we should ask: what is negation 

head about? Why the query for ‘not’ should be predicates? And what is predicates? “not well’, is well a 

predicate? Well, turns out I am too unfamiliar with grammatical talks, predicate is strange to me. So ask 

GPT for clarification. 

Possible way to finish ‘not’: 

 

So let’s recap the big picture. I feel like I am suffocating beneath the ocean of details. There are two 

main types of words, function words that do have a lot of meanings, and content words that convey 

information and meaning. And then words get together, certain words get along, certain don’t. So multi-

head analysis is focusing that. Why? Because we are in the business of predicting the next words! And 

what basis? Basis on how certain words would get along and certain don’t.  

Then what are the ways that words do get along then? 

Functional words play a big role, because if they don’t have meanings themselves, then why need them? 

Obviously they are there to support the structure, to connect words! But as GPT pointed out, content-

driven heads are also part of the picture.  Words can get together because of their contents: they fall 

into the same topic, collocation (like a collection of similar words), phrase template (what is it?) and 

induction head (what is it, do diagnose certain repeated pattern like AB, …. AB????)? Anyway, long story 

short, some heads are functional words specific, some heads are content driven.  

Now think about functional words first, in terms of how they define the rules for the neighboring words. 

1. Determiner, like, a, an, the --, a has to follow a singular noun, an as well, but with a vowel 

starter. 

2. Preposition ->object, words like ‘in/of/on’, what kind of words must follow? What kind of rules? 

3. Auxiliary verb like, ‘be, do, have’, what words to follow and what rules to comply? “do 

remember’, ‘do forget’, ok, a verb is needed, tense must match. And GPT says ‘voice 

agreement’, what is that? 

4. Negation-verb/adj, words like ‘not’. ‘Not well’, ‘not welcome’, (do) not eat. Ok, verb and adj can 

follow, rules? 
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5. Coordination: words like ‘and/but/or’, they are linking parallel constituents. What to follow and 

what rules? 

6. Clause boundary: words like ‘that/which/if’. 

7. …. 

Ok, you know what’s strange, these heads seem to be ‘words specific’, like, if there is word ‘no/not’, 

then the negation head, if the words have ‘and/but/or’, then the coordination head. Then you would 

expect lot of special treatment for such analysis, such as if branching “if the words are and/but/or do 

this’, if the words are no/not then do this…, so lots of special treatment and hence discontinuities. But 

it’s not. From what I am seeing, all you need is 16 different sets of W matrices to produce the 

corresponding K, Q and V. Is it time to ask GPT about how you actually control which head is doing 

what? I guess the answer is as usual: the system learns itself by putting in the right parameters into the 

matrices. So maybe we should hold on this question.  

But since we know it is just different parameters in the matrices picking out different meaning 

ingredients, let’s imagine what could have happened. For the negation head analysis. First of all, it needs 

to mix the meaning components to create the right query and key for each token. What should it focus 

on? Maybe the first question is: what does it need to accomplish? Then what does it need in order to 

accomplish that? The answer to the second question should be related to the raw meaning ingredients, 

because after all, we are mixing the meaning components to form key, query and value! 

So questions: 

1. For negation head analysis, what does it need to accomplish? 

2. What does it need in order to accomplish that goal? 

Short answer to fist question: it needs to create the right K, Q, V for the right words. Then let’s think 

about the words that are relevant, and then the irrelevant. For the relevant words, they would be ‘no, 

not, adj, verb’. Then they no/not will have query asking for adj, verb, predicate, with the right tense and 

tone (maybe?). On the other hand, they will advise their role as ‘negator, negation’. So key and query 

are pretty high level emphasizing their main role, then the value would be more specific, pinpointing the 

word? Hold off on values yet. Now knowing what they need to produce, let’s focus on need, what does 

it need in order to achieve that. 

 



Project - LLM 

Page 8 of 9 
 

Learning0to1

First of all, these directions are in what space? Meaning space? I assumed so. So it means, the meaning 

space should tell us if a word is a negator, predicate-ness, sentiment, ok easy to understand. But not 

sure about the scope and barrier. I mean, how could you tell the scope and barrier from a single word? 

So we should go back to the 100 axis: is scope and barrier here? My suspicion is, this is from some 

functional word, because a content word is about the information itself, not to be supporting a language 

structure. Turns out I am right. 60. Scope boundary toke -quantifiers ‘every’. Ah ha! 

I think we can say, sometimes, one word is for one dimension (direction!) 

 

2025-11-28 

 

I think GPT misunderstood my question. My question is about the query and key itself, while GPT is 

talking about the end result of 𝑄𝐾𝑇 . I was wondering what the key and query would look like for an 

irrelevant word ‘basketball’ under the negation head analysis. But GPT seems to be not caring so much 

about  the intermediate Q, K, instead it says, the end result of the dot product will tell us, low attention 
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weights. So a head is analyzing what a token’s need and offer from a certain perspective. So far I was 

concerned with a relevant word. But what if the word is not relevant at all in this analysis? I was curious 

about what kind of key it can provide and what kind of need it has? But seems that they don’t matter, 

because the end result is for the dot product to be small so that the token does not match anyone’s 

need in this analysis. Ok. But think about this, if the token is irrelevant, how can you make sure the dot 

product of its Key with other Query will always be small? Similarly, how can you make sure the dot 

product of its Query with other Key will always be small? So I push GPT, seems that, for irrelevant 

tokens, the key and query will be close to 0! Only in this case, the dot product of them with anything 

else will be close to 0, hence ‘small’. Hmm, but something else I noticed during my dot product exercise: 

what will happen when the dot product is 0, versus negative? Then you should understand the meanings 

behind: 0 means irrelevant: key is irrelevant to what the query is asking. But negative means something 

else: they are relevant, but just opposite of what you want. So in the softmax scheme, dot product of 

close to 0 will be small, hence unlikely a match, but dot product of negative number will be even 

smaller! Because it’s the opposite of what you want! Is that right? So the softmax is punishing an 

opposite match even more! 
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