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•  You are invited to write short essay on the topic of the  
  Magenta Question.  
•  Recommended length is 3 pages (not more) 
•  Submit the essay in PDF format to istta4@paradise.caltech.edu 
  file name lastname-firstname.pdf 
•  No collaboration. No extensions 
Grading of MQ: 
3 points (out of 108) 
 
50% for content quality, 50% for writing quality 
 
Some students will be given an opportunity 
to give a short presentation for up to 3 additional points 

Everyone has a gift! MQ 
Due Thursday 4/12/2018 at 10pm 



 
 
 
 
 

Metamorphosis 



 
 
 
 
 

Megamorphosis 



The appearance of life is  
the first Information Megamorphosis  

The appearance of the human brain is  
the second Information Megamorphosis  

3.7 Bya 

75 Kya 

I I 

An important question:  
What will be the third Information Megamorphosis?  



The appearance of life is  
the first Information Megamorphosis  

The appearance of the human brain is  
the second Information Megamorphosis  

Memory to store syntax:  
•  Life - DNA  
•  Human brain - internal memory, languages,  
     external memories 
Innovation process: 
•  Life - evolution, mutation, selection 
•  Human brain - evolution of languages, 

memory and ideas 

3.7 Bya 

75 Kya 

I I 



We are “memory machines” 
However, our memory sense is 

limited... 
We are doing well because we 
found a way to augment our 
memory? 



How do we augment our memory? 

languages 

teaching /education store in external memory 
manage our external memory – external logic 

Imagination and Collaboration 

Maintain memory over time? 

We invent fiction and share it…  

IST 4:  
Explore the evolution of the expansion of our brain 

external information and external logic 



Source:	  Razum/Shu/erstock	  

external logic and external memory  

IST 4:  
Explore the evolution of the expansion of our brain 



Source:	  Razum/Shu/erstock	  

Can computers  
external logic and external memory  

overtake the human brain? 

?	  



Can computers  
external logic and external memory  

overtake the human brain? 

2015	   2016	  



The appearance of life is  
the first Information Megamorphosis  

The appearance of the human brain is  
the second Information Megamorphosis  

3.7 Bya 

75 Kya 

I I 

An important question:  
What will be the third Information Megamorphosis?  

Source:	  Razum/Shu/erstock	  



Today 

our memory sense is limited... 

Languages: key properties  

The value of teaching /education 



Can You Remember the  
Following Table? 

our memory sense is limited... 



Can You Remember the  
Following Table? 



Can You Remember the  
Following Table? 

Do all the digits  
0...9  appear?  
Name a missing digit! 

Name a digit that 
appears more than 
once! twice! 

What is the second 

digit in the  
second row? 



Can You Remember the  
Following Table? 

What is the second 

digit in the  
second row? 

Do all the digits  
0...9  appear?  
Name a missing digit! 

Name a digit that 
appears more than 
once! twice! 



Can You Remember the  
Following Table? 

What is the  
sum of the 
digits in the 
last row? 



Can You Remember the  
Following Table? 

What is the  
sum of the 
digits in the 
last row? 



Can You Remember the  
Following Table? 

Solomon Shereshevskii (S) 
 1886 – 1958, Moscow  

S could do it and more! 



Absolute Memory 

1968 Alexander Luria 
1902- 1977, Moscow 

Solomon Shereshevskii (S) 
 1886 – 1958, Moscow  

Luria studied the memory of S from the  
mid 1920s for about thirty years... 

This research account is documented in  
a nice little book 



An Amazing Memory 

He spent three minutes examining the table... 
It took him 40 seconds to reproduce this  
table, that is, to call off all the numbers 
in succession... 

How? 

languages fictional stories  



An Amazing Memory 

Creating a fictional story of  walking in his 
town… and placing the numbers in different 
locations... 

How? 

languages fictional stories  



	  Nel	  mezzo	  del	  cammin	  di	  nostra	  vita	  	  mi	  ritrovai	  per	  una	  selva	  oscura	  	  ché	  la	  diri/a	  via	  era	  smarrita.	  	  Ahi	  quanto	  a	  dir	  qual	  era	  è	  cosa	  dura…	  	  	  
From	  the	  Divine	  Comedy	  (in	  Italian)	  	  By	  Dante	  Alighieri	  	  (1265	  –	  1321)	  

Remembering by creating a fictional story… 

Memorizing text in Italian 
However,  
S. does not know Italian…?? 



	  Nel	  mezzo	  del	  cammin	  di	  nostra	  vita	  	  mi	  ritrovai	  per	  una	  selva	  oscura	  	  ché	  la	  diri/a	  via	  era	  smarrita.	  	  Ahi	  quanto	  a	  dir	  qual	  era	  è	  cosa	  dura…	  	  	  
From	  the	  Divine	  Comedy	  (in	  Italian)	  	  By	  Dante	  Alighieri	  	  (1265	  –	  1321)	  

Remembering by creating a fictional story… 

Memorizing text in Italian 
However,  
S. does not know Italian…?? 



“(Nel)	   -‐	   I	   was	   paying	   my	   membership	   dues	   when	   there,	   in	   the	  
corridor,	  I	  caught	  sight	  of	  the	  ballerina	  Nel’skaya.	  
	  
(Mezzo)	  -‐	  I	  myself	  am	  a	  violinist;	  what	  I	  do	  is	  to	  set	  up	  an	  image	  of	  a	  
man,	   together	   with	   [Russian:	   vmeste]	  Nel’skaya,	   who	   is	   playing	   the	  
violin.	  
	  
(Del)	  	  -‐	  There’s	  a	  pack	  of	  Deli	  cigare/es	  near	  them.	  	  
	  
(Cammin)	  -‐	  I	  set	  up	  an	  image	  of	  a	  fireplace	  [Russian:	  kamin]	  close	  by.	  
	  
(Di)	  -‐	  Then	  I	  see	  a	  hand	  poinMng	  toward	  a	  door	  [Russian:	  dver].”	  
	  
(Nostra)	  -‐	  I	  see	  a	  nose	  [Russian:	  nos];	  a	  man	  has	  tripped	  and,	  in	  falling,	  
go/en	  his	  nose	  pinched	  in	  the	  doorway	  [Russian:	  tra]	  
	  
(vita)	  	  -‐	  He	  liPs	  his	  leg	  over	  the	  threshold,	  for	  a	  child	  is	  lying	  there,	  that	  
is	  a	  sign	  of	  life	  –	  vitalism.”	  
	  

	  Nel	  mezzo	  del	  cammin	  di	  nostra	  vita	  
Midway through the journey of my life 



Language is the key enabler for  
the uniqueness of the human brain 

Not only natural language! 
We invent new languages 



Innovation process= 
emergence of new languages 

English, Chinese, Spanish, ... 

Algebra, Calculus, Physics, Chemistry,  C++... 

Music, Dance, Painting...  

History, Anthropology, Law, Medicine... 



Which language is older? 

Art Algebra 

40Kya 5Kya 

Cave of Altamira, Spain Babylonia 



Which language is more mature? 

Physics Biology 







 

 

DNA  
English 
Algebra 

C++ 

What is special about a language? 



 

finite 
and  

infinite 



Building Blocks 

finite number of building blocks  
à  
‘infinitely’ many descriptions 



Natural language: the composition of a small number  
of parts  (sounds/letters) results in ‘infinitely many’  
conceptual structures  

Any language: from parts to systems 
life, biology, music, art, physics, chemistry, computing,  
engineering, mathematics, literature...   

Building Blocks 

finite number of building blocks  
à  
‘infinitely’ many descriptions 

Life: the composition of a small (four) number of symbols 
(ACGT) results in ‘infinitely many’ species 



 

 
separation 



Separation 

Separation A 
between syntax and semantics 

Syntax = rules of the language 

12137+35823 

Semantics = associated meaning 



Separation 

Separation A 
between syntax and semantics 

12137+35823 

Syntax processing using the rules of the syntax 
independent of the semantics  

rules of addition computation 



compute using the rules of the syntax 
independent of the semantics  

algorithms 

Separation 
12137+35823 



Separation 

Separation  B 
between semantics (meaning) and reality 

blue dog 

•  real vs fiction  
•  direct / indirect experience 
•  very small / large 
•  past vs present vs future  
•  … 



Separation A 

Implementation 
algorithms 

syntax 

semantics 
Separation B 

reality 
imagined reality lang

uag
es 



 

separation  
 

a ‘natural’ example 



女孩 水果 采摘          转身     猛犸象 看⻅见 
女孩 跑     树 到达   爬    猛犸象 树 摇晃 
女孩 大叫 大叫     爸爸 跑   ⻓长矛 扔 
猛犸象  咆哮  倒下 
爸爸 石头 拿    肉 切割     给 女孩 
女孩 吃  完成  睡觉 



girl fruit pick          turn          mammoth see 
girl run     tree reach      climb   
mammoth tree shake 
girl yell  yell       father run       spear throw 
mammoth  roar  fall 
father stone take    meat cut    girl give 
girl eat    finish    sleep 



“Language is mankind's greatest 
invention - except of course, 
that it was never invented.” 

Guy Deutscher 
ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  ruins  



Today 
our memory sense is limited... 

Languages: important properties  

The value of teaching /education: 
teach languages and learn to 
invent and believe in fiction 

fictional stories  



How do we pass information to 
the next generation? 

teaching 



External memory 



Q:  
What should  
we teach? 



Reasoning 
An example 



Which item does not belong? 

four  2x2 6+3 12/3 



Which item does not belong? 

four  2x2 6+3 12/3 



Which item does not belong? 

four  2x2 6+3 12/3 



Which item does not belong? 

four  2x2 6+3 12/3 



Benefits of education? 



Luria in Uzbekistan 
Context: Stalin, Soviet Union, 1930,  
Aggregation of independent farms into 
collective farms 

Alexander Luria 
1902-1977 

Luria went to Uzbekistan to conduct  
research on the differences  
between oral and literate people  

Source: wikipedia 

Turkey 

Iran 
Afghanistan 

China 



Shuki in Uzbekistan, Samarkand, 9/2014 

Source: wikipedia 

Turkey 

Iran 
Afghanistan 

China 

Escher was influenced by Islamic art 



Alexander Luria 
1902-1977 

Generalization and Abstraction 



Alexander Luria 
1902-1977 

Generalization and Abstraction 



Alexander Luria 
1902-1977 

Generalization and Abstraction 
What do you think an  
will choose as the item that  



Generalization and Abstraction 

L: But one fellow picked three things – the hammer, saw  
     and hatchet – and said they were alike.  

P: A saw, a hammer and a hatchet all have to work  
     together. But the log has to be here too. 

L: Why do you think he picked these three things  
     and not the log? 

P: Probably he’s got a lot of wood, but if we’ll be left  
     without firewood, we won’t be able to do anything. 

Alexander Luria 
1902-1977 



Alexander Luria 
1902-1977 

Deduction and Inference 

The following syllogism is presented: 
 
There are no camels in Germany 
 
The city of B. is in Germany 

L: Are there camels there or not ? 

P: Repeats the syllogism exactly  

L: So, are there camels in B.?  

P: I do not know, I have never seen German villages 



Alexander Luria 
1902-1977 

Imagination 

L: Ask me any three questions.  
     What would you like to know? 

P: I do not know how to obtain knowledge...  
    Where would I find the questions? 

 P: For questions you need knowledge. 
     You can ask questions when you have understanding,  
     but my head is empty. 

 



Q:  
What do we gain 
from education 
and literacy? 

Can  about 
paradigms that we did 

Education improves our ability to  
separate between thought and experience 



Yuval	  Noah	  Harari’s	  TED	  talk	  

What	  explains	  the	  rise	  of	  humans?	  

Link	  will	  be	  posted	  on	  the	  class	  web	  site	  



Yuval	  Noah	  Harari’s	  TED	  talk	  

“The	  real	  difference	  between	  humans	  and	  all	  other	  animals	  is	  not	  on	  the	  
individual	  level;	  it's	  on	  the	  collec8ve	  level.	  Humans	  control	  the	  planet	  
because	  they	  are	  the	  only	  animals	  that	  can	  cooperate	  both	  flexibly	  and	  
in	  very	  large	  numbers”	  

“How,	  exactly,	  do	  we	  do	  it?	  What	  enables	  us	  alone,	  of	  all	  the	  animals,	  
to	  cooperate	  in	  such	  a	  way?”	  	  



Yuval	  Noah	  Harari’s	  TED	  talk	  

“How,	  exactly,	  do	  we	  do	  it?	  What	  enables	  us	  alone,	  of	  all	  the	  animals,	  
to	  cooperate	  in	  such	  a	  way?”	  	  

“The	  answer	  is	  our	  imagina8on.	  We	  can	  cooperate	  flexibly	  with	  
countless	  numbers	  of	  strangers,	  because	  we	  alone,	  of	  all	  the	  animals	  
on	  the	  planet,	  can	  create	  and	  believe	  fic8ons,	  fic8onal	  stories.”	  	  

“And	  as	  long	  as	  everybody	  believes	  in	  the	  same	  fic8on,	  everybody	  
obeys	  and	  follows	  the	  same	  rules,	  the	  same	  norms,	  the	  same	  values.”	  



Yuval	  Noah	  Harari’s	  TED	  talk	  

“Money,	  in	  fact,	  is	  the	  most	  successful	  story	  ever	  invented	  and	  told	  by	  
humans,	  because	  it	  is	  the	  only	  story	  everybody	  believes.	  Not	  
everybody	  believes	  in	  God,	  not	  everybody	  believes	  in	  human	  rights,	  not	  
everybody	  believes	  in	  naMonalism,	  but	  everybody	  believes	  in	  money,	  
and	  in	  the	  dollar	  bill.”	  

“…money	  is	  not	  an	  objec8ve	  reality;	  it	  has	  no	  objecMve	  value.	  Take	  this	  
green	  piece	  of	  paper,	  the	  dollar	  bill.	  Look	  at	  it	  -‐-‐	  it	  has	  no	  value.	  You	  
cannot	  eat	  it,	  you	  cannot	  drink	  it,	  you	  cannot	  wear	  it.	  	  



Yuval	  Noah	  Harari’s	  TED	  talk	  

	  
“But	  then	  came	  along	  these	  master	  storytellers	  -‐-‐	  the	  big	  bankers,	  the	  
finance	  ministers,	  the	  prime	  ministers	  -‐-‐	  and	  they	  tell	  us	  a	  very	  
convincing	  story:”	  

“And	  if	  I	  believe	  it,	  and	  you	  believe	  it,	  and	  everybody	  believes	  it,	  it	  
actually	  works.”	  

"Look,	  you	  see	  this	  green	  piece	  of	  paper?	  It	  is	  actually	  worth	  10	  
bananas."	  	  



Yuval	  Noah	  Harari’s	  TED	  talk	  

“I	  can	  take	  this	  worthless	  piece	  of	  paper,	  go	  to	  the	  supermarket,	  give	  it	  
to	  a	  complete	  stranger	  whom	  I've	  never	  met	  before,	  and	  get,	  in	  
exchange,	  real	  bananas	  which	  I	  can	  actually	  eat.”	  

You	  could	  never	  do	  it	  with	  chimpanzees	  

“Yes,	  you	  give	  me	  a	  coconut,	  I'll	  give	  you	  a	  banana…	  But,	  you	  give	  me	  a	  
worthless	  piece	  of	  paper	  and	  you	  except	  me	  to	  give	  you	  a	  banana?	  No	  
way!	  What	  do	  you	  think	  I	  am,	  a	  human?”	  	  



HW #1 



HW #1 
Grading: Uniform weight per problem 



TCATGCA

point mutation 

TGATGCA

TCATGCA

Tandem Duplication 

TCATCATGCA



Thm: Any binary string can  
be generated from one of the 
6 seeds {0,1,01,10,010,101}  
with tandem duplications 



PCP = your Programming Challenge Problem – stay tuned… 



Mutation Distance 
Tandem Duplications + Point Mutations 

ACGT

01210120

01210121
0121

0101
01

01210120

0101

01

01010101

2 duplications  
2 mutations 

2 duplications  
3 mutations 

0121012001





ACGT

Can have multiple deduplication seeds  
in nonbinary alphabets 

012101212

0121012

012101212

01212

01212

012
squarefree string 

squarefree string 



ACGT



ACGT

I 
I 

I 

I 
I 

I 

write read 100,000 years later…  



write read 100,000 years later…  









0101	   101	  

{0101,	  1010}	  	   101	  

deletion: 

Not a good code! 





1101	  101	  insertion: 


