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Slide for your video:
Add your video. Depending on the resolution 

you want to leave a black border.

An example of one 
technology 

obsoleting another
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Internal combustion replaced steam

Steam replaced water wheels

Water wheels replaced oxen

Cars replaced horses

After Nebojsa Nakicenovic (1997). 
Technological Change As A Learning Process.
Induced Technology Workshop, IIASA.
26–27 June 1997.

US Replacement of Horses with Cars



But enough about 
horses . . .



QUESTIONS

What causes technology changeovers?

Why do some technologies hang around? 

Can we predict these two things?



1959 – DOD Sponsored the 
creation of a portable business 

programming language

DOD forced COBOL’s use 
leading to widespread adoption

COBOL is still used widely 
in applications deployed on 

mainframe computers, especially 

for transaction processing

WHAT IS COBOL?

COmmon Business 
Oriented Language





DEMAND SUPPLY

But not for new 
development

Still widely used
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220B lines of COBOL code

1–2M active COBOL programmers
80–100B lines of new code (in all languages)/year

23–28M active developers



CLUMSY CODE GATHERING GLOOM

New graduates 
have moved on

Hello World!
//COBUCLG  JOB (001),'COBOL SERVERLESS TEST',
//             CLASS=A,MSGCLASS=A,MSGLEVEL=(1,1)
//BASETEST EXEC COBUCLG
//COB.SYSIN DD *
00000* VALIDATION OF BASE COBOL INSTALL
01000 IDENTIFICATION DIVISION.
01100 PROGRAM-ID. 'HELLO'.
02000 ENVIRONMENT DIVISION.
02100 CONFIGURATION SECTION.
02110 SOURCE-COMPUTER. GNULINUX.
02120 OBJECT-COMPUTER. HERCULES.
02200 SPECIAL-NAMES.
02210 CONSOLE IS CONSL.
03000 DATA DIVISION.
04000 PROCEDURE DIVISION.
04100 00-MAIN.
04110 DISPLAY 'HELLO, WORLD' UPON CONSL.
04900 STOP RUN.

//LKED.SYSLIB DD DSNAME=SYS1.COBLIB,DISP=SHR
//            DD DSNAME=SYS1.LINKLIB,DISP=SHR
//GO.SYSPRINT DD SYSOUT=A 

AVERAGE AGE OF DEVELOPERS
On average, COBOL programmers are most likely to be between 45–55 years old



DISCLAIMER
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Hollerith 
cards

ISAM/
VSAM

Network 
models

Hierarchical 
models

Frustration





Relational Algebra 
Theoretical Foundation



Space Efficient
(No data duplication)



Flexible
“Normal Forms”



Declarative Language
(SEQUEL) came along in 1972,

with SQL* in 1979





Homogeneous 
data (highly 
structured)
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GORDON MOORE

Co-Founder of Intel

1965





56 years later, Moore’s 
Law is still going strong

Counting transistors is harder 
than it sounds

Counting ignores architecture 

and design (RISC, CISC, etc.)

Transistor density varies: L3 cache 
density 3x to 5x times higher than 

the logic density

Overall transistor density can vary 
by 20x! (recall Moore’s Law is 2x)

The purpose of a chip drives how 

much of each kind of region is used
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Around 2004, introducing multi-core 
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Each additional core contributes less additional speedup
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TRADE OFFS

Horses and Cars solve the same problem differently. 

Cars do a better job at most things, are faster, run more efficiently,
and are easier to use.

Relational and non-relational solve the same problem differently.

Does non-relational do a better job, faster, more efficiently, 
and easier?
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Must know entire data model 
beforehand to design schema

Only need to know enough to label 
for later retrieval & easier to change

vs.

Schema setup
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Unpack everything & put each in its 
proper place at insert/append time

Fetch only what’s needed at query 
time, unpack only what’s needed

vs.

Normalization overhead
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Join together needed items from 
different sections (tables)

Items colocated so what we’ll use 
is already persisted together

Gleaning data

vs.
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All data pre-normalized, so fields 
ready to assemble into tuple

Once selected data are retrieved, 
normalization may be required

vs.

Normalize at use time



Enterprises have 

many terabytes (TB) 

of structured and 

unstructured data

That’s $5M/year savings 

per petabyte (1,024 TB)

Typical storage costs 

are $20,000/TB/year, 

including IOPs

Given non-relational 

IOPS efficiency, 

conservatively assume 

a 25% savings on IOPS

1 2

4 3

Your mileage will vary  





"_id": "5cf0029",

"name": "Margherita",

"price": "9.5",

"ingredients" {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

Pizza Pepperoni

Relational Non-relational

_id  SMALLINT PK

topping VARCHAR(20)

_pid SMALLINT FK

_tid SMALLINT FK

_id  SMALLINT PK

name VARCHAR(20)

_id   SMALLINT PK

name  VARCHAR(20)

price DOUBLE(16,2)

_did  SMALLINT FK

Pizza Dough

ToppingPizza_Topping

"_id": "5cf0029",

"name": "Margherita",

"price": "9.5",

"ingredients" {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

Pizza BBQ Chicken

"_id": "5cf0029",

"name": "Margherita",

"price": "9.5",

"ingredients" {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

Pizza Margherita



Code Relational

_id  SMALLINT PK

topping VARCHAR(20)

_pid SMALLINT FK

_tid SMALLINT FK

_id  SMALLINT PK

name VARCHAR(20)

_id   SMALLINT PK

name  VARCHAR(20)

price DOUBLE(16,2)

_did  SMALLINT FK

Pizza Dough

ToppingPizza_Topping
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Rvar pizza = {

_id: 5cf0029,

name: "Margherita",

price: 9.5,

ingredients: {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

};



Code

var pizza = {

_id: 5cf0029,

name: "Margherita",

price: 9.5,

ingredients: {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

};

{

"_id": "5cf0029",

"name": "Margherita",

"price": "9.5",

"ingredients" {

dough: "New York Style",

toppings: ["tomatoes",   

"mozzarella"]

}

}

Document



var pizza = {

_id: 5cf0029,

name: "Margherita",

price: 9.5,

ingredients: {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

};

{

"_id": "5cf0029",

"name": "Margherita",

"price": "9.5",

"ingredients" {

dough: "New York Style",

toppings: ["tomatoes",   

"mozzarella"]

}

}

Code Document

size: "medium",



var pizza = {

_id: 5cf0029,

name: "Margherita",

price: 9.5,

ingredients: {

dough: "New York Style",

toppings: ["tomatoes",

"mozzarella"]

}

};

{

"_id": "5cf0029",

"name": "Margherita",

"price": "9.5",

"ingredients" {

dough: "New York Style",

toppings: ["tomatoes",   

"mozzarella"]

}

}

Code Document

"size": "medium",size: "medium",



Declarative Programming 
(SQL)

Imperative Programming 
(*.*)

Paradigm

Comprehensibility

Flexibility

Debugging 

Describe the desired end result, NOT 
all the intermediate work steps

Code is characterized by a high level of 
abstraction. Complex/Sophisticated apps 
can be opaque

Can be hard to take characteristics of 
individual applications into account 
during programming

EXPLAIN and re-run, again and again

Provide precise steps for computer to 
follow to get result

Flow to goal is natural, but structure 
and flow can become 
incomprehensible if not managed

Application variability managed by 
libraries, frameworks, and code reuse

Single stepping/RAM inspection

People tend to think about a processes moving toward a goal (imperative) 
rather than starting from a goal and working backward (declarative)





API / Query

Transactions

Caching

Logging

API / Query

Transactions

Caching

Logging

Scale via application
Coupled at the application layer

Applications must 
understand topology

Orchestrated state 
management 

Queries easily 
partition and deploy

API / Query

Transactions

Caching

Logging

API / Query

Transactions

Caching

Logging

Scale via database
Coupled at logical layers only 

API / Query

Transactions

Caching

Logging

API / Query

Transactions

Caching

Logging

Scale via shared storage
Coupled at all layers

Storage

App AppApp

Storage Storage Storage Storage

App AppApp App AppApp



Easier schema design Lower setup (capital) costs

On-demand normalization Lower insert and query costs

Colocated data Lower tuple assembly costs

Simplified scaling Lower scaling costs

Simpler API options Productive developers Lower dev. costs





FADING OUT GONE

Railroads (in US)

Lotus Notes

IBM Mainframes

Coal

FORTRAN, COBOL, PHP 

Horses

8-Track Tapes

Lotus 123

Blimps and Zeppelins

Slide Rulers



Cobol has endured 
in its niche

Because it still “just works”

Can’t justify the switching cost

Avoids perceived migration risk

Many enterprises still 
use COBOL today



Could relational 
technologies have 

similar characteristics?

Will it just work?

What will the cost difference be?

Will it be less than switching cost?

Could Relational 
technologies have 

similar 
characteristics?

Developers are clever and 
can coerce heterogenous 

data to conform to 
relational’s rules 





20%
Homogeneous

80%

20% of a lot of data is still a lot of relational-friendly data



Continue with relational
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Continue with relational

Relational for structured,
Non-relational for unstructured

Migrate relational data
when economically viable

Non-relational platforms
to offer SQL compatibility



Is relational

the next COBOL?
Did they 

see it coming?

Economics will decide

After Nebojsa Nakicenovic (1997). 
Technological Change As A Learning Process.
Induced Technology Workshop, IIASA.
26-27 June 1997.

US Replacement of Horses with Cars
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