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Motivation
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Example: Multi-Product Network Flow

>
Motivation
o Ship products efficiently
to meet demands >
Data -
o a transportation network
= Nodes representing cities >

m arcs representing roads
o supplies at nodes —
o demands at nodes

o capacities on arcs
o shipping costs on arcs
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AMPL Model for Multi-Product Network Flow

set PRODUCTS;
set NODES;
param net_inflow {PRODUCTS,NODES};

set ARCS within {NODES,NODES} ;
param capacity {ARCS} >= 0;

param var_cost {PRODUCTS,ARCS} >= 0;

var Flow {PRODUCTS,ARCS} >= 0;

minimize TotalCost: o o o
sum {p in PRODUCTS, (i,j) in ARCS} var_cost[p,i,j] * Flow[p,i,j]l;

subject to Capacity {(i,{) in ARCS}:
sum {p in PRODUCTS} Flow[p,i,j] <= capacity[i,j];

subject to Conservation {p in PRODUCTS, j in NODES}:
sum {(i,j) in ARCS} Flow[p,i,j] + net_inflow[p,j] =
sum {(j,1) in ARCS} Flow[p,j,1];
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AMPL Data for Multi-Product Network Flow

ampl = AMPL ()
.read ("model path")

.set ['PRODUCTS'] = products_ series
.set['NODES'] = nodes_series

.param['net inflow'] = net inflow df
.set['ARCS'] = arcs df

.param[ 'capacity'] = capacity df

.param['var cost'] = var cost df
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Runtime Comparison for Multi-Product Network Flow
Products = 100 NODES =
mmpL = AHERU 400 ARCS = 160,000

> 0.000109 s

.read ("model path")

.set ['PRODUCTS'] = products_ series
.set['NODES'] = nodes_series

.param['net inflow'] = net inflow df

.set['ARCS'] = arcs_df S 49.050584 s

.param[ 'capacity'] = capacity df
.param['var cost'] = var cost df
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Apache Arrow
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Apache Arrow

- Software framework for high-performance data processing
and transport

- Key features and benefits of Apache Arrow

Columnar Memory Format

Language-Agnostics

Zero-Copy Reads

Sl e

Integration with Data Ecosystem
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Columnar Memory Forma
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Columnar Memory Format

Row 1

Row 2

Row 3

Row 4

timestamp

11233456

11233467

11233523

11233567

11233456
POST
99.155.108.12
15
11233467
POST
65.87.34.12
12
11233523
PUT

71.10.23.67

17
11233467
GET
65.87.34.12
i8

source_ip
99.155.108.12

65.87.34.12

71.10.23.67

99.155.108.12

Traditional row-oriented
representation

11233456

o 11233467
timestamp
11233567

POST

POST
PUT
GET

method

99.155.108.12
65.87.34.12

\VAS

source_ip
71.10.23.67

99.155.108.12
15

12
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Column-oriented
representation

High compression rate
CPU cache friendly
Vectorized data processing
Fewer memory allocation

CPU friendly
memory layout




Language-Agnostic
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Language-Agnostic

PSGRSG 4
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Language-Agnostic

PSBRBG .
GO ® e




Language-Agnostic
- Crossing the Language Barrier with the Arrow C Data API
- Languages communicate via foreign function
interface

- Stable ABI for zero-copy sharing of data

- Small-sized libraries
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Zero-Copy Reads
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Zero-Copy Reads

- Direct access to the data without the need to copy or move it

- Lightning-fast data access

- Avoiding the serialization overhead
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Zero-Copy Reads: Standardization

Pandas

Parquet

Parquet

Cassandra Cassandra
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Integration with Data-Ecosys
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Integration with Data Ecosystem

Data Science and Analytics Tools
il pandas A poars I

- Big Data Frameworks

spaikd ( dremio 3 beam

- Databases and Storage Systems

db Google Q
X snowfloke (&) Soogk R

- Machine Learning

wre O PyTorch
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Benchmark of amplpy
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Benchmark Code - Integers

import pandas as pd

from amplpy import AMPL

50 000 000
df = pd.DataFrame ({"p": [i * 10 for i in range(l, n+1)]})

df.index = range(l, n+1)

ampl = AMPL ()

ampl.eval ("param n; param p{l..n};")

ampl .param['n'] = n

ampl.param|['p"']
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Runtime

Factor of Runtime Improvement: AMPLPY (without arrow vs. with arrow)

1.26

Runtime Improvement Factor
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Memory

Factor of Memory Improvement: AMPLPY (without arrow vs. with arrow)
8.96

Memory Improvement Factor

1.22

1,000,000 10,000,000
Problem Size - n

50,000,000
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Benchmark Code - Floats

import pandas as pd

from amplpy import AMPL

50 000 000
df = pd.DataFrame ({"p": [float(i * 10.5) for i in range(l, n+1)]})
df.index = range(l, n+1)

ampl = AMPL ()

ampl.eval ("param n; param p{l..n};")

ampl .param['n'] = n

ampl.param|['p"']
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Runtime

1.5

1.3

1.2

Runtime Improvement Factor

1.0

Factor of Runtime Improvement: AMPLPY (without arrow vs. with arrow)
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Memory

Factor of Memory Improvement: AMPLPY (without arrow vs. with arrow)
9.04

Memory Improvement Factor

1.28

1,000,000 10,000,000
Problem Size - n
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Benchmark Code - Strings

import pandas as pd
from amplpy import AMPL
import random

import nltk

nltk.download ("words")
word list = nltk.corpus.words.words ()
n = 50 000 000

random. seed (n)

df = pd.DataFrame ({"p": [random.choice(word list) for  in range(l, n+l)]})
df.index = range(l, n+1)

ampl = AMPL ()

ampl.eval ("param n; param p{l..n} symbolic;")

ampl.param['n'] = n

ampl .param['p']
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Runtime
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Runtime Improvement Factor
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Factor of Runtime Improvement: AMPLPY (without arrow vs. with arrow)
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Memory

Factor of Memory Improvement: AMPLPY (without arrow vs. with arrow)

7 6.87

Memory Improvement Factor

1.29
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Future Development on amp
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Future Development on amplpy

- Support more packages from the Data Ecosystem
- Show and expand functionalities of ampl
- Support for type hints

- amplpy no-GIL packages
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Learn more

amplpy.ampl.com

— Documentation of amplpy

amplpy.ampl.com/en/latest/reference.htmi

— API reference of amplpy

github.com/ampl/amplpy

— Github repository of amplpy

ampl.com/mo-book

— New AMPL+Python book

ampl.com/colab

— Collection of AMPL models in Jupyter Notebooks
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