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Python Basics (1/2)

◼ Getting Started

 print("Hello, World!")

 # single comment

 '''multiple comments'''

◼ Variables

 a=1; a='efg'; a=[1,2,3,4,5]; a=(1,2,3,4,5); a={'a':1,'b':2,'c':3}

 x,y,z="Orange","Banana","Cherry" # multiple assignment 

 a,b,_ = 1,2,3 # drop the last

 a,b,*c = 1,2,3,4,5 # c=[3,4,5]

 x=(1,2,3); y=('a','b','c'); vL=zip(x,y) # pair list elements 

 x,y=zip(*vL) # unpack paired elements

 1+2; 3*4; 2**3; 16**0.5 # numeric

a,  b,  c,  d,  e
zip(…)

a,  b,  c,  d,  e
zip(*…)
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Python Basics (2/2)

◼ String

 x='abc'; y='def'; x+y # concatenate

 x=1.2345; y=123456; z='abcd'; f'{x:10.3g},{y:10,},{z:10s}' # formatter

◼ List 

 [1,2,3]+[2,3,4]+['a','b','c'] # concatenate

 [v for v in range(0,10)] # iterator

◼ Dictionary (JSON)

 a={'a':1,'b':2,'c':3}; b={'d':4,'e':5}; {**a,**b} # concatenate

 {f'{v:c}:{ii}' for ii,v in enumerate(range(97,105))} # iterator

◼ Logic

 x=5; 1<x<7; None or 123;

◼ Control, Function, Class, Module ➔ home work!



Copyright @2022 DigWise Technology Ltd. All rights reserved. Confidential & Proprietary

Key Tips

◼ Understanding data:

 Shape (size and dimension): shape

 Ranges (distributions, means, extremes, outliers): describe

 Indexing, Search, Filtering: filter

 Visualization: matplotlib, plotly

 Correlation: feature correlation matrix

 Analysis: trend, comparison

 Modeling: LS regression

 Prediction: inner-product
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Data Shape

Data: simple.csv
https://digwise-tech.atlassian.net/wiki/spaces/ZHUBEI/pages/21430301/Getting+Started+with+Data+Analysis

import pandas as pd
import numpy as np

# load data
pd.set_option('expand_frame_repr', False)
df = pd.read_csv(csv)

# cursory look at the data
df.shape # (328, 12) 
df.index
df.columns
df.iloc[:,:9]
df[['corner','volt','temp','cell','area','leak','tr','tf']]
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Data Range
# know data range (outlier)
df[['area','leak','tr','tf']]
df[['area','leak','tr','tf']].max()
df[['area','leak','tr','tf']].min()
df[['area','leak','tr','tf']].std()
df[['area','leak','tr','tf']].mean()

# filter data
de = df[['area','leak','tr','tf']].describe()
de['leak']['25%']
de['leak']['75%']
u = de['leak']['mean']
s = de['leak']['std']
df[df['leak']>(u+3*s)]

df.describe(percentiles=[0.003,0.997]).round(3)
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Re-indexing & Querying
#%% re-indexing 
dt = df.set_index(['cell','corner','volt','temp'])
dt = dt.sort_values(['cell','corner','volt','temp'])
dt.index

# query by index
[v for v in dt.index.levels[0].unique() if 'NAND2V1_' in v]
d = dt.loc['NAND2V1_C10UL']
d[['area','leak','tr','tf','dr','df','pr','pf']].round(4)

#%% query & filter data by index
dc = dt.filter(regex='.*NAND.*UL.*TT.*0\.31.*85',axis=0)
dc[['area','leak','tr','tf','dr','df','pr','pf']].round(4)

index columns



Copyright @2022 DigWise Technology Ltd. All rights reserved. Confidential & Proprietary

Data Processing
#%% (3) data processing
ta = (df['tr']+df['tf'])/2 # average 2 vectors
ta = df[['tr','tf']].mean(axis=1) # native pandas operation
imb = df['tr']/df['tf'] # rise/fall imbalance

# data augmentation: store the action back
df['ta'] = df[['tr','tf']].mean(axis=1) 
df['da'] = df[['dr','df']].mean(axis=1) 
df['pa'] = df[['pr','pf']].mean(axis=1) 
df['imb'] = df['tr']/df['tf'] 

# sort data by area & leakage
df = df.sort_values(['area','leak'],ascending=False) 
df[['corner','volt','temp','cell','area','leak','tr','tf','ta','imb']].round(3)

augment data
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#%% (4) data visualization
dt = df.set_index(['cell']).sort_values(['area','leak'],ascending=True) 
dt[['corner','volt','temp','area','leak']]
dt[['area','leak']].describe()

# pandas' native view
dt['area'].plot(use_index=False).set_ylabel('area')

# dual axis
g = dt[['area','leak']].plot(use_index=False,secondary_y='leak',alpha=0.5,color=['b','r'])
g.set_ylabel('area',color='b')
g.right_ax.set_ylabel('leak',color='r')

Visualization
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Feature Correlation
#%% feature correlation
df.plot(x='da',y='leak',figsize=(7,6),kind='scatter',alpha=0.5,grid=True)

# correlation matrix
dt = df[['area','leak','da','pa']].iloc[::2].round(4) # 1/2 sub sampling
pd.plotting.scatter_matrix(dt,figsize=(7,7),alpha=0.5,range_padding=0.2)
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Analysis: Trend
#%% basic data analysis (visualization & trend)
dt = df.set_index(['cell','corner','volt'])
d = dt.loc['NAND2V1_C10UL','TT'].sort_values(['volt','temp'])
d[['temp','area','leak','da','pa']]

fig,ax = plt.subplots(figsize=(6,6),sharex=True)
d.loc[0.29].plot(x='temp',y='leak',marker='o',alpha=0.8,ax=ax,label='0.29V')
d.loc[0.31].plot(x='temp',y='leak',marker='^',alpha=0.8,ax=ax,label='0.31V')
d.loc[0.33].plot(x='temp',y='leak',marker='x',alpha=0.8,ax=ax,label='0.33V')
d.loc[0.35].plot(x='temp',y='leak',marker='*',alpha=0.8,ax=ax,label='0.35V')
ax.set_title('NAND2V1_C10UL')
ax.set_xlabel('temperature')
ax.set_ylabel('leakage')
ax.grid()
ax.legend()
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Analysis: Comparison
#%% basic data comparison
dt = df.set_index(['cell','corner','volt','temp'])
dc = dt.filter(regex='.*INV.*UL.*TT.*0\.31.*85',axis=0)
dc = dc.reset_index().set_index(['corner','cell']).sort_values(['corner','cell'])
all(dc.loc['TT'].index == dc.loc['TTS'].index) # check cell consistency

feature = 'leak'
fig,ax = plt.subplots(sharex=True)
fig.set_size_inches((12,6))
dc.loc['TT'].plot(y=feature,ax=ax,use_index=True,label='TT')
dc.loc['TTS'].plot(y=feature,ax=ax,use_index=True,label='TTS')
ax.set_xlabel('cell')
ax.set_ylabel(feature)
ax.grid()
ax.legend()

Shifted TT-corner
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from mpl_toolkits.mplot3d import Axes3D
import scipy.linalg

dt = df.reset_index().set_index(['cell','corner'])
d = dt.loc['CLKINV1_C10UL','TT'].sort_values(['volt','temp'])
d = d[d['volt']!=0.75] # drop 0.75V (insufficient data points)

x,y,z = d['volt'].values,d['temp'].values,d['leak'].values
X = np.array([np.ones_like(x),x,x**2,y,y**2,x*y]).T # training set

C,_,_,_ = scipy.linalg.lstsq(X,z) # LS regression coefficient
rx,ry = np.linspace(0.29,0.35,20),np.linspace(25,105,20) # regression grid
gx,gy = np.meshgrid(rx,ry)    # mesh grid
tx,ty = gx.ravel(),gy.ravel() # mesh grid in vector (one dimension)
T = np.array([np.ones_like(tx),tx,tx**2,ty,ty**2,tx*ty]).T 
gz = np.dot(T,C).reshape(gx.shape) # prediction (inner product)

f = plt.figure(figsize=(8,7))
ax = Axes3D(f)
ax.plot_trisurf(d['volt'],d['temp'],d[feature],ec='gray',alpha=0.2)
ax.scatter(d['volt'],d['temp'],d[feature],label='original')
ax.scatter(tx,ty,gz.ravel(),alpha=0.4,s=5,label='regression')
ax.set_xlabel('X:Voltage')
ax.set_ylabel('Y:Temperature')
plt.show()

Regression Model

original grid regression grid
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#%% encapsulate method as a function
def modelFitPredict(x,y,z,gnum=20):

x,y,z = map(np.array,[x,y,z]) # convert to numpy array
X = np.array([np.ones_like(x),x,x**2,y,y**2,x*y]).T 
C,_,_,_ = scipy.linalg.lstsq(X,z) # LS regression

# regression grid 
px,py = np.linspace(x.min(),x.max(),gnum),np.linspace(y.min(),y.max(),gnum) 
gx,gy = np.meshgrid(px,py)
tx,ty = gx.ravel(),gy.ravel()
T = np.array([np.ones_like(tx),tx,tx**2,ty,ty**2,tx*ty]).T 
gz = np.dot(T,C).reshape(gx.shape) # prediction
return C,(gx,gy,gz)

# model fitting
x,y,z = d['volt'].values,d['temp'].values,d['leak'].values
C,_ = modelFitPredict(x,y,z)

# specified condition for prediction
volt,temp = 0.30,60
T = np.array([1,volt,volt**2,temp,temp**2,volt*temp]).T
p = np.dot(T,C) # inner-product

Prediction

# prediction@ 0.31V,60C
volt,temp = 0.30,60
T = np.array([1,volt,volt**2,temp,temp**2,volt*temp]).T
p = np.dot(T,C) # inner-product
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Multi-dimension Modeling
# model fitting f(volt,temp) for each corner
coeffL = {}
for corner in ['FFG','TT','SSG']:

d = dt.loc[corner]
x,y,z = map(np.array,zip(*d[['volt','temp','leak']].values))
C = modelFit(x,y,z) # 3 sigma
coeffL[corner] = C

# regression grid, x:volt,y:temp
px,py = np.linspace(0.25,0.35,gnum),np.linspace(25,105,gnum) 
gx,gy = np.meshgrid(px,py)
tx,ty = gx.ravel(),gy.ravel()
T = np.array([np.ones_like(tx),tx,tx**2,ty,ty**2,tx*ty]).T
ff,tt,ss = np.dot(T,coeffL['FFG']),np.dot(T,coeffL['TT']),np.dot(T,coeffL['SSG'])

size = gnum**2
a,b,c = np.array(list(tx)*3),np.array(list(ty)*3),np.array([3]*size+[0]*size+[-3]*size)
z = np.array(list(ff)+list(tt)+list(ss))
X = np.array([np.ones_like(z),a,a**2,b,b**2,c,c**2,a*b,a*c,b*c]).T
C,_,_,_ = scipy.linalg.lstsq(X,z) # LS regression, as f(V,T,P)

f = plt.figure(figsize=(8,8)); ax = Axes3D(f)
ax.plot_wireframe(gx,gy,ff.reshape(gx.shape),color='blue',alpha=0.3,label='FFG')
ax.plot_wireframe(gx,gy,tt.reshape(gx.shape),color='gray',alpha=0.3,label='TT')
ax.plot_wireframe(gx,gy,ss.reshape(gx.shape),color='green',alpha=0.3,label='SSG')
examL = [('FFG',0.31,85,3),('TT',0.31,85,0),('SSG',0.31,85,-3),('special',0.3,60,1)]
for ii,(tag,a,b,c) in enumerate(examL):

T = np.array([np.ones_like(a),a,a**2,b,b**2,c,c**2,a*b,a*c,b*c]).T 
p = np.dot(T,C)
ax.scatter(a,b,p,color=colL[ii],marker=mrkL[ii],s=50,label=f'{tag}:{p:.3f}@{a}V,{b}C,{c}',zorder=1000)

0.3V,60C,1FF
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Probability Density
# model fitting f(V,T,P)
size = gnum**2
a,b,c = np.array(list(tx)*3),np.array(list(ty)*3),np.array([3]*size+[0]*size+[-3]*size)
z = np.array(list(ff)+list(tt)+list(ss)) # training set derived from each corner model respectively
X = np.array([np.ones_like(a),a,a**2,b,b**2,c,c**2,a*b,a**2*b,a*b**2,a*c,a**2*c,a*c**2,b*c,b**2*c,b*c**2]).T
C,_,_,_ = scipy.linalg.lstsq(X,z) # LS regression, as f(V,T,P)

# random samples
size = 10000
V = np.random.normal((0.35+0.29)/2,(0.35-0.29)/6,size)
T = np.random.normal((105+25)/2,(105-25)/6,size)
P = np.random.normal(0,1,size)

a,b,c = V,T,P
X = np.array([np.ones_like(a),a,a**2,b,b**2,c,c**2,a*b,a**2*b,a*b**2,a*c,a**2*c,a*c**2,b*c,b**2*c,b*c**2]).T
p = np.dot(X,C) # batch prediction

f = plt.figure(figsize=(8,8)); ax = Axes3D(f)
ax.plot_wireframe(gx,gy,ff.reshape(gx.shape),color='blue',alpha=0.5,label='FFG')
ax.plot_wireframe(gx,gy,tt.reshape(gx.shape),color='black',alpha=0.5,label='TT')
ax.plot_wireframe(gx,gy,ss.reshape(gx.shape),color='green',alpha=0.5,label='SSG’)

ax.scatter(a,b,p,s=2,alpha=0.3,color='gray',edgecolor=None)   
ax.view_init(20,-30)
ax.set_xlabel('X:volt')
ax.set_ylabel('Y:temp')
ax.set_zlabel('Z:leak')
plt.show()


