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Approximate Set Identification: PAC Analysis for Group Testing Group Testing Framework
Group Testing

A set of N items with k defective items (k<N).

@ Group test: A group of items is tested in a group test

o Test outcome 1 indicates presence of defective item(s)
e Outcome 0 indicates all items are in the test

o Main issues:

e Sample Complexity
e Correctness of solution
e Pooling Design
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Figure: A toy example for non-adaptive group testing.
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Approximate Set Identification: PAC Analysis for Group Testing Group Testing Framework
Group Testing Model
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y € {0,1}M is the binary test outcome vector
a, € {0, 1M is the j™ column of A

a,, € {0,1}" is the i*" row of A

A(i,j) ~ B(p) i.i.d.

x € {0,1}" is test item vector
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Approximate Set ldentification: PAC Analysis for Group Testing Function Learning Model

Learning Problem

Learn unknown target function f(-) € C

Available items to the learner:
@ Random examples: a;

@ Corresponding label: y;

a; € {0, l}n
yi = f(a;) €{0,1}
f:{0,1}" — {0,1} is some boolean function

How many examples do we need to output an hypothesis f* s.t. maximum
error is € with confidence 1 — §7?
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Approximate Set Identification: PAC Analysis for Group Testing Function Learning Model
Figure Revisited
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Approximate Set Identification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

Group Testing as a Function Learning Problem

Group testing Learning model
Target function X f(-)
Random example ay, a;
Label y(i) yi
Distribution B(p) D
Output hypothesis X f*

Goal: Analyze group testing recovery algorithms using PAC (Probably
Approximately Correct) framework applied to function learning problems.
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Approximate Set ldentification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification
PAC Analysis

A learning algorithm is said to be PAC-learn C with approximation
parameter € and confidence parameter § if ¥V distributions D and all target
functions f € C, the algorithm draws M samples, runs for time at most t
and outputs a function * s.t.

e(f*,f) = Prap (f*(a) # f(a))
Pr(e(f*,f)>¢€) <0

With prob. 1 — § the output hypothesis f* will make at most € error.
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Approximate Set Identification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

Defective Set Recovery

R B
= (0|0 i i
E 110 N 1

e Column Matching (CoMa)! Algorithm
e Definite Defective (DD)? Algorithm

!Non-adaptive Group Testing: Explicit Bounds and Novel Algorithms
2Group Testing Algorithms: Bounds and Simulations
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Approximate Set ldentification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

¢ Approximate Set ldentification

Allowed hidden non-defective items

Paoss (X(a1) £ x(a))) = (1 = (1= p)S)(1 —p)* <

. {ln (1—e/(1—p>k)J

In (1-p)
P(G<g)>1-9
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Approximate Set ldentification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

Allowed unidentified defective items

Pas (X(a7) # x(a;)) = (1— (1 - p)P)(1 - p) P <e

L _ | ma+era-p
“T /(- p)
P(D<d)>1-3
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Approximate Set Identification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification
PAC type bound for CoMa

Theorem 1

The sufficient number of tests such that estimated set using CoMa does
not agree with the true defective set on the future group tests with
probability at most € with confidence parameter 1 — § is given as,

where,

log (5) + log §

5 log (1/(1— (1 - )+ (1 - p)thiT))’

P(e(%,x) > €) =P(G > g) < <£_+k1> Pg.1(M)

P£€+1(M) =(1-(1-pF+1- p)ge-‘rl—i-k)M
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Approximate Set ldentification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

Bound on success probabilities
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PAC Analysis: Approximate Set Identification
Bound on number of tests in PAC setting
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Approximate Set Identification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification
PAC type bound for DD

Theorem 2

The sufficiency bound on the number of tests such that estimated set
using DD do not agree with the true defective set on the future group tests
with probability at most € with confidence parameter 1 — § is given as,

P(e(x,x) >€¢/G =g) < (del—(k 1>(1 —(d. + 1)p(1 — p)k*1(1 _ p)g)M’
Pein > < () (1- @+ Dol - o)t - ppErE) "

where g = (N — k)(1 — p(1 — p)*)™ and £ is a tuning parameter which
depends on d..

v
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Approximate Set ldentification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

Bound on success probabilities

DD e-approximate set, N = 5091 kz_lo,_gzlz_k — =

Ve Vek ek v
o - -
0.95[
") 09r
%]
Q
3
80851
%]
ks
0.8
2
2
: 0.75
é_Cf ' - *- d_c =0 Bound
0.7 —3¥—d_e = 0 simulation
* =B -d_e=1Bound
L U —HB—d_e = 1 simulation
0.65 P
] - 9— d_c =2 Bound
l d_e = 2 simulation
0.6 ; !

‘110 120 130 140 150 160 170 180
Number of tests (M)

Monika Bansal (Department of ECE, IISc) PAC Analysis for Group Testing June 18, 2016 17 / 36



PAC Analysis: Approximate Set Identification
Bound on number of tests in PAC setting

N=500, k=10, p=1/k
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Approximate Set Identification: PAC Analysis for Group Testing PAC Analysis: Approximate Set Identification

Conclusions

PAC analysis resulted in approximate set identification analysis
Full defective set can always be recovered from approximate set

Two stage procedure has more flexibility

Once we identify a big number of non-defective items, random
pooling does not give much further information
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SSR for OFDM channel estimation: Implementation in SDR Sparsity in Channel

Wireless Communication Channel

Channel is sparse in time

tap1 tap2 tap3 tapa Time

Sparse in lag domain
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Sparsity in Channel
OFDM Channel Model

Wl Pilot symbol [2] Data symbol

y=XFh+v

y € CV*1 is the received vector after FFT

X € CV*N contains data symbol and pilot symbols along the diagonal
F € CV*L(N > L) contains the first L columns of N x N DFT matrix
v e CV*t ~ CN(0,0°1) is the AWGN noise

h € CH*! is the time domain channel response
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Seasolulchan
Channel Model using Pilots only:

. Pilot symbol
Data symbol

Yo = XpFph + v, (P <L)
= ¢ph+ v,
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SSR for OFDM channel estimation: Implementation in SDR SBL Framework
SBL Framework

h~CN(0,T), T =diag(y(1),....,v(L))

SBL estimation problem:

h = arg max p(y,|h; 7)p(h; 7)

h,'yERiXI
— X,F,Hh|32
= arg min—HyP 5 phllz + log|l| + hr-1nh
h,vG]Rin o

Instead of estimating h directly, we first estimate « using type Il ML
estimate as given below

Ame = arg max p(y,; )
WERiXI
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SSR for OFDM channel estimation: Implementation in SDR SBL Framework
EM algorithm

L

- [h(i)?
(hiy) = | |(m () exp { =7
o) =TI e (2565
E—step: Q (’7|’}/(r)) = Eh|yp;'y(') [IOg p(ypvhva)]

M-step: 't = arg max Q (’y\’y(r)>
’YGRiXI

A0 = £, 1) + ()P
Probability densities:
p (h\yp: v(’)) =CN(p, T)

T =10 —1OeH(?1p, + ¢pM Do) 2o, T, =025 elly,
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SBL Framevork
SBL Algorithm for OFDM Channel Estimation

Algorithm 1 SBL for estimating time domain channel taps
Input: y,, ¢p, rmax and e.

Initialize © =1, , Set difference = 1, r = 0

while (difference> € and r < rimax)

E-step: =0 °L¢lly,

¥ =) — FOGH (621p, + ¢pMVGH) " 9,1 (")

M-step: (D) = X(i, i)+ |pf> for i=1,2,...,L
difference £ ||y 1) — (|2 r « r+1 end

output: y(r)
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Implementation in GNU Radio
Introduction to GNU Radio

@ A software development tool kit with signal processing blocks
written in C++/Python.

e GRC (GNU Radio Companion) is the user interface for GNU Radio.

@ Can be used with external RF hardware (such as USRP N210) to
create Software Defined Radio(SDR).
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SSR for OFDM channel estimation: Implementation in SDR Implementation in GNU Radio

System architecture

Hardware Frontend

USRP

RF Frontend
(Daugtherboard)

ADC/DAC and Giga Bit

Host Computer

Digital Frontend
(Mothermoard) X
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Implementation in GNU Radio
OFDM Chain in GNU Radio

GNU Radio blocks

Binary Constellation OFDM subcarrier Add cyclic
jnput —*  mapper —* mapping ma > prefix

OFDM-Transmitter chain for DATA

GNU Radio blocks

Decode Constellation OFDM Channel est Remove
bits < demapper << Subcarrier < & " FFT <+ Cyclic -
demapping Equalization prefix

OFDM-Receiver chain for DATA

USRP
(RF)

USRP
(RF)
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Implementation in GNU Radio
OFDM Transmit Chain in GNU Radio

Random Source
Minimum: 0
Maximum: 255
Num Samples: 1k
Repeat: Yes

rtual Source
Stream ID: Header Bits

Virtual Source
Payload Bits

g

Stream to Tagged Stream
Packet Length: 96
Length Tag Key: packet_len

-1

Stream CRC32
Mode: Generate CRC
Length tag name: packet len
Packed: Yes

Length Tag Nai

acket len

Chunks to Symbols
1

Repack Bits
Bits per input byte: §
Bits per output byte: 2

—»

Symbol Tabl
Dimension: 1

Chunks to Symbols
Symbeol Table: -707...07.107m)
1

Virtual Source
Stream ID: Pre-OFDM

Tagged Stream Mux
Length tag names: packet len

—»

OFDM Carrier Allocator
FFT length: 64

Occupied Carriers: [-.... 26]
Pilot Carriers: (-2... 7, 21)

FFT
FFT Size: 64

Pilot Symbols: (L 1, 1,-1)
Syne Words: [0.0,

Virtual Source
Stream ID: Time Domain

.

Muitiply Const
Constant: 50m

Monika Bansal (Department of ECE, 11Sc)

Window:
Shift: Yes
Num. Threads: 1

Forward/Reverse:

Reverse FFT Lengtt

—1

OFDM Cyclic Prefixer

CP Length: 16
Length Tag Key: packet_len

o
1
Propagate_tags: No

Implementation in SDR

Options Variable | | Variable Variable Variable Variable Variable Variable

1D: tx_ofdm 1D: fit_len | | 1Dz samp_rate | | 1D: length tag key acket_len | 1Dz header_mod 1D: payload_mod 1D: sync_word2
Value: 64 | | value: 1M Value: packet len Value: 9 Value: <constellation BPSK> | | Value: <constellation QPSK> || Value: [0, 0, 0,0, 0, 0, .

Generate Options: QT GUI Import o LR Variable Variable Variable

Import: tagged streams 1D: occupied_carriers 1D: pilot_carriers 1D: pilot_symbols ID: header_formatter 1D: sync_wordl
Value: [-26,-2..24, 25, 26] | Value: (21, -7,7.21) || Value: (L 1. 1.-1) | | Value: <packet header ofdm> || Value: [0.,0. 0., 0., 0....

Import Variable
TP ::::":'.‘D;' Packet Header Generator
i [}l Formatter object: <p..faut> [J——»|

HD: USRP Sink
Samp Rate (Sps): 1M

Cho: Center Freq (Hz): 11G
Cho: Gain Value: 0

Cho: Bandwidth (Hz): 500k
TSB tag name:
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Implementation in GNU Radio
OFDM Receive Chain in GNU Radio

Cyclic

Flle Source
File: .. nika/Desktop/Rx_data
Repeat: Yes

Payload Stream

Schmidl & Cox OFDM synch.
FFT length: 64

Prefix length: 16

FFT Size: 64
Forward/Reverse: Forward
Window:

Shift: Yes

Num, Threads: 1

Frequency Mod
Sensitivity: -31.25m

Timing tag key: rx_time
Sampling Rate: 1M
Special Tag Keys:

Options variable | variable |  variable Variable Variable Variable Variable
1D _ofdm 1D: samp_rate ength_tag_key || 1D: header_mod 1D: payload_ moa 1D header_formatter 1D: packet_len
Title: OFDM Rx Value: 1M Value: frame_len || Value: <constellation BPSK> | Value: <constellation QPSK> | | Value: <packet_header_ofdm> | Value: 96
Description: Examp..receiver
Generate Optians: T GUI Variable Variable Variable Variable Variable Variable Variable
1D: syne_wora2 _wordl cupied_carriers | ID: pilot_carriers | 1Dz pilot_symbols | ID: payload_equalizer der_caualizer
Value: (01, 0, 01, 0), 0. F[0.,0. 0.0, 0.... ez [-26,-2..24, 25 Value: (-21,-7,7, 21) | Value: (1, 1, 1,-1) | Value: <OFDM eq... smpleafe> f <OFDM eq... simpledfe>
e ’—DI Header/Payload Demux
UHD: USRP Source Multiply Header Length (Symbols): 3
> File: ..nikaiDesktop/Rx_data - {
oo g el | Items per symbol: 64 Virtual Sink
Cho: Center Freq (Hz): 0 e o o JJ Lensth tag key: frame len Header Stream
ChO: Gain Value: 0 Output Format: Symbols

Kk
Payload Stream

1

Packet Header Parser
Formatter Object: <p..fault>

b

Constellation Decoder

Constellation Object:

0=

| g |

(OFDM Channel Estimation

OFDM Frame Equalizer
FET length: 64

Synch. symbol 1 sync_wordl

- CPlength: 16
synch. symbol 2: sync_word2 [l o0 nier: e e7iabos >
Number of data symbols: 1

Maximum carrier offset: 3

FFT
FFT Size: 64
Forward/Reverse: Forward

Num, Threads: 1

OFDM Frame Equalizer
FET length: 64
CPlength:

Length Tag Key: frame_len
Propagate Channel State: Yes

-1

OFDM Serializer

FFT length: 64
Occupled Carriers: [ 26]
Length Tag Key: frame_len

Input is shifted: True

OFDM Serializer
FFT length: 64

Equalizer: <gnura.. e71c90> >
Length Tag Key: frame_len
Propagate Channel State: Yes

Virtual Source
Stream ID: Payload IQ

>4

Constellation Decoder
Constellation Object: .0> >
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Implementation in SDR

Repack Bits

vy

Occupied Carriers: [-

Input is shifted: True

. 26]
Length Tag Key: frame_len

Stream CRC32
Mode: Check CRC

Bits per input byte: 2
Bits per output byte: 8

vy

Length tag name: packet_len
Packed: Yes

Tag Debug
Name: Rx Bytes

vy

Key Filter:
Display:
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SSR for OFDM channel estimation: Implementation in SDR Experiment Results

Experiment Results

System Parameters:
@ Number of OFDM sub-carriers (N) = 64
@ Cyclic prefix (CP) = 16
@ Packet size = 92 Bytes
e Cyclic redundancy check (CRC) = 32 bits = 4 Bytes
@ Number of sync words per packet = 2 OFDM symbols
@ Header length = 1 OFDM symbol
@ Header modulation = BPSK
o Data Modulation = QPSK
o Centre frequency (f.) = 1.1GHz
e Bandwidth (BW) = 500kHz
e Sampling frequency (fs) = 1MS/sec
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SSR for OFDM channel estimation: Implementation in SDR Experiment Results
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SSR for OFDM channel estimation: Implementation in SDR Experiment Results

510 2 Real tjme chan. convolved with 2-taps
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SSR for OFDM channel estimation: Implementation in SDR Experiment Results

tapsz3, FRT=64, Ocgup.garr.z52, RW=R00Kz, Mod=QPSI
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SSR for OFDM channel estimation: Implementation in SDR Experiment Results

Real Time Channel

6X103 real time channel at time T1
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SSR for OFDM channel estimation: Implementation in SDR Experiment Results
Future Work

@ Joint data detection and channel estimation algorithms

@ Throughput analysis
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