
Transition to 
Algebra

40

Field Test Materials
Book 1



The Transition to Algebra materials are being developed at Education Development Center, Inc. in Waltham, MA.  
More information on this research and development project is available at ttalgebra.edc.org.

Copyright © 2012 by Education Development Center, Inc.

Pre-publication draft. Do not copy, quote, or cite without written permission.

This material is based on work supported by the National Science Foundation 
under Grant No. ESI-0917958. Opinions expressed are those of the authors and 
not necessarily those of the Foundation.

Development and Research Team:
Cindy Carter, Tracy Cordner, Jeff Downin, Mary K. Fries, Paul Goldenberg, Mari Halladay,  
Susan Janssen, Jane M. Kang, Doreen Kilday, Jo Louie, June Mark, Deborah Spencer, Yu Yan Xu

Pilot and Field Test Site Staff:
Attleboro School District: Linda Ferreira, Jamie Plante 

Chelsea High School: Ralph Hannabury, Brittany Jordan, Jeanne Lynch-Galvin, Deborah Miller,  
Alex Somers

Lawrence High School: Yu Yan Xu

Lowell High School: Jodi Ahern, Ornella Bascunan, Jeannine Durkin, Kevin Freeman, Samnang Hor,  
Wendy Jack, Patrick Morasse, Maureen Mulryan, Thy Oeur, Krisanne Santarpio 

Malden High School: Jason Asciola, Hava Daniels, Maryann Finn, Chris Giordano, Nick Lippman,  
Paul Marques

The Rashi School: Cindy Carter

All rights reserved. No part of this book may be reproduced in any form 
or by any electronic or mechanical means except for classroom use only. 
You may not distribute these materials outside the classroom.  
The use of these materials is limited to the 2012-13 school year.  



8QLW����/DQJXDJH�
RI�$OJHEUD

7UDQVLWLRQ�WR�$OJHEUD

�� �����
����

����� �����
������ �����
�� �����

����

�� �����
����

��
�� ��

�� ��

8QLW����*HRJUDSK\�
RI�WKH�1XPEHU�/LQH

7UDQVLWLRQ�WR�$OJHEUD

:
KH
UH�

DP
�,"

,�DP�KDOIZD\�EHWZHHQ�����DQG��
�
���:KHUH�DP�,"��BBBB�

, � , � � , � ,

� � ��� � ����� ��� �

������

8QLW����'LVWDQFH�
DQG�6LJQ

7UDQVLWLRQ�WR�$OJHEUD

:KR�$P�,"

� �� ,�DP�D�PXOWLSOH�RI���

� �� K���W� ��X

� �� K���X���W

� �� $OO�RI�P\�GLJLWV�DUH�RGG�

� �� 0\�KXQGUHGV�GLJLW�LV�OHVV�WKDQ�P\�
WHQV�GLJLW�

K W X

�
0L�QEB

�I>PQ�A
FDFQ�JR

PQ�

?B���L
O��

R�@>KlQ�?B��
^�LO�E�Q�

TLRIA�>IPL�E
>SB�QL�?B��

___

�E>`�0L�R��^�>KA�E�Q�����_�0L___

1EB�LKIV�
MLPPF?FIFQFBP�
>OB������
� ���
� ���
� ���
� ���

8QLW����/RJLF�RI�
$OJHEUD

7UDQVLWLRQ�WR�$OJHEUD

��

�

��

�

� �BBBBBB � �BBBBBB  �BBBBBB

�E���P����� �J��������E

�J����P����E���������

� � �

8QLW����*HRJUDSK\�
RI�WKH�&RRUGLQDWH�

3ODQH

7UDQVLWLRQ�WR�$OJHEUD

[

\

�
�

�
��

�

�

�

�

�

��

�

�

�

�

�

\� 
�[

8QLW����$UHD�DQG�
0XOWLSOLFDWLRQ

7UDQVLWLRQ�WR�$OJHEUD
	U����V�±��
	�U�±��
� ��U�����UV�±���U�±��V�����

U �V ��

�U �U� �UV ���U

�� ��U ��V ��

�� �

�

������� ���������������� ��������� �����

�� ��

7UDQVLWLRQ�WR�$OJHEUD�
%RRN���&RQWHQWV�

8QLW����/DQJXDJH�RI�$OJHEUD

8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

8QLW����'LVWDQFH�DQG�6LJQ

8QLW����$UHD�DQG�0XOWLSOLFDWLRQ

8QLW����/RJLF�RI�$OJHEUD

8QLW����*HRJUDSK\�RI�WKH�&RRUGLQDWH�3ODQH

DRAFT



8QLW����/DQJXDJH��
RI�$OJHEUD

7UDQVLWLRQ�WR�$OJHEUD

�� �����
����

����� �����
������ �����
�� �����

����

�� �����
����

��
�� ��

�� ��

DRAFT



&RS\ULJKW��������E\�(GXFDWLRQ�'HYHORSPHQW�&HQWHU��,QF�� �

:KDW�LV�$OJHEUD"
$OJHEUD�LV�WZR�WKLQJV��D�FRQYHQLHQW�ODQJXDJH�IRU�H[SUHVVLQJ�SDWWHUQV�DQG�UHODWLRQVKLSV�\RX�NQRZ��
DQG�D�ORJLFDO�V\VWHP�IRU�¿JXULQJ�RXW�WKLQJV�WKDW�\RX�GRQ¶W�NQRZ�\HW���,Q�WKLV�XQLW��\RX�ZLOO�OHDUQ�WR�
GHVFULEH�PDWKHPDWLFDO�UHODWLRQVKLSV�DQG�SDWWHUQV�ZLWK�SLFWXUHV��(QJOLVK��DQG�DOJHEUDLF�V\PEROV��
<RX�ZLOO�DOVR�OHDUQ�WR�XVH�\RXU�RZQ�ORJLFDO�WKLQNLQJ�WR�ZRUN�RXW�WKH�YDOXHV�RI�QXPEHUV�\RX�GRQ¶W�
NQRZ��3X]]OHV�ZLOO�EH�DQ�LPSRUWDQW�SDUW�RI�WKLV�ZRUN�EHFDXVH�SX]]OHV�DUH�SHUIHFW�H[DPSOHV�RI�PDQ\�
PDWKHPDWLFDO�ZD\V�RI�WKLQNLQJ��7KH�JRDO�LV�IRU�\RX�WR�WDNH�WKH�ORJLFDO�WKLQNLQJ�\RX�DOUHDG\�KDYH�DQG�
OHDUQ�KRZ�WR�H[SUHVV�WKDW�WKLQNLQJ�LQ�WKH�ODQJXDJH�RI�DOJHEUD��

8QLW����/DQJXDJH�RI�$OJHEUD

:RUGV ([DPSOH 3LFWXUHV 'HVFULSWLRQV�RI�3LFWXUHV $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU� � >�?R@HBQ ?
0XOWLSO\�E\��� �� � ��?R@HBQP
$GG��� � � � ��?R@HBQP�>KA�� �?����
'LYLGH�E\��� � � ?����
6XEWUDFW�\RXU�RULJLQDO�QXPEHU� � � �

$OJHEUDLF�+DELWV�RI�0LQG��3X]]OLQJ

7KH�SUREOHPV�ZH�HQFRXQWHU�LQ�WKH�³UHDO�ZRUOG´��RXU�IDPLO\�OLIH��ZRUN��SHUVRQDO�LVVXHV��HWF���GRQ¶W�DVN�XV�
ZKDW�FKDSWHU�ZH¶YH�MXVW�VWXGLHG��7KH\�XVXDOO\�GRQ¶W�WHOO�XV�ZKDW�ZH�QHHG�WR�GR��7KH\�GRQ¶W�DOZD\V�WHOO�XV�
ZKDW�TXHVWLRQ�WR�DQVZHU��$QG�WKH\�DOPRVW�QHYHU�WHOO�XV�ZKHUH�WR�EHJLQ��7KH\�MXVW�KDSSHQ��7R�VXFFHHG��ZH�
PXVW�¿JXUH�RXW�ZKDW�ZH�NQRZ��ZKDW�TXHVWLRQ�WR�DVN��ZKDW�HOVH�ZH�PLJKW�QHHG�WR�NQRZ��DQG�ZKHUH�WR�VWDUW�

8VH�WKHVH�PDWHULDOV�WR�OHDUQ�PDWK�WKURXJK�SX]]OHV�DQG�ORJLF�SUREOHPV�WKDW�WDNH�WKH�VDPH�DSSURDFK��

/HDUQ�WR�DVN�\RXUVHOI�
� � �� :KDW�TXHVWLRQV�FDQ�,�DVN�DERXW�WKLV�VLWXDWLRQ�RU�LQIRUPDWLRQ"
� � �� +RZ�FDQ�,�FKDQJH�WKLV�SUREOHP�LQWR�DQ�HDVLHU�SUREOHP"�:LOO�WKDW�KHOS�PH�ZLWK�WKLV�KDUGHU�RQH"
� � �� :KDW�FOXHV�GR�,�KDYH"�:KDW�RWKHU�LQIRUPDWLRQ�GR�,�QHHG"
� � �� +RZ�FDQ�,�¿QG�WKDW�LQIRUPDWLRQ�IURP�ZKDW�,�DOUHDG\�NQRZ"

/HVVRQV�LQ�WKLV�8QLW�
���([SORULQJ�1XPEHU�0DJLF�7ULFNV
���&UHDWLQJ�1XPEHU�0DJLF�7ULFNV
���%DODQFLQJ�0RELOH�3X]]OHV
���'HVFULELQJ�7ULFNV�DQG�3X]]OHV
���:KDW�(OVH�&DQ�:H�'R"  �BBBBBB ��

<RX�ZLOO�OHDUQ�WR�VROYH�SX]]OHV�OLNH�WKHVH���

DRAFT



�� 8QLW����/DQJXDJH�RI�$OJHEUD

���� ([SORULQJ�1XPEHU�0DJLF�7ULFNV

,I�&DUOD�JRW����ZKHQ�WKH�SLFWXUH�ZDV� � � � � � ���ZKDW�ZDV�KHU�RULJLQDO�QXPEHU��� ��"��BBBBBBBB�

7KLQNLQJ�RXW�/RXG

0LFKDHO��/HQD��DQG�-D\�DUH�ZRUNLQJ�RQ�SUREOHP�����

0LFKDHO�� +RZ�FDQ�ZH�VXEWUDFW�-DFRE¶V�RULJLQDO�QXPEHU"���:H�GRQ¶W�NQRZ�KLV�RULJLQDO�QXPEHU��

/HQD�� :HOO��WKH�WDEOH�VD\V�WKDW�-DFRE�JRW����ZKHQ�WKH�SLFWXUH�ZDV� � � � � � �����EXFNHWV�DQG�����

6R���EXFNHWV�SOXV����LV������/HQD�GUDZV�� � � � � � � ����RQ�WKH�ERDUG���

,�FDQ�³VHH´����RI�-DFRE¶V�����VR�WKH�UHPDLQLQJ���PXVW�EH�VSOLW�EHWZHHQ�WKRVH�WZR�EXFNHWV��
�

�/HQD�UHPRYHV����IURP�HDFK�VLGH�� � � � ����

0LFKDHO�� 2K��6R� � � ���DQG�-DFRE¶V�RULJLQDO�QXPEHU�PXVW�KDYH�EHHQ���

-D\�� ,�IRXQG�-DFRE¶V�QXPEHU�GLIIHUHQWO\��,�ZHQW�EDFNZDUGV��+H�JRW����DIWHU�PXOWLSO\LQJ�E\����VR���

0LFKDHO�� +H�PXVW�KDYH�EHHQ�WKLQNLQJ�RI�WKH�QXPEHU���

-D\�� <HDK��VR�,�ZURWH�WKDW���$QG�WKHQ�KH�JRW�WKDW���E\�DGGLQJ���WR�KLV�RULJLQDO�QXPEHU�

0LFKDHO�� 6R��HLWKHU�ZD\�KH�VWDUWHG�ZLWK���

3DXVLQJ�WR�7KLQN ,I�� � � � � � � �����KRZ�GR�WKH\�NQRZ�WKDW�� � � ��"

�
:RUGV 3LFWXUHV ,DQ 0DULD -DFRE

7KLQN�RI�D�QXPEHU� � �

$GG��� � � �
0XOWLSO\�E\��� � � � � � ��

6XEWUDFW��� ��
'LYLGH�E\���

6XEWUDFW�\RXU�RULJLQDO�QXPEHU�

� ,I�� � � �����ZKDW�LV� �"��BBBBBBBB ,I�� � � � � �����ZKDW�LV� �"��BBBBBBBB�
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/HVVRQ����([SORULQJ�1XPEHU�0DJLF�7ULFNV� �

� ,I�� � � � � � �����ZKDW�LV� �"��BBBBBBBB,I�� � � � � � �����ZKDW�LV� �"��BBBBBBBB�

,I�� � � � � � � �����WKHQ� � ��BBBBBBBB���,I�� � � � � � � �����WKHQ� � ��BBBBBBBB��

�
:RUGV 3LFWXUHV .D\OD 5DM %HQ

7KLQN�RI�D�QXPEHU� �

0XOWLSO\�E\��� ��

$GG��� ��

'LYLGH�E\��� ��
6XEWUDFW�\RXU�RULJLQDO�QXPEHU�

)LQG�WKH�SDWWHUQ�LQ�WKH�WDEOH�EHORZ��'UDZ�ZKDW�WKH�WULFNVWHU�ZDV�SLFWXULQJ�DQG�¿QG�WKH�UHVXOWV�DQG�VWDUWLQJ�QXPEHUV�
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�� ,I�\RX�ZHUH�SOD\LQJ�WKLV�WULFN�RQ�VRPHRQH��ZKDW�LQVWUXFWLRQ�ZRXOG�\RX�JLYH�DIWHU�³7KLQN�RI�D�QXPEHU"´

�
:RUGV 3LFWXUHV -LQJ %HQ ,DQ

7KLQN�RI�D�QXPEHU�

0XOWLSO\�E\��� ��
$GG��� �� �� ��

�� ��

� � ��
'LYLGH�E\��� ��

6RPH�SDUWV�RI�WKLV�WULFN�DUH�PLVVLQJ��<RX�KDYH�HQRXJK�FOXHV�WR�¿JXUH�WKHP�RXW��)LOO�LQ�DOO�WKH�PLVVLQJ�SDUWV�

)LOO�LQ�WKH�HPSW\�ER[HV�LQ�WKLV�7KLQN�RI�D�1XPEHU�WULFN�WDEOH�
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�� 8QLW����/DQJXDJH�RI�$OJHEUD

$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

$
:RUGV 3LFWXUHV ,PDQL 5DM (YD

7KLQN�RI�D�QXPEHU� �

$GG��� � � ��
0XOWLSO\�E\��� ��

6XEWUDFW�\RXU�RULJLQDO�QXPEHU� ��

� �� ��
6XEWUDFW�\RXU�RULJLQDO�QXPEHU� �

,I�0DOLND�DOVR�JRW����ZKHQ�WKH�SLFWXUH�ZDV� � ���ZKDW�ZDV�KHU�RULJLQDO�QXPEHU��� ��"��BBBBBBBB%

,I�%UDQGRQ�JRW����ZKHQ�WKH�SLFWXUH�ZDV� � � � ���ZKDW�ZDV�KLV�RULJLQDO�QXPEHU��� ��"��BBBBBBBB)

& ,I�� � � � �����ZKDW�LV� �"��BBBBBBBB ,I�� � � � �����ZKDW�LV� �"��BBBBBBBB'

)LQG�WKH�SDWWHUQ�LQ�WKH�WDEOH�EHORZ��'UDZ�ZKDW�WKH�WULFNVWHU�ZDV�SLFWXULQJ�DQG�¿QG�WKH�UHVXOWV�DQG�VWDUWLQJ�QXPEHUV�

*
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ERWWRP��

(
:RUGV 3LFWXUHV 0DOL $VKHU /XLV

7KLQN�RI�D�QXPEHU� � �

$GG��� �� � ��

� � � � � ��

� � � � � �� ��
�� ��

6XEWUDFW�\RXU�RULJLQDO�QXPEHU� �

+ ,I�\RX�ZHUH�SOD\LQJ�WKLV�WULFN�RQ�VRPHRQH��ZKDW�LQVWUXFWLRQ�ZRXOG�\RX�JLYH�DIWHU�³7KLQN�RI�D�QXPEHU"´
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/HVVRQ����&UHDWLQJ�1XPEHU�0DJLF�7ULFNV� �

���� &UHDWLQJ�1XPEHU�0DJLF�7ULFNV
&UHDWH�\RXU�RZQ�WULFN�WKDW�DOZD\V�UHVXOWV�LQ�WKH�QXPEHU����+DYH�WZR�RWKHU�VWXGHQWV�WU\�LW�DQG�ZULWH�WKHLU�DQVZHUV�KHUH�

,I�� � ������ �����WKHQ� � �BBBBBBBB��� ,I�� � ����� � ������WKHQ� � �BBBBBBBB���

,I�� � � � � � ���WKHQ� � �BBBBBBBB��� ,I�� � � � � �����WKHQ� � �BBBBBBBB���

� 0DULD�WKRXJKW�RI�WKH�QXPEHU����$IWHU�RQH�VWHS��VKH�JRW����
1DPH�WZR�ZD\V�VKH�FRXOG�KDYH�JRWWHQ�WR���

� +LURVKL�WKRXJKW�RI�WKH�QXPEHU����$IWHU�WZR�VWHSV��KH�KDG�
����1DPH�ZD\V�WKDW�FRXOG�KDYH�KDSSHQHG�

<R
X�
GR
Q¶
W�K
DY
H�
WR
�X
VH
�D
OO�
WK
H�
UR
Z
V� <RX�GRQ¶W�KDYH�WR�XVH�DOO�WKH�URZ

V�

�
:RUGV 3LFWXUHV BBBBBBBB BBBBBBBB

1EFKH___

'LVFXVVLQJ�7RJHWKHU

:KDW�QXPEHU�FDQ�� ��UHSUHVHQW�VR�WKDW�WKH�VWDWHPHQW�³� � � � � � � �´�ZLOO�EH�WUXH"

$OJHEUDLF�+DELWV�RI�0LQG���
&RPPXQLFDWLQJ�&OHDUO\

&RPPXQLFDWLQJ�\RXU�LGHDV�FOHDUO\���LQ�
ZULWLQJ��VSHHFK��RU�PDWKHPDWLFV���QRW�
RQO\�KHOSV�\RX�JHW�PRUH�FUHGLW�IRU�\RXU�
ZRUN��EXW�DOVR�KHOSV�\RX�OHDUQ��:KHQ�
\RX�FRPPXQLFDWH�FOHDUO\��RWKHU�SHRSOH�
XQGHUVWDQG�\RX�EHWWHU�DQG�FDQ�RIIHU�EHWWHU�
VXJJHVWLRQV�WR�LPSURYH�\RXU��WKLQNLQJ�
DQG�VWUDWHJLHV�
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�� 8QLW����/DQJXDJH�RI�$OJHEUD

,Q�HDFK�RI�WKHVH�SUREOHPV�D�GRW��� ��� ���

'LVFXVVLQJ�7RJHWKHU

+RZ�PDQ\�GLIIHUHQW�QXPEHUV�FDQ�WKH�� ��UHSUHVHQW�LQ�WKH�VWDWHPHQW�� � � � � � � �"�

+RZ�PDQ\�GLIIHUHQW�QXPEHUV�FDQ�WKH�� ��UHSUHVHQW�LQ�WKH�VWDWHPHQW�� � � � � � �"

�� 'RHV�WKLV�PRELOH�EDODQFH�VRPHWLPHV��DOZD\V��RU�QHYHU"

,I�VRPHWLPHV��ZKHQ"

� 7KLV�PRELOH�DOZD\V�EDODQFHV��:K\"

�� 'UDZ�D�PRELOH�WKDW�DOZD\V�EDODQFHV�

�� 'UDZ�VRPHWKLQJ�WKDW�RQO\�EDODQFHV�ZKHQ� � ���

�� &UHDWH�DQ�HTXDWLRQ�RU�PRELOH�WKDW�FDQ�QHYHU�EDODQFH�

�� 7KLV�PRELOH�QHYHU�EDODQFHV�QR�PDWWHU�ZKDW�QXPEHU�
WKH�EXFNHW�UHSUHVHQWV��:K\"

� 7KLV�PRELOH�RQO\�EDODQFHV�ZKHQ�WKH�EXFNHWV�UHSUHVHQW�
D�FHUWDLQ�QXPEHU��:KDW�QXPEHU�PDNHV�LW�EDODQFH"

 

ȴ

�� +RZ�PDQ\� �LQ�D� �"�BBBBBBBB��

)LQG�WKH�SDWWHUQ�LQ�WKH�WDEOH�EHORZ��'UDZ�WKH�PLVVLQJ�VWHS�DQG�¿QG�WKH�RWKHU�QXPEHUV�

��
� �� � �� ���� �

�±�� � � �� �� �� �

�� ,I�\RX�ZHUH�SOD\LQJ�WKLV�WULFN�RQ�VRPHRQH��ZKDW�LQVWUXFWLRQ�ZRXOG�\RX�JLYH�DIWHU�³7KLQN�RI�D�QXPEHU"´

DRAFT



$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

/HVVRQ����&UHDWLQJ�1XPEHU�0DJLF�7ULFNV� �
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:RUGV 3LFWXUHV BBBBBBBB BBBBBBBB

1EFKH___

$ &UHDWH�\RXU�RZQ�WULFN�WKDW�DOZD\V�UHVXOWV�LQ�WKH�QXPEHU����+DYH�WZR�SHRSOH�GR�WKH�WULFN�ZLWK�GLIIHUHQW�QXPEHUV�

,I�� � � �����WKHQ� � �BBBBBBBB��' ,I�� � � � �����WKHQ� � �BBBBBBBB��(

,I�� �±��� ����WKHQ� � �BBBBBBBB��+,I�� ����� �����WKHQ� � �BBBBBBBB��*

,I�� � � � � � � ���WKHQ� � �BBBBBBBB��% ,I�� � � � ���WKHQ� � �BBBBBBBB��&

) .D\OD�LV�WKLQNLQJ�RI�D�QXPEHU��,I�VKH�GRXEOHV�KHU�QXPEHU��WKH�DQVZHU�LV�����:KDW�ZDV�KHU�RULJLQDO�QXPEHU"�BBBBBB

, :KDW�QXPEHU�FDQ�� ��UHSUHVHQW�VR�WKDW�WKH�VWDWHPHQW�³� � � � � � � � �´�ZLOO�EH�WUXH"�BBBBBB

)LQG�WKH�SDWWHUQ�LQ�WKH�WDEOH�EHORZ��'UDZ�WKH�PLVVLQJ�VWHS�DQG�¿QG�WKH�RWKHU�QXPEHUV�

-
�� ��� �� �� �� � �

� �_� �� �� � ��

. ,I�\RX�ZHUH�SOD\LQJ�WKLV�WULFN�RQ�VRPHRQH��ZKDW�LQVWUXFWLRQ�ZRXOG�\RX�JLYH�DIWHU�³7KLQN�RI�D�QXPEHU"´

:KDW�PLQXV�
��HTXDOV��"

DRAFT



�� 8QLW����/DQJXDJH�RI�$OJHEUD

���� %DODQFLQJ�0RELOH�3X]]OHV

7KLQNLQJ�RXW�/RXG

:KDW�QXPEHU�FDQ� �UHSUHVHQW�VR�WKDW�WKH�VWDWHPHQW�³� � � � � � � �´�ZLOO�EH�WUXH"�

/HQD��� ,�QHYHU�WKRXJKW�DERXW�LW�EHIRUH��EXW�WKDW�VWDWHPHQW�XVHV�DQ�HTXDOV�VLJQ�HYHQ�WKRXJK�WKH��

WZR�VLGHV�GRQ¶W�ORRN�WKH�VDPH�

-D\�� 7KH\�DUHQ¶W�WKH�VDPH��EXW�WKH\�GR�KDYH�WKH�VDPH�YDOXH�

0LFKDHO�� 7KDW¶V�ZK\�LW�VD\V�³HTXDOV�´�6R�WKH�TXHVWLRQV�LV��ZKHQ�GR�WKH\�KDYH�WKH�VDPH�YDOXH"�

:KHQ�ZLOO�LW�EH�WUXH"

/HQD�� /HW¶V�VHH�ZKDW�KDV�WR�EH�LQ�D�EXFNHW�IRU�WKH�WZR�DPRXQWV�WR�EH�WKH�VDPH��7R�¿QG�RXW�ZKDW�RQH�

EXFNHW�UHSUHVHQWV��ZH�FDQ�UHPRYH�WKH�PDWFKLQJ�VWXII�RQ�ERWK�VLGHV�XQWLO�RQO\�RQH�EXFNHW�LV�OHIW�

-D\�� 6R��ZH�FDQ�UHPRYH�WKH�PDWFKLQJ�EXFNHWV���-D\�FURVVHV�RXW�WZR�EXFNHWV�� � � � � � � ��

7KDW�OHDYHV�XV�ZLWK� � � � � �DQG�ZH�UHPRYH�WKH�PDWFKLQJ�RQHV���/HQD�GUDZV� � � � � ��

0LFKDHO�� 6R� � ����7KDW�PDNHV�VHQVH��,I� � ����WKHQ� � � � ���DQG� � � � ����6R�WKH\¶UH�HTXDO�

'LVFXVVLQJ�7RJHWKHU

,I�� � ����ZRXOG�WKH�VWDWHPHQW�³� � � � � � � �´�EH�WUXH"�:K\�RU�ZK\�QRW"

7KLQNLQJ�RXW�/RXG

:KDW�QXPEHU�FDQ� �UHSUHVHQW�VR�WKDW�WKH�VWDWHPHQW�³� � � � � � � �´�ZLOO�EH�WUXH"�

-D\�� :KHQ�,�GLG�LW��,�VWDUWHG�LQ�D�FRPSOHWHO\�GLIIHUHQW�ZD\��,�NQHZ�WKDW���EXFNHW�SOXV���LV�WKH�VDPH�

QXPEHU�DV���EXFNHWV�SOXV����6R��,�SLFWXUHG�WKHP�EDODQFLQJ�RQ�D�PRELOH�

0LFKDHO�� 2K��DQG�EHFDXVH�WKH\¶UH�HTXDO��WKH�WZR�VLGHV�KDYH�WR�EDODQFH�

-D\�� <HDK��:H�FDQ�LPDJLQH�WKH�EXFNHWV�DQG�RQHV�KDQJLQJ�IURP�WKH�VWULQJV���

-XVW�OLNH�EHIRUH��WKH�EXFNHW�KROGV�P\�RULJLQDO�QXPEHU��EXW�ZH�FDQ¶W�VHH��

LQVLGH��$Q\ZD\��,�VDZ�WKDW�WKH�WRS�RI�HDFK�VLGH�LV�D�EXFNHW�DQG�WKH�ERWWRPV��

ERWK�KDYH�RQHV��VR�WKH�PLGGOHV�KDYH�WR�PDWFK�XS�WRR�

0LFKDHO�� ,�JHW�LW��7R�PDNH�LW�EDODQFH��WKDW�EXFNHW�RQ�WKH�ULJKW�KDV�WR�ZHLJK�WKH��

VDPH�DV�WKH���RQHV�RQ�WKH�OHIW��7KDW¶V�KRZ�WKH�FKXQNV�RI�VWXII�PDWFK�XS�

`

DRAFT



/HVVRQ����%DODQFLQJ�0RELOH�3X]]OHV� �

� 7RWDO�ZHLJKW�RI�PRELOH��

 �� �BBBBBB �BBBBBB

�

 ��  �BBBBBB

 �BBBBBB  ��

��

� �� � �BBBBBB

(YHU\�EHDP�LQ�WKHVH�PRELOHV�LV�EDODQFHG��)LQG�WKH�PLVVLQJ�ZHLJKWV�

��

 �BBBBBB �BBBBBB

��

 �BBBBBB ��  �BBBBBB

� BB )LQG�WKH�WRWDO�ZHLJKW

$OJHEUDLF�+DELWV�RI�0LQG��8VLQJ�6WUXFWXUH

-D\�ORRNV�DW�WKH�PRELOH�DQG�VHHV�WKDW�D�ZKROH�FKXQN�RI�WKH�OHIW�VLGH�PDWFKHV��

ZLWK�RQH�SLHFH�RQ�WKH�ULJKW�VLGH��7KLV�ZD\�RI�WKLQNLQJ�FDQ�RIWHQ�PDNH�SUREOHPV�

VLPSOHU�WR�VROYH�
`

�

 �BBBBBB ��

� �
�� �

 ��  �BBBBBB

� �
����

�

 ��  �BBBBBB  �BBBBBB

7RWDO�ZHLJKW�RI�PRELOH��

� �
���

�

 �BBBBBB  ��

DRAFT



��� 8QLW����/DQJXDJH�RI�$OJHEUD

$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

$

� �� � �BBBBBB

) ��

� �� � �BBBBBB � �BBBBBB

+

� �� � �BBBBBB � �BBBBBB

%

� �� � �BBBBBB

&

&UHDWH�\RXU�RZQ�PRELOH�SX]]OH�

' �� 7RWDO�ZHLJKW�RI�PRELOH

� �BBBBBB � �BBBBBB � �BBBBBB

(

� ��� � �BBBBBB � �BBBBBB

7RWDO�ZHLJKW�RI�PRELOH���

*

� �BBBBBB� ��

��

,

� �BBBBBB � �BBBBBB � �BBBBBB

��

DRAFT



/HVVRQ����'HVFULELQJ�7ULFNV�DQG�3X]]OHV�� ��

���� 'HVFULELQJ�7ULFNV�DQG�3X]]OHV
5HPHPEHU�WKLV�WULFN"�'UDZ�DQG�GHVFULEH�WKH�SLFWXUHV��DQG�DEEUHYLDWH�\RXU�GHVFULSWLRQV���

�
:RUGV 3LFWXUHV 'HVFULSWLRQ�RI�3LFWXUHV $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU� >�?R@HBQ E

$GG��� � � >�?R@HBQ�>KA�� E����

0XOWLSO\�E\��� �E�����

6XEWUDFW��� � � � � �

'LYLGH�E\���

6XEWUDFW�\RXU�RULJLQDO�QXPEHU�

6RPH�SDUWV�RI�WKLV�WULFN�DUH�PLVVLQJ��<RX�KDYH�HQRXJK�FOXHV�WR�¿JXUH�WKHP�RXW��)LOO�LQ�DOO�WKH�PLVVLQJ�SDUWV�

�
:RUGV 3LFWXUHV 'HVFULSWLRQ�RI�3LFWXUHV $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU� >�?R@HBQ

� E����

0XOWLSO\�E\���

�E����

'LYLGH�E\���

�

'LVFXVVLQJ�7RJHWKHU

-HVVLFD�LV�WKLQNLQJ�RI�D�QXPEHU��6KH�DGGV�VRPHWKLQJ�WR�LW��7KH�VXP�LV�
WKH�QXPEHU�VKH�MXVW�DGGHG��:KDW�ZDV�KHU�VWDUWLQJ�QXPEHU"�:K\"

/XLV�LV�WKLQNLQJ�RI�D�QXPEHU��+H�PXOWLSOLHV�LW�E\�VRPHWKLQJ��7KH�
SURGXFW�LV�WKH�QXPEHU�KH�MXVW�PXOWLSOLHG�E\��:KDW�ZDV�KLV�VWDUWLQJ�QXPEHU"�:K\"

7U\�D�IHZ�QXPEHUV�WR�WHVW�\RXU�LGHDV�

� :KDW�ZDV�-HVVLFD¶V�VWDUWLQJ�QXPEHU"�BBBBBB
6KRZ���H[DPSOHV�RI�DGGLQJ�VRPHWKLQJ�WR�KHU�QXPEHU�

� :KDW�ZDV�/XLV¶V�VWDUWLQJ�QXPEHU"�BBBBBB
6KRZ���H[DPSOHV�RI�PXOWLSO\LQJ�LW�E\�VRPHWKLQJ�

DRAFT



��� 8QLW����/DQJXDJH�RI�$OJHEUD

)LQG�WKH�SDWWHUQ�WR�FRPSOHWH�WKH�WDEOH�EHORZ�

�
� � � ��� � �

�

� �� �� ���� �?

� ����� � �����

�@�������BBBBBBBBBBBBBBBB
� � � � ����� � � � ����

BBBBBBBBBBBBBBBB���BBBBBBBBBBBBBBBB
��

7UDQVODWH�WKHVH�WZR�HTXDWLRQV�LQWR�DOJHEUDLF�QRWDWLRQ��8VH�F�IRU� �DQG�G�IRU� ��

�� :KDW�LV�WKH�YDOXH�RI�G�LQ�WKH�HTXDWLRQ�DERYH"�BBBBBBB�� 5HSUHVHQW�WKLV�HTXDWLRQ�XVLQJ�SLFWXUHV��

�E����� �E����

�V���BBBB BBB

V� �� S� �BBBBBB

7KHVH�WZR�PRELOHV�DOVR�PHDQ�WKH�VDPH�WKLQJ��&RPSOHWH�WKH�VHFRQG�RQH��DQG�VROYH�WKHP�ERWK��

� �BBBBBB� ��

7KHVH�WZR�PRELOHV�PHDQ�WKH�VDPH�WKLQJ��6ROYH�WKHP�ERWK��

� �BBBBBB� ��

�K����V �K����V

V� �� K� �BBBBBB

7KLV�HTXDWLRQ�GHVFULEHV�WKH�¿UVW�PRELOH���� � :ULWH�DQ�HTXDWLRQ�WKDW�GHVFULEHV�WKH�VHFRQG�PRELOH��

BBBBBBBBBBBBBBBBBB

� �V
� �K
� �S

�K����V� ��K����V

DRAFT



$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

/HVVRQ����'HVFULELQJ�7ULFNV�DQG�3X]]OHV�� ���

� � �±��� � � ����

�A�m�����BBBBBBBBBBBBBBBB

' � � � �±��� � � � ����

BBBBBBBBBBBBBBBB���BBBBBBBBBBBBBBBB

(

7UDQVODWH�WKHVH�WZR�HTXDWLRQV�LQWR�DOJHEUDLF�QRWDWLRQ��8VH�G��IRU� �DQG�[�IRU� ��

,I�� ����� �����WKHQ� � �BBBBBBBB��*

,I��E����� �����WKHQ�E� �BBBBBBBB��+

:RUGV 3LFWXUHV 'HVFULSWLRQ�RI�3LFWXUHV $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU� >�?R@HBQ E

� � >�?R@HBQ�>KA��
�E����

6XEWUDFW���

E����

�

$ 6RPH�SDUWV�RI�WKLV�WULFN�DUH�PLVVLQJ��<RX�KDYH�HQRXJK�FOXHV�WR�¿JXUH�WKHP�RXW��)LOO�LQ�DOO�WKH�PLVVLQJ�SDUWV�

%
� � ��� � � �� ��� Q

�� �� �_� �� �� � �K

&
� � �� � � � Q

�� �� �� � �� � ��

) 5HSUHVHQW�WKLV�HTXDWLRQ�XVLQJ�SLFWXUHV�

�E����� ��E�����

<RX�FDQ�GUDZ�DQ\WKLQJ�IRU�E�RU�MXVW�XVH�D�EXFNHW�� � �

:H�FDQ�XVH�Q�IRU�µQXPEHU�¶

DRAFT



��� 8QLW����/DQJXDJH�RI�$OJHEUD

���� :KDW�(OVH�&DQ�:H�'R"

'LVFXVVLQJ�7RJHWKHU

+RZ�GRHV�WKLV�WULFN�ZRUN"��+RZ�FDQ�\RX�EH�VXUH�WKDW�WKH�WULFN�DOZD\V�UHVXOWV�LQ�WKH�RULJLQDO�QXPEHU"

� 'R�WKHVH�WZR�QXPEHU�WULFNV�JLYH�WKH�VDPH�UHVXOW"�'UDZ�SLFWXUHV�RU�ZULWH�DEEUHYLDWLRQV�LI�\RX�OLNH�

7ULFN��� 7ULFN���

7KLQN�RI�D�QXPEHU� 7KLQN�RI�D�QXPEHU�

$GG��� 0XOWLSO\�E\���

0XOWLSO\�E\��� $GG���

6XEWUDFW��� 6XEWUDFW���

'LYLGH�E\��� 'LYLGH�E\���

6XEWUDFW�\RXU�RULJLQDO�QXPEHU� 6XEWUDFW�\RXU�RULJLQDO�QXPEHU�

6R��GR�WKH\�JLYH�WKH�VDPH�UHVXOW"�BBBBB�:K\"

$UUDQJH�WKH�VWHSV�EHORZ�WR�FUHDWH�D�WULFN�WKDW�DOZD\V�UHVXOWV�LQ�WKH�QXPEHU�\RX�VWDUWHG�ZLWK��7HVW�\RXU�WULFN�ZLWK�IRXU�
VWDUWLQJ�QXPEHUV��DQG�ZULWH�DEEUHYLDWLRQV�IRU�WKH�SLFWXUHV�\RX�ZRXOG�GUDZ�

$GG���� 'LYLGH�E\��� 0XOWLSO\�E\��� 6XEWUDFW���

�
:RUGV 7HVW�� 7HVW�� 7HVW�� 7HVW�� $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU� ?

?

�
� �� � ��� � �� Q

� �� �� ��� �� �

� �� �� �� ��� �� �Q����

Q�VWDQGV�IRU�µQXPEH
U�¶

DRAFT



/HVVRQ����:KDW�(OVH�&DQ�:H�'R"� ��

#FOPQ^�&�OBTOLQB�QEB�MOL?IBJ�FK�>IDB?O>�IFHB�QEFP����?��������?���BBBBBBBB_
1EBK^�&�FJ>DFKBA�@OLPPFKD�LRQ�BBBB�?R@HBQP�LK�B>@E�PFAB�PL�LKB�PFAB�E>A�KLKB_
0L�&�TOLQB��?�������BBBBBBBB_
+BUQ^�&�FJ>DFKBA�@OLPPFKD�LRQ�BBBBBBBBBBBBBBBBBBBBBBBBBBBB_
#FK>IIV^�&�@LRIA�PBB�QE>Q�QEB�?R@HBQ�>IT>VP�E>P�QL�?B�BBBB_

� ,PDQL�LV�GHVFULELQJ�KHU�ZRUN�RQ�WKLV�SUREOHP��EXW�SDUWV�RI�KHU�DQVZHU�DUH�PLVVLQJ��&DQ�\RX�¿JXUH�RXW�ZKDW�VKH�GLG"

:KDW�QXPEHU�FDQ�� ��UHSUHVHQW�VR�WKDW�WKH�VWDWHPHQW�³� � � � � � � � � � � �´�LV�WUXH"

'LVFXVVLQJ�7RJHWKHU

%UDQGRQ�KDV�FUHDWHG�D�SX]]OH�IRU�WKH�FODVV��+H�

VD\V�WKDW�ERWK�RI�WKHVH�¿UVW�WZR�PRELOHV�EDODQFH�

7KHQ�KH�DVNV�LI�WKLV�WKLUG�PRELOH�EDODQFHV�WRR��

'RHV�LW"�:K\�RU�ZK\�QRW"

6ROYH�WKHVH�HTXDWLRQV�

,I�� � ����� � ������WKHQ� � �BBBBBBBB���

,I�� � ����� � ������WKHQ� � �BBBBBBBB���

,I���E����� �E������WKHQ�E� �BBBBBBBB���

,I���E����� �E������WKHQ�E� �BBBBBBBB����

,I���E�� �����WKHQ�E� �BBBBBBBB���

� :KLFK�RI�WKH�IROORZLQJ�LV�D�SURSHU�PRYH�WKDW�ZLOO�DOZD\V�NHHS�WKH�PRELOH�EDODQFHG"

([SODLQ�KRZ�\RX�NQRZ�

$ % &

PRY
H�

��VWD
U

DRAFT



��� 8QLW����/DQJXDJH�RI�$OJHEUD

$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

:RUGV 3LFWXUHV (YD $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU�

� � �

� � �

$GG��� �� �?����
� ?����

6XEWUDFW�\RXU�RULJLQDO�QXPEHU� �

,

)LQG�DOO�RI�WKH�PLVVLQJ�SDUWV�RI�WKLV�7KLQN�RI�D�1XPEHU�WULFN�

6ROYH�WKHVH�HTXDWLRQV�

,I�� � ����� � �������WKHQ� � �BBBBBBBB��'

,I�� � � ����� � �������WKHQ� � �BBBBBBBB��)

,I���E����� �E�������WKHQ�E� �BBBBBBBB��(

,I���E����� �E�������WKHQ�E� �BBBBBBBB��*

)LQG�WKH�SDWWHUQ�LQ�WKH�WDEOH�EHORZ��'UDZ�ZKDW�WKH�WULFNVWHU�ZDV�SLFWXULQJ�DQG�¿QG�WKH�UHVXOWV�DQG�VWDUWLQJ�QXPEHUV�

+
� ��� � � �� Q

�� ��� � �� � � �

�� ��� �� � �Q����

% ,I�\RX�ZHUH�SOD\LQJ�WKH�WULFN�DERYH�RQ�VRPHRQH��ZKDW�LQVWUXFWLRQ�ZRXOG�\RX�JLYH�DIWHU�³7KLQN�RI�D�QXPEHU"´

$
� � � � � Q

�� �� �� �� �� � �� �

&�

� �BBBBBB � �BBBBBB � �BBBBBB

�� 7RWDO�ZHLJKW�RI�PRELOH

DRAFT



$GGLWLRQDO�3UDFWLFH� ��

8QLW�$GGLWLRQDO�3UDFWLFH�3UREOHPV

� �E����� ��E����

5HSUHVHQW�WKLV�HTXDWLRQ�XVLQJ�SLFWXUHV�

� �±��� � ����

�P�m�BBBBBB���BBBBBBBBBBBBBB

�

7UDQVODWH�WKLV�HTXDWLRQ�LQWR�DOJHEUD��/HW� � �V�

:RUGV 3LFWXUHV (YD $EEUHYLDWLRQ

7KLQN�RI�D�QXPEHU� ?
� �

0XOWLSO\�E\���

� � � � �� �?����
?����

6XEWUDFW�\RXU�RULJLQDO�QXPEHU� � �

�

6RPH�SDUWV�RI�WKLV�WULFN�DUH�PLVVLQJ��
<RX�KDYH�HQRXJK�FOXHV�WR�¿JXUH�WKHP�RXW��)LOO�LQ�DOO�WKH�PLVVLQJ�SDUWV�

,I�� ������ � � �������WKHQ� � �BBBBBBBB��

,I�� � � � �����WKHQ� � �BBBBBBBB��

,I�E�±��� ����WKHQ�E� �BBBBBBBB��

,I�� � � � � �����WKHQ� � �BBBBBBBB���

�
� �� �� �� �� � Q

� �� �� �� ��

�� �� �� �� �� �Q����

�� 0DOL�LV�WKLQNLQJ�RI�D�QXPEHU��,I�VKH�PXOWLSOLHV�KHU�QXPEHU�E\����WKH�DQVZHU�LV�����
:KDW�ZDV�KLV�RULJLQDO�QXPEHU"�

7KLV�SDJH�ORRNV�OLNH�WKH�XQLW�H[DP��
8VH�LW�WR�KHOS�\RX�SUHSDUH�

�

� �BBBBBB � �BBBBBB � �BBBBBB

�� 7RWDO�ZHLJKW�RI�PRELOH

DRAFT



8QLW����*HRJUDSK\�
RI�WKH�1XPEHU�/LQH

7UDQVLWLRQ�WR�$OJHEUD

:
KH
UH�

DP
�,"

,�DP�KDOIZD\�EHWZHHQ�����DQG��
�
���:KHUH�DP�,"��BBBB�

, � , � � , � ,

� � ��� ������ ��� �

������

DRAFT



&RS\ULJKW��������E\�(GXFDWLRQ�'HYHORSPHQW�&HQWHU��,QF�� �

8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

/HVVRQV�LQ�WKLV�8QLW�
���:KHUH�'R�1HJDWLYHV�/LYH"
���1XPEHUV�EHWZHHQ�1XPEHUV
���:KHUH�$P�,"�1XPEHU�3X]]OHV�
���=RRPLQJ�LQ�'LIIHUHQWO\
���6XEGLYLGLQJ�WKH�1XPEHU�/LQH
���2UGHULQJ�/RJLFDOO\
���5HYHQJH�RI�WKH�:KHUH�$P�,"�1XPEHU�3X]]OHV

,�DP����RI�WKH�ZD\�IURP���WR����:KHUH�DP�,"

, � , � , � , � ,
� �

$OJHEUDLF�+DELWV�RI�0LQG��8VLQJ�6WUXFWXUH

,Q�VFKRRO�VR�IDU��\RX�PD\�KDYH�EHHQ�WDXJKW�³UXOHV´�WR�XVH�DV�\RX�VROYH�DULWKPHWLF�SUREOHPV��,Q�DOJHEUD��\RX�ZLOO�

OHDUQ�PRUH�DERXW�KRZ�QXPEHUV�DQG�RSHUDWLRQV�DUH�RUJDQL]HG�VR�WKDW�\RX�FDQ�XVH�\RXU�FRPPRQ�VHQVH�PRUH�DQG�

QRW�GHSHQG�RQ�VR�PDQ\�UXOHV���2QH�LPSRUWDQW�VWUXFWXUH�LV�WKH�QXPEHU�OLQH�ZKLFK�LV�KRZ�QXPEHUV�DUH�RUJDQL]HG��

0DWKHPDWLFLDQV�SLFWXUH�QXPEHUV�DV�³DGGUHVVHV´�RQ�D�OLQH��RUJDQL]HG�OLNH�WKLV���

7KLV�NLQG�RI�LPDJH�OHWV�\RX�¿JXUH�RXW�HDVLO\�KRZ�IDU����LV�IURP����DQG�VHH�WKDW���LV�H[DFWO\�KDOIZD\�LQ�EHWZHHQ��

,W�DOVR�OHWV�\RX�VHH�KRZ�WKH�VWUXFWXUH�RI�WKH�QXPEHU�OLQH�LV�UHDOO\�WKH�VDPH�LI�ZH�]RRP�LQ�RU�RXW�ZLWK�GHFLPDOV�

�

<RX�FDQ�DOVR�VHH�WKDW�LW¶V�HYHQ�WKH�VDPH�NLQG�RI�VWUXFWXUH�ZKHQ�ZH�EUHDN�XS�WKH�QXPEHU�OLQH�ZLWK�IUDFWLRQV��

7KH�QXPEHU�OLQH�FDQ�DOVR�KHOS�ZLWK�RSHUDWLRQV��%\�ORRNLQJ�DW�ZKHUH�QXPEHUV�DUH��\RX�FDQ�VHH�ZK\�\RX�QHHG�WR�

XVH�DGGLWLRQ�WR�¿JXUH�RXW�KRZ�IDU�����LV�IURP�����EXW�VXEWUDFWLRQ�WR�¿JXUH�RXW�KRZ�IDU���LV�IURP����

7KLQNLQJ�DERXW�WKH�VWUXFWXUH�RI�WKH�QXPEHU�OLQH�LV�D�YHU\�XVHIXO�WRRO�LQ�DOJHEUD�
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�� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

���� :KHUH�'R�1HJDWLYHV�/LYH"

)LQLVK�ODEHOLQJ�WKLV�QXPEHU�OLQH�WR�KHOS�\RX�DQVZHU�WKH�SUREOHPV�EHORZ��

, � , � , � , � , , , , , , , , , , ,
�� � �

7KLV�QXPEHU�OLQH�KDV�D�GLIIHUHQW�VFDOH��)LQLVK�ODEHOLQJ�LW��

, � , � , � , � , , , , , , , , , , ,
��� �� �

:KDW�LV�WKH�QH[W�QXPEHU�LQ�WKLV�SDWWHUQ"���������������BBBBB�

:KDW�DUH�WKH�QH[W�WKUHH�QXPEHUV�LQ�WKLV�SDWWHUQ"��������������BBBBB���BBBBB���BBBBB�

:KDW�LV�WKH�QH[W�QXPEHU�LQ�WKLV�SDWWHUQ"������������BBBBB� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ����DQG��"�BBBBB�

7KLQNLQJ�RXW�/RXG

0LFKDHO���/HQD��DQG�-D\�DUH�ZRUNLQJ�RQ�SUREOHP����

0LFKDHO�� ��,V�LW�D�QHJDWLYH�RU�D�IUDFWLRQ"�0D\EH�LW¶V�D�GHFLPDO��6RPHWKLQJ¶V�JRW�WR�FKDQJH���

/HQD�� <HDK��VRPHWKLQJ¶V�JRLQJ�WR�FKDQJH��7KH�QXPEHUV�JR�GRZQ�E\����VR�LW�ZLOO�EH���PLQXV��"

-D\�� ,�SLFWXUHG�LW�RQ�D�QXPEHU�OLQH���-D\�GUDZV�D�QXPEHU�OLQH�DQG�PDUNV�����������DQG�WKHQ����

�

�

7KHQ�,�FRXQWHG�GRZQ���PRUH�DQG�JRW�WR���

0LFKDHO�� 2K��,�NQRZ������������<RX�JRW�WR�����:H�VXEWUDFWHG�WKUHH�VR�PDQ\�WLPHV�ZH�ZHQW�EHORZ�]HUR��

�0LFKDHO�¿OOV�LQ�D�IHZ�PRUH�QXPEHUV�RQ�WKH�QXPEHU�OLQH�WR�VKRZ�KRZ�KH�JRW�WR�����

3DXVLQJ�WR�7KLQN :KDW�GRHV�/HQD�PHDQ�E\�³WKH�QXPEHUV�JR�GRZQ�E\��"´

, , , , � , , , , , , , , , ,
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, , , , � , , , , , , , , , ,
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6RPH�QXPEHU�OLQHV�JR�XS�E\���HDFK�WLPH��VRPH�JR�XS�E\���RU�VRPHWKLQJ�HOVH��EXW�DOO�QXPEHU�OLQHV�
JR�XS�E\�WKHLU�RZQ�VDPH�DPRXQW�HDFK�WLPH��/LNH�UXOHUV��WKH\�HDFK�KDYH�WKHLU�RZQ�VFDOH�

7U\�LPDJLQLQJ�D�QXPEHU�OLQH�
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/HVVRQ����:KHUH�'R�1HJDWLYHV�/LYH"� �

'DUN�OLQHV�DQG�¿OOHG�FLUFOHV�� ��PDUN�QXPEHUV�WKDW�PDNH�WKH�VWDWHPHQW�WUXH��7KH\�DUH�VROXWLRQV�

/LJKW�OLQHV�DQG�HPSW\�FLUFOHV�� ��PDUN�QXPEHUV�WKDW�PDNH�WKH�VWDWHPHQW�IDOVH��7KH\�DUH�QRW�VROXWLRQV�

7KLV�QXPEHU�OLQH�KDV�\HW�DQRWKHU�VFDOH��)LQLVK�ODEHOLQJ�LW�WR�KHOS�\RX�DQVZHU�WKH�SUREOHPV�EHORZ��

, � , � , � , , , , , , , , , , , ,
��� � ��

:KDW�DUH�WKH�PLVVLQJ�QXPEHUV�LQ�WKLV�SDWWHUQ"���������BBBBB��������BBBBB���BBBBB�������

:KDW�DUH�WKH�PLVVLQJ�QXPEHUV�LQ�WKLV�SDWWHUQ"������BBBBB������BBBBB���BBBBB�������

:KHUH�DP�,"�/DEHO�WKHVH�QXPEHU�OLQHV�XVLQJ�WKH�FOXHV��.HHS�DQ�H\H�RXW�IRU�GLIIHUHQW�VFDOHV�

&OXH��,�DP����

, � , � , � , � ,
� �

U� �� �� &OXH��,�DP�QRW��
, � , � , � , � ,
� ��

U����

�� &OXH��,�DP�JUHDWHU�WKDQ��
, � , � , � , � ,
� ��

U�!�� �� &OXH��,�DP�OHVV�WKDQ�RU�HTXDO�WR��
, � , � , � , � ,

�

U����

:KHUH�DP�,"�0DUN�DOO�SRVVLEOH�VROXWLRQV�RQ�HDFK�QXPEHU�OLQH�DQG�FRPSOHWH�WKH�DOJHEUDLF�H[SUHVVLRQ�WKDW�GHVFULEHV�WKHP�

<RX�FDQ�XVH�WKH�QXPEHU�OLQHV�DERYH�WR�DQVZHU�WKHVH�TXHVWLRQV�

&OXH��,�DP�QRW����� BBB��

, � , � , � , � ,
�� �� �� �� ��

U�� �� &OXH��,�DP�OHVV�WKDQ����� BBB

, � , � , � , � ,
��� � �� ��� ���

U��������

�� :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ���DQG���"�BBBBB�� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ���DQG���"�BBBBB

�� :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ�����DQG���"�BBBBB�� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ���DQG���"�BBBBB

'LVFXVVLQJ�7RJHWKHU
+RZ�GLG�\RX�GHFLGH�ZKDW�NLQG�RI�FLUFOH�WR�GUDZ��HPSW\�RU�¿OOHG"��

+RZ�GLG�\RX�GHFLGH�ZKLFK�V\PEROV�WR�ZULWH�� ���������!�������RU��"

�� &OXH��,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR������
� BBB

, � , � , � , � ,
� � �� �� ��

U�������
�� &OXH��,�DP�JUHDWHU�WKDQ����

� BBBBBBB
, � , � , � , � ,
��� ��� � �� ��

U
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�� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

)LQLVK�ODEHOLQJ�WKLV�QXPEHU�OLQH�DQG�XVH�LW�WR�DQVZHU�WKH�SUREOHPV�EHORZ�$

, � , � , � , � , , , , , , , , , ,
� ��

:KDW�DUH�WKH�QH[W�WKUHH�QXPEHUV�LQ�WKLV�SDWWHUQ"�����������������BBBBB���BBBBB���BBBBB%

:KDW�DUH�WKH�PLVVLQJ�QXPEHUV�LQ�WKLV�SDWWHUQ"��������������BBBBB������BBBBB���BBBBB���BBBBB��������BBBBB&

1XPEHUV�ZLWK�D� �PDNH�WKH�VWDWHPHQW�WUXH��1XPEHUV�ZLWK�D� �PDNH�WKH�VWDWHPHQW�IDOVH�

:KHUH�DP�,"�/DEHO�WKHVH�QXPEHU�OLQHV�XVLQJ�WKH�FOXHV��.HHS�DQ�H\H�RXW�IRU�GLIIHUHQW�VFDOHV�

, � , � , � , � ,
�� ��

&OXH��,�DP�QRW���, U�����
, � , � , � , � ,
��� ��

- &OXH��,�DP�OHVV�WKDQ�RU�HTXDO�WR��� U�����

:KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ����DQG���"�BBBBB' :KDW�LV�WKH�GLVWDQFH�EHWZHHQ����DQG��"�BBBBB(

:KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ������DQG����"�BBBBB* :KDW�LV�WKH�GLVWDQFH�EHWZHHQ������DQG����"�BBBBB+

:KHUH�DP�,"�0DUN�DOO�SRVVLEOH�VROXWLRQV�RQ�HDFK�QXPEHU�OLQH�DQG�ZULWH�DQ�DOJHEUDLF�H[SUHVVLRQ�WR�GHVFULEH�WKHP�

1 :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ�����DQG����"�BBBBB/ :KDW�LV�WKH�GLVWDQFH�EHWZHHQ����DQG���"�BBBBB

5 :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ�����DQG����"�BBBBB3 :KDW�LV�WKH�GLVWDQFH�EHWZHHQ�����DQG��"�BBBBB

0 &OXH��,�DP�OHVV�WKDQ���� BBBBBBBBBB

, � , � , � , � ,
��� � �� ��� ���

. &OXH��,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR���� BBB

, � , � , � , � ,
�� �� �� �� ��
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4 &OXH��,�DP�JUHDWHU�WKDQ����� BBBBBBBBBB

, � , � , � , � ,
���� ��� ��� ��� �

2 &OXH��,�DP�QRW����� BBBBBBBBBB

, � , � , � , � ,
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)LQLVK�ODEHOLQJ�WKLV�QXPEHU�OLQH��1RWLFH�WKH�GLIIHUHQW�VFDOH�)
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/HVVRQ����1XPEHUV�EHWZHHQ�1XPEHUV� �

���� 1XPEHUV�EHWZHHQ�1XPEHUV

'LVFXVVLQJ�7RJHWKHU

,I�\RX�ZDQWHG�D�PRUH�SUHFLVH��H[DFW��DQVZHU�WKDQ�WKLV�DSSUR[LPDWLRQ��ZKDW�FRXOG�\RX�GR"

7KLQNLQJ�RXW�/RXG

0LFKDHO�DQG�/HQD�DUH�WU\LQJ�WR�GHWHUPLQH�ZKDW�QXPEHU�\RX�FDQ�PXOWLSO\�E\�LWVHOI�WR�JHW����

0LFKDHO�� 7KH�VTXDUH�RI���LV����VLQFH������� ����DQG�WKH�VTXDUH�RI���LV�����6R��WKH�QXPEHU�\RX�PXOWLSO\�

E\�LWVHOI�WR�JHW����PXVW�EH�EHWZHHQ���DQG����+RZ�FDQ�ZH�FKHFN�WKH�QXPEHUV�LQ�EHWZHHQ"

/HQD�� /HW¶V�]RRP�LQ�DQG�ORRN�DW�WKH�QXPEHUV�EHWZHHQ�WKRVH�QXPEHUV�

7KH�JRDO�LV�WR�DSSUR[LPDWH��JHW�FORVH�
WR��WKH�VTXDUH�URRW�RI�����RU�MXVW�¥����

=RRPLQJ�,Q�WR�¿QG�¥���

$�SRVLWLYH�QXPEHU�WKDW�\RX�FDQ�PXOWLSO\�E\�LWVHOI�WR�JHW����PXVW�EH�EHWZHHQ�BBB���BBB��DQG��BBB���BBB����

6R�¥���VWDUWV�ZLWK��BBB���BBB��

�

�
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=RRPLQJ�LQ�0RUH�

$�QXPEHU�WKDW�\RX�FDQ�PXOWLSO\�E\�LWVHOI�WR�JHW����PXVW�EH�EHWZHHQ�BBB���BBB��BBB��DQG�BBB���BBB��BBB�RQ�WKH�

QXPEHU�OLQH��6R�¥���VWDUWV�ZLWK��BBB���BBB��BBB��

�

�
� �

8VH�WKLV�]RRPHG�LQ�QXPEHU�OLQH�DQG�D�FDOFXODWRU�WR�¿QG�WZR�DGMDFHQW�QXPEHUV�WKDW�¥���LV�EHWZHHQ��
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8VH�WKLV�]RRPHG�LQ�PRUH�QXPEHU�OLQH�DQG�D�FDOFXODWRU�WR�¿QG�WZR�DGMDFHQW�QXPEHUV�WKDW�¥���LV�EHWZHHQ��
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&RPSOHWH�WKHVH�=RRPLQJ�,Q�QXPEHU�OLQHV�
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&RPSOHWH�WKHVH�=RRPLQJ�,Q�QXPEHU�OLQHV�

3ODFH�WKHVH�QXPEHUV�RQ�WKH�QXPEHU�OLQH�EHORZ���������������������������������������������������������������������������

, , I ,
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, , I ,
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:KLFK�LV�JUHDWHU�������RU������"�� :KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ�����DQG�����"�BBBBBB�

:KLFK�LV�JUHDWHU�������RU����"�BBBBBB�� :KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ������DQG�����"�BBBBBB��

:KHUH�DP�,"�0DUN�DOO�SRVVLEOH�VROXWLRQV�RQ�HDFK�QXPEHU�
OLQH�DQG�ZULWH�DQ�DOJHEUDLF�H[SUHVVLRQ�WR�GHVFULEH�WKHP�

�� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ������DQG�����"�BBBBB

�� &OXH��,�DP�JUHDWHU�WKDQ������ �
� BBBBBBBBBB

, � , � , � , � ,
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��

� �BBBBBB� ��

BB )LQG�WKH�WRWDO�ZHLJKW
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$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

&RPSOHWH�WKHVH�]RRPHG�LQ�QXPEHU�OLQHV�

' , � , � , � , � , , , , , , , , , ,
���� �� � ���

( , � , � , � , � , , , , , , , , , ,
����� � ���� ��� ����

3ODFH�WKHVH�QXPEHUV�RQ�WKH�QXPEHU�OLQH�EHORZ����������������������������������������������������������������������-
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:KLFK�LV�JUHDWHU������RU�����"�BBBBBB. :KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ������DQG�����"�BBBBBB/

6LQFH������� ���DQG������� ����WKH�SRVLWLYH�QXPEHU�WKDW�\RX�FDQ�PXOWLSO\�E\�LWVHOI�WR�JHW���PXVW�EH��

EHWZHHQ�BBBB��DQG�BBBB��6R�¥��VWDUWV�ZLWK�BBBB�

$

:KDW�QXPEHU�FDQ�\RX�PXOWLSO\�E\�LWVHOI�WR�JHW�¥�"

:KHUH�DP�,"�0DUN�DOO�SRVVLEOH�VROXWLRQV�RQ�HDFK�QXPEHU�OLQH�DQG�ZULWH�DQ�DOJHEUDLF�H[SUHVVLRQ�WR�GHVFULEH�WKHP�

, :KDW�LV�WKH�GLVWDQFH�EHWZHHQ������DQG�����"�BBBBB* :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ������DQG���"�BBBBB

+ &OXH��,�DP�OHVV�WKDQ������ BBBBBBBBBB

, � , � , � , � ,
���� ����

) &OXH��,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR������ BBBBBBBBBB

, � , � , � , � ,
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=RRPLQJ�,Q�WR�¿QG�¥��

8VH�WKLV�]RRPHG�LQ�QXPEHU�OLQH�DQG�D�FDOFXODWRU�WR�¿QG�WZR�QXPEHUV�WKDW�¥��LV�EHWZHHQ�%
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��FPKlQ�EBOB_�0L�¥��
FPKlQ�?BQTBBK���>KA�
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$�SRVLWLYH�QXPEHU�WKDW�\RX�FDQ�PXOWLSO\�E\�LWVHOI�WR�JHW���PXVW�EH�EHWZHHQ�BBB���BBB��DQG��BBB���BBB����

6R�¥��VWDUWV�ZLWK��BBB���BBB��

& � �
�

DRAFT



�� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

���� :KHUH�DP�,"�1XPEHU�3X]]OHV

, � , � , � , � , , , , , , , , , ,
�� �� �� � � � � � � � � � � ��

&OXH����,�DP�OHVV�WKDQ��
&OXH����,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR�BBBBB

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBB���BBBB���BBBB���BBBB���BBBB���RU�PDQ\�RWKHU�QXPEHUV�

�

�����U���� �

$VN�\RXUVHOI��:K\�LVQ¶W���D�VROXWLRQ"

:KHUH�DP�,"�0DUN�DOO�SRVVLEOH�VROXWLRQV�RQ�HDFK�QXPEHU�OLQH�DQG�ZULWH�DQ�DOJHEUDLF�H[SUHVVLRQ�WR�GHVFULEH�WKHP�

&OXH��,�DP�OHVV�WKDQ��� BBBBBBBBBB�

, � , � , � , � ,
��� �� �� � �

� &OXH��,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR���� BBBBBBBBBB

, � , � , � , � ,
�� ���� �� ���� �

� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ����DQG�����"�BBBBB� :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ����DQG���"�BBBBB

7KLQNLQJ�RXW�/RXG

0LFKDHO���/HQD��DQG�-D\�DUH�ORRNLQJ�DW�SUREOHP����

0LFKDHO�� :RZ��WKDW¶V�D�FRPSOLFDWHG�DOJHEUDLF�VWDWHPHQW��'RHV�WKDW�PHDQ��³QHJDWLYH�RQH�LV�OHVV�WKDQ�RU�HTXDO�

WR�[�DQG�[�LV�OHVV�WKDQ��´"

-D\�� ,W�PDNHV�VHQVH�WKDW�\RX�FDQ�MXVW�UHDG�LW�RII�WKH�SDJH�OLNH�WKDW��EXW�,�OLNH�WR�VD\�LW�ZLWK�WKH�[�¿UVW��

³[�LV�JUHDWHU�WKDQ�RU�HTXDO�WR����´�

0LFKDHO�� :KDW�DERXW�WKH�UHVW�RI�LW"�:KDW�GR�\RX�VD\�DERXW�WKH��"

-D\�� 2K��ZHOO��IRU�WKH�ZKROH�WKLQJ��,�VD\�³[�LV�JUHDWHU�WKDQ�RU�HTXDO�WR����DQG�[�LV�OHVV�WKDQ���´

/HQD�� 6R��\RX�FDQ�VD\�LW�HLWKHU�ZD\�DV�ORQJ�DV�LW�PHDQV�WKH�VDPH�WKLQJ��,�OLNH�WKDW�

0LFKDHO�� 6R��ZKDW�DERXW�ZULWLQJ���OLNH�WKLV�RQH��³[�LV�OHVV�WKDQ���DQG�[�LV�JUHDWHU�WKDQ�RU�HTXDO�WR��´"

/HQD��� /HW¶V�GUDZ�LW�RQ�D�QXPEHU�OLQH���/HQD�GUDZV�D�QXPEHU�OLQH�DQG�PDUNV�WKH�LQWHUYDO�0LFKDHO�

GHVFULEHG���:HOO��[�LV�EHWZHHQ���DQG������,�ZRXOG�ZULWH�WKH�[�¿UVW��/HQD�ZULWHV�[�RQ�WKH�ERDUG���WKHQ�

WKH�QXPEHUV�DURXQG�LW��DQG�WKH�V\PEROV�ODVW����LV�OHVV�WKDQ���DQG�WR�WKH�OHIW�RI���RQ�WKH�QXPEHU�OLQH��

VR�,�ZULWH�WKDW�RQ�WKH�OHIW��/HQD�ZULWHV���WR�WKH�OHIW�DQG���WR�WKH�ULJKW�OHDYLQJ�VSDFH�IRU�V\PEROV���

0LFKDHO�� 2K��$QG�WKHQ�ZH�NQRZ�HYHU\WKLQJ�RQ�WKH�ULJKW�LV�JUHDWHU�VR�ZH�KDYH�WR�ZULWH�WKH�V\PEROV�WKLV�

ZD\���0LFKDHO�FRPSOHWHV�WKH�VWDWHPHQW������[�����

-D\�� :H�FRXOG�ZULWH�WKH���¿UVW�DOVR��7KH�VLJQV�ZRXOG�MXVW�FRPH�RXW�WKH�RWKHU�ZD\���-D\�ZULWHV���!�[�����

/HQD�� 2K��-D\��\RX�DOZD\V�KDYH�DQRWKHU�ZD\�

'LVFXVVLQJ�7RJHWKHU +RZ�FRXOG�\RX�UHDG�WKH�DOJHEUDLF�VWDWHPHQW������[�����"
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/HVVRQ����:KHUH�$P�,"�1XPEHU�3X]]OHV� �

, � , � , � , � , , , � , , , , , , , ,
���� ��� ����

��

,�DP�Q��:KHUH�DP�,"�BBBBBB,�DP�N��:KHUH�DP�,"�BBBBBB

,�DP�M��:KHUH�DP�,"�BBBBBB ,�DP�P��:KHUH�DP�,"�BBBBBB ,�DP�S��:KHUH�DP�,"�BBBBBB

&OXH����,�DP�OHVV�WKDQ�RU�HTXDO�WR��
&OXH����,�DP�JUHDWHU�WKDQ���

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBB���BBBBB���BBBBB���BBBBB���RU�PDQ\�RWKHU�QXPEHUV�

�

, � , � , � , � , , , , , , , , , ,
���� ���� �� ���� ���� ���� ���� � ��� ��� ��� ��� � ���

��_�

,V���D�VROXWLRQ"�,V���"

�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

:KDW�LV�WKH�GLVWDQFH�EHWZHHQ���DQG���"�BBBBB� :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ���DQG���"�BBBBB��

:KDW�LV�WKH�GLVWDQFH�EHWZHHQ�����DQG����"�BBBBB�� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ������DQG����"�BBBBB��

&RPSOHWH�WKH�FOXHV�WR�PDWFK�WKLV�LQWHUYDO�DQG�¿OO�LQ�WKH�QXPEHU�OLQH�DQG�DOO�RI�WKH�EODQNV��

&OXH����,�DP�OHVV�WKDQ�BBBBBBBBBBBBBBBBBBBBBBB

&OXH����,�DP�JUHDWHU�WKDQ�BBBBBBBBBBBBBBBBBBBBBBB

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBB���BBBBB���BBBBB���BBBBB���RU�PDQ\�RWKHU�QXPEHUV�

��

, � , � , � , � , , , , , , , , , ,
� �

�_�
�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

,V�WKLV�QXPEHU�D�VROXWLRQ"�:KDW�GRHV�WKDW�WHOO�\RX�
DERXW�WKH�FOXH"�$QG�DERXW�WKH�DOJHEUDLF�VWDWHPHQW"�

&UHDWH�\RXU�RZQ�SX]]OH��:ULWH�WZR�FOXHV�ZLWK�GHFLPDOV��DQG�VZDS�SX]]OHV�ZLWK�D�SDUWQHU�WR�VROYH��

&OXH����

&OXH����

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBB���BBBBB���BBBBB���BBBBB���RU�PDQ\�RWKHU�QXPEHUV�

��

&OXH����,�DP�OHVV�WKDQ�RU�HTXDO�WR���
&OXH����,�DP�JUHDWHU�WKDQ���

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBB���BBBBB���BBBBB���BBBBB���RU�PDQ\�RWKHU�QXPEHUV�

, � , � , � , � , , , , , , , , , ,
��� �� �� �� �� �� �� �� �� �� � � � �

�

��_�
�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

0DUN�WKH�LQWHUYDO�RQ�WKH�QXPEHU�OLQH�
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��� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

&OXH����,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR���
&OXH����,�DP�OHVV�WKDQ��

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBB���BBBBB���BBBBB���BBBBB���RU�PDQ\�RWKHU�QXPEHUV�

&

, � , � , � , � , , , , , , , , , ,
���� ���� �� ���� ���� ���� ���� � ��� ��� ��� ��� � ���

�_�
�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

,V���D�VROXWLRQ"�,V���"

, � , � , � , � , , � , , , , , , , , ,
���� ���

'

,�DP�W��:KHUH�DP�,"�BBBBBB,�DP�U��:KHUH�DP�,"�BBBBBB

,�DP�T��:KHUH�DP�,"�BBBBBB ,�DP�V��:KHUH�DP�,"�BBBBBB ,�DP�Y��:KHUH�DP�,"�BBBBBB

&OXH����,�DP�JUHDWHU�WKDQ�RU�HTXDO�WR�����
&OXH����,�DP�OHVV�WKDQ���

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBBB���BBBBBB���BBBBBB���BBBBBB���RU�PDQ\�RWKHU�QXPEHUV�

%

, � , � , � , � , , , , , , , , , ,
���� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��

�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

:KDW�LV�WKH�GLVWDQFH�EHWZHHQ���DQG�����"�BBBBB) :KDW�LV�WKH�GLVWDQFH�EHWZHHQ������DQG�����"�BBBBB*

&OXH����,�DP�OHVV�WKDQ�BBBBBBBBBBBBBBBBBBBBBBB

&OXH����,�DP�JUHDWHU�WKDQ�BBBBBBBBBBBBBBBBBBBBBBB

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBBB���BBBBBB���BBBBBB���BBBBBB���RU�PDQ\�RWKHU�QXPEHUV�

(

, � , � , � , � , , , , , , , , , ,
� �_�� ���

�_��
�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

$VN�\RXUVHOI��:K\�LVQ¶W����D�VROXWLRQ"&OXH����,�DP�JUHDWHU�WKDQ���
&OXH����,�DP�OHVV�WKDQ�RU�HTXDO�WR�BBBBB

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBBB���BBBBBB���BBBBBB���BBBBBB���RU�PDQ\�RWKHU�QXPEHUV�

, � , � , � , � , , , , , , , , , ,
�� �� �� �� �� �� �� �� � � � � � �

$

�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�
�����U������ �
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/HVVRQ����=RRPLQJ�LQ�'LIIHUHQWO\� ��

���� =RRPLQJ�LQ�'LIIHUHQWO\

:KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ�����DQG����"�BBBBB� :KLFK�LV�JUHDWHU������RU�����"�BBBBB�

:KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ�����DQG����"�BBBBB� :KLFK�LV�JUHDWHU�������RU����"�BBBBB�

&OXH����,�DP�OHVV�WKDQ����
&OXH����,�DP�JUHDWHU�WKDQ�����

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBBB���BBBBBB���BBBBBB���BBBBBB���RU�PDQ\�RWKHU�QXPEHUV�

�

, � , � , � , � , , , , , , , , , ,
��� ���

�_��
�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

:KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ�����DQG����"�BBBBB�

, � , � , � ,
��� ���

&KDOOHQJH��:KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ�������DQG������"�BBBBB�

, , � , � , � , , , , , , ,
����� �����

'RQ¶W�EH�WULFNHG�

E\�WKHVH�WZR��8VH�

WKH�QXPEHU�OLQHV�

WR�¿JXUH�WKHP�RXW�

�� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ�����DQG���"�BBBBB� :KDW�LV�KDOIZD\�EHWZHHQ������DQG�����"�BBBBB

�� &OXH��,�DP�OHVV�WKDQ�RU�HTXDO�WR���
� BBBBBBBBBB

, � , � , � , � ,
��� ��

� &OXH��,�DP�JUHDWHU�WKDQ������ �
� BBB

, � , � , � , � ,
���� �

U���������

&RPSOHWH�WKHVH�=RRPLQJ�,Q�QXPEHU�OLQHV�

�� , � , � , � , � ,�,�,�,�,�,�,�,�,�,�, , , , , , , , ,
� � � � ��

�� , � , � , � , � , , , � ,�,�,�,�,�,�,�,�,�,�, , , , , ,
��� � ��� ��� ��� ��� �

�� , � , � , � , � , , , , , , , , , ,
��� ���� ���� ���
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��� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

$OJHEUDLF�+DELWV�RI�0LQG��8VLQJ�7RROV�6WUDWHJLFDOO\

7KH�QXPEHU�OLQH�LV�D�WRRO�IRU�UHDVRQLQJ�DERXW�RUGHU�DQG�RSHUDWLRQV�ZLWK�UHDO�QXPEHUV���

<RX�FDQ�]RRP�LQ�DQG�]RRP�RXW�RQ�WKH�QXPEHU�OLQH�WR�VHH�PXOWLSOHV�RI����DQG�����RU�WHQWKV�DQG�KXQGUHGWKV��

=RRPLQJ�LQ�WR�VHH�WHQWKV�DQG�KXQGUHGWKV�LV�OLNH�GLYLGLQJ�WKH�QXPEHU�OLQH�XS�E\����DJDLQ�DQG�DJDLQ��

<RX�FDQ�GLYLGH�XS�WKH�QXPEHU�OLQH�LQ�RWKHU�ZD\V�WRR���

�� &OXH��,�DP�KDOIZD\�EHWZHHQ�����DQG��
�
�� BBB�

, � , � , � , � ,

� � ��� ��� �

U� � �� &OXH��,�DP����RI�WKH�ZD\�IURP��
�
��WR��� BBB�

, � , � , � , � ,

����
�� ��� �

U� �

�� :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ�����DQG��
�
�"�BBBBB�� :KDW�LV�WKH�GLVWDQFH�EHWZHHQ����DQG����"�BBBBB

U������ ���
���� &OXH��,�DP�OHVV�WKDQ�RU�HTXDO�WR����� �BBB

, � , � , � , � ,
� ���

�� &OXH��,�DP�QRW����� �BBB�
, � , � , � , � ,
�

U������_� ��

� �BBBBBB� �BBBBBB � �BBBBBB

�

�� , � , � , � , � , , , , , , , , ,

������
� ���

��
���
��

� � �����
�� , � , � , � , � , , , , , , , , ,

������
� ���

��
� ������

HLJKWKV

, , � , � , � , � , � , � , , , ,
� ���

��
�

�� 8VH�WKH�SLFWXUH�DV�D�UHIHUHQFH�DV�\RX�¿OO�LQ�WKLV�QXPEHU�OLQH�ZLWK�WKH�QXPEHUV�EHORZ��&URVV�HDFK�RQH�RXW�DV�\RX�JR�
�
�������������

�
�������������

�
�������������

�
��������������

�
�������������

�
�������������

�
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�������������

�
�

KDOYHV
TXDUWHUV
HLJKWKV
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$GGLWLRQDO�3UDFWLFH�3UREOHPV
6HOHFW�SUREOHPV�WKDW�ZLOO�KHOS�\RX�OHDUQ��'R�VRPH�SUREOHPV�QRZ��'R�VRPH�ODWHU�

/HVVRQ����=RRPLQJ�LQ�'LIIHUHQWO\� ��

/ &OXH��,�DP�KDOIZD\�EHWZHHQ�����DQG��
�
�� BBB�

, � , � , � , � ,

������ ��� ���

U� � 1 &OXH��,�DP����RI�WKH�ZD\�IURP�
�
��WR��

�
�� BBB�

, � , � , � , � ,
�
� ��� �

U� �

2 :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ����DQG��"�BBBBB0 :KDW�LV�WKH�GLVWDQFH�EHWZHHQ���DQG����"�BBBBB

- , � , � , � , � , , , , , , , , ,

� � �����
�� ������ � �����

� ���
��

. , � , � , � , � , , , , , , , , ,
�� �����

���
��

�

:KDW�QXPEHU�LV�H[DFWO\�KDOIZD\�EHWZHHQ�������DQG������"�BBBBB% :KLFK�LV�JUHDWHU�������RU������"�BBBBB&

&OXH����,�DP�OHVV�WKDQ�����
&OXH����,�DP�JUHDWHU�WKDQ�����

,�DP�[��:KHUH�DP�,"�BBBBBBBBBBBBBBBBBBB����,�FRXOG�EH�BBBBBB���BBBBBB���BBBBBB���RU�PDQ\�RWKHU�QXPEHUV�

$

, � , � , � , � , , , , , , , , , ,
���� ����

��_��
�ZULWH�DQ�DOJHEUDLF�VWDWHPHQW�

, :KDW�LV�WKH�GLVWDQFH�EHWZHHQ����DQG������"�BBBBB* :KDW�QXPEHU�LV�KDOIZD\�EHWZHHQ�����DQG��"�BBBBB

+ &OXH��,�DP�JUHDWHU�WKDQ������� BBBBBBBBBB
, � , � , � , � ,

����� ��

) &OXH��,�DP�OHVV�WKDQ�RU�HTXDO�WR����� BBB
, � , � , � , � ,
��� �

U������_�

' , � , � , � , � , , , � ,�,�,�,�,�,�,�,�,�,�, , , , , ,
� ��� ��� ��� �

( , � , � , � , � , , , , , , , , , ,
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��� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

���� 6XEGLYLGLQJ�WKH�1XPEHU�/LQH

� &OXH��,�DP����RI�WKH�ZD\�IURP���WR����

, � , � , � , � ,
� ���

� &OXH��,�DP����RI�WKH�ZD\�IURP�����WR��

, � , � , � , � ,
� ���

� &OXH��,�DP����RI�WKH�ZD\�IURP���WR����

, � , � , � , � ,
� ���

� &OXH��,�DP����RI�WKH�ZD\�IURP�����WR��

, � , � , � , � ,
� ���

�� &OXH��,�DP����RI�WKH�ZD\�IURP���WR���

, � , � , � , � ,
� ��

�� &OXH��,�DP����RI�WKH�ZD\�IURP���WR��

, � , � , � , � ,
� �

�� &OXH��,�DP����RI�WKH�ZD\�IURP���WR��

, � , � , � , � ,
� �

�� &OXH��,�DP����RI�WKH�ZD\�IURP���WR��

, � , � , � , � ,
� �

)RU�WKHVH�SUREOHPV��ZULWH�\RXU�DQVZHUV�DV�LPSURSHU�IUDFWLRQV�

:KDW�LV�KDOI�RI� �"��BBBBBB�:KDW�LV�KDOI�RI���"��BBBBBB�

:KDW�LV�D�WKLUG�RI���"��BBBBBB�

:KDW�LV�WZR�¿IWKV�RI��"��BBBBBB��

:KDW�LV�WZR�¿IWKV�SOXV�IRXU�¿IWKV"��BBBBBB��

:KDW�LV�WZR�¿IWKV�RI�["��BBBBBB��

:KDW�LV�D�WKLUG�RI�["��BBBBBB��

:KDW�LV�KDOI�RI��"��BBBBBB�

:KDW�LV�D�TXDUWHU�RI��"��BBBBBB�

:KDW�LV�D�¿IWK�RI��"��BBBBBB��

:KDW�LV�� ���� "��BBBBBB��
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8VH�WKLV�QXPEHU�OLQH�ZLWK�VKDSHV�WR�DQVZHU�WKH�TXHVWLRQV�EHORZ�

:KDW�LV��
� �
�������

���
� �
�������"�BBBBBBB

�� :KDW�LV � �
��� �

���
� �
�������"�BBBBBBB

�� :KDW�LV��
� �
�������

���
� �
�������"�BBBBBBB
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'LVFXVVLQJ�7RJHWKHU 6RPH�RI�WKH�SUREOHPV�DERYH�KDG�WKH�VDPH�DQVZHU��:K\"
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/HVVRQ����6XEGLYLGLQJ�WKH�1XPEHU�/LQH� ��

:ULWH�HDFK�IUDFWLRQ�DV�D�GHFLPDO�DQG�ORFDWH�HDFK�QXPEHU�RQ�WKH�QXPEHU�OLQH�EHORZ�LW��

:KDW�LV���·��"����� �BBBBBBB��

, � I � ,
� �_� �

:KDW�LV���·��"����� �BBBBBBB��

, � , � , � ,
� �

:KDW�LV���·��"����� �BBBBBBB��
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4B�HKLT�QEBV�>OB�QEB�P>JB�?B@>RPB_ _ _

�� 8VH�WKH�SLFWXUH�WR�H[SODLQ�ZK\���� �
�
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'LVFXVVLQJ�7RJHWKHU $UH�DQ\�RI�WKHVH�QXPEHUV�LQ�WKH�VDPH�ORFDWLRQV"��:KLFK"��:K\"��

�_�
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��� 8QLW����*HRJUDSK\�RI�WKH�1XPEHU�/LQH

�� 8VH�WKH�SLFWXUH�DQG�ZKDWHYHU�QDPHV�\RX�OLNH�WR�ZULWH�D�7KLQNLQJ�2XW�/RXG�GLDORJXH�ZLWK�\RXU�JURXS�WKDW�H[SODLQV�

ZK\���� �
�
���3UDFWLFH�LW�D�IHZ�WLPHV�WRJHWKHU�

7KLQNLQJ�RXW�/RXG

$OJHEUDLF�+DELWV�RI�0LQG���
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WKH�FRUUHFW�VLJQ���2U���
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EHIRUH�ZH�GR�WKH�PHDVXULQJ�EHFDXVH�LW�ZRUNV�IRU�HYHU\�UHFWDQJOH��7KLV�LV�ZK\�ZH�FDQ�XVH�DUHD�PRGHOV�WR�
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� /LVW�VHYHUDO�ORFDWLRQV�RI����
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More information on this research and development 
project is available at ttalgebra.edc.org.

Transition to Algebra

Transition to Algebra is an EDC project supported by the 
National Science Foundation aimed at very quickly giving 
students the mathematical knowledge, skill, and confidence 
to succeed in a standard first year algebra class.

The familiar topic-oriented approach to mathematics is 
replaced by a small number of key mathematical ideas and 
ways of thinking: Algebraic Habits of Mind (puzzling, 
using structure, generalizing patterns, using tools, and 
communicating clearly). Conventional algebra topics are 
part of the curriculum, but instead of the topics being the 
focus of the lesson, they become contexts for exploring 
these broadly-applicable problem-solving strategies.
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