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���-�#�� ���������������� ���#�������������������� �%�(�#�� �%�� �.���'�.�#� ���*�$��� �-�#�� �.�#� ���*�$�� �%�(�!� �-�"�#� �!�+�� �#�4�1�(�#�.�.�!�*���.�2�� ���-�#�)�� �$�*�&�&�*�, ��� �-�#�� �.�%�"�#�� �(���&�#�.��
�%�.�� �%�'�*�=�#�� �,�!� �-�� � �-�#�� �$�*�&�&�*�, �!���/���#�4� �(�%�� �(�#�.� �(�!�+� �!�*�� �. �2�� ���-�#�� �*���&�)�� �#�&�#�"�#��� �.�� �%�&�&�*�,�#�0�� �%�(�#�� �, �(�!� � �#���� �!��� �#�/�#�(�.�>�� �!���0�!�+�#�.��
�%���0�� �!��� �#�/�#�(�� �$�����+� �!�*���.�2�� ���-�#�� �*�1�#�(�%� �*�(�� ���� �!�.�� ���*� �� �%�&�&�*�,�#�0�2�� �� �$��� �-�#�.�#�� �(���&�#�.�� �%�(�#�� �'�(�*�E�#����� �-�#�� �#�4�1�(�#�.�.�!�*�����, �!�&�&��
���*� �� � �#�+�-���!�+�%�&�&�)�� �'�#�� �%���� �!��� �#�/�#�(�� �#�4�1�(�#�.�.�!�*���� �#�=�#�����! �$�� �!� �� �/�!�=�#�.�� �%�����!��� �#�/�#�(�� �(�#�.�� �&� �2�� ���#�+� �!�*���� ���2�8�2�?�� �0�!�.�+���.�.�#�.�� � �-�#��
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�� �� �2�������������� ���������������� �!�. �� �%�� �+�*���.� �%��� �� �+�*��� �%�!���!���/�� ���#�!� �-�#�(�� �%���0�#�+�!�" �%�&�� �1�*�!��� �� ���*�(�� �%���� �%�"�1�#�(�.�%���0�5�� ���� �!�. �� �%���,�(�!� � �#����
�!�� � �#�/�#�(�>�� ���2�G�� �%���0�� ��� �̀G�� �%�(�#�� ���*� �2�� ���-�#�� �!��� �#�/�#�(���$�����+� �!�*���.�� �+�%���>�� �%���0�����.���%�&�&�)�� �, �!�&�&�>�� �-�%�=�#�� ���*�����!��� �#�/�#�(�� �%�(�/���"�#��� �.�5��
� �-���.
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�!�. �� �%�����!��� �#�/�#�(�� �#�4�1�(�#�.�.�!�*���� �#�=�#����� �-�*���/�-���!� ���+�*��� �%�!���.�� � �,�*�� �(�#�%�&�� �#�4�1�(�#�.�.�!�*���.�� �%�.�� �$�����+� �!�*���� �%�(�/���"�#��� �.�2�� ��� �� �.�-�*���&�0��
�'�#�� �#�"�1�-�%�.�!�.�#�0��� �-�%� ���!� �� �!�. ��� �-�#���, �(�!� � �#�����$�*�(�" �� �* �$���%���� �#�4�1�(�#�.�.�!�*���� � �-�%� �� �0�#� �#�(�"�!���#�.�� �,�-�#� �-�#�(�� �* �(�� ���*� ���!� ���!�. �� �%�����!���V
� �#�/ �#�(�� �#�4�1�(�#�.�.�!�*���5�� �m�\������ �!�. �� �%�����!�� � �#�/�#�(���#�4�1�(�#�.�.�!�*���>�� �,�-�#�(�#�%�.�� �m�\���������� �!�. �� ���*� �2
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�� �- �#�(�#�� �!�. ���*���&�)���*���#�� �+�*��� �#�4� ���!�����,�-�!�+�-���!� ���!�. �� �#�.�.�#��� �!�%�&��� �-�%� �� �%�����#�4�1�(�#�.�.�!�*�����'�#�� �%���� �!��� �#�/�#�(�� �#�4�1�(�#�.�.�!�*���2�� ���-�%� ��
�!�. ���,�-�#�(�#�� � �-�#�� �#�4�1�(�#�.�.�!�*���� �!�. �� �!��� �#���0�#�0��� �*���'�#�� �%�� �"�%�!���� �=�%�(�!�%�'�&�#�� �.�� �$�$�!�4�2�� �� �� �.���$�$�!�4���+�%�����'�#�� �#�!� �-�#�(�� �%���,�(�!� � �#�����!���V
� �#�/ �#�(�>�� �%���� �!���0�#�4�>�� �%���� �!��� �#�/�#�(�� �$�����+� �!�*���>�� �*�(�� �%�����!��� �#�/�#�(�� �#�4�1�(�#�.�.�!�*�����!�����'�(�%�+�E�#� �.�S�� � �-���.
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(b) To evaluate F and G where

F = X 3- Y 3 and G = ^ J ^ +  2 for X > Y

or F = Y 3- X 3 a n d G = ^ jp f o r X < Y

F = YYY  - XXX | Assume X < Y
G = (X - Y)/3 
Jump 11, X < Y

F = -F  I Modify F, G if X > Y
G = G+2 I

11)- - -

(c) To form X11 such that X ° < 1000 < X11, where X > 1.

F = 1
|----*-3 )F  = XF
)--------Jump 3, F< 1&3

�!�;�����.�1������ ���*�&�*�%

Thissubsection may be omitted on a firs t reading of Section 1.

A switch is a particular type of jump whose destination is decided at some point before the instruction 
is obeyed. In EMA it can have the form

Jump (I)

where I can be replaced by any index. The label to be jumped to must have been previously specified 
by an instruction as

I) = 3)

This is called a label-setting instruction and has the effect of making the jump equivalent to 

Jump 3

The numerical value assigned to I by " I) = 3)" is not in itself meaningful to the programmer and the 
index should be regarded as having been set equal to a label, not an integer. The important points to 
remember are that I does not simply have the value 3 and " I  = 1+1" w ill not set I equal to label 4).

The brackets in label-setting instructions must always be plain round brackets. The label can be 
specified by an expression with a value in the appropriate range (0 to 127). Thus, if K and L  are 
10 and 9 then

J) = 2(K+L)-1) 

is equivalent to

J) = 37)

and causes a subsequent 

Jump(J)

to have the same effect as 

Jump 37

Jumps of this type can be conditional, e.g.

S') = 20)

Jump (S'), L = M+1

Brackets must not be added or omitted, so the following are both impermissible:

Jump (3)
Jump I
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X = 91 
Y  = 70
Jumpdown 10 | Find F, G
Print (F) 0 ,4 
Print (G) 0 ,4

10) F = YYY  - XXX 
G = (X-Y)/3 
Jump 11, X < Y

F = -F
G = G+2

11) Return | Jump back to instruction after Jumpdown.

In this example, once the subroutine had been written the instruction "Jumpdown 10" could have been 
regarded as an instruction to calculate values of F and G. The subroutine could be called in by such 
instructions any number of times in the Chapter.

A  Return instruction is not permanently tied to a particular Jumpdown instruction and a subroutine 
can contain any number of Return instructions. Of course on any one entry only one of them w ill be 
obeyed.

A subroutine can call in another subroutine by means of a Jumpdown instruction. A  Return in the 
second subroutine then passes control back to the instruction after the Jumpdown in the first subroutine. 
Chains of Jumpdown sequences w ill be described in more detail in Section 2.1.4.

A  Return must be obeyed in the same Chapter as the Jumpdown to which it is intended to refer, though 
there may have been any number of Chapter changes between the two.
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The Chapter below contains a subroutine that calculates the function 

f(n) = (n+l)/n!

for n > 0. The subroutine must be entered with N having the value n. The value of the function is 
then placed in F. Should n be outside the permissible range F is set equal to -1 (a value that it could 
not otherwise attain).

The chapter uses the subroutine to calculate and print the value of the expression 

(2f(M) - f(2M ))/  3

It is assumed that M was assigned a value in a previous Chapter.

CHAPTER 10 
7) N = M

Jumpdown 20 Find f(M)
Jump 2, F > 0 Found?
Print ('M  < 0') Error if M < 0
Jump 4

2) X = F 
N = 2M
Jumpdown 20 | Find f(2M)
Print ((2X-F)/3) 0,6 

4 ) -------

20) F = N+1 S/R ENTRY POM T
Jump 21, N > 2 End if

Jump 22, N > 0 N = 0 or 1.
F = -1 N < 0 is error

22) Return
21) T = 2 (l)N  Normal path:

F = F/T f(N ) for N > 2
Repeat
Return ω
CLOSE £Φ

H*
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�� �P�� �� �� �3 �� �� ��
�_�� �W �� ���G�G�� ���� �3�@���!�=�%�&�#��� �� � �*�� �� �Y�. �� �%�'�*�=�#
�M �� �W �� ���G�G��
���� �W�8�G�G

���G���� �F���6�� �G�� ��̂� ���.�#�� �F���%�.�� �%�� �"�%�(�E�#�(
���8�������6�� �G���������G�G

���#�%�0�� ���_ �� ���� ���� ���#�%�0�� ���G���� �����"�'�#�(�.
���#�1�#�%� 

���*�,���� �����8�G�G�� ���!���0���&�!�" �!� 
�Q���"�1�� �����>�� �F�������G�� �Q���"�1���8���0��� �!�" �#�� �(�*�����0
�M�� �6�� �C�� �M �� �6�� ���.� �� �&�!�" �!� 
�F���6�� ���� ���#� �� �" �%�(�E�#�(�� ���*�� ���J�#�(�*
�Q���"�1�� ���8�� ���#�%�0�� �8���0���.�#� ���*�$�������"�'�#�(�.

�������� ���(�!�� � �� ���M�\ �C ���G�>�?�� ��̂� ���(�!�� � �� �.���"�2
�� �+�(�*�.�.�� �����8

�� �� �� ��������������

���������3��

�� �P�� �� �� �3 �� ���G
�� �+�(�*�.�. �� ���G������ ��̂� �� �(�*�/ �(�%�" ���#��� �(�)�� �1�*�!��� �2
���������3

�� �#�=�#�(�%�&�����*�,�����!���.� �(���+� �!�*���.�� �+�%�����'�#�� �*�'�#�)�#�0���' �#�$�*�(�#�� �%�������1���!�. �� �(�#�%�+�-�#�0�2�� �3�%�+�-�� ���*�,�����!�.�� �.�%�!�0��� �*�� �&�*�, �#�(��� �-�#���1 �(�* �V
�/�(�%�"�S���&�*�/�!�+�%���)�>�� �'�)�� �*���#�� �&�#�=�#�&�2�� ���������1�� �+�%���.�#�.�� �%�����%�.�+�#��� ���* �$���*���#�� �&�#�=�#�&�2�� �� �� �"�%�4�!�"���"���0�#�1� �-�� �+�%�����'�#�� �.�1�#�+�V
�!�$�!�#�0 ���'�)���, �(�!� �!���/�� �%�����!�� �!� �!�%�&���0�!�(�#�+� �!�=�#�� �.���+�-���%�.

�� �3�����P�� �8

�� � ��� �-�#�� �.� �%�(� ���* �$��� �-�#���(������� �-�#�� �1�(�*�/�(�%�" ���,�*���&�0���'�#���%� ���0�#�1� �-�>�� �*�(�� �&�#�=�#�&�>�� �G�2�� �� �$� �#�( ��� �-�#���$�!�( �. � �� ���*�,�����-�%�0���'�#�#�����*�'�#�)�#�0��
�!� ���,�*���&�0���'�#�� �%� �� �&�#�=�#�&�� ���2�� ���������1�� �+�*���&�0�����*�,�� �+�%���.�#�� �%���(�#� ���(����� �*�� �&�#�= �#�&���G�2�� �� �&� �#�(�� �%� �!�=�#�&�)�>�� �%���.�#�+�*���0�����*�,�����+�*���&�0��
�+�%���.�#�� �%�� �0�#�.�+�#��� ��� �*�� �&�#�=�#�&�� �8�S�� �%� ��� �-�!�.�� �.� �%�/�#�>�� �'�#�+�%���.�#�� �*�$��� �-�#�� �"�%�4�!�"���"���0�#�1� �-���!�" �1�*�.�#�0���'�)��� �-�#���1�(�*�/�(�%�" �" �#�(�>��
�!� ���,�*���&�0���'�#�� �%�����# �( �( �* �( ��� �*�� �(�#�%�+�-�� �%���*� �-�#�(�� ���*�,�����' �#�$�*�(�#�� �%�������1�� �!�.�� �*�'�#�)�#�0�2�� ���-�#�� �� �3�����P���0�!�(�#�+� �!�=�#�� �!�.�� �*�$� �#����
�*�"�!� � �#�0�>�� �!�����,�-�!�+�-�� �+�%�.�#

�� �3�����P�� ��

�!�.�� �%�.�.���"�#�0�2

���-�#�� �0�!�(�#�+� �!�=�#�� �0�*�#�.�� ���*� ���( �# �$�# �( �� � �*��� �-�#�� �0�#�1� �-�� �*�$���Q���"�1�0�*�,�������#� ���(�����1�%�!�(�.�>�� �$�* �(�� �,�-�!�+�-��� �-�#�� �%�1�1�(�*�1�(�!�%� �#�� �0�!�(�#�+� �!�=�#��
�!�.�� �Q���B�������[������ �3�����P�� ���.�#�#�� ���#�+� �!�*�����8�2���2�����2
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�� �� �� �	 �� �� �� �� �� �( �� �	 �� �� �� �	 �� �#�$�� �	 ��

�� �: �: �-�0 �-�� �/ �� �� �� �! �� �5 �# �� �� �0�-�/ �� �� �"�� �� �-���-�0�-�� �! �� ������
�#���������	������ �% �*���* ��

�� �� �.���'�(�*��� �!���#�� � �*���'�#�� �#��� �#�(�#�0���'�)�� �%���Q���"�1�0�*�,���� �!���.� �(���+� �!�*�����+�%���� �#�!� �-�#�(�� �'�#�� �&�%�'�#�&�&�#�0���%���0���, �(�!� � �#�����,�!� �-�!���%���-�%�1� �#�(�>��
�%�.�� �0�#�.�+�(�!�' �#�0�� �!�������#�+� �!�*���� ���2���2�8�>�� �*�(�� �'�#�� �,�(�!� � �#���� �%�.�� �%�� �.�#�����+�*��� �%�!���#�0���<���������������� �� �� ���*��� �!���#�� �!�.�� �%���'�&�*�+�E���*�$�� �!�� �V
�.� �(���+� �!�*���.�� �%���0���0�!�(�#�+� �!�=�#�.�� �-�#�%�0�#�0���'�)�� �%���0�!�(�#�+� �!�=�#�� �*�$��� �-�#���$�*�(�"

�������������3�� ��

�%���0���$�*�&�&�*�, �#�0���'�)�� �%���0�!�(�#�+� �!�=�#�� �+�*���.�!�.� �!���/�� �*�$��� �,�*�� �* �(�� �" �*�(�#�� �%�.� �#�(�!�.�E�.�� �*�����%�� �&�!���#��� �*��� �-�#�" �.�#�&�=�#�.�5

�:�:

���*��� �!���#�.�� �+�%�����-�%�=�#�� �%���)�� �����"�'�#�(�.�� �!����� �-�#�� �(�%���/�#�� �G��� �*�� ���G���H�2

�3��� �(�)���!�.�� �'�)�� �%���� �!���.� �(���+� �!�*�����*�$��� �-�#���$�*�(�" ��

�Q���"�1�0�*�,���� �����H��

�,�-�!�+�-���,�*���&�0�� �#��� �#�(�� ���*��� �!���#�� �H�� �%� �� �!� �.�� �$�!�( �. � �� �!���.� �(���+� �!�*���� �*�(�� �'�)�� �*���#�� �*�$��� �-�#�� �$�*�(�" ��

�Q���"�1�0�*�,���� �����H���8�?��

�,�-�!�+�-�� �,�*���&�0�� �#��� �#�(�� � �-�#�� �.�%�"�#�� ���*��� �!���#�� �%� �� � �-�#�� �!���.� �(���+� �!�*���� �&�%�'�#�&�&�#�0�� �8�?�2�� �����.�� �,�!� �-��� �-�#�� �.�!�" �1�&�#��� �)�1�#�� �*�$���Q���"�1����
�0�*�,���� �.�#�@���#���+�#�>�� �#�4�!� �� �!�.�� �'�)�� � �-�#�� �!���.� �(���+� �!�*��

���#� ���(��

�� ���1�%�(� �!�+���&�%�(�� ���*��� �!���#�� �, �!�&�&�� �%�1�1�#�%�(�� �*���&�)�� �*���+�#�� �*�����%���1�(�*�/�(�%�"�� �0�*�+���"�#��� �2�� ��� �� �+�%���� � �-�#�����'�#�� �+�%�&�&�#�0�� �!�����'�)�� �Q���"�1����
�0�*�,���� �!���.� �(���+� �!�*���.�� �!���� �%���)�� ���-�%�1� �#�(�.�� �* �(�� ���*��� �!���#�.�2�� ���-�#�.�#�� �!���.� �(���+� �!�*���.�� �"�%�)���'�#�� �+�*���.�!�0�#�(�#�0��� �*���+�%���.�#�� �%�� �+�*�1�)��
�*�$�� � �-�#�� ���*��� �!���#�� � �*���'�#�� �!���.�#�(� �#�0�� �!��� �*�� �#�%�+�-�� ���-�%�1� �#�(�� � �-�%� �� �(�#�@���!�(�#�.�� �!� �2�� �3���*���#�� ���*��� �!���#�� �+�*��� �%�!���.�� �%���Q���"�1�0�*�,����
�!���.� �(���+� �!�*���� � �*�� �%���*� �-�#�(�� ���*��� �!���#�>�� � �-�#���� �%���Q���"�1�0�*�,���� �!���.� �(���+� �!�*���� � �*�� � �-�#�� �$�!�( �. � �� �, �!�&�&�� �+�%���.�#�� �'�*� �-�� ���*��� �!���#�.�� � �*��
�'�#�� �%�=�%�!�&�%�'�&�#�� � �*�� � �-�%� �� ���-�%�1� �#�(�2

���-�#�(�#�� �%�(�#�� � �,�*�� �(�#�.� �(�!�+� �!�*�� �.�� �*���� � �-�#�� �, �(�!� � �#���� �1�*�.�!� �!�*���� �*�$�� �%�����*��� �!���#�5

���%���� �!� �� �"���.� �� ���*� �� �'�#�� �,�(�!� � �#���� �!���.�!�0�#�� �%�� ���-�%�1� �#�(�� �* �(�� �%���*� �-�#�(�� ���*��� �!���#��

�G�.���� �!� �� �"���.� �� �'�#�� �, �(�!� � �#���� �%�$� �#�(�� � �-�#�� �!���!� �!�%�&���0�!�(�#�+� �!�=�#�.�2

���-�#�� ���*�(�"�%�&�� �1�(�%�+� �!�+�#�� �!�.�� � �*���/�(�*���1�� �%�&�&��� �-�#�� ���*��� �!���#�.�� �*�$�� �%�� �1�(�*�/�(�%�"�� �!�" �" �#�0�!�%� �#�&�)�� �%�$� �#�(�� � �-�#�� �!�� �!� �!�%�&���0�!�(�#�+� �!�=�#�.�2��
���-�#�)�� ���#�#�0�� ���*� ���'�#�� �!���� �����"�#�(�!�+�%�&�� �*�(�0�#�(�2

���-�#�� �%�0�=�%��� �%�/�#�.�� �*�$�� �%�� ���*��� �!���#�� �*�=�#�(�� � �-�#�� �*� �-�#�(�� � �)�1�#�� �*�$���Q���"�1�0�*�,�����.�#�@���#���+�#���%�(�#�� � �-�%� �� �!� �����#�#�0���'�#���, �(�!� � �#���� �0�*�,����
�*���&�)�� �*���+�#�>�� ���*�� �"�%� � �#�(�� �-�*�,�� �"�%���)�� �0�!�$�$�#�(�#��� �� ���-�%�1� �#�(�.�� �(�#�@���!�(�#�� �!� �>�� �%���0��� �-�%� �� �!� �� �!�.�� �.�*�� �"���+�-�� �" �*�(�#�� �.�#�����+�*��� �%�!���#�0��
� �-�%� �� �!� �� �+�%���� �#�%�.�!�&�)�� �'�#�� �,�(�!� � �#����� �*���'�#�� ���.�#�$���&���!���� �"�%���)�� �0�!�$�$�#�(�#��� �� �1�(�*�/�(�%�"�.�� ���.�#�#�� �#�.�1�#�+�!�%�&�&�)�� ���#�+� �!�*���.�� �8�2���2�8�� �%���0��
�8�2���2���� �'�#�&�*�,���2

�� �� �����!�� ���!���.�� �<�����������������&������ �(�� �#�(�������"���1�(���� ���9�#�!�� ���&�� �����8����������� �!�� ������ ��� �&��������� �(���!�� �8������ �����(� �$�(���$��

�������������	�� �� ��



���������������	

�3�%�+�-�� �*�$��� �-�#���$�*�&�&�*�, �!���/��� �,�*�� �#�4�%�"�1�&�#�.�W���!���+�&���0�#�.�� �%���+�*�" �1�&�#�4�*�$�.�� �'�(�*�� � �!���#�.� �*�#�=�%�&���%� �#� �-�#�-�)�1�#�(�'�*�&�!�+�$�����+� �!�*���.��

�.�!���-��(x)�� �6�� ���# �: �� ���� �#��x )�����8��

�+�*�.�-��(x)�� �6��(ex  + e~x )�����8��

� �%���-��(x)�� �6�� �.�!���-��(x)�����+�*�.�-�� ���4��

���%���� ���-�#�� �$�*�&�&�*�,�!���/�����*��� �!���#���-�%�.�� �%���.�#�1�%�(�%� �#�� �#��� �(�)�� �1�*�!��� ���$�* �(�� �#�%�+�-�� �*�$��� �-�#��� �-�(�#�#�� �*�1�#�(�%� �!�*���.�2

�������������3�� ���G�� �^�P�M���3���9���������� �������������������2�� �� �. �#�. �� �>�� �� �Y�>�� �3�>�� �3 �a

�^���!���-���C���� �6�X�� ���2�� �3��� �(�)�5�� �Q���"�1�0�*�,���� �������G���� �*�(�� �������G�������2
������ �Q���"�1�0�*�,��������

���� �6�� �G�2�H���3 ���3 �Y��
���#� ���(��

���� �� �*�.�-���C���� �6�X�� ���2�� �3��� �(�)�5�� �Q���"�1�0�*�,���� �������G���8���2
�8���� �Q���"�1�0�*�,���� ����

���� �6�� �G�2�H���3 �\�3�Y��
���#� ���(��

�^�� �%���- ���C���6�X�� ���2�� �3��� �(�)�5�� �Q���"�1�0�*�,���������G�������2
������ �Q���"�1�0�*�,���� ����

�� �a�� �6�� ����
�Q���"�1�0�*�,���� �8��
���� �6�� �� �a������
���#� ���(��

������ �3�� �6�� � �$�X�#�4�1���C��
�3�Y�� �6�� �&���3��
���#� ���(��

�:�:

���'���� ���-�#�� �$�*���(�� �&�%�'�#�&�&�#�0���.�#�@���#���+�#�.�� �*�$��� �-�#�� �%�'�*�=�#�� ���*��� �!���#�� �%�(�#�� �(�#���, �(�!� � �#�� �� �� ���(�#�%�&�!�.� �!�+�%�&�&�)���'�#�&�*�,���%�.���$�*���(�� �.�#�1�V
�%�(�%� �#�� ���*��� �!���#�.�5

�������������3�� ����

�^���!���-���C���� �6�X�� ���2�� �3��� �(�)�5�� �Q���"�1�0�*�,������������
�Q���"�1�0�*�,���� �����H����
���� �6���G�2�H���3 ���3 �Y��
���#� ���(��

�:�:

�������������3�� ���8

��̂� ���*�.�-���C���� �6�X�� ���2�� �3��� �(�)�5�� �Q���"�1�0�*�,���� �������8��
�Q���"�1�0�*�,���� �����H����
���� �6���G�2�H�����3�\�3�Y��
���#� ���(��

�: �:

T Both are based on examples in the CHLF3 Programmer's Notes issued by the University of London��
Institute of Computer Science.
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���.�.���"�!���/�� � �-�%� ��� �-�#�� ���-�%�1� �#�(�.�� �+�*��� �%�!�������*���*� �-�#�(�� �+�%�&�&�.�� �$�* �(�� � �-�#�� ���*��� �!���#�.�>�� � �-�#�� � �(�%���.�&�%� �#�0���1�(�*�/�(�%�" �� �+�%�����'�#��
� �-�*���/�-� ���*�$�� �%�.�� �-�%�=�!���/�� � �-�#�� �$�*�&�&�*�, �!���/���$�*�(�" �5

�� �P�� �� �� �3 �� �� ��

��
�9�*�0�)�� �*�$�� ���-�%�1� �#�(�� �u ��
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���.�#�0�>�� �.�%�)�>�� �=�%�(�!�%�'�&�#�.�� ���G�� � �*�� �����G�>�� �#�%�+�-�� ���-�%�1� �#�(�� �+�%�&�&�!���/��� �-�%� �����*��� �!���#���,�*���&�0�����*�(�" �%�&�&�)�� �-�%�=�#�� �%�����#� ���0�!�(�#�+� �!�=�#��
�] �� �W �� �G �] �� ���%� �� �&�#�%�.� ���2
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�� �&�#�%�(�� ���*�(�� ���1�� �� �# �= �#�&���%�+� ���%�&�&�)��� �(�%���.�$�#�(�.�� �+�*��� �(�*�&���'��� ���'�*� �-�� �+�%�����%�$�$�#�+� ��� �-�#���$��� ���(�#���$�&�*�, ���*�$�� �+�*��� �(�*�&���*�$���%���1�(�*�/�(�%�"�2
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Programme numbers can be in the range -0 to -4095. Chapters in each Programme are numbered 
independently of those in other Programmes. A  possible teyout fo r a complex program could be:

PROGRAMME -10 
CHAPTER 1

CLOSE

CHAPTER 2

CLOSE

PROGRAMME -871 
CHAPTER 1

CLOSE

CHAPTER 2

CLOSE

PROGRAMME -850 
CHAPTER 1

CLOSE

CHAPTER 5 

CLOSE 

CHAPTER 0 

CLOSE

The first Programme would have been specially written for the problem, while the other two would be 
drawn from a Library.

Entry to a Programme is by an instruction such as

Down 101/1-850 
or

Across 101/1-850

either of which would enter Chapter 1 of Programme-850 at the instruction labelled 101. Exit is 
by an Up or Across instruction. Within a Programme the simpler forms of Down and Across instruct­
ion refer to Chapters of that Programme. It follows that instructions

Down 77/2

and

Down 77/2 - 871

obeyed in Programme -850 would not have the same effect: the firs t would transfer control to Chapter 
2 of Programme -850, the second would transfer control to Chapter 2 of Programme -871.

Similarly, the Variables directive normally refers to a previous Chapter of the same Programme. 
However, it is possible for one Programme to refer to the variable settings of another by means of 
a directive such as

VARLABLES 3-850

which means ’transfer the variable settings of Chapter 3 of Programme 850 to the current Chapter of 
the current Programme'.

8 Section 2
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Any Chapters wtthout a Programme heading are automatically taken to form Programme -0. Consider 
the foUoving program:

CHAPTER 1

CLOSE

CHAPTER 2

CLOSE

PROGRAMME -862 
CHAPTER 1

CLOSE

CHAPTER 2 
VARUBLES 1

CLOSE

CHATTER 0 
VARUVBLES 1

CLOSE

It consists of two Programmes: the explicit Programme -862 containing Chapters 1 and 2 and the 
implicit Programme -0 containing Chapters 1, 2 and0. Notice that "VARIABLES 1" in Chapter 0 refers 
back to a Chapter in the same Programme, i.e. to the firs t Chapter 1. For an Across or Down ins­
truction in Programme -862 to transfer control to the firs t Chapter 2 it would have to be written in a 
form  such as

Across 70/2-0
However, since Chapter 0 is unique and always in Programme -0 it can be transferred to from  any 
Programme without a Programme number being specified.
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���%���� � �*���%�+� ���%�.�� �%���0���"�1���$�* �( �� � �-�#�� �"�%�!���� ���%���0���.�1�#�+�!�%�&���� �=�%�(�!�%�'�&�#�.

���'���� � �*�� �(�#�+�#�!�=�#�� �(�#�.���&� �.�� �/�#���#�(�%� �#�0���'�#� �,�#�#����� �-�#�� �#�4�#�+��� �!�*�����*�$�� �� �( �# �. �#�(�= �#�� �%���0���� �#�.� �*�(�#�� �!���.� �(���+� �!�*���.

���+���� � �*���-�*�&�0�� �" �%� �(�!�4�� �#�&�#�"�#��� �.�2

���&� �-�*���/�-�� �%�� �����G�G�� �3�B�����1�(�*�/�(�%�" �" �#�(�� �!�.�� �����&�!�E�#�&�)�� � �*�����.�#�� �%�� �.�#� �� �*�$�� �%���4�!�&�!�%�(�)�� �=�%�(�!�%�' �&�#�.�� �%�.�� �%���0���"�1�� ���� �-�#���, �!�&�&��
���*�(�" �%�&�&�)�� �.�1�#�+�!�$�)�� �#�4� �(�%���"�%�!�����=�%�(�!�%�' �&�#�.���$�* �( ��� �-�!�.���1���(�1�*�.�#�� �� �� � �-�#�� �!���.� �(���+� �!�*���.�� �(�#�@���!�(�#�0���$�* �( �� ���%���� �%�'�*�=�#�� �%�(�#��
�%�=�%�!�&�%�'�&�#�� �%���0���%�(�#�� �0�#�.�+�(�!�' �#�0���!����� �-�#���(�#�" �%�!���0�#�(�� �*�$��� �-�!�.�� �.�#�+� �!�*���2

���-�#�.�#�� �.�%�"�#�� �!���.� �(���+� �!�*���.���, �!�&�&���'�#�� �(�#�@���!�(�#�0���$�* �(�� ���'���� �%�'�*�=�#�>�� �%�.�� �#�4�1�&�%�!���#�0�� �!�������#�+� �!�*���� �8�2�8�2���2

���-�#�� �"�*�.� �� �&�!�E�#�&�)�����.�#�� �*�$�� �%���4�!�&�!�%�(�)���=�%�(�!�%�' �&�#�.�� �!���� �����G�G�� �3�B���� �!�.�� �/�!�=�#�����!���� ���+���� �%�'�*�=�#�2�� ���-�#�� �!���.� �(���+� �!�*���.���$�* �( ��
�" �%� �(�!�4�� �*�1�#�(�%� �!�*���.�� �%�(�#�� �%�&�&���,�(�!� � �#���� �!����� �#�(�" �.�� �*�$�� �%���4�!�&�!�%�(�)���=�%�(�!�%�' �&�#�.�� �%���0��� �-�#�)���, �!�&�&�� �'�#�� �#�4�1�&�%�!���#�0�� �!���� ���#�+� �!�*����
���2�8�� �,�-�!�+�-�� �+�*��� �%�!���.�� �%���$���&�&�� �&�!�. � �� �*�$��� �-�#�� �!���.� �(���+� �!�*���.�� �%�$�$�#�+� �!���/�� �%���4�!�&�!�%�(�)���=�%�(�!�%�' �&�#�.�2

�� �� �4�!�&�!�%�(�)���=�%�(�!�%�' �&�#�.�� �%�(�#�� �-�#�&�0��� �*��� �-�#�� �.�%�"�#���1�(�#�+�!�.�!�*�� �� �%�.�� �"�%�!���� �*�(�� �.�1�#�+�!�%�&���=�%�(�!�%�' �&�#�.���'��� �� �%�(�#�� �!�0�#��� �!�$�!�#�0���'�)��
�1�*�.�!� �!�=�#�� �*�(�� ���#�/�%� �!�=�#�� �!��� �#�/�#�(�.�>�� ���*� �� �'�)�� �&�#� � �#�(�.�2�� ���*�� �+�*���$���.�!�*�����,�!� �-�� �!��� �#�/�#�(�� �+�*���.� �%��� �.�� �%�(�!�. �#�.�� �%�.�� �%���4�!�&�!�%�(�)��
�=�%�(�!�%�' �&�#�.�� �+�%�����'�#�� �( �#�$�#�( �( �#�0 ��� �*�� �*���&�)�� �!���� �+�#�(� �%�!���� �!���.� �(���+� �!�*���.�� �%���0�����*� �� �!���� �%�(�!� �-�" �#� �!�+�� �#�4�1�(�#�.�.�!�*���.�2�� ���-�#�� �. �!�J�#��
�*�$��� �-�#�� �.�#� �� �!�.�� �0�#�$�!���#�0���'�)�� �%���� �!���!� �!�%�&�� �0�!�(�#�+� �!�=�#�� �*�$��� �-�#���$�*�(�"

�� �� �4�!�&�!�%�(�)�� �������G�G�G�>�� �?�G�H�G��

�,�-�!�+�-���,�*���&�0���"�%�E�#���%�=�%�!�&�%�'�&�#�� ���G�H���� �=�%�(�!�%�' �&�#�.�� �����"�'�#�(�#�0�� �����G�G�G��� �*�� �?�G�H�G�2�� �F��� �-�#�� �0 �!�(�#�+� �!�=�#�� �!�.�� �*�"�!� � �#�0�>�� ���*��
�.� �*�(�%�/�#�� �!�.�� �(�#�. �#�(�=�#�0���$�* �(�� �%���4�!�&�!�%�(�)���=�%�(�!�%�'�&�#�.�2

�T�%�&���#�.�� �+�%�����'�#�� �+�*�1�!�#�0��� �*���%���'�&�*�+�E���*�$�� �%���4�!�&�!�%�(�)�� �=�%�(�!�%�' �&�#�.�� �$�(�* �" ���%���'�&�*�+�E���*�$���"�%�!�����=�%�(�!�%�' �&�#�.�� �'�)�� �%�� �m�?�� �!���.� �(���+� �!�*����
�.���+�-�� �%�.

�G�?�� �����G�8������ �C���G�>�� ���G�G�G

�,�-�!�+�-���,�*���&�0���+�*�1�)��� �-�#�� �=�%�&���#�.�� �*�$��� �-�#�� ���G�G�G�� �"�%�!�����=�%�(�!�%�' �&�#�.�� �C���G�>�� �2�2�2�� �C���G�G����� �*��� �-�#���%���4�!�&�!�%�(�)���=�%�(�!�%�' �&�#�.�� ���G�8���>
�2�2�2�� �8�G�8�G�2�� ���-�#�� �G���� �!���.� �(���+� �!�*�����-�%�.�� � �-�#�� �( �#�=�#�(�. �#�� �#�$�$�#�+� �>�� �#�2�/�2

�G���� �����H�G���� ���8�H�>�� ���G

�,�*���&�0���+�*�1�)�� � �-�#�� �=�%�(�!�%�'�&�#�.�� ���H�G�>�� �2�2�2�� ���?���� � �*�����8�H�>�� �2�2�2�� ���H���2�� �T�%�&���#�.�� �+�%�����%�&�.�*���'�#��� �(�%�� �.�$�#�(�(�#�0��� �*���* �(���$�(�* �" ��� �-�#��
�.�1�#�+�!�%�&�� �=�%�(�!�%�'�&�#�.�>�� �'��� �� �*���&�)�� �*���#�� �%� �� �%��� �!�" �#�S�� �#�2�/�2�� � �-�#�� �.�#�@���#���+�#

���� �6�� ���8�2�?����
�G�?���� �?���� �>��

�,�*���&�0���%�.�.�!�/����� �-�#�� �=�%�&���#�� ���8�2�?���� � �*�� �%���4�!�&�!�%�(�)�� �=�%�(�!�%�'�&�#�� ���?�2�� �m���� �%���0�� �G�?�� �.�!�" �1�&�)�� �+�%�(�(�)�� �*��� �� �+�*�1�)�� �*�1�#�(�%� �!�*���.�� �%���0
�0�*�� ���*� �� �%�$�$�#�+� ��� �-�#�� �=�%�(�!�%�'�&�#�.�� �,�-�*�.�#�� �=�%�&���#�.�� �%�(�#���'�#�!���/�� �+�*�1�!�#�0�2

���*� �#�� � �-�%� �� �G���� �%���0���&���?�� �%�(�#�� ���*� �� �3�B�����$�����+� �!�*���.�� �'��� �� �%�(�#�� �!���.� �(���+� �!�*���.�� �%���0���%�.�� �.���+�-�� �"���.� ���'�#�� �, �(�!� � �#���� �*���#�� � �*���%���&�!���#�2��
���- �#�!�(�� �%�(�/���"�#��� �.�� �"�%�)���'�#�� �$���&�&�)�� �/�#���#�(�%�&�>�� �#�2�/�2�� �!�$�� ���>�� �Q�>�� �F���-�%�=�#��� �-�#�� �=�%�&���#�.�� ���>�� �?�>�� �H�� � �-�#����� �-�#�� �!���.� �(���+� �!�*��

�G���� ���H�8���� �\�� �Q�� ���� �F �����O�������Q�� �\�� �����>�� ���� ���� �Q�� �\�� ���G

�!�.�� �#�@���!�=�%�&�#��� ��� �*

�G�� ���H�� ���W�� �G�>��

�P�#�(�#�>�� � �-�#�� �=�%�&���#�� �*�$��� �-�#�� �#�4�1�(�#�.�.�!�*���� �H�8���\�Q�� ���� �F���!�.�� � �%�E�#����� �*���0�#�$�!���#�� �%���1�%�(� �!�+�� �&�%�(�%�� �4�!�&�!�%�(�)�� �=�%�(�!�%�' �&�#�S�� �. �!�" �!�&�%�(�&�)��
� �-�#�� �=�%�&���#�� �*�$�� �� �Y�� �!����� �-�#�� �!���.� �(���+� �!�*��

�G �? �� �� �Y�� �9 �Y�>�� ��

�0�#�$�!���#�.�� �%���1�%�(� �!�+���&�%�(�� �%���4�!�&�!�%�(�)���=�%�(�!�%�' �&�#���%���0���� �Y�� �!�. �� ���*� ���!� �. �#� �$���%�&� �#�(�#�0�2

���- �#�(�#�� �%�(�#�� �!���.� �(���+� �!�*���.�� � �*���(�#�%�0��� �*�� �%���0���1�(�!��� ���$�(�* �" ��� �-�#�� �%���4�!�&�!�%�(�)���=�%�(�!�%�'�&�#�.�2�� �G���G�� �!�. �� � �-�#���(�#�%�0���!���.� �(���+� �!�*���2
�� �* ���(�#�%�0���8�G�G�G�� �����"�'�#�(�.�� � �*���=�%�(�!�%�' �&�#�.�� �����G�G�>�� �2�2�2�� ���������� �!� ���,�*���&�0���'�#���, �(�!� � �#�����%�.

�������) �4�������3�����������,

���-�#�� �����"�'�#�(�.�� �,�*���&�0���%�1�1�#�%�(�� �*�����%���0�%� �%���0�*�+���"�#��� �� �#�4�%�+� �&�)�� �%�.�� � �-�*���/�-��� �-�#�)���, �#�(�#��� �*���'�#�� �(�#�%�0���'�)�� �%���. �#�(�!�#�. �� �*�$��
�*�(�0�!���%�(�)�� ���#�%�0���!���.� �(���+� �!�*���.�2

���-�#�� �1�(�!��� �� �!���.� �(���+� �!�*�����!�.�� �G���>�� �#�2�/�2
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�������������2������
� �-���.�>�� �! �! ��� �-�#�� �1�(�*�/�(�%�" �" �#�(�� �,�%��� �.�� � �-�#���(�#�.�� �&� ���1�&�%�+�#�0���!���� �%���4�!�&�!�%�(�)���=�%�(�!�%�' �&�#�� ���H�>�� � �-�#�� �+�%�&�&�!�� �/���!�� �� �.�#�@���#���+�#��
�+�*���&�0���'�#���, �(�!� � �#�����%�.

�� �( �# �. �# �( �= �# �� �����"�1�� �+�*�1�)�� �*�$���,�*�(�E�!���/�� �.� �*�(�#�2
�����6�� ���H��
�B �6�� ��

�w�� ���a�� �� �%�(�%�" �# � �# �(�. �( �#�@�� �!�( �#�0 �' �) �� �( �* �/ �( �%�" �" �# �2
�����6�� ��
�C���6�� ���?�2�G

���*�,���� ���G�������� ���� �8�G�H�H�� �� �&�%�+�#�.�� �(�#�.�� �&� �� �!�����C���%���0���%���4�!�&�!�%�(�)�� �=�%�(�!�%�' �&�#�� ���H�2

�� �#�.� �*�(�#�� �C���*�=�#�(�,�(�!� � �#���2
�G�������H���_�>������ ���#�.���&� �� �+�*�1�!�#�0��� �*�� �_�2

�� �( �# �. �# �( �= �#�� �%���0���� �#�.� �*�(�#�� �%�(�#���(�#�&�%� �!�=�#�&�)�� �.�&�*�,�� �*�1�#�(�%� �!�*���.�� �%���0���.�-�*���&�0���'�#�� �%�=�*�!�0�#�0�� �!���� �!�����#�(�� �&�*�*�1�.�2
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���G������ �( �# �. �# �( �= �# �� �����"�1���, �*�(�E�!�� �/ �� �. � �* �( �#
�3�� �6�� �G�2�G�G�G���� �� �+�+�� �(�%�+�)
���Y�� �6�� ���� �� �#�. �� �&� ���,�%��� �#�0�� �!�����%���4�2�� �= �% �( �!�% �' �&�# �� ��
���*�,���� ���������H�G�8�� �� �%�&�&�� �� �( �* �/ �( �%�" �" �#
�� �# �. � �* �( �# �� �� �# �. � �* �( �# ���, �*�(�E�!�� �/ �� �. � �* �( �#
�G���� �������� ���G�>���8�� ���'� �%�!���� �(�# �. �� �&� �� �%���0���%�+�+�� �(�%�+�)�� �!���� ���G�>�� ����

�� �( �!�� � �� ���� �G ���� �G�>������ �� �( �!�� � �� �(�# �. �� �&� 
�Q���"�1�� ���H�>�� ������ �6�� �G�2�G�G�G���� �� �( �!�� � �� �%�+�+�� �(�%�+�)

���1�%�+�#�� ���� �2���! �$�� ���*� �� �G�2�G�G�G���2
�� �( �!�� � �� ���� �� ���� �G�>����

�� �H���� �#�1�#�%� �� �� �# �4 � �1 �% �! �( �* �$ �% �2 �� �> �2 �> �� �%
���� ���� ���� ��

�3���0
�� ���� �� �3

�� �� �� �R �� �� �B �B �3 �� ���� �H�G�8��
�� �P �� �� �� �3 �� �� ��

�� �!�' �( �% �( �) �� �� �( �* �/ �( �%�" �" �#

�^�� �� �C���� �� �W�� �M�� ���3�U�� �3���� �3��
�o�� �W�� ��

�Q���"�1�� ���>�� �� �� ���� ����
�C �� �6�� �G�#�4�1�� ���C �� �G�.�!���� ���C ������ �� ��
�Q���"�1�� ���G��

�������Q���"�1�� �?�>�� �� ������ ����
�� �� ���� �� �� �� �� �� �� �� �� �� �� ��

�Q���"�1�� ���G��

�? �� �� �o�� �G�� �6�� �C�\����
�� �� ���� �6�� �C���� �G

�C �� �6�� �� �C�C�C����

�� �� �6�� ����������
�C���6���C�C�� ��̂� �� �%�!�. �# �� � �*�� ����� �-�� �1�*�, �#�(�2
�� �#�1�#�%� 

�C �� �6�� �o�G�� �:�� �o���� �:�� �o���� �:�� �C

�Q���"�1�� ���G��

�� ���� �� �3

�� �P �� �� �� �3 �� �� �G��
�� �+ �( �* �. �. �� ��������
�� ���� �� �3

�� �*� �#�.�� �*���� � �-�#�� �%�'�*�=�#�� �1�(�* �/ �(�%�" �5

���%���� ���Y�� �%���0�� �3�� �%�(�# �� �. �#� �� �%�$� �# �(�� � �-�#�� �� �( �# �. �# �( �= �# �� �*�1�#�(�%� �!�*�� �S�� �� �2�%���0�� �9�� �% �( �# �� �. �#� ���' �# �$�* �( �# �� �!� �2�� �P�� � �-�#�� �1 �( �* �/ �( �% �" �" �# �( �Y�. ��
�� �-�%�1� �#�(�� �G�� �* �( �� ���� �-�%�0�� ���.�#�0���� �� �%���0�� �9���$�* �( �� �* � �- �#�(�� �1�� �(�1�*�.�#�.�>�� � �-�#�)�� �, �*�� �&�0���� �# �+�#�. �. �%�( �!�&�) �� �-�%�=�#�� �'�#�#���� �. �#� �� �#�@���%�&��
� �*�� � �-�#�� �1 �%�(�%�" �#� �#�(�. �� �%�$� �# �(�� � �-�#�� �� �( �# �. �# �( �= �# �� �* �1�#�(�%� �!�*�� �� �-�%�0��� �%�E�#���� �1 �&�%�+�#�2

���'���� �������G�� �%���0�� �o���� �, �# �( �# �� �!�� � �(�*�0���+�#�0�� � �*�� �-�*�&�0�� �!�� � �#�(�" �#�0 �!�%� �#�� �(�#�. �� �&� �. �� �!����� �-�#�� �%�� �4�!�&�!�%�(�) �� �.�#�@���#�� �+�#�2�� �9�#�+�%���.�#�� �* �$��
� �-�#�� �0���"�1�!���/�� � �-�%� �� � �%�E�#�.�� �1 �&�%�+�#�>�� �!� �� �!�. �� �@���!� �#�������!�" �1�*�(� �%��� ��� �*�� � �-�#�� �1 �( �* �/ �( �%�" �" �#�(�� � �-�%� ��� �-�#�)�� �% �( �# �� � �-�#�� �.�%�" �#��
�= �%�(�!�%�' �&�# �. �� �%�.�� �� ���G�� �%���0���������� �!����� �-�#���$ �! �( �. � �� �� �-�%�1� �#�(�� ���2

�������������	���� ����



���+ ���� �� �� �1 �%�!�(�� �* �$�� �� �( �# �. �# �( �= �# �� �%���0�� �� �# �. � �* �( �# �� �!�� �.� �(�� �+� �!�*�� �.�� �% �( �# �� �*�' �#�)�#�0���$�* �( �� �#�%�+�-�� �+ �% �&�&�� �* �$�� � �-�#�� �� �( �* �/ �( �%�" �" �#�2�� ���!���+�#��
�( �# �&�% � �!�= �# �&�) �� �&�!� � �&�# �� �+�*�" �1��� �%� �!�*���� � �%�E�#�.�� �1 �&�%�+�#�� �!���� � �-�#���� �. �# �(�� �1 �(�* �= �!�0 �# �0 �� �.�#�+� �!�* �� �. �>�� �%�� �&�!� � �&�# �� �+ �%�(�# �� �+�*���&�0�� �&�#�%�0��
� �*�� � �-�#�� �#�&�!�" �!�� �%� �!�*�� �� �* �$�� � �- �#�.�#�� �*�1�#�(�%� �!�*�� �.�2�� �� �- �#��� �#�+�-���!�@���#�� �0 �#�. �+�(�!�' �# �0 �� �!���� �� �#�+� �!�*���� �8�2�8�2���� �+�*���&�0�� �'�#�����.�#�0��
� �*�� �0���"�1�� � �-�#���=�%�&�� �#�.�� �* �$�� ���G�� �%���0���� �B �� �* �� �+ �# �� �$�* �( �� �% �&�&�� �!���� �%�� �.�#� �� �* �$�� �%�� �4�!�&�!�%�(�) �� �= �%�(�!�%�' �&�# �. �2�� �� �- �#�. �#���=�%�&�� �#�.�� �+�*���&�0��
� �-�#���� �'�#�� �+�*�1�!�#�0���'�%�+�E�� � �*�� � �-�#���, �*�(�E�!�� �/ �� �. � �* �( �# �2�� �� �&� �# �( �� �% � �!�= �# �&�) �>�� � �-�#�� �1 �(�* �/ �(�%�" �� �+�*���&�0�� �.� �%�(� �5

�B �� ���� �� ���G����
�� �� �C ���� �� �� �� �M �� �����>���8��
�� �� �B������ �G��
�� �P �� �� �� �3 �� �� ����
�� �� �W �� ������
�� �� �y�:�� ���G

���- �#�� �� �!�' �( �% �( �) �� �� �( �* �/ �( �%�" �" �# �� �%���0�� �%�� �4�!�&�!�%�(�) �� �.�#�@���#���+�#���� �.�#�� �*���&�)�� � �-�#�� �$�! �( �. � �� ���8�� �" �%�!�����= �%�(�!�%�' �&�# �. �>�� �.�*���� �G�� � �*��
�� ���G�� �, �*���&�0�� �'�#�� �����0�!�.� ���(�'�#�0�2�� ���G�� �%���0�� ������ �, �*���&�0���' �#�� ���.�#�0���%�.�� �' �# �$�* �( �# �2�� ���8�� � �*�� �������� �% �( �# �� �]�0 �� �" �" �) �]�� �= �%�(�!�%�' �&�#�. �>��
�������.�#�0�� �!���� � �-�!�.�� �+�-�%�1� �#�(�2

�[ �!� �-�� �#�!� �- �#�(�� �%�&� �#�(�� �%� �!�= �#�� � �-�#�� �1 �(�* �/ �(�%�" �� �, �*���&�0�� �� �# �+�#�. �. �%�( �!�&�) �� �' �#�� �( �# �� �, �( �!� � �# �� �� � �*�� �#�&�!�" �!�� �%� �#�� �+�* �� �$�&�!�+� �!�� �/ ���� �.�#�.��
�* �$�� � �-�#�� �. �1 �#�+�!�%�&���= �%�(�!�%�' �&�# �. �� �%���0�� �!�� �0�!�+�#�.�2�� �� �* �( �� �!�� �.� �%���+�#�>�� �B�� �!���� � �-�#�� �1 �( �* �/ �( �% �" �" �# �( �Y�. �� �� �-�%�1� �#�(�� ���� �+�*���&�0���'�#��
�( �# �1 �&�%�+�#�0 ���'�)�� ���2

�[�-�#���� �0�#�+�!�0�!�� �/���, �-�#� �- �#�(�� �* �( �� ���*� �� � �*���� �.�#�� �� �( �# �. �# �( �= �# �� �%���0�� �� �# �. � �* �( �# �� � �-�#�� �1 �(�* �/ �(�%�" �" �#�(�� �"���.� �� �' �%�&�%���+�#�� � �-�#�� �#�4� �(�%��
�'�%�+�E�!���/�� �. � �* �( �# �� �( �# �@�� �!�( �#�0 �� �$�* �( �� � �-�#�� �0���"�1�.�� �%���0�� � �-�#�� � �!�" �#�� �( �# �@�� �!�( �#�0 �� � �*�� �1 �# �( �$�* �( �" �� � �-�#�� � �(�%�� �. �$�#�( �. �� �*�$�� �% �&�&�� � �-�#���, �*�(�E�!�� �/ ��
�. � �* �( �# �� �%�/�%�!�� �.� �� � �-�#�� �. � �* �( �# �� �%���0�� � �!�" �#�� �( �# �@�� �!�( �#�0 ���'�)�� �%�&� �#�(�� �%� �!�=�#�� �" �#� �-�*�0�.�2�� �P �*�, �#�=�#�(�>�� �"�%���)�� �1 �(�*�' �&�#�" �.�� �, �! �&�&�� �'�#��
�.�*�� �+�*�" �1�&�#�4�� � �-�%� �� �!� �� �, �! �&�&�� ���*� �� �'�#���, �*�(� �- �� �.�1�#���0�!���/�� �%�� �&�*� �� �* �$�� �1�(�* �/ �(�%�" �" �!�� �/ �� � �!�" �#�� � �(�) �!�� �/ �� � �*�� �%�=�* �!�0��� �-�#�� ���.�#�� �* �$��
�� �( �# �. �# �( �= �# �� �%���0�� �� �# �. � �* �( �#�� �!�� �.� �(�� �+� �!�*�� �.�2

20 Section 2





���-�#�� �*�'�=�!�*���.�� �%�0�=�%��� �%�/�#�� �* �$�����.�!�� �/�� � �-�#�������+�*�0�#�� �$�����+� �!�*���� �(�%� �- �#�(�� � �-�%���� � �-�#�� �#�4 �1 �&�!�+ �!� �� �� �� �" �#�(�!�+�%�&�� �+�*�0�#�� �,�-�#���� �( �# �$ �# �( �V
�(�!�� �/ �� � �*�� �%�� �+�- �%�(�%�+� �#�(�� �!�. �� � �-�%� �� �%�� �1 �(�* �/ �(�%�" ���, �(�!� � �#�� �� �!���� � �-�#�.�#�� � �# �( �" �. �� �+�%�����'�#�� �(������ �*���� �+�*�" �1�� � �#�(�.�� �#�" �1�&�*�)�!�� �/ ��
�0 �!�$�$�#�(�#�� � �� � �)�1�#�.�� �* �$�� �+�*�0�#�.�2

�� ���$�� �&�&�� �&�!�. � �� �* �$�� �+�- �%�(�%�+� �#�(�. �� � �-�%� �� �" �%�)�� �%�1�1�#�%�(�� �!���� � �-�#�������+�*�0�#�� �$�����+� �!�*���� �!�. �� �/ �!�=�#�� �� �!���� ���#�+� �!�*���� �8�2���2���2

�!�����.������ ���	���� �/���;�����	������ �%�*�&�*�&

���*�"�#�� �+�- �%�(�%�+� �#�(�. �� �"���.� ���'�#�� �(�#�1 �(�#�. �#�� � �#�0 �� �!���� � �-�#���G�+�*�0�#�� �$�����+� �!�*���� �'�)�� �%�' �' �(�#�=�!�%� �!�*�� �.�2�� �� �- �#�� � �,�*�� �" �*�.� �� �+�*�" �" �*����
�%�(�# �� �G�+�* �0 �#���� �� ���� �%���0�� �k �+�* �0 �# ���� �� ���2�� �� ���� �(�#�1 �(�#�. �#�� � �. �� �%�� �. �!�� �/ �&�#�� �.�1�%�+�#�� �+�- �%�(�%�+� �#�(�2�� �� �� �� �(�#�1�(�#�. �#�� � �. �� � �-�#�����#�,�&�!���#��
�+�- �%�(�%�+� �#�(�>�� �!�2�# �2�� � �-�#�� �+�- �%�(�%�+� �#�(�� � �-�%� �� �!�. �� �1�(�!�� � �#�0�� � �*�� � �#�(�" �!�� �%� �#�� �*���#�� �&�!�� �#�� �%���0�� �. � �%�(� �� � �-�#�� ���#�4� �2

�� �&�&�� �.�1�%�+�#�� �%���0�� �� �#�, �&�!���#�� �+�- �%�(�%�+� �#�(�. �� �!���� �%�� �0�%� �%�� �0�*�+���"�#��� �� �+�%���� �'�#�� �*�'� �%�!���#�0�� �'�)�� �+�- �%�(�%�+� �#�(�� �(�#�%�0�!�� �/ �� �!�� �.� �(�� �+� �!�*�� �.�2��
���-���.�>

�Q�� �� ��

�F

�,�*���&�0�� �1�(�*�' �%�' �&�)���' �#�� �(�#�%�0�� �%�.�� �] �Q �] �>�� �.�1�%�+�#�>�� �.�1�%�+�#�>�� �] �� �] �> �� �� �#�, �&�!���#�>�� �� �#�, �&�!���#�>�� �] �F �] �2�� �� �- �#�� �*���&�)�� �%�" �'�!�/�� �!� �)�� �!�. ��
� �-�%� �� �.���1�#�(�$�&���*���.�� �.�1�%�+�#�.�� �" �!�/�-� �� �-�%�=�#�� �'�#�#���� �1�(�!�� � �#�0�� �'�#� �, �#�#���� �] �� �] �� �%���0�� � �-�#�� �$ �! �( �. � �� ���#�, �&�!���#�� �+�- �%�(�%�+� �#�(�>�� �* �( �� �' �# �V
� �, �#�#���� � �-�#�� � �,�*�� �� �#�,�&�!���#�� �+�- �%�(�%�+� �#�(�. �� ���!�2�# �2�� �*���� � �-�#�� �'�&�%���E�� �&�!�� �#���2�� �� �- �#�. �#�� �, �*���&�0�� �% �&�&�� �-�%�=�#�� �'�#�#���� �*�'� �%�!���#�0���'�)��
�� �#�%�0�� ���-�� �!�� �.� �(�� �+� �!�*�� �.�2�� �� �- �#�� �$�* �&�&�* �, �!�� �/ �� �!�. �� �%�� �= �# �( �) �� �+�*�" �" �*���� �.�#�@���#���+�#�� �* �$�� �!�� �.� �(�� �+� �!�*�� �.�� � �*�� �(�#�%�0�� �%���0�� �!�/ �� �* �(�#��
�.�1�%�+�#�.�� �%���0�� �� �#�, �&�!���#�.�� ����� �!�&�� ����� �!�&�� � �-�#�� �$�! �( �. � �� �= �!�. �!�' �&�#�� �+�- �%�(�%�+� �#�(�2

�&���� �# �% �0 �� ���-�� ���F ��
�Q���"�1�� ���>�� �F �������8������������������ �� ��
�Q���"�1�� ���>�� �F�� �6 �G �+�* �0 �# �� �� �� �� ��

�� �- �#�� �0 �!�$�$�#�(�#�� � �� � �(�#�%� �" �#�� � �� �* �$�� �.�1�%�+�#�.�� ���%���0�� �� �#�, �&�!�� �#�. ���� �'�)�� � �-�#�� �+�- �%�(�%�+� �#�(�� �%���0�� �� �� �" �#�(�!�+�� �� �#�%�0�� �!�� �.� �(�� �+� �!�*�� �.�� �+�%����
�'�#�� �!�&�&�� �. � �(�%� �#�0 �� �'�)�� �+�* �� �. �!�0 �#�(�!�� �/ �� � �-�#�� �# �$�$�# �+ � �� �* �$�� �0 �!�$�$�#�(�#�� � �� �!�� �.� �(�� �+� �!�*�� �.�� �*���� � �-�#�� �&�!���#

���8�� ��

�, �- �#�(�#�� � �- �#�(�#�� �%�(�#�� � �- �(�#�#�� �.�1�%�+�#�.�� �'�#� �, �#�#���� �] �8 �] �� �%���0�� �] �� �] �2�� �� �$�� � �-�!�.�� �, �# �( �# �� �(�#�%�0�� �'�)

�� �#�%�0�� �� �� ��
�� �#�%�0�� ���-�� ���Q��
�� �#�%�0�� ���-�� ���F ��

� �-�#�� �!�� �0�!�+�#�.�� ���>�� �Q�� �%���0�� �F �� �,�*���&�0�� �-�%�=�#�� � �-�#�� �=�%�&�� �#�. �� ���8�>�� �k�+�*�0�#�� ���� �� ���� �%���0�����X�+�*�0�#�� ���� ���� �( �# �. �1 �# �+ � �!�= �# �&�) �2�� �� �* � �!�+�#�� � �-�%� ��
� �-�#�� �$�!�( �. � �� � �,�*�� �.�1�%�+�#�.�� �%�$� �# �(�� ���8�� �-�%�=�#�� �'�#�#���� � �%�E�#���� � �*�� �'�#�� �1�%�(� �� �* �$�� � �-�#�� �����" �'�#�(�� �'�)�� � �-�#�� �� �� �" �#�(�!�+�� ���#�%�0�� �!�� �.� �(�� �+� �!�*���2��
������ � �-�#�� �*� �-�2�#�(�� �-�%���0�>�� �! �$ �� � �-�#�� �!�� �.� �(�� �+� �!�*�� �.�� �-�%�0���'�#�#��

�� �#�%�0�� ���-�� �� �� ��
�� �#�%�0�� ���-�� ���U ��
�� �#�%�0�� ���� ��

� �-�#���� � �-�#�� �!�� �0 �!�+�#�. �� �� �>�� �U�� �%���0�� �� ���, �*���&�0���-�%�=�#�� �'�#�#���� �/ �!�=�#�� ��� �-�#���=�%�&�� �#�.���� �� �* �0 �#���� ���>�� �W�+�* �0 �#���8 ���� �%���0�� ���>�� �( �# �. �1 �# �+ � �!�= �# �&�) �2��
�� �- �#�� � �- �(�#�#�� �.�1�%�+�#�.�� �% �$� �# �( �� �8�� �-�%�=�#�� �'�#�#���� �.�E�!�1�1�#�0���'�)�� � �-�#�� �� �� �" �#�(�!�+�� �� �#�%�0�� �!�� �.� �(�� �+� �!�*�� �>�� �%�.�� �,�*���&�0�� �-�%�=�#�� �'�#�#�����%���)��
���#�, �&�!���#�� �+�- �%�(�%�+� �#�(�. �� � �-�%� �� �* �+�+�� �(�( �#�0 �� � �- �#�(�#�2

�� �- �#�� �!�� �.� �(�� �+� �!�*�� �.

�� �( �!�� � �� ���-�� ���� �k �+�* �0�#���� �� ���� ��
�� �( �!�� � �� ���-�� ���� �} �+ �* �0 �# ���� �� ���� ��

�% �( �# �� �#�@�� �!�=�%�&�#�� � ��� �*�� � �-�#�� �!�� �.� �(�� �+� �!�*�� �.

���1�%�+�#
�� �#�, �&�!�� �#
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�"���$�!���$���!����� ��������� �"�1���$�!�� �����.�!�����&�������!�� �������� �"���(���(�"���!�����-�������!���&���	���'��� �3�� �!�C�����?�(�1�!� ������ �������.�!�� ���&���'�����"�����(���!�����'����
�����(� �$�(���$���"���(���(�"���!���������(���!�������!�$����� ���(���#�����3���(�.���$���"���.�!� ���;

��� ���� �� �� �� �� �� �� � �� �!�(�"���� �"�(���$�� �.�(�9���8�!�� ���!�3�(���$�!�$���(�����(�� �1��� �!�� �"��� ���(��� ��� �3�������� �"���(���(�"���!�������� �����!�� ������������ ���"���1���.� ���� ���&���(�� �"�(���$�-��
�������(� �9���"���1���.� �����(�&���!�����(�� �M�!�������"�(�1���<�(���-�� �(���!�����3� �����!�$���8�9�������!���"���.�#���1�!����

�������� �� ���� �� �� �� �� �� ���� �� �� ������ � �������'�!�?�!���-�� �!�(�"�����"�(���$�� �.�(�9���8�!�� �"��� �����$�!���!�$���(�����(���1��� �!���"��� ���(��� ��� �3�� �/���� �"���(���(�"���!�����;�� ��� �!���&������
�!�(�"���� ���&�������!�� �!���3�����9�� �"���1���.� �����#�1�������(��� �!�'�1��� �!�� �"���(���(�"���!���� ���!�#���!���!� ����� �3�������!�� �!� �$�����&�������!���"�(���$���� �7�� ���!�C���!� �"�!��
� ���.�8�!������ ������ �"���.�.�!� ���� �(���!�� ���!�C�������!�$�-�������!�9�� �.���������8�!���#���!�"�!�$�!�$���8�9���(�� �M�!�������"�(�1���<�(���� �����������(���������!���#�����3���(�.��
���3� �����!���������!�.�>�� ��� �� �����"���� �"�(���!���-�� �����!�� �M�!�������"�(�1���<�(���� �"���(���(�"���!���������������!�(���!�$���(�����(��� �!�'�1��� �!��

���&�������!���!�� ������ �(� ���(�����!�.�#���������� �������#������ �(�� �"���(���(�"���!���������(���� ������� ������ �(�?�(�������8�1�!�� ��� ���#��� �"���!�$���"�(���$�����N ������������ �"�����1�$�����"�"������ ���&��
�#�(�#�!�������(�#�!�� �'�!���!�������!�� ��� �#������ �.�!�$�����.���N �������!� ���(�� ���!�(����� �(�8�1�!�� �����8����������������� �� �������"�����(�������'���� ���#�(�"�!�����&�������(�����(�8��
�"���(���(�"���!������ ������ �.�(�$�!�-�� �����������!�� �"���(���(�"���!���� �Z �^ �Z�� ������ �������#�������(�����(� �� �! ���������� ��� �$���"�(������� ��

�����������!���8�!�3��� � ��� �3�����&���!�(�"�����#�(�"�D�������!���!�� �.���������8�!���(���� �1�!�(���������'�����8����� �D���"�(���$������ �����������!�� �!� �$�����&���(�� �"���.�#�1�!���!���#�����3���(�.��
������ �$�(���(�� �$���"���.�!� ���-�������!���!�� �.���������8�!���(�� �"�(���$���8����� �D�� �!�=�"�!�#���� �&�������5 �5 �5 �^�� ������ �@�@�@�@����� ���"���1���.� ���� �������������-�� �(� �$���(���� �1�!�(������
���'���� �"���.�#�1�!���!�1�9���8����� �D���"�(���$����

�F���!� �� ���������#�����3���(�.�����(���!�� ����� ����� �$�!���� �(�� �,�����2�,���� ���#�!���(����� �3�� ���9�����!�.�� �!�(�"�����$���"���.�!� ���� �.�������� ���(�?�!���(���$���"���.�!� �� ��
� �(�.�!�-�� �(� �$�� �.���������8�!�����!���.��� �(���!�$���8�9�� �@�@�@�@��

�������1���4�������.�6�� �2���������� �0�������� �'�*�&�*�&

�:�����3���(�.�-�� �$�(���(���(� �$�����!�����1������ �.�(�9���8�!�� �#��� �"���!�$����� ������ �!���3�����N�����(�"�D���#�(�#�!�������(�#�!��������� �3�������!�� �����(� �$�(���$���"���$�!���3���?�!� ����� ��
���#�#�!� �$���=�� ���� ���&�������!�� �:������ �� �2�!�&�!���!� �"�!�� �.�(� ���(�1���� ���#�(������ �&�����.�������!���3���(�#�����"�� �"���(���(�"���!�����-������������ �"���$�!�� �"��� ���(��� �����(��
�?�(�����!���9�� ���&���(�$�$��������� �(�1���"���(���(�"���!�����-�� �.�������� ���&���'�����"���� �'���1�1��� ������� �����.�(�	�9���8�!�� ���!�C�������!�$����� �� ���� ������ ���!�����(��� �� ��������
�"���(���(�"���!������ �(���!��� ������ �(�?�(�������8�1�!�� ��� ������������ �.�!�$�����.�-�� �����������!�� �����8����������������� ���� �3���?�!� ���&������ �"�(���$�����( ���! ���(�1�����������!�$����� ��
�!���3�����N�����(�"�D���#�(�#�!�������(�#�!���#�����3���(�.���-�� �����(���� �����;
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�����!�� �!���3�����N�����(�"�D�����(�#�!�� �"���(���(�"���!�����������(���� �"�(� ���8�!�����(� �$�1�!�$���8�9�� �.�!�(� ���� ���&�� ���������������#������ ��� ���������"������� �����(���! ���3���?�!� ����� ��
�%�!�"������� �� �����������-���8������� �����!�������(���� �����.�!�� ���&�������!���!�� �"�(� ���8�!�� �������#��������� �1�9���8�9�������!�� �:����� ���� ��������� ���������"������� ��

�����!�� ���(�.�!�� �"���(���(�"���!������ �"�(� ���8�!�� ���(� �$�1�!�$���8�9����� �#������ ��� ���������"������� ������ ��� ���(�$�$��������� �-�� �������!���� �"���(���(�"���!�������' ���1�1���8�!���(�"�"�!�#���!�$��
�8������ �'���1�1���8�!�� �"��� �?�!�����!�$�������� ��� �!�� ������ �.�����!�� �������!���� �"���(���(�"���!������ ��� ���(�"�"�����$�(� �"�!�� �'�������������!�� �1����������� �������!�� � �!�=�����#�(�3�!��
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�� �$���%���0�*�+���"�#��� ���!�. ���(�#�+�*�(�0�#�0���*���� �%�� �.�!���/�&�#�� �.�#�+� �!�*���� �* �$��� �%�1�#�>��� �-�!�.��� �%�1�#�� �.�-�*���&�0�� �.� �%�(� ���,�!� �-���%� �� �&�#�%�.� �� �*���#���$�*�*� �� �%�$��
�(�����*��� �� �$�(�$�#���E���+�-�%�(�%�+� �#�(�.�����,�-�!�+�-���, �!�&�&���' �#���!�/���*�(�#�0�2�� ���-�#��� �%�1�#�� �"���.� �� �#���0���,�!� �-

������ �� �� �� �: �: �: �_ �� ������ �� ��

�$�*�&�&�*�, �#�0���' �)���%� �� �&�#�%�.� �� �.�!�4���!���+�-�#�.�� �*�$���(�����*��� �2

�� �$�� �" �*�(�#��� �-�%���� �*���#�� �.�#�+� �!�*���� �*�$��� �%�1�#���!�. �����.�#�0�>�� �!��� �#�(�" �#�0�!�%� �#��� �%�1�#�.�� �"���.� �� �#���0���%�.���%�'�*�=�#�>���'��� ���,�!� �-���5 �5 �5 �^���(�#�1� �#�+�#�0��
�'�)�� �: �: �: �� �2

�����	���� �2�����	�������� �'�*�&�*�(

���-�#���+�-�%�(�%�+� �#�(�� �.�#� ���%���0�� �.���'�.� �!� ��� �!�*���.�����.�#�0���$�* �(���1�����+�-�#�0���+�%�(�0�.���%�(�#���%�&�.�*�����.�#�0���$�* �(�� �&�!���#���1�(�!��� �#�(�� �*��� �1��� �2

�B�%�4�!�"���"�� �&�!���#�� �&�#���/� �-�� �!�. �� �����>�� ���8�G���*�(�� �����G���+�-�%�(�%�+� �#�(�.���0�#�1�#���0�!���/�����1�*����� �-�#�� �"�*�0�#�&���*�$���&�!���#���1�(�!��� �#�(���%�=�%�!���!�'�&�#�2
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�������'�*� �-���1�(�*�/�(�%�" ���%���0���0�%� �%�>��� �-�#�� �.� �%���0�%�(�0���"�#� �-�*�0�� �*�$���!��� �(�*�0���+�!���/�� �+�*�"�"�#��� �� �!�. ���'�)���"�#�%���.�� �%�$���%�� �T �#�(� �!�+�%�&���9�%�(��
���%���� �#�4�+�!�%�"�%� �!�*���� �"�%�(�E���!���� �����G�G�� �3�B �� �����,�-�!�+�-���!�. ���!��� �#�(�1�(�#� �#�0���%�.���%�����#�,�&�!���#���%���0���+�%���.�#�.��� �-�#���(�#�"�%�!���0�#�(�� �* �$��� �-�#��
�&�!���#��� �*���'�#�� �!�/���*�(�#�0�2�� ������ �1�(�*�/�(�%�"�>�� �-�*�,�#�=�#�(�>�� �%�����%�&� �#�(�� �%� �!�=�#�� �"�#� �-�*�0���!�. ���1�(�*�=�!�0�#�0�>�� � �*�(�/�#�&�)���$�* �(�����.�#���,�!� �-���$�!�=�#��
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���-�#���1�(�*�/�(�%�" �" �#�(�� �"���.� ��� �- �#�(�#�$�*�(�#�� �%�.�.�*�+�!�%� �#�� �#�%�+�-�������"�'�#�(�� ���.�#�0���!����� �-�#���1�(�*�/�(�%�" ���,�!� �-���%���1�%�(� �!�+���&�%�(���1 �#�(�!�V
�1�-�#�(�%�&��� �)�1�#�2�� ���-�!�.�� �!�. �� �0�*���#���'�)�� �,�(�!� �!���/���1�#�(�!�1�-�#�(�%�&���0�#�.�+�(�!�1� �!�*�����0�!�(�#�+� �!�=�#�.���!����� �-�#���1�(�*�/�(�%�" ���0�#�.�+�(�!�1� �!�*���2
���(�*�/�(�%�" �� �0�#�.�+�(�!�1� �!�*���.���%�(�#�� �0�#�.�+�(�!�'�#�0���!�����0�#� �%�!�&���!�������#�+� �!�*���.�����2���>�� ���2�H���%���0�����2���>�� �'��� ���' �%�.�!�+�%�&�&�)���%���1�(�*�/�(�%�"��
�0�#�.�+�(�!�1� �!�*���� �+�*���.�!�.� �.�� �*�$���%�� �.�#� �� �*�$�� �3�B���� �0�!�(�#�+� �!�=�#�.���,�(�!� � �#�����' �#�$�*�(�#��� �-�#���$�!�(�. � �� ���-�%�1� �#�(�� �*�(�� ���*��� �!���#���* �$���%���1�(�*�/�(�%�"�2
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Input document numbers are related to specific peripherals by directives of the form 

m PU TK  = �^

where �"��is the document number used in the program, and �#��is a code describing the peripheral required. 
The simplest form of �  ̂ is two letters followed by a number. The two-letter code for a tape reader is TR, 
and for a card reader CR. The number is used to differentiate between units of the same type, for 
example:

DJPUT 1 = TR0 

D*PUT 2 =TR1 

RJPUT 3 = CR0

In this program, input document numbers 1 and 2 w ill be on tape readers, and input document number 
3 w ill be on a card reader.

If five-track tape is to be input, the qualifier/FlVE is used, for example: 

m PUT 15 = TR2/FlVE

Input document 15 is punched on five track tape and is to be input on a tape reader allocated as TR2. 

Output document numbers are defined in a sim ilar way by the directive 

OUTPUT �X = �^

where �X is as above. Codes for �^ are: 

card punch CP 

tape punch T P  

line printer LP

Five-track paper tape can be output by using the qualifier/FlVE, for example:

OUTPUT 2 = TPO/FIVE

A qualifier can be used with a line printer to specify the number of print positions required. The qualifier 
takes the form /n, where n < 160. The effect is to specify the maximum number of characters per line, 
and the compiler will arrange to print a line of greater length on two, or more, lines. If n < 96, any 
printer w ill be used. If 96 < ��  < 120, only a 120 or a 160 position printer w ill be used. If no qualifier 
appears, /120 is implied. For example:

OUTPUT 1 = TP0

OUTPUT 2 = CP0

OUTPUT 3 = LPl/96

OUTPUT 4 = LP2/160

Document number 1 is output on a tape punch, number 2 on a card punch, number 3 on any line printer, 
printing up to 96 characters per line, and number 4 on a 160 position printer.

On some machines or if output is off-lined by GEORGE 2 or 3 it is impossible to control which printer 
is assigned. If a printer with less than �� print positions is assigned, the superfluous characters may be 
lost, or the program may fail.

On entry to a program, document number 1 w ill be selected for input, and the first output specified in 
the program description w ill be selected for the output document, unless specified otherwise by a Select 
instruction. EMA programs should always have a basic output peripheral selected, otherwise error 
indications will be lost.

If for some reason it is desired to suppress a ll transfers to a particutar peripheral, the qualifier 
/NONE can be used, for example:

OUTPUTK = /NONE

All Write instructions to channel �X w ill have no effect, and no peripheral w ill be engaged.

6 Section 4
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���-�#�� �*�1�#�(�%� �*�(�� �"���.� ���' �#���!���.� �(���+� �#�0��� �*��� �)�1�#��� �-�#�� �(�#�@���!�(�#�0�������� �*�(�� �� �� �� �� �" �#�.�.�%�/�#���,�-�#����� �-�#���%�'�*�=�#�� �" �#�.�.�%�/�#�� �!�. ��
�*��� �1��� �>�� �%���0��� �*�� �(�#�.� �%�(� ��� �-�#���1�(�*�/�(�%�" ���'�)��� �-�#�� �"�#�.�.�%�/�#�5

�R����#name ��

�B���R���3�������� �� �� �� �3

� �%�.� �(���+� �!�*���.��� �*���1�(�*�/�(�%�" �� �"�%�/���#� �!�+��� �%�1�#�� �%�(�#���%�=�%�!�&�%�'�&�#�� �!�����3�B���2���� �- �#�.�#���, �!�&�&���'�#���0�#�%�&� ���,�!� �-���!����� �-�#�� ���#�4� ���.�#�+� �!�*���2��
���-�#�� �1�(�*�/�(�%�" �" �#�(�� �+�%���� �%�&�.�*�� �.�1�#�+�!�$�)�� �"�%�/���#� �!�+��� �%�1�#�� �,�-�#�������.�!���/��� �-�#�� �.� �%���0�%�(�0���3�B�����!���1��� ���%���0���*��� �1��� �� �!���.� �(���+�V
� �!�*���.�2�� ���-�#�� �+�-�%�����#�&�������"�'�#�(�� �!�. �� �%�.�.�*�+�!�%� �#�0���,�!� �-���%�� �"�%�/���#� �!�+��� �%�1�#���0�#�+�E���' �)��� �-�#���$�*�&�&�*�, �!�� �/���0�!�(�#�+� �!�=�#�.

�������������Q���� �6�� Z { F { g ) )

�� �� ������ ���� K�� �6��Z ( F ( g ) )

�,�-�#�(�#��K�� �!�.��� �-�#�� �+�-�%�����#�&�������"�'�#�(�>��Z�� �!�.��� �-�#�� �1�#�(�!�1�-�#�(�%�&�� �+�*�0�#�>�� �%���0��F(g) ���!�. ��� �-�#���$�!�&�# �����%�"�#�2��Z �� �+�%�����'�#�� �B������ � �*�� �Y��
�B�����H�2�� �B�%�/���#� �!�+��� �%�1�#�����.�%�/�#�� �!�. �� �0�#�.�+�(�!�'�#�0���!���� ���#�+� �!�*���� ���2���2�8

���*�(�� �#�4�%�"�1�&�#��� �-�#�� �$�*�&�&�*�, �!���/���0 �!�(�#�+� �!�=�#�.�� �"�!�/�-� ���'�#�� �, �(�!� � �#���� �!�����%�� �1�(�*�/�(�%�" �� �0�#�.�+�(�!�1� �!�*���5

�����!�������� �8�� �6�� �B������ ���� �� �� �� �� ���� �3 �� ���G����

�3�Q�������� ���� �6�� �B���8�� �$�$�X���� �� �� ���� �3�8���G����

�� �� ������ ���� �8�� �6�� �B������ ���� �� �� �� �� �� �� ���� �3�8�G���� ����

�����1��� �� �+�-�%�����#�&�� �8�� �!�. ���%�� �"�%�/���#� �!�+�� � �%�1�#���$�!�&�# �����%�"�#�0���� �� �� �� �� ���� �3 �� �>�� � �-�!�.��� �%�1�#�� �!�. �� �*�����%�������!� ���%�&�&�*�+�%� �#�0���%�.�� �B�����S��
�+�-�%�����#�&�� ���� �!�. �� �%���$�!�&�# �� �� �� �� �� �� �&�� �3 �8�� �*���������!� �� �B���8�2�� ����� �1��� �� ���-�%�����#�&�� �8�� �!�. �� �%�� �$�!�&�# �����%�"�#�0���� �� �� �� �� �� �� �&�� �3 �8�G���,�!� �-�� �%��
�/�#���#�(�%� �!�*���������"�'�#�(�� ���>�� �*�����%�� �����!� �� �%�&�&�*�+�%� �#�0���%�.�� �B�����2�� ���-�#�� �/�#���#�(�%� �!�*���� �����"�'�#�(�� �*�$��� �-�#�� �*��� �1��� ��� �%�1�#�� �, �!�&�&���'�#��
�+�-�#�+�E�#�0�>�� �'��� �� ���*� ��� �-�#���!���1��� ��� �%�1�#�.�� �.�!���+�#���'�*� �-�� �/�#���#�(�%� �!�*���� �����"�'�#�(�.���%�(�#�� �.�1�#�+�!�$�!�#�0���%�.���J�#�(�* �2

���-�#�� �*��� �1��� �� �.� �%� �#�"�#��� �� �( �# �$�#�( �. �� � �*���%��� �%�1�#��� �-�%� �� �%�&�(�#�%�0�)�� �-�%�.���%���$�!�&�# �����%�"�#�2�� �� �� �$���(� �-�#�(���1�#�(�!�1�-�#�(�%�&���0�#�.�+�(�!�1� �!�*����
�0�!�(�#�+� �!�=�#�� �!�. �� �%�=�%�!� �%�'�&�#��� �'�� �+�(�#�%� �#���%�����#�,���$�!�&�# �2�� �� �- �!�. �� �!�. ���%�.�� �$�*�&�&�*�,�.�5

�� �� �3�����3�� K�� �6��Z(F(g,r ) )

�� �� �.�+�(�%� �+�-��� �%�1�#�� �, �!�&�&���'�#�� �$�*�����0�>�� �%���0���/�!�=�#����� �-�#�� �.�1�#�+�!�$�!�#�0���$�!�&�# �����%�"�#�2�� �� �$��� �-�#���/�#���#�(�%� �!�*���� �����"�'�#�(�� �!�. �� �*�"�!� � �#�0�>�� �%��
�/�#���#�(�%� �!�*���������"�'�#�(�� �J�#�(�* ���!�. �� �!�" �1�&�!�#�0�2�� �� �$��� �-�#���(�#� �#��� �!�*�����1�#�(�!�*�0���!�. �� �*�"�!� � �#�0���%�� � �%�(�/�#�� �(�#� �#��� �!�*�����1�#�(�!�*�0���!�. ��
�!�" �1�&�!�#�0�2

���- �!�.��� �%�1�#�� �+�%�����'�#�����.�#�0���*���&�)���$�* �( �� �*��� �1��� �2

���-�#���#�$�$�#�+� �� �* �$��� �-�#�.�#���0 �!�(�#�+� �!�=�#�.�� �!�. ���%�.���$�*�&�&�*�, �.�2�� ������� �-�#���$�!�( �. � �� �!���.� �(���+� �!�*����� �-�#���$�!�&�# �� �.�1�#�+�!�$�!�#�0���!�. �� �.�#�%�(�+�-�#�0���$�* �(�>��
�*�(�� �! �$��� �-�#�� �!���.� �(���+� �!�*�����!�. �� �� �� �3���� �3�>�� �%�� �.�+�(�%� �+�-��� �%�1�#���!�. �� �.�*���/�-� �2���[�-�#�����$�*�����0�>��� �-�#���0�#�+�E���+�*��� �%�!���!���/��� �-�#���$�!�&�# �� �!�.
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���� �������3�B �� ���1�(�*�/�(�%�"�� �+�*��� �%�!���.��� �-�#���0�!�(�#�+� �!�=�#�5

���R����

�� �� �� �� �� �� �� �.�#�/�"�#��� ���(�#�@���!�(�#�.��� �-�#���$�*�&�&�*�, �!���/���+�*�0�!���/��� �*���( �# �$�# �( �� � �*��� �-�#�.�#�� �=�%�(�!�%�'�&�#�.�2

�D�� �� �� �3 �� �� �����B�B�������3�B������

�������8�G�G��

���!���+�#���3�B �� ���=�%�(�!�%�'�&�#�.���%�(�#�� �.� �*�(�#�0���%�.�� �$�&�*�%� �!���/���1�*�!��� �������"�'�#�(�.�>���8�G�G���,�*�(�0�.���%�(�#�� �(�#�@���!�(�#�0
�$�* �(�� � �-�#�� ���G�G���3�B�� ���=�%�(�!�%�'�&�#�.�2�� �� �- �#�(�#�$�*�(�#�����G���!�. ���#�@���!�=�%�&�#��� ��� �*���� �� ���%���0�������\���>�� ������ � �*�������\�8�� �%���0�������\���>
���?���� � �*�������\�������� �%���0�������\�����?�>�� �#� �+�2

�8�� �������3�B�����1�(�*�/�(�%�"�� �+�*��� �%�!���.�� � �-�#���0�!�(�#�+� �!�=�#�5

�G�\������

�� �� ���� �� ���� �� �� �� �.�#�/�"�#��� ���(�#�@�� �!�(�#�.��� �-�#���$�*�&�&�*�,�!���/���+�*�0�!���/��� �*�� �( �# �$�#�( �� � �*��� �-�#�.�#�� �=�%�(�!�%�'�&�#�.�5

�����B�B���������3�B���������������8�G�G��

�� �- �#�(�#�$�*�(�#�� ������ �!�. �� �#�@���!�=�%�&�#��� �� � �*�� �����������>�� �� �&�� � �*���������8���>�� ���������� � �*�������������G���>�� �#� �+�2�� �T�%�(�!�%�'�&�#�� �@���%��� �!� �!�#�.���!����
�� �� ���������� ���%�(�#�� �.� �*�(�#�0���!���� �#�4�%�+� �&�)��� �-�#�� �.�%�"�#���,�%�)���%�.�� �!�����3�B���2

���� �� �� �� �� �� �� ���1�(�*�/�(�%�"�� �(�#�@���!�(�#�.�� � �*���%�0�0�(�#�.�.��� �-�#�� �.�1�#�+�!�%�&���=�%�(�!�%�'�&�#�.�� �%���0���!���0�!�+�#�.�2�� �[�-�#�����0�#�$�!���!���/�� � �-�#�� �� �� �� �� ��
�����B�B�������%�(�#�%�>�� � �-�#�� �0�!�$�$�#�(�#��� ���"�#� �-�*�0�� �*�$�� �.� �*�(�%�/�#�� �*�$���3�B���� �!���0�!�+�#�.���%���0���=�%�(�!�%�'�&�#�.�� �!�. �� � �%�E�#���� �!��� �*���%�+�+�*����� �2��
���-�#�� �����B�B�������%�(�#�%���,�*���&�0���'�#�� �0�#�$�!���#�0���%�.�� �$�*�&�&�*�,�.�5

�D�������[�3���� �����B�B�����������3�(�T����

�����������8�����>�������8�����>�� �� �����������>���������8�����>�������������>�������8�����>�� �����8 ���>�� �� �� �����8 ��

�� �- �#�(�#�$�*�(�#�� �� �Y�� �!�.�� �#�@���!�=�%�&�#��� ��� �*�� �����\�����>�� �F��� �*�� ���\�8�>�� ���� � �*�� �����%���0���� �\ �&�>�T �Y�� � �*�� �� �� �� ���%���0�� �������\���2

���-�#�� �#�@���!�=�%�&�#��� �� �.� �%� �#�"�#��� ���!���� ���� ���������� ���!�.�5

�����B�B���������3�(�T�������������8���>�������8���>�����������>�������������>�� ���� ���>�� ���� ���>�� ���>�� �� ��

������ �*�(�0�#�(�� � �*���%�.�.�!�/���� � �-�#�� �(�#�@���!�(�#�0�� �*���#���,�*�(�0�� �*�$�� �.� �*�(�%�/�#�� � �*��� �-�#�� ���� �� ���� �� �� ���� �!���3�R�3���� �=�%�(�!�%�'�&�#�.�� ���,�-�!�+�-���%�(�#��
�0�#�+�&�%�(�#�0���!�" �1�&�!�+�!� �&�)�� �!����� �-�#�� �%�'�*�=�#�� �.� �%� �#�"�#��� ���� � �-�#�� ���� �� ���� �� �� �� �.�#�/�"�#��� ���"���.� ���'�#�� �+�*�"�1�!�&�#�0���!���� �����B�����3������
���!���3�R�3������������ ���� �R���������� �"�*�0�#�2�� �P���-�*�,�#�=�#�(�>�� � �-�#�� �*� �-�#�(�� �&�%���/���%�/�#���'�#�!���/�����.�#�0�� �-�%�.�����*���$�%�+�!�&�!� �!�#�. ���$�* �( �����.�!���/��
���%�"�#�0�� �+�*�"�"�*���� �%�(�#�%�.�>�� �%�����!��� �#�(�"�#�0�!�%� �#�� �.�#�/�"�#��� �� �"���.� ���'�#���, �(�!� � �#�����!���� �%���&�%���/���%�/�#���,�-�!�+�-���0�*�#�.���-�%�=�#�� �.���+�-��
�$�%�+�!�&�!� �!�#�. �2

�� �� �� �� �� ������ ���� �� ���1 �� ���� �� �	 �� �� �� �� �� �� �� �'�*�����*�&

�� �� �.�#�/�"�#��� �� � �-�%� �� �!�.�� �+�%���#�0���'�)�� �3�B�������.�!���/���%�����*�,�����* �(���Q���"�1�0�*�,�����"���.� ���%�1�1�#�%�(�� � �*���'�#�� �%���� �3�B�������*��� �!���#�� �*�(��
���-�%�1� �#�(�>�� �!�(�(�#�.�1�#�+� �!�=�#�� �*�$��� �-�#�� �.�*���(�+�#�� �&�%���/���%�/�#�����.�#�0���$�* �( ��� �-�#�� �.�#�/�"�#��� �2

�[�!� �-�!���� �%���� �3�B�����1�(�*�/�(�%�"�� ���-�%�1� �#�(�.���%���0�����*��� �!���#�.�� �%�(�#���( �#�$�#�( �( �#�0 ��� �*���'�)�� �����"�'�#�(�.�2�� ���#�" �!���+�*�" �1�!�&�#�0�� �.�#�/�"�#��� �.�>��
�-�*�,�#�=�#�(�>�� �%�(�#�� �( �#�$�#�( �( �#�0 ��� �*���'�)�� �%�&�1�-�%�����"�#�(�!�+�����%�"�#�.�>�� � �-�%� ���!�. ���%���.� �(�!���/���* �$���&�#� � �#�(�.���%���0�������"�'�#�(�.�� �.� �%�(� �!���/���,�!� �-���%��
�&�#� � �#�(�� �%���0�� �+�*��� �%�!���!���/�����1��� �*���#�&�#�=�#�����+�-�%�(�%�+� �#�(�.�2�� ���-�#�����%�"�#�.���/�!�=�#����� �*���.�#�" �!���+�*�" �1�!�&�#�0���3�B���� �.�#�/�"�#��� �.�� �%�(�#��
�%�.���$�*�&�&�*�, �.�5

�� �* �(���%�����*��� �!���#���n� �� � �-�#�� �+�*�(�(�#�.�1�*���0�!���/�����%�"�#�� �!�. �� �3���������E

�� �*�(�� �%�����-�%�1� �#�(���•�� �*�$�����(�*�/�(�%�" �" �#���G�>�� � �-�#���+�*�(�(�#�.�1�*���0�!���/�����%�"�#�� �!�. ���3 �� �O

�� �*�(���%�����-�%�1� �#�(���•���*�$�� ���(�*�/�(�%�" �" �#���� �����>�� � �-�#���+�*�(�(�#�.�1�*���0�!���/�����%�"�#���!�. �� �3�� �#�� �!��

�3�B�����!�" �1�*�.�#�.��� �-�#���&�!�" �!� �.�5

�G�f�$�+�f���G���H�>�� �G�f�%�:���G���H�>�� �&�f���f���G���H

�3�4�%�"�1�&�#�.�5�� ���*��� �!���#�� �?���8�� �* �$���%�����3�B�� ���1�(�*�/�(�%�"�� �!�. ���, �(�!� � �#�����'�)���%���*� �-�#�(�� �1�(�*�/�(�%�" �" �#�(���!�����%���0�!�$�$�#�(�#��� �� �&�%���/���%�/�#�2��
���-�!�.�� �+�*���&�0���'�#���%���� �� �� �� ���.�#�/�"�#��� ���!��� �(�*�0���+�#�0���'�)��� �-�#���0�!�(�#�+� �!�=�#�5

�D������ �R�����B�� ���3���������?���8

���*��� �!���#�� �?���8�� �+�*���&�0���%�&�.�*���'�#���%�� ���� �� �� �� �� �� �� �.�#�/�"�#��� ���, �(�!� � �#�����%�.���$�*�&�&�*�, �.�5

�����9���������?���3�� �3���������?���8������
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�����B�B�������#� �+�2

�� �3���� �� ��

�3����

���-�!�.���!�. �� �#��� �#�(�#�0���%� ��� �-�#���$�!�( �. � ���#�4�#�+��� �%�'�&�#�� �.� �%� �#�"�#��� ���'�)��� �-�#�� �3�B�� ���!���.� �(���+� �!�*���5

�Q���"�1�0�*�,���� �����?���8��

���-�#���� �3���� �� �� �� �.� �%� �#�"�#��� ���1�%�.�.�#�.�� �+�*��� �(�*�&���'�%�+�E��� �*��� �-�#�����#�4� �� �!���.� �(���+� �!�*�����%�$� �#�(�� � �-�#�� �Q���"�1�0�*�,���2�� ���-�#�� �(�#�%�.�*�����$�* �(��
� �-�#���%�(�/���"�#��� �� ���� ���� �!�. �� �#�4�1���0���#�0���&�%� �#�(���!����� �-�!�.�� �.�#�+� �!�*���2

�-�!���3�B �� ���!� ���!�. ���1�*�.�.�!�' �&�#��� �*���.� �%�(� ���#�4�#�+��� �!���/���%���.�#�/�"�#��� ���%� ���%�� �.�1�#�+�!�$�!�#�0��� �#�'�#�&�>�� �&�%�'�#�&�������"�'�#�(�.�� �(�������!���/���$�(�*�"
�G�� � �*�����8�?�2�� �B��� �-�!�.���$�%�+�!�� � �)���!�. �� � �*���'�#�����.�#�0��� �*���#��� �#�(�� �.�#�/�"�#��� �.���, �(�!� � �#�����!�����*� �-�#�(�� �&�%���/���%�/�#�.�>�� � �-�#���&�%�'�#�&�.���"���.� ���'�#��
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This program was re-run with the same data tape, but with Trace printing switched off by the operator 
message:

ON #CMVS 0

The following output would be quite adequate for a production run of the program.
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This program was re-run with the same data tape but with Trace printing switched off by ON #CMVS 0. 
The only Trace printing output is at the end of the error printout. This is substahtiaUy the same as in 
the previous output.
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Arrow in Jump 
Instructions

BREAK OUTPUT 

CAPTION

Φ CHANGE EXPONENT {x, t )

CHANNELnP 
CHANNEL M P

CHANNELnR 
CHANNEL M R

CHAPLENGTHn

CHECK (X ,Y ,E , /)
CHECK (X ,Y ,E , I)

CORRECTION
CORRECTIONS

"Curly" Equals

DATA TABS

DELETE m 
DELETE w—n

DELETE LINE n 

Φ DIVIDE (*, y)

An arrow is acceptable in place of the word "Jump" in Jump 
instructions but not in Jumpdown instructions. Thus

4  4,X> 70

is an acceptable alternative to JUMP4, X>70.

This Atlas instruction is ignored by the 1900 EMA compiler.

A line after the instruction CAPTION is printed as if by the 
Print (' ')  instruction, e.g.

CAPTION
EXCEPTION CASES 

would print

EXCEPTION CASES

A ll spaces on such a line, including those at the end of the line, 
are output, and no newlines are added.

In 1900 EMA, unlike some versions of Mercury Autocode, this 
instruction can appear in a Routine.

This general function is accepted and has the value x.2^.

These Mercury Autocode instructions are treated as equivalent to 
SELECT OUTPUTn(Kn$15).

These Mercury Autocode instructions are treated as equivalent to 
SELECT INPUT η ( ί^ η ζ15 ) .

This Orion directive is ignored by the 1900 EMA compiler.

1 is a label and I is an index that has been set equal to a label. The 
instructions are accepted as the exact equivalent of

JUMPZ, E>$ MOD(X-Y)

and

JUMP (I), E> Φ MOD(X-Y) 

respectively.

These Atlas directives w ill cause an error indication during a 1900 
EMA compilation.

The characters, which may appear in data or programs punched in 
five-track paper tape for a Mercury Autocode compiler, is treated 
as = by the 1900 EMA compiler. This is acceptable in arithmetic 
instructions because 1900 series computers use a more sophisti­
cated rounding system than Mercury.

This initial directive in Atlas or Orion EMA is ignored by the 1900 
EMA compiler.

These Orion directives w ill cause an error indication during a 1900 
EMA compilation.

This Atlas directive w ill cause an error indication during a 1900 
EMA compilation.

This Mercury Autocode general function is accepted as equivalent 
to (* ) / {y).
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PRINTLINE 
PRINT (' ')
CAPTION
READ DATA TITLE

leave five-trackpaper tape in figure shift. A Print Chinstruction 
leaves the document in the same shift as the character it outputs.
On media other than five-track paper tape an approximation is given 
for certain characters. It is provided solely for compatibility and 
is not recommended for normal use.

PUNCH (X ) 
PUNCH (I) 
NEWCARD

These 1300 MAC instructions are not acceptable in 1900 EMA. They 
should normally be converted to PRINT and NEWLINE instructions 
which if necessary can be used in conjunction with a SELECT 
OUTPUT instruction. Note that there is a PUNCH instruction in 1900 
EMA (see above) but this is totally unrelated to the MAC instruction.

Query Printing In 1900 EMA, query printing isnormallycontrolled bythe directives 
COMPILE and IGNORE QUERIES and by the instructions START 
and STOP QUERIES; but operator control is also permitted during 
the running of the program (see HANDKEYS).

The simplest way of eliminating all queries from existing programs 
is to write IGNORE QUERIES ahead of the first Routine or Chapter.

Quicky Lists These lists, used on Orion and Mercury, are ignored by the 1900 
EMA compiler.

READ DATA TITLE The instruction READ DATA TITLE has exactly the same effect in 
1900, Atlas and Orion EMA (see Section 1.4.3). In I.C.I. Mercury 
Autocode, however, an automatic newline is obtained after the title 
has been printed and programs written in this version w ill require 
amendment.

REPLACE LD*E n This Atlas EMA directive w ill cause an error indication during a 
1900 EMA compilation.

RMP This instruction, Read More Program, is interpreted in different 
ways by earlier compilers and is treated as an error by the 1900 
EMA compiler.

SET ((X ,Y )) = Z This instruction is treated as equivalent to 

((X ,Y )) = Z

where Z is any single-length expression.

SPACEN
NEWUNEN

In 1300 MAC, N could be an index; this is not permitted in 1900 
EMA except in the forms SPACE (N) and NEWLINE (N). The brackets 
can be omitted only if N is an integer.

STOP This Mercury Autocode instruction is ignored by the 1900 EMA 
compiler.

STOP 115 n This 1300 MAC instruction is not allowed in 1900 EMA and w ill 
cause a compilation error.

SUNVIC LOGGER This specialized Mercury Autocode instruction w ill cause an error 
indication during a 1900 EMA compilation.

I = Φ TAPE (n) This instruction may be used to read information from five-track 
paper tape. The effect is to read the next character, add its binary 
value to n and assign the sum to I. Erases and shift characters 
are treated like any other character. This instruction may not be
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���- �!�.�� �B�#�(�+�� �(�)�� ����� �*�+�*�0�#�� �!���.� �(���+� �!�*���� �!�. �� �!�/���*�(�#�0�2

���- �!�.�� �!���.� �(���+� �!�*���� �+�*�1�!�#�.�� � �-�#�� �=�%�&���#�� �*�$��� �-�#�� �!���0�!�+�%� �*�(�� � �*�� � �-�#�� �.�1�#�+�!�$�!�#�0��
�!���0�#�4�� ���.�#�#������ �� ���� �� ���3�� ���� ���� �%�'�*�=�#���2

�� �- �!�.�� �B �#�(�+�� �(�)���0 �!�(�#�+� �!�=�#�� �%���0��� �-�#�� �%�+�+�*�"�1�%���)�!���/�� � �#�4� ���%�(�#�� �!�/���*�(�#�0�2

���- �!�.�� �0�!�(�#�+� �!�=�#�� �, �!�&�&���+�%���.�#�� �%���� �# �( �( �* �( �� �!���0�!�+�%� �!�*���� �0���(�!���/���%�� �����G�G���3�B����
�+�*�"�1�!�&�%� �!�*���2�� ��� �� �+�%�����'�#�� �(�#�1�&�%�+�#�0���'�)���%���� �%�1�1�(�*�1�(�!�%� �#�� �T�� �� ���� �9���3�������%����
�0�!�(�#�+� �!�=�#�� ���.�#�#�� ���#�+� �!�*���� �8�2���2�H���2
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�� �2 �� �� �% �+ �� �2 �2 �� �� �, �� �� �� �2 �� �	 �2 �K �� �� �	 �� �� �� �� �A �� �� �: �2 �� �, �2 �� �� �% �'���&
�B�%���)���1�(�*�/�(�%�" �.�>�� �#�(�=�#�����! �$��� �-�#�)���%�(�#���, �(�!� � �#�����!�����%���� �P �� �� ���=�#�(�.�!�* �� ���* �$���B �#�(�+�� �(�)������� �*�+�*�0�#�>�� �, �!�&�&���(�#�@�� �!�(�#�� �*���&�)��
� �( �!�= �!�% �&���+�-�%���/�#�.�� �"�%�0�#�����#�+�#�.�.�%�(�)���'�)��� �-�#�� �����G�G�� �. �# �(�!�#�. �� �*�1�#�(�%� �!���/���.�)�.� �#�"�S�� �*� �-�#�(�.���,�-�!�+�-�� �"�%�E�#�� �#�4� �#���.�!�=�#�� ���.�#��
�* �$���$�#�%� �� �(�#�.�� � �-�%� ���%�(�#�� �!�"�1�&�#�"�#��� �#�0���0�!�$�$�#�(�#�� � �&�)���!���� �B �#�(�+�� �(�)������� �*�+�*�0�#�� �%���0�� �����G�G���3 �B �� �� �"�%�)�� �(�#�@�� �!�(�#�� �" �*�(�#��
�#�4� �#���.�!�=�#�� �+�-�%���/�#�.�S�� �.�*�"�#�� �B�#�(�+�� �(�)������� �*�+�*�0�#���1�(�*�/�(�%�" �.�� �"�%�)���'�#�� � �*�*�� �&�%�(�/ �#���$�* �( ��� �-�#���1�%�(� �!�+���&�%�(�� �����G�G�� �. �#�(�!�#�. ��
�+�*���$�!�/���(�%� �!�*����� �*���'�#�� ���.�#�0���%���0���, �!�&�&�� �(�#�@���!�(�#�� �(�#���%�(�(�%���/�#�" �#��� �2

�� �- �#���$�*�&�&�*�, �!�� �/�����*� �#�.�� �%���0�� �(�#�+�*�"�"�#���0�%� �!�*���.�� �*����� �-�#�� � �(�%�� �.�$�#�(�� �* �$���B �#�(�+�� �(�)������� �*�+�*�0�#���1�(�*�/�(�%�" �.�� �.�-�*���&�0���'�#��
�(�#�%�0���!���� �+�*���Z�����+� �!�*�����,�!� �-�� ���#�+� �!�*���� �H�2�8�2

���� �� �� �����G�G�� �� �(�*�/�(�%�" �� �� �#�.�+�(�!�1� �!�*�����"���.� ���'�#�� �, �(�!� � �#���� ���.�#�#�� ���#�+� �!�*���� ������ �%���0���%�0�0�#�0��� �*�� � �-�#�� �'�#�/�!�����!���/���*�$�� � �-�#��
�1�(�*�/�(�%�" �2

�8�� �� �&�&���"�%�+�-�!���#�� �!���.� �(���+� �!�*���.�� �#�4�+�#�1� 
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�"���.� ���'�#�� �(�#�1�&�%�+�#�0���'�)�� �#�@���!�=�%�&�#��� ���3 �B �� ���!���.� �(���+� �!�*���.�� �* �( �� ���-�%�1� �#�(�.���, �(�!� � �#���� �!���� �� �� �� �� �2

���� �� �!�=�#��� �(�%�+�E���1�%�1�#�(�� � �%�1�#�� �!�. ���%�+�+�#�1� �%�'�&�#���%�.���!���1��� ���%���0���%�=�%�!� �%�'�&�#�>�� � �-�*���/�-�����*� �� �(�#�+�*�"�"�#���0�#�0�>�� �$�* �( �� �*��� �1��� �2
������ �/�#���#�(�%�&�>�� �!� �� �!�.�� �%�0�=�!�.�%�'�&�#�� � �*�� �0�!�(�#�+� ���*��� �1��� ��� �*���#�!�/�-� ��� �(�%�+�E���1�%�1�#�(��� �%�1�#�� �*�(�� �%���&�!���#���1�(�!�� � �#�(�>�� �'��� �� ���*� �#�� � �-�%� ��
� �-�#�����%�&�&�� �������+�-�� �������� �!���.� �(���+� �!�*���.�� �"���.� ���'�#�� �(�#�1� �*�+�#�0���'�#�+�%���.�#�� � �-�#�)�� �+�%�����'�#�� �%�1�1�&�!�#�0��� �*���$�!�=�#��� �(�%�+�E���1�%�1�#�(��
� �%�1�#�� �*���&�)�2

���� �P�� �%���4�!�&�!�%�(�)�� �=�%�(�!�%�' �&�#�.�� �* �(�� �0���"�1�.�� �%�(�#�� �(�#�@���!�(�#�0�>�� � �-�#������ �� �C ���� �� �� �M ���%���0�������B�������0 �!�(�#�+� �!�=�#�.�� �"���.� ���'�#��
�%�0�0�#�0��� �*�� � �-�#�� �1�(�*�/�(�%�" �� ���.�#�#�� ���#�+� �!�*���.�� �8�2�8�2���� �%���0�� �8�2�8�2�����2���� �/�%�!���>�� �!�$�� �" �*�(�#�� � �-�%���>�� �* �( �� �.�!�/���!�$�!�+�%��� �&�)���$�#�, �#�(� �-�%���>��
�����G���"�%�!�����=�%�(�!�%�' �&�#�.�� �%�(�#�� ���.�#�0�>�� �%�����ˆ�„���� �0�!�(�#�+� �!�=�#�� �.�-�*���&�0���'�#�� �%�0�0�#�0�� ���.�#�#�� ���#�+� �!�*���� ���2�8�2�����2

�H�� ���-�#�� �0�!�$�$�#�(�#�� � �, �*�(�0�� �&�#���/� �-�.�*�$�� �B �#�(�+�� �(�)�� �%���0�� �����G�G�� �.�#�(�!�#�.�+�*�" �1�� � �#�(�.�� �"�%�)�� �+�%���.�#�� �%� �(�%�� �. �$�#�(�(�#�0 �1 �(�* �/ �(�%�" ��
� �*�� �/�!�=�#�� �.�&�!�/�-� �&�)���0�!�$�$�#�(�#�� � �� �(�#�.���&� �.�� �!���� �+�%�.�#�.���, �-�#�(�#�� �%�+�+���(�%�+�)�� �!�. �� �" �%�(�/�!���%�&�2�� ���*� �#�� � �-�%� �>�� �!���� �/�#���#�(�%�&�>�� �����G�G��
�3�B�����1�(�*�=�!�0�#�.�� �" �*�(�#�� �%�+�+���(�%� �#�� �(�#�.���&� �.�� � �-�%���� �B �#�(�+�� �(�)�� ����� �*�+�*�0�#�� �%���0��� �-�%� �� �����G�G���3�B�� �� �!���0�!�+�#�.���%�(�#�� �"���+�-��
�&�%�(�/ �#�(�� � �-�%���� �B �#�(�+�� �(�)������� �*�+�*�0�#�� �!���0�!�+�#�.�2

���� ��� �� �"�%�)���'�#�� ���#�+�#�.�.�%�(�)��� �*�� �%�&� �#�(�� �+�#�(� �%�!���� �&�*�/ �!�+�%�&�� �$�����+� �!�*���.�� �.���+�-�� �%�.���.�������� ���'�#�+�%���.�#�� �* �$��� �-�#�� �0�!�$�$�#�(�#�� � ���, �*�(�0��
�&�#���/� �-�.�� �#�"�1�&�*�)�#�0�� �*����� �-�#�� � �,�*�� �"�%�+�-�!���#�.�2

�?�� �T �� �� �W �9 �� �3 �� ���G�� �!�.�� ���*� ���%�+�+�#�1� �%�'�&�#�� �!���� �����G�G�� �3�B �� ���%���0���"���.� ���'�#�� �%�&� �#�(�#�0��� �*�� �%���� �%�1�1�(�*�1�(�!�%� �#���T �� �� �W �9 �� �3 �� �����%����
�0�!�(�#�+� �!�=�#�� ���.�#�#�� ���#�+� �!�*���� �8�2���2�H���2

���� ���-�#�� �� �!�. � �� �� �(�*�+�#�.�.�!�� �/ �� �!���.� �(���+� �!�*���.�� �%�=�%�!�&�%�'�&�#�� �,�!� �-�� �.�*�"�#�� �=�#�(�.�!�*�� �.�� �* �$���B �#�(�+�� �(�)������� �*�+�*�0�#�� �%�(�#�� ���*� ���%�=�%�!�&�V
�%�'�&�#�� �!���� �����G�G���3�B ���>�� �%���0���1�(�*�/�(�%�" �.�� �,�-�!�+�-�� ���.�#�� � �-�#�"�� �+�%�����*� ���'�#�� �(������ �*�����%�� �����G�G�� �. �# �(�!�#�. �� �+�*�"�1��� �#�(�2

���� ������ �����G�G�� �3�B���>�� �!� �� �!�.�� ���*� �� �1�*�.�.�!�'�&�#�� � �*�� �( �# �$�#�( �� �.�#�1�%�(�%� �#�&�)�� � �*�� � �-�#�� �&�#�%�.� ���.�!�/�� �!�$�!�+�%��� �� �1�%�(� �� �*�$�� �%�� �0�*���'�&�#��
���1�(�#�+�!�.�!�* �� �������"�'�#�(�2�� �����)���#�4�!�.� �!���/�� �1�(�*�/�(�%�" �� �,�-�!�+�-�� �0�*�#�.�� � �-�!�.���,���&���1�(�*�=�!�0�#�� �!�� �+�*�(�(�#�+� �� �(�#�.�� �&� �.���*�����%�� �����G�G��
�. �#�(�!�#�. �� �+�*�"�1��� �#�(�2

���G�� ������ �����G�G���3�B���>�� � �-�#�(�#�� �!�.�� ���*���$�!�4���0�� �+�-�%�1� �#�(�� �&�#���/� �-�>�� �%�&� �-�*���/�-���%�1�1�(�*�4�!�" �%� �#�&�)�� ���G�G���3 �B �� �� �!���.� �(���+� �!�*���.�� �!�.
�%�� �(�#�%�.�*���%�'�&�#�� �,�*�(�E�!���/���" �%�4�!�" �� �" �2�&� ���!�. �� � �- �#�(�#�$�*�(�#�� �1�*�.�.�!�'�&�#�� � �*�� �(�#���%�(�(�%�� �/ �#�� �%���B �#�(�+�� �(�)������� �*�+�*�0�#�1�(�*�/�(�%�" ��
���(�#�. � �(�!�+� �#�0���'�)�� �$�!�4�#�0�� �+�-�%�1� �#�(�� �&�#���/� �-���� � �*��� �%�E�#�� �%�0�=�%��� �%�/�#�� �*�$��� �-�#�� �" �*�(�#�� �$�&�#�4�!�' �&�#�� �����G�G���3�B �� ���$�%�+�!�&�!� �!�#�. �2

������ ��� �� �!�.�� ���#�+�#�.�.�%�(�)�� � �*�� �%�0�0�� � �-�#�� � �%�1�#�� � �#�(�" �!���%� �*�(�.�� �: �: �: �� �� �* �( �� �: �: �: �_ �� � �*��� �-�#�� �#���0���* �$���#�%�+�-���1�%�1�#�(�� � �%�1�#�� ���. �#�#�� ���#�+� �!�*��
������ �'��� �����*� �#�� � �-�%� �� �!� �� �!�.�� ���*� ���� �#�+�#�.�.�%�(�)��� �*���0�#�&�#� �#�� � �-�#���%�(�(�*�, �.�� ���.�#�0���%�.�� � �%�1�#�� � �#�(�" �!���%� �*�(�.���*���� �B�#�(�+���(�)�>�� �.�!���+�#��
� �-�#�� �����G�G���3 �B �� �� �+�*�" �1�!�&�#�(���, �!�&�&�� �" �#�(�#�&�)���!�/�� �*�(�#�� � �-�#�"�2

���8�� ���-�#�� ���P�������X�8���� �%���0���Œ�����G���!���.� �(���+� �!�*���.�� �%���0��� �-�#�� �B�%���+�-�#�.� �#�(���X�8���>�� �Œ���G���%���0���X������ �" �%� �(�!�4���!���.� �(���+� �!�*���.�� �%�(�#��
�%�+�+�#�1� �%�'�&�#�2

������ �G���%���0�*�"�� �%���0�� ���%���0�*�"���� �*���1�(�*�0���+�#�� �%���0�!�$�$�#�(�#�� � ���.�#�@���#���+�#�� �*�$�������"�'�#�(�.�� �*���� �B �#�(�+�� �(�)���%���0�� �����G�G�� �. �#�(�!�#�. ��
�+�*�"�1��� �#�(�.�2

������ ������ �����G�G���3�B���>�� �%���Z���"�1�� � �*�� �&�%�'�#�&�� ���G�G�����,�!� �-�� ���%���&� �������"�'�#�(�� ������ �!���� �� �Y�� �*�+�+�� �(�.���,�-�#���������/ �������"�'�#�(�� �*��� �.�!�0�#��
� �-�#���1�#�(�" �!� � �#�0�� �(�%���/�#�� �!�. �� �0�#� �#�+� �#�0�2�� �������B �#�(�+�� �(�)������� �*�+�*�0�#�>�� �!� ���*�+�+���(�.�� �*���&�)���,�-�#����� �-�#���%�(�/���"�#��� ���* �$���Œ�•�Ž�•��
�!�. �� � �*�*�� �&�%�(�/ �#�2

���H�� �� � ���+�*�"�1���%� �!�*����� �!�" �#�>�� �@���#�(�)���1�(�!��� �!���/�� �!�. ���+�*��� �(�*�&�&�#�0���'�)��� �-�#�� �0 �!�(�#�+� �!�=�#�.���� �� �B �������3�� �U���3�����3���� �%���0�����R�������3��
�U���3���$�$�!���2���� � ���(������� �!�" �#�>�� �!� ���!�. �1 �(�#�$�#�(�%�' �&�#��� �*�+�*�� � �(�*�&�@�� �#�(�)�1�(�!�� � �!�� �/ ���'�)� �-�#�� �!�� �.� �(�� �+� �!�*�� �.�� ���� �� ���� �U���3����������
�%���0���� �� �� �� ���U���3�����3���>�� �'��� ���!� ���!�. ���%�&�.�*���1�*�.�.�!�' �&�#�>�� �%�.�� �,�!� �-���B �#�(�+�� �(�)�>�� � �*���1��� �� �@���#�(�)���1�(�!��� �!���/�� �����0�#�(�� �*�1�#�(�%� �*�(��
�+�*��� �(�*�&�� ���.�#�#�� �P�������F�3�M���>�� ���#�+� �!�*���� �H�2�8���2

�������������	���� ��





���
���

�h
���

-�
O

���
p

�q
�)

��

A ll 1300 series MAC programs and data w ill need re-punching before they can be transferred to a 1900
series computer. The number of additional changes required w ill vary from program to program.

The following notes and recommendations on the transfer of such programs should be read in conjunc­
tion with Section 5.2.

1 A ll programs and data must be re-punched in eight-track tape or cards because the codes and 
formats used for 1300 MAC cards differ from those used in 1900 EMA (see Section 4). In MAC 
data, numbers may be terminated by one space but not by end of card. In 1900 EMA, however, two 
spaces, the end of a card (or newline on paper tape), or an apostrophe may be used to separate 
numbers.

2 A  1900 Program Description must be written (see Section 4) and added to the beginning of the 
program.

3 Any machine-code instructions must be replaced by equivalent EMA instructions or Chapters 
written in PLAN.

4 The different word structure of 1300 series and 1900 series computers may cause a transferred 
program to give slightly different results in cases where accuracy is marginal. In general, 
accuracy wiU be increased on a 1900 series computer.

5 VARIABLES 0 isnot acceptablein 1900EMA andmustbealteredtoanappropriate VARIABLES m-n 
directive (see Section 2.1.5.).

6 An 'ambiguous' division such as B^DE means (BA>) E in 1300 MAC but is not permitted in 1900 
EMA.

7 ln 1900 EMA, there is no fixed chapter length although approximately 100 EMA instructions is a 
reasonable working maximum. It is possible to re-arrange a 1300 MAC program (restricted to a 
fixed chapter length depending upon I.A.S. size) to take advantage of the more flexible 1900 EMA 
facilities.

8 There is no system of absolute chapter numbering in EMA. Thus, i f  VARIABLES n appears in a 
master chapter, there must.be a chapter numbered n.

9 There is no automatic chapter-changing in 1900 EMA as there is in 1300 MAC; an ACROSS, DOWN 
or UP instruction is always needed.

10 The MAC magnetic tape instructions Φ1 to <M are not acceptable in 1900 EMA. Thus all magnetic 
tape instructions must be altered. A ll 1900 EMA magnetic tape transfers involve blocks of 512 
main variables.

11 At compilation time, query (or Monitor)printing iscontrolledby the directivesCOMPILE QUERIES 
and IGNORE QUERIES. At run time it is preferable to control query printing by the instructions 
START QUERIES and STOP QUERIES, butit is alsopossible, as with MAC, toput it under operator 
control (see HANDKEYS, Section 5.2).

12 Labels 0) and 100) have a special significance in 1900 EMA (see Section 4) and should be avoided 
for normal use.

13 Diagnostic aids, such as error listing, are different on the two machines, the 1900 EMA facilities 
being described in Section 4.

14 Several instructions and directives in 1300 MAC are not available or have different effects in 1900 
EMA. These are listed in Section 5.2.

15 The range of the ARCTAN function in 1900 EMA is different to that in 1300 MAC.
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