
















































































































































































































































































































































































LESSON VI. EASYCODER PROGRAMMING 

77. The CAM variants to specify two, three, or four character addressing are octal: 

20,00,60, respectively. 

Write the ADMODE assetnb1y control statetnent for four character addressing, then 

the CAM instruction and its appropriate octal variant. 

LOCATION 
OPERATION OPERANDS COOE 

• 1415 2021 62 

Il,D,ItODf �~� 
�P�.�1�t�~�1� 1,0 

88. It tnay be desirable to overlay the portion of a progratn that has been assetnb1ed and 

executed, thereby, utilizing tnetnory tnore efficiently. The executed portion will be 

overlaid by subsequent instructions when an appropriate ORG statetnent is written following 

the EX statetnent. The exatnp1e on the answer side of this fratne illustrates an ORG state­

tnent causing the preceding executed portion to be overlaid. 

99. The DSA (Define Sytnbol Address) data fortnatting statetnent is written to store one, or 

two addresses as a constant. If desired, variant characters tnay also be written and stored. 

The assetnb1ed length of each address written in the operands field is detertnined by the 

current address tnode. 

Write the statetnent to store the A and B address ITEM - 5, PAY +X6, as a constant. 

LOCATION 
OPERATION OPERANDS COCE 

• 1415 2021 62 

10,<;11 r 1 E.'N.- 5 PtiY.d �~� 

110. Write statetnents to accotnplish the following: 

1. Reserve 80 tnetnory locations, tag the righttnost as CARDIN. 

2. Store the addresses ITEM - 5, PAY +X6 as a constant. 

3. Define 20 blank tnetnory locations as a word tnarked constant. 

4. Define TAX DEDUCTABLE as a constant without a word tnark. 

5. Define UNIT #6@$1. 20 as a word tnarked constant. 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 62 

A l,\)'" Iv ' ,,;J ,.. () 

0.<;.11. "L'ic\\I- �s�(�l�~�'�f�.�+�i�l� 
Pc .,.J lIJn f 

Dc :<1- j\.'1 �,�1�l�E�b�.�\�l�(�,�T�.�f�'�;�.�~�.�U�.�I�@�.� 

D ",,J A IIIJ r.-f,@!i. (. 1. 0 A 
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LESSON VI. EASYCODER PROGRAMMING 

77. 

88. 

CARD ~I~ 
NUMBER ~ ~ 

LOCATION I OPERATION 
CODE OPERANDS I 

• 1415 2021 62 

fl\,DMODE 4 1 

ICAM 16QJ I 

Notice which coding will be overlaid by the re:mainder of the progra:m, then 

continue to fra:me 89. 

LOCATION 
OPERATION 

OPERANDS CODE 

I 2 :3 4 5 6 7 • 1415 2021 6263 

, ¢2~~\.I:¢ 
219S.2.:SlI.lt~ , tjZS3t 
4 1!Il41 
5 :91.51 

6 t.¢6t 
7 :0.71 
• 10,81 

9 I¢~I 

'0 11051 

" Jlli 
12 t 12i lit 

" I'~I * 
'0 t3Pi 

99. 

110. 

176 

1.0A,o f:,Qu 3.~.1 
oRG- ~gl 

STA,RT ~W 4t/J.5.5,0.ri. 
Mew 6L 1.0C 

c. 
5 

B LoAo 

~OP 
E'X. S.T.ART 
OR<7 3,8.1 

STj\,RTt ~~ TA'f. .• ~'{ I I I 

LOAD 

oS 
" 

.PRoG-RAN'I coo I tole CONTI N,UES, , , , 
,~ ~J> TQ L.I t'!,E 1>O~ I 

L 

: : : : : I :~:: ~p s /(4 tRT 2 
,~ 1 , , 

LOCATION 
OPERATION 

OPERANDS CODE 

• 1415 2021 62 

OSA lTEM-5,.PI\.Yt-XG, 

NOTE: A word :mark will be auto:matically placed at the leftmost 

character of the field. If column #7 contains an R. an item mark will 

be set at the rightmost character. If column #7 contains an L, a 

record mark will result at the leftmost character. (Word mark and 

item mark = record mark. ) 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 

CARDIN R,ESV 8~. 

PSA ITt:Jv\.-,5 PAY +X6 
pew lu¢ 
IDe ~TAX ,O.EDue TA.BLE@ 

IDew =UNIT#6@.i,1 .20= 

-'--'-

NOTE: Numbers 4 and 5 could be written: 

DC # 14 A TAX DEDUCTABLE 

DCW # 12 A UNIT # 6@or, number 5 

62 

could be written surrounded by any character except +, -, #, digits 
f/J - 9 or a character in the constant. 

: : : : 

eo 

I 



LESSON VI. EASYCODER PROGRAMMING 

78. An octal CAM variant of 20 allows ITleITlory locations to be addressed up to #4095 

(111111111111
2 

= 4 0 9510). 

A CAM variant of octal .'/J'/J provides three character addressing, in which ITleITlory loca­

tions up to #32767 ITlay be addressed. Indexing and Indirect addressing are available when 

addressing is in at least three characters. Identify the naITle or purpose of the high order 

three bits shown 

One Character One Character 

1 01 1 1 1 1 1 1 1 1 1 1 1 1 

A ~\~------------------~v 
I))) a, ('->6 I'll" =1 til\>' !11W' = 32767 10 

89. If the operands field of an END stateITlent reITlains blank, the ITlachine will halt after 

cOITlpleting the loading. A prograITlITler ITlay write an address (sy=bolic or absolute) in 

the operands field of the END stateITlent. When this address is written in the operands field, 

it designates the point at which execution is to start at the cOITlpletion of loading. 

Refer to the overlaid exaITlple illustrated in fraITle 88, then write the appropriate address 

designating the point where execution is to start after loading has been cOITlpleted. 

100. Using the self reference * as the B address (indicating the leftITlost character of the 

DSA) and NET as the A address, write the stateITlent storing theITl as a constant. Indicate 

that an iteITl ITlark is to be placed at the rightITlost character. 

I~ 
K 

LOCATION I OPERATION 
CODE OPERANDS 

7 , 1415 2021 62 

lD,s.lt IN.t: 1 .1 
I 

111. Write stateITlents to accoITlplish the following: 

1. Define deciITlal - 26 as a constant without word ITlark. 

2. Define the deciITlal nUITlber 26 to be stored as a single Binary ITleITlory location 
with a word ITlark. 

3. Define binary 111111011000000000 as three characters in ITleITlory tagged 
MASK 2 without a word ITlark. 

~ LOCATION 
OPERATION OPERANDS R CODE 

K 
7 , 1415 2021 62 

P,c .:1..& 
,P,L VJ 1I.6.H. 

Inu<:, ~?- /), ~ , I: "11 '). .0. 
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78. 

89. 

10 

I 

12 

'0 

100. 

111. 

178 

'lIIl 

111.6: 
i III 
; I 2.i Iii 
II~ I~ 

j3¢i 

Ii 
7 • 

I~ 

I~ 
7 • 

ADDRESS TYPE INDICA TOR 

INDICATES DIRECT, INDIRECT, OR INDEXED ADDRESSING. 

START 2 in the END statements operand field causes execution 

to begin with the instruction on line #11. 

ICA :iIA.It,.T 

laRGo 381 
STA,R"T2. S,W rAx PA,( I I I 

h. PRO.&,RA.M .c,OD.ING, ~O~N:rLlN,1J ES, I 

~ I UP T,C L 1t~,'E 3,0 
c 

: : : : : : : : : I LOAl> ~p S1 ART,2. , 

The rules regarding END and EX statements are reviewed in frame 

90 and its answer space on. the following page. 

LOCATION 
OPERATION 

OPERANDS CODE 

1415 2021 62 

I~SA NI:.T * 

LOCATION 
OPERATION 

OPERANDS CODE 

1415 2021 62 

loe ~ 2. 6 
Dew. I#IS~6 

MAS \(2. DC ""3C 773rt>,¢~, 



LESSON VI. EASYCODER PROGRAMMING 

79. Indexing and indirect addressing are also available in any system with sufficient memory 

to make use of four character addressing. Four character addressing provides 24 bits, of 

which the high order 3 bits serve as address type indicators. Only the low order 16 bits are 

needed to address the locations up to #65535. 11111111111111112 = 65535 10 

90. For an END statement, the programmer: 

1. Writes END in the op code field. 

2. May write a previously defined address (either absolute or symbolic) 
in the location field, which specifies the location of the 80-character 
object program loading area. If the location field is left blank, an 
80-character loading area is automatically reserved by the assembly 
program immediately following the last assembled instruction. 

3. Writes an address in the operands field if it is desired to execute 
the object program immediately after loading. This address desig­
nates the location of the first object program instruction to be executed. 
The address may be either absolute or symbolic. If the operands field 
is left blank, the machine will halt after the loading routine has been 
completed. 

101. U se o~ the data formatting statements DC (Define Con,~ant without word mark) and DCW 

D-ef",," ~ with ~ ~) should be familiar 

from your previous experience. As a convenience for the programmer, constants may be 

written in DC and DCW operands fields specifying either alphanumeric, decimal, binary, 

octal, or the number of memory locations to be set to blanks. 

112. The answer side of this frame through frames and answer sides 115 illustrate Easycoder 

card formats. 

Page 187, Figure 16 shows two and three character addressing. 

Page 188 may be used for future reference concerning the CAM instruction and its var­

iants. 

You will not be required to answer any questions until page 189. 
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79. The capability of increasing rrlerrlory size to 65000 + derrlonstrates the H-200's expan­

sibility and versatility of binary addressing. 

The appropriate octal variants for CAM instructions are 

THREE CHARACTER ~~, FOUR CHARACTER 6~. 

TWO CHARACTER 2.~, 

An exarrlple of efficient utilization of two and three character addressing is illustrated 

in Figure 16, page 187. 

90. For an EX staterrlent, the prograrrlrrler: 

1. Writes the rrlnerrlonic code EX in the op code field. 

2. Writes a previously defined address in the operands field. This address 
is that which appears in the location field of the first instruction of the 
segrrlent to be executed. 

3. Must have written a Branch instruction to the address specified in the 
location field of the End card as the last instruction of the segrrlent to be 
executed. Since the location field of the End card contains the address 
of the object program loading area, this Branch instruction r·eturns con­
trol to the loading routine. 

101. 

DEFINE CONSTANT with WORD MARK 

112. 

180 

Bootstrap Card 

__________________ 0 59 60 -----0 79 ~ 

INITIALIZES CARD READER (CONDITIONS CARD READER I 
TO READ IN • SPECIAL", HONEYWELL, MODE) 

SETS PUNCTUATION IN 80- CHARACTER AREA 

SETS RECORD MARK IN LOCATION 60 

BRANCHES TO LOCATION 60 

PDT-READ A CARD 

PC 8 - TEST 8USY 

B- BRANCH TO 
LOCATION I 

(This routine 
remains in bootstrap 
area during entire 
loading process) 

The Bootstrap Card is the first card in the object prograrrl. The Bootstrap Card sets 
punctuation in the 80 - character area that will allow subsequent cards to be read. A 
record mark protects the routine which the Bootstrap Card sets into the area beginning 
at location 60. A read routine remains in this area during the entire loading process. 



LESSON VI. EASYCODER PROGRAMMING 

80. The assembly control statements discussed so far are: PROG, ORG, ADMODE, MORG, 

and EQU. The remaining assembly control statements are CEQU (Control Equal), EX 

(Execute} HSM (High Speed Memory - printed listing of memory), CLEAR, and END. 

CEQU is similar to EQU in that it is used to assign a symbolic :ft+C- to the entry 

in the II "~"",, .... ').} field. 

91. The END statement is always the last entry in a program. Immediately preceding the 

END statement, CLEAR statements may be written. As implied by the name of this op. 

code, its purpose is to _ .... C--=L-:::;.>oE~i'r..;....;.-K..-""' __ the memory area designated in its operand field. 

102. Constants are limited to a maximum of forty memory locations. When DC or DCW js 

~ed to define a constant as blanks, a number sign, #, is written in column 21 of the op­

erands field. #...is followed by the number of blank memory locations desired. Indicate that 

fifteen blank memory locations are to be treated as a constant without a word mark and 

that twenty blank memory locations are to be a constant with a word mark. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

1)c. It! I ( 

j) c IV itI. l d 

113. 

1 . 59 60 • 79 80 

2 
CLEAR ROUTINE - CLEARS MEMORY AREAS 

Clear Card SPECIFIED BY PROGRAMMER 

BRANCHES TO LOCATION 60 

1 • 59 60 . 79 80 

3 

SETS PUNCTUATION FOR OBJECT PROGRAM 

LOADING ROUTINE 

CHANGES A ADDRESS OF BRANCH INSTRUCTION 

Load Card 
BRANCHES TO LOCA TION 60 
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80. 

91. 

102. 

113. 

~ 
7 • 

LOCATION 
OPERATION 

CODE 

1415 2021 

DC fit: Ui 

Inew _20 

TAG 

OPERANDS 

CLEAR 

OPERANDS 

NOTE: Tags and Lor R in column #7 may be used with 

DC or DCW statements as desired. 

62 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXX xxxxxxxxxxXXXXXXXB 

WORD MARK 
SEr BY LOAD 
CARD 

Bootstrap Area After Load Instruction 

READ CARD 
ROUTINE 

RECORD MARK 
SErBr 
BoorsrRAP 

CARD 

The object program card immediately following the Load Card is read into the first area, 
and a word mark is assigned to the op code. The first data to be read on the present card is 
the self-load routine (A).- Execution (B) of this routine loads the entry into the memory area 
specified in this particular routine. Location 60 (C) contains a PDT instruction which allows 
the read routine (i. e., PDT, PCB, and B) beginning at this location to be executed (D). The 
following card is then read (E). Subsequent cards are self-loaded in this manner, until either 
an End card or an EX card is encountered by the machine. 
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81. CEQU is used to assign a tag to an octal value written in the operands field. You re-

cently saw an octal value being appended to a CAM instruction where it specified the m.ode 

of addressing. Tags are often assigned to octal values that are used as __ '-.J;...:.fI:..:.R~"!.::.:..:~=.:\,--__ _ 

characters. Since the purpose of this type of character is control, it is appropriate to use 

a __ t","~ .. ~_g .... .J-=-____ statem.ent when assigning a tag. 

92. CLEAR is used to specify an area of m.em.ory to be cleared of punctuation and data bits 

before loading of the program.. "Lirn.its of the area to be cleared are specified in the oper­

ands field as TWO direct (not indexed nor indirect) addresses. This first direct address 

specifies the lowest m.em.ory location to be cleared. Consequently, the Sec.-HI\) 

1l:r ~-=c.1 It \)\)(( c-SS ::: YG'C \;- II;; :, the H 1- &He;s1 
(\'\'<:-'-"1"'<-'1 L/CIf---VV" tobe C L.--¢;<:tnED , ;; 

103. Constants m.ay also be specified as either alphanurn.eric, decim.al, binary, or octal. 

Alphanum.eric cO_ll!lt~llts !I:I:~ ybe writt~_n _elurrounded by @ syrn.bols. A constant written 

in this m.anner can contain any syrn.bol (including space) except the @ sEb~_l. After the 

exam.ple below, write a DCW with UNIT #6 as a constant. 

i LOCATION 
1 OPERATION 

CODE OPERANDS 

1 • 1415 2021 

loe @iAX OEDuc:rA.&LE@ 

1 

114 Instruction card 

48 49 
---_" II 12 ------_. 44 415 - 159 60 ----_. 80 

INSTRUCTION OPERAND LOAD 
ROUTINE 

BRANCHES 

TO 
LOCArJON 

60 

SYMBOLIC 
COOING 

62 

183 
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81. 

92. 

VARIANT 

CEQU 

NOTE: Instructions may use variant characters sometimes synonymously 

r~ferred to as "control characters. " 

SECOND 

HIGHEST 

DIRECT 

MEMORY 

ADDRESS 

LOCATION 

SPECIFIES 

CLEARED 

103. 

LOCATION I OPERATION 
CODE OPERANDS 

• 1415 2021 52 

IDe ~TA)t. OEDUCTABLE@ 

IOCN ~UNIT:ff6@ 

114. Constants. 

184 

48 49 
------------_.._ 44 45 - 59 60 ----- 80 

CONSTANT LOAD 

ROUTINE 

BRANCHES 
TO 

LOCATION 

60 

SYMBOLIC 

COOING 

In a Define Constant without Word Mark statement, a Clear Word Mark instruction (CW) 
is placed on the card by Assembly. This instruction clears the word mark set into the area 
by the Load Card, since the DC statement specifies that this word mark is not desired. 
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82. Instructions which use a control field may require one variant character or a group of 

control characters. As you saw previously, a single variant character is written as '). 
-'---

octal digits. Consequently an instruction with a control field of three characters will 

require a total of fo octal digits. This is the maximum number of octal digits that 

may be written in the operands field of a CEQU instruction. Refer to the illustration on 

the answer side of this frame for a CEQU example. 

93. Addresses in the operands field of a CLEAR instruction should not be indexed or 

IN:;> 1. (ZIO;"--1 However, they may be written as either absolute or symbolic addresses 

because these are considered to be V 1- I\~C 1 addresses. 

104. If the @ symbol is desired~thin t)le co~nstant, for example UNIT # 6@ $1. 20, another 

charCi.cternot in the constant.nlayl:>e chosen to surround the constant. That is, any 

character ~blank -, t, #, or the digits 0 - 9. Define UNIT # 6($)$1. 20 as a word 

marked cons tanto 

I~ LOCATION I OPERATION 
CODE OPERANDS 

7 • 1415 2021 62 

11),(' IJ A 1/:~(dE,I •. ':Ao./t. 

115. 48 49 
677-8: I • 44 45-59 60-74 757 

BRANCH TO READ ROUTINE BRANCH TO SYMBOLIC EX NOT 

LOCATION COOING USED 

SPECIFIED 

BY THE 

EXECUTED CARD PROGRAMMER 

48 49 
• 59 I 44 45 60 74 75 79 80 

EN066 9 
BRANCH TO 

OBJECT 

PROGRAM 

OR 

HALT 

END CARD 

185 
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82. TWO (2) 

SIX (6) 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

OFLOW CEQ,V l:lfl Cal5 
Is SUB 2.. OF lOVol 

The coding above illustrates a symbolic tag. used in place of a variant character. 
CEQU directs assembly to equate the tag OFLOW of octal 05. The second line of 
coding contains a branch instruction. This specifies that the program should branch 
to location SUE2 if the condition indicated by the variant character (OFLOW) is 
present. Variant character 05 specifies that an arithmetic overflow condition should 
be tested. The coding (as an octal constant) will be explained when constants are 
discussed. 

(RETURN TO FRAME 83, PAGE 165. ) 

93. 

104. 

115. 

186 

INDIRECT 

DIRECT 

(RETURN TO FRAME 94, PAGE 165. ) 

NOTE: Any character except blank, -, +, #, or the digits 0-9, and 

not appearing in the constant, could have been chosen to surround the 

constant. 

~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

I~cw =U,N,IT4(;@.il.'2.0:: 

(RETURN TO FRAME lOS, PAGE 165. ) 

Page 187 illustrates an efficient utilization of two and three character address~ng. 

Page 188 is provided for future reference regarding CAM and its variants. 

Continue to Page 189. 



EXAMPLE; 

LESSON VI. EASYCODER PROGRAMMING 

The following illustration shows the coding which provides entry to and exit from 

a subroutine to be executed in the two-character addressing mode. Both an 

ADM_ODE statement and a CAM instruction must be coded at the b~ginning and 

end of the subroutine. However, only the CAM instructions are stored in the main 

memory. Since CAM instructions have no address portions, the manner in which 

they are stored is not affected by an ADMODE statement. 

MEMORY 

-~ 

MAIN PROGRAM 

( 3 Char. addrtJssing 
modtl) 

1----- CARD 
NUMBER 

tl~ 
~ ~ 

LOCATION 
OPERATION OPERANDS CODE 

1415 2021 

SUBROUTINE 

(2 Char. addrtlSSing 
modtl) 

r- lJ ~ 

-I- ""7777"'"' ---

- --­_._-
....,.......".~ 

~CAM 

• - -.---
~...- ~ 

• 
L..-- 8 

I 2 3 4 5 6 7 • 

!/12.I¢ ':0 ia SUB 
11'6'2.: ¢ l1.lal RETURN 

Figure 16. Two and Three Character Addressing 

• • 
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ICAM ( CHANGE ADDRESSING MODE 

FORMAT OP CODE A-ADDRESS B-ADDRESS VARIANT - -
FUNCTION 

The Change Addressing Mode instruction is used in conjunction with the ADMODE 
assembly control statement. 

The CAM instruction directs the machine to interpret the address portions of all 
subsequent object program instructions as either two, three, or four-character 
addresses. The addressing mode is specified in the variant character of this 
instruction: 

v = 20 for two-character addressing, 
v = 00 for three-character addressing, 
v = 60 for four-character addressing. 

The ADM ODE statement directs the Assembly Program to assemblt; the address 
portions of all subsequent source program instructions as either two-character 
addresses or three-character addresses. 

WORD MARK: Word marks are not affected by this instruction. 

TIMING: 8 microseconds. 

NOTE: 

188 > 

ADDRESS REGISTERS AFTER OPERATION 

I - Add. Reg. A - Add. Reg. B - Add. Reg. 
NXT 

1. The CAM instruction is included in the instruction repertoire of H-200 systems 
with a memory capacity greater than 4, 096 characters or as part of an Advanced 
Programming option. Programs written for such systems must be coded so that 
the first instruction executed in the object program is a CAM instruction. As a 
general rule, the number of CAM instructions and ADMODE assembly directives 
in a program will be equal. 

ASSURE THAT FRAMES 1 - 115 HAVE BEEN COMPLETED BEFORE 

CONTINUING TO PAGE 189. 
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If the H-200 system. with which you will be working does not utilize EXTENDED EASY­

CODER, continue to page 190. 

EXTENDED EASYCODER 

Inform.ation from. preceding pages applies to both Easycoder and Extended Easycoder. The 
capabilities of Extended Easycoder are available with larger system. configurations, thereby 
providing utilization of literals, an additional data form.atting statem.ent, and six m.ore assem.­
bl y control instructions. 

DATA FORMATTING - DEFINE AREA - DA 

A specialized area within the m.ain m.em.ory can be defined and reserved by the DA state­
m.ent. The DA statem.ent can define fields and subfields within the reserved area, and m.ay 
also define two or m.ost contiguous areas if these areas are identical in form.at. The pro­
gram.m.er uses a DA statem.ent to provide: {I} The size and nam.e of the reserved area, {2} 
The num.ber of identical areas {if m.ore than one} which should be reserved, {3} The nam.es, 
lengths, and relative positions of the fields and subfields within the reserved area{s}. 

ASSEMBL Y CONTROL STATEMENTS 

Six additional assem.bly control statem.ents are available with Extended Easycoder, Som.e 
Easycoder statem.ents have been expanded for Extended Easycoder. For exam.ple, PROG as 
well as the SEG statem.ent, can identify a segm.ent within the program.; an EX statem.ent ter­
m.inates a program. segm.ent. 

Segm.ent Header - SEG - This statem.ent defines the beginning of a por­
tion of a program. loaded into m.em.ory and executed as a unit. If a pro­
gram.m.er does not provide segm.ent identification, Extended Easycoder 
Assem.bly Program. autom.atically generates SEG statem.ents at the begin­
ning of the program. and im.m.ediately following each EX statem.ent. 

Literal Origin - LITORG - Sim.ilar to the ORG statem.ent, the LITORG 
statem.ent directs assem.bly to assign sequential locations to previously de­
fined literals. 

Skip - SKIP - This statem.ent controls vertical spacing of the assem.bly 
printed program. listing. 

Suffix - SFX - This statem.ent is used by the program.m.er principally 
to identify all tags in a given program. segm.ent by appending a unique single 
character suffix to each tag in the coding that follows. 

Repeat - REP - This statem.ent is used in conjuction with the constants· 
DC and DCW, and it directs the Assem.bly Program. to repeat the following 
constant the num.ber of tim.es specified in the operands field. 

Generate - GEN - This statem.ent directs assem.bly to repeat the follow­
ing instruction a specified num.ber of tim.es, increm.enting or decrem.ent­
ing operands as specified by th", operands field of the GEN statem.ent. 

189 
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EASYCODER HIGH SPEED MEMORY DUMP ROUTINE 

One of the statements which the programmer may use to direct the assembly of an Easycoder 

program is the Memory Dump statement - HSM. It must be coded immediately preceding the 

Clear and End statements in the source program. This statement directs the Assembly Program 

to produce a punched card deck before the object program deck is punched. 

THE PROGRAMMER: 

1. Writes the mnemonic code {HSM} in the operation field of the coding form. 

2. May write an address {which must have been previously defined} in the lo­
cation field. This address specifies the beginning location of a memory 
area into which the memory dump routine will be loaded. If the location 
field is left blank, the routine will be loaded into the area following the 
location assigned to the last character in the object program. 

3. Writes two addresses, separated by a comma, in the operands field. 
These addresses specify the first and last locations of the memory area 
whose contents are to be listed. 

The printed listing which results from the execution of the memory dump routine {the 
memory dump} should not be confused with the printed listing produced by the Assembly Program 
as part of assembly {the program listing}. The memory dump is a listing of the actual contents 
of core memory. The program listing, on the other hand, is a listing of the object program as 
it is punched on the object deck. 

ALPHA OCTAL 

00200 JOHN JOS EPH DOE 2396 NOR TH ~ADI5 4IU304"'414662 254730"24462'" 020311061'4'4651 6330154421243162 
1 1 1 1 

OOUO ON STR. PHILADEL PHU 2' P[NNSYLV 464515626351331' 4130314U1242'43 413031211'020'" 47254'4562704365 
1 2 1 2 

00300 ANU C S OHoU. 16'2 62 47.37 01 214'31 21 15231 562 1500030440020640 0 I 060'02 15 1 '0602 0401530307150001 
31 1 1 1 1 3 1 1 1 1 

L--.J L-J L-J L-J '--____ -'1 1 1 1 1 I 1 

4 GROUPS OF 8 ALPHA CHARACTERS 4 GROUPS OF 16 OCTAL CHARACTERS 

Format of a Memory Dump 

Interpreting a Memory Dump - The H-200 memory dump routine edits and prints data and 
punctuation bit contents of the specified memory area. The dumped output is printed, 32 memory 
locations per line, in both its alphanumeric and octal representation. {Thirty-two memory 
locations are represented by 32 alphanumeric characters plus 64 octal characters.} A code 
number is printed directly beneath each location which contains a punctuation bit, designating 
punctuation in the following manner: 1 = a word mark, 2 = an item mark, 3 = a record mark. 

The leftmost four characters in each printed line represent the octal address of the first 
memory location whose contents are printed on that line. This is followed by the 32 alpha 
characters, divided into groups of eight, and then the octal representation of these 32 charac­
ters, in four groups of 16. The dump illustrated above begins at decimal location 0128 which, 
in octal, is memory location 0200. 
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ASSEMBL Y PROGRAM PRINTED LISTING 

A printed listing of the assembled program contains symbolic source program statements, 

assembled (machine-language) equivalents, and error codes. Headings are printed on the first 

page of the listing. The four types of statements that may appear are symbolized below: 

PRINT .., 0"'''' ,.. "'.., 0 .., 
POSITIONS _ ~ ID ,..,..,..,.. CD CD 0> 0> ~ ~ 

INSTRUCTIONS 

CONSTANTS 

ASSEMBLY 

REMARKS 

Instructions 

r-----------------------------rT--orr-rrr--omr--r,---------
SYMBOLIC CARD IMAGE 

SYMBOLIC CARD IMAGE 

SYMBOLIC CARD IMAGE 

SYMBOLIC CARD IMAGE 

Figure 17. Program Listing Format 

CONTROL 
CHARACTERS 

1-62: The symbolic source program entry is printed within these print positions. Any 
statements written in these positions on the coding form, are printed in this 
area. 

65-70: This area contains the actual memory address of the assembled instruction 
(the octal address of the leftmost character). 

73-74: The octal representation of the op code is printed in this area. 

77-82: The octal representation of the A-operand is printed in this area. 

85-90: The octal representation of the B-operand is printed in this area. 

93-112: This area contains the octal representation of the control characters, if any, of 
the instruction. Up to six control characters, separated by blanks, will be 
printed. 

116-120: The error codes, consisting of a series of five zeros and/or numbers from 
1 to 9, are printed in this area. If an error exists, a zero will be replaced by 
a number which denotes the following: 

1 Phase I error. 
2 Phase II error. 
3 = Tag table is filled; tag was not entered. 

The position in which the number is printed among the five zeros also has particular signifi­

cance. If the number is printed in place of the: 

First zero = error in location field. Second zero = error in op code field. 
Third zero error in A-operand field. Fourth zero = error in B-operand field. 

Fifth zero = error in control character 
An example of this error coding is the following: 30100 This character that a location field 

tag was not entered in the tag table. An error was detected during phase I in the A-operand field. 
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OP CODE 
OSI-214A 

Octal 
FUNCTION TIMING PAGE NO. Mnemonic (memory cycles) 

1< ............... • 
. ARITHMETIC IN$1't'tU¢TfONS • ':, .. ' 

" . 
• 

•.•... .•..•...... ..•...•...•.• .•.•.•... ..... ....•. ·····/ii' ••....•. 
.. .. . ... '.' ................ : ......... : ...................... 

34 BA Binary Add Nj+ I+Nw+2Nb 93 
35 BS Binary Subtract Nj + I+Nw+2Nb 94 

36 A Decimal Add 
{ Ni + 2-+Nw+2Nb (no recomplement) 

Ni+ 2+Nw+4Nb (recomplement) 
89 

37 S Decimal Subtract 
{NI+2+Nw+2Nb (no recomplement) 

Ni+ 2+Nw+4Nb (recomplement) 
91 

16 ZA •• Zero and Add Ni+ I+Nw+ N b 96 

17 ZS •• Zero and Subtract Ni+I+Nw+Nb 97 

...... L.QG I~JN$TftUCT1OtijS < • . .... . .. ......•..••...•................ :.? 
31 EXT Extract ( LOllical Product) Ni + 1+3Nw 100 

30 HA Half Add (Exclusive Or) Ni+ 1+3Nw 10 I 

33 C Compare Ni+ 2 + Nw+Nb 102 

32 SST Substitute Ni+ 4 104 

55 BCE •• Branch if Character Equal Ni+4 105 

65 B Branch Ni+ 2 107 

65 BCT Branch on Condition Test Ni+ 2 108 

54 BCC Branch on Character Condition Ni+4 III 

[\ ..... ••• 

.' 

. ..CQNTROLINS'tRUCWN$ 
-:c cc--....... : ....... ." .. ' ..... .< 

22 SW Set Word Mark Ni +3 116 

20 SI Set Item Mark Ni+3 117 

23 CW Clear Word Mark Ni+ 3 118 
21 C1 Clear Item Mark Ni+ 3 119 

45 H Halt Ni+2 120 

40 NOP No Operation Ni +2 121 

43 CSM •• Change Sequencing Mode Ni+ 3 122 

42 CAM •• Chanlle Addressinll Mode Ni+2 123 

41 RNM Resume Normal Mode Ni+ 3 125 

14 MCW Move Character to Word Mark Ni +1+2Nw 127 

10 EXM •• Extended Move Ni + 1+2Na 129 

60 MAT •• Move and Translate Ni+ 3Nt 131 

15 LCA 
Load Characters to A-Field 

Ni+ 1+ 2Na 133 
Word Mark 

24 SCR Store Control Registers Ni+ 5 135 

25 LCR •• Load Control Rellisters Ni+5 136 

Iii ' .•.••. < •.•..••• .EDIT1NG . .. .... .........................» •....................... ./ > .••••.••••.. .... ... . ........ :. 

74 MCE • Move Choracters and Edit Ni + J + Na+2Nb+2X + 2Y 140 

F) ... i> ..•.•... .... ···· •• · .... ··lNPPI~q~TPVr ". ....... .. :cc •• 

.' ... .......... ... 
66 PDT Peripheral Data Transfer Ni+ l + data tronsfer time 144 

64 PCB Peripherol Control and Branch {Ni+1 (no branch) 
146 

Ni+2 (branch) 

• Individually optional instructions . 
•• Optional instructions contained in the Advonced Prollrammi.nllinstructions option. In addition to the instructions listed above, this 

option contains the following capabilities: 
I. Indexed addressinll 
2. Indirect addressing 
3. The ability to test any variant character configuration with the Branch on Character Condition instruction 
4. Read reverse capability on 204B half-inch magnetic tape units 

NOTE: The Change Addressing Mode instruction (CAM) is available in systems which include either the Advanced Prollramming Instructions 
option or a memory capacity greater than 4096 characters 
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INTRODU C TION 

This lesson presents instructions having some degree of similarity with your previous 

systems instructions. For example, SCR - Store Control Register has the same general pur­

pose as SAR and SBR instructions. Of course, the H-200 may utilize or store any of its .!i 
control registers. This lesson also discusses the H-200 Branch instruction, and explains the 

versatile use of variants and alternate formats. 

The following lesson introduces instructions previously outside the limits of your exper-

ience or prior equipment ability. PDT - Peripheral Data Transfer is an example of the type 

of instruction explained in Lesson VIII. A 1401 system performs operations serially and only 

o~e at a time. Because the H-200 provides simultaneity of operations and has multiple read/ 

write channels, its peripheral instructions are more powerful than those to which you are 

accustomed. Similarly, Binary Add and Binary Subtract instructions are beyond the capabilities 

of a 1401 system: Consequently, they are also explained as part of Lesson VIII. 

Page 194 provides an index of octal or mnemonic Op. Codes and corresponding memory 

cycle timing formulas. The column titled "Programmers I Reference Manual" is included for 

your future utilization of manual DSI 214A. The Honeywell 200 Programmers I Reference 

Manual is not required in order to complete either Lessons VII or VIII. Those instructions 

not included in Lessons VII or VIII (A, S, ZA, ZS, SW, CW, H, NOP) generally parallel 

those to which you are accustomed. 

DECIMAL ADDITION 

Add instructions perform either a true add or a complement add, depending upon the alge­

braic signs of the factors as shown by the zone bits (B&A cores). The zone bits in the units 

position of a field indicate the sign of the field. 

DECIMAL SUBTRACTION 

The Subtract instruction is analogous to the Add instruction with two exceptions: 

Exception 1. Before the operands are combined, the sign of the A operand is changed. 

Thus, if the initial sign of the A operand is equal to that of the B operand, the operands are 

combined by the complement add. If, on the other hand, the initial sign of the A operand is 

not equal to that of the B operand, the operands are combined by a true add. 

Exception 2. If the sign of the A operand is negative and the sign of the B operand is 

positive, the sign of the result is stored in the B field with the same zero bit configuration 

that was originally in the B field. Otherwise, the sign of the result is "normalized". 
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The result of any decimal arithmetic operation is stored with all zone bits, except those in 

the units position, set to zero. The zone bits in the units position of a field indicate the sign of 

the field according to the conventions shown in the table below: 

A field 

B field 

Result 

Type of 
Add 

OO} 
11 
01 + 

Zone bit configu­
ration of B field 

True 

(+A) + (-B) = -R 

(A OPERAND) 

10119 
lORV 
True 

OO} 
11 II> + 
01 w;.y 

10., -

10 -
01 - + 
Complement 

Sign Convention Table 

(B OPERAND) 

loll; -
OO} 
~~ It + 
10 -
01 - + 
Complement 

+0078 AUGEND -0090 ADDEND 

[ convert to r 9922 AUGEND L lon' comPlomo/ I-\,gn So:M 
carry indicates true sum; B operand 
recomp1ementing unnecessary 

Complement Add With No Recomplementing 

(+A) + (-B) = +R 

(A OPERAND) (B OPERAND) 
+0178 AUGEND - 0090 ADDEND 
L=: [ convert to 1-- 9822 AUGEND 

tens complement J.,A' 0-9912 SUM 

no carry indicates sum 7 _~ ___ ~ ___ _ 
is stored in its tens- recomplement and 
complement form; change sign 
recomp1ementing is 
necessary 7 

+0088 TRUE SUM 

Complement Add With Recomplementing 

INDICATORS 

Two indicators are set at the completion of every decimal arithmetic operation: the over­
flow indicator and the zero balance indicator. If a carry is generated beyond the limit of the 
B field, the overflow indicator is set to "overflow"; if such a carry is not generated, the in­
dicator is unchanged. The zero balance indicator signifies either a zero or a non-zero sum. 
When a decimal operation produces a result equal to zero (regardless of the sign), the zero 
balance indicator is set to "yes"; when the result of the operation does not equal zero, this 
indicator is set to "no." A Branch instruction automatically resets the overflow indicator; 
the zero balance indicator is not affected by the Branch instruction used to test it but is reset 
only by the next decimal arithmetic instruction. 
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1. In a preceding lesson, it was pointed out that certain capital letters separated by I's 

16. 

31. 

provide a convenient method for expressing instruction formats. Remembering that the 

letter F means "function" and therefore, symbolizes an op. code, express the following 

format: 

OP. CODE A ADDRESS B ADDRESS 

_F_' _I 4 I 6 I 

C COMPARE 
OP CODE A ADDRESS B ADDRESS 

Format o. -Format 
b. -Format 
c. -

It is important to remember that the data in the ~ field is compared to an equal 

number of characters in the ~ field. The B operand word mark terminates the opera­

tion unless A contains fewer characters. In this case, the ~ operand must have a 

\N II'<--'\> ""'1 ,\,',- ,because it is shorter than the ~ operaud. 

ICI I CLEAR PH!lM MARK 
!6l0lL.::) 

DP CODE A ADDRESS B ADDRESS 

Cw Format o. -Format b. -Format -c. 

Format a: The locations specified by the A and B addresses are cleared of word marks. 
The data at these locations is undisturbed. 

Format b: The word mark at the location specified by the A address is cleared. The data 
at this location is undisturbed. 

Format c: Word marks are cleared at the locations specified by the contents of the A-and 
B-address registers. The data at these locations is undisturbed. 

Clear the word mark at the location tagged ELEC I. 

~ LOCATION 

7 • 

OPERATION 
CODE OPERANDS 

62 

46. Now, take a closer look at the first three bits and answer the following questions. 

1. When checking for a WM (108 = 0010002), a branch occurs if a WM is present. Would a 

branch occur if a RM (1M & WM) were present? 
-"T'( y-e-s-/"r'n-o .... '-

2. When checking for an 1M (208 = 0100002), a branch occurs if an 1M is present. Would a 

branch occur if a RM (1M & WM) were present? --r--,-.;--
(yes/no) 

.3. When checking for a RM (1M & WM) a branch occurs if a RM is present. Would a branch 

occur if only an 1M is present? 
(yes/ no) 
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1. 

16. 

31. 

46. 

198 

~ LOCATION I OPERATION 
CODE 

7 • 1415 2021 

lew IElEC.1 

F/A/B / 

B 

A 

A WORD MARK 

B 

#1. YES 

#2. YES 

#3. NO 

OPERANDS 
62 

If any of your answers are incorrect, you can go back and find the reason some other 

time. Now, CONTINUE TO FRAME 47. 
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2. Certain instruction formats also indicate that one or more Variant characters are requir-

ed. Express the following format with letters and /'s. 

OP CODE A ADDRESS B ADDRESS VARIANT 

~/ 

17. With a compare instruction, data characters from the B field are compared bit by bit to 

the same number of characters of the A field. If the A operand is longer than the B operand, 

the characters exceeding the word mark in B are not processed. 

Three indicators may be turned on by the compare instruction. These are the: 

LOW COMPARE (B<A) 

EQUAL COMPARE (B = A) 

HIGH COMPARE (B>A) 

These indicators may be tested by a special branch instruction. The next compare resets 

the indicators. 

32. In addition to the word mark, the H-200 provides for two more punctuation marks. They 

are the d';:':. ))\ mark and the record mark. 

A group of consecutive characters, treated as a unit, is a word. An instruction address 

and a word mark define the right and left boundaries respectively. An item, (one or more 

consecutive words) is defined by an instruction address and an IT c"-'1 mark. 

47. The preceding questions may have been difficult to answer. It is sufficient to be able to 

answer the following: 

The high order bit (leftmost) is always a zero without Adv. Prog. Instructions option. 

Consequently, only the bit indicated is tested and if a RM (both 1M & WM) is present, a 

________ will occur. In other words, if only one bit is to be tested, the presence of 

the non-tested bit will not prevent a branch. 
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2. 

17. 

32. 

47. 

200 

F/A/B/V/ 

NO ANSWER REQUIRED 

Both fields rrlUst have exactly the same bit configurations to be equal. For example, 

plus zero is not equal to minus zero. (+"0" 010000, -"0" 100000) 

Comparison results and associated branch conditions are listed below: 

B< A 
B=A 
B::; A 
B>A 
BfA 
B~A 

ITEM 

ITEM 

BRANCH 

Low Compare 
Equal Compare 
Low or Equal Compare 
High Compare 
Unequal Compare 
High or Equal Compare 
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3. The fonnat F I A/B/, (F I A/B/V I when appropriate) is often referred to as, "fonnat a. " 

or "the complete format of an instruction". 

Instructions designated as "format b. " do not contain a B address. Expres s format b. 

for an instruction without a variant and an instruction with a variant._...lf--"-&....:f..~11'--__ ~!!J/J/ 
) ) 

IS. It was stated previously that arithmetic operations set two indicators (zero balance and 

overflow). These condition indicators are tested by a special branch instruction. Obviously, 

an unconditional branch instruction is not sufficient. An instruction to Branch on the Con­

dition under TEST is required. 

Appropriately, the mnemonic op. code for this instruction is BCT. The letters BCT stand 

for GBfrkKtl on Co (,,1.1 ~~ 'j t ~J 1t:::S-, 

33. Grouping words to form an item simplifies data transfer within main memory and reduces 

the number of instructions needed to move consecutive words. Boundaries of the item to be 

4S. 

transferred are specified by the programmer using the 

and an _.1.,.1 -,-,' k ... ··.I.,.1 "':.J..-__ mark. 

The proper descriptions of the following BCC variants are: 

lOS = 

20
S = 

30
S = 

001000 2 Branch if 

010000 2 Branch if 

011000 2 Branch if 

o = Test only 
the bit{s) 
indicated 

1 = Test 
item 
mark 

mark or ---
mark or ---
mark. 

1 = Test 
word 
mark 

mark. 

mark. 
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3. 

18. 

33. 

48. 

Format b. F I AI 

Format b. FIA/VI 

BRANCH CONDITION TEST 

INSTRUCTION ADDRE;iS 

ITEM ': 

Without the Adv. Prog. option, a BCC may test for the three conditions above or any of 

nine other conditions. Zones may be tested for signs or comginations of punctuation and 

zones may be tested. Without Adv. Prog. option, bits V6 and VI must be zero. Conse­

quently, 778 = 1111112 (among fifty-four other variants) would not be valid'. 

V =1 0 8 = 0 0 1 0 0 0 2 

V=20 8 = 010000 2 
V=308 =011000

2 

Branch if WM or RM 

Branch if lM or .RM. 
Branch if RM 
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4. Arithmetic instructions of the format F I AI are said to "duplicate A". That is, the A op-

erand is arithmetically added to itself. 

In other words, saying that the format F I AI of an __ -.!...A:...\!.,;:2..:..,-... ' _'~J..( ,-c'...,!! r.:.)-,l~_' ~ .... r ... (c~_ instruction 

" __ ..1))...1..1(,1..1 ,l..y..:\...::;...J\. ... 'ol.c,wA;::..'J..I.",::;I:.;.,."'So!.... __ A" means that the A operand is doubled. 

19. 

IBeT I BRANCH ON CONDITION TEST 

OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -
The op. code states that a branch is to occur if the condition being tested is present. 

Therefore, the A address specifies where the e K r\"" t~ is to go, if the condition to 

be tested by the ,/AR"1.,," Y character is present • • 

34. OP CODE A ADDRESS B ADDRESS 

I S I I SET ITEM MARK 
Format a. 

Format b. 

Format c. 

---Format a: An item mark is set at the location specified by each address. 

Format b; An item mark is set at the location specified by the A address. 

FO,rmat c: Item marks are set at the'location specified by the contents of the A and B 

address registers. (Chaining A and B) 

Set an item mark in locations PAY, and PAY + 80. Set an item mark in location ELEC 1. 

~ LOCATION 

7 B 

OPERATION 
CODE OPERANDS 

62 

49. With Advanced Programming Instructions option, a BCC variant is unrestricted. That is, 

00 8 to 778 are valid. Use the chart below and construct any variants from 00 - 77. Describe 

what each variant will test. 
"O/tO 

EXAMPLE: 41 causes a branch if NO PUNCTUATION AND B BIT IS I. -g , 

-8 
causes a branch if __________________ _ 

-8 
,causes a branch if __________________ --: 

V6 Vs V4 V3 Vz VI 

o = Test only the o = Test only the 
bit indicated Item Word bit indicated B bit A bit 

mark mark 

= Test both bits = Test both bits 
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4. 

19. 

34. 

49. 

204 

i LOCATION 

7 8 

OPERATION 
CODE 

ARITHMETIC 
DUPLICATES 

BRANCH 
VARIANT 

OPERANDS 

1415 2021 

Sl PAY,.P,,,,,,,,,-+80 
S't ELEC 1. 

62 

ANY of sixty-four variants possible for a BCC are sh,own by the two tables on the front 

and back of frame 50. Check whatever variants you constructed by referring to these tables. 

NOTE l. An X represents any octal digit. If X is 0, only the character condition de­

scribed will be tested; if X is a digit from 1 to 7, the condition described ~ the condition 

indicated by the corresponding octal digit in the other table will be tested. 

NOTE 2. WITHOUT ADVANCED PROGRAMMING INSTRUCTIONS OPTION - The valid 

BCC variants are octal: 00, 02, 06, 10, 12, 16, 20, 22, 26, 30, 32, 36. 

NOTE 3. The instructions constituting the Advanced Programming Instructions option 

are identified on the index page 194. 
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5. In ~ arithmetic instructions, the format F I AI may indicate "half chaining". That is, 

the operand at the A address will be involved with the B operand whose address is currently 

in the B address register. 

Consequently, the format F I can indicate "full chaining". As its name implies, the A 

operand whose addres s is currently in the .J::.L (I D iJ Il , '",C:, -:v c I, -:L 31(;." is in-

volved with the \:. 0 ?~frNS) whose address is currently in the _5_ (11J VJC ,:::,:, 

\~ >,~ -:; c ! ~,,-

20. Suppose that the octal variant 60 is written with a BCT instruction. Convert octal 60 to 

six bits and compare it to the variant table below. 

OCTAL 6 0 

BINARY ~~ 

VARIANT BITS -~\ -~-===---;---..--
I=Test 
zero bal 

or 
overfloW' 

or 
compare 

zero 
balance 

overflow 

Which indicator will be tested? ___ ~ ___ _ 

high equal low 
compare compare compare 

35. Setting item marks does not disturb the data stored in that location. l:Jowever, if you set 
I 

50. 

an item mark _ in a location containing a word mark 0 , a R ~ C.{YL\) - mark 0 
will result. Both SW and SI instructions are required to set a 0 

OX 
IX 
2X 
3X 
4X 
5X 
6X 
7X 

Any punctuation bit configuration. 
Word mark bit B character is I (either WM or RM present). 
Item mark bit of B character is I (either 1M or RM present) 
The character at B contains a record mark. 
The character at B contains no punctuation mark. 
The character at B contains a word mark. 
The character at B contains an item mark. 
The character at B contains a record mark. (same as 3X), 
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5. 

A ADDRESS REGISTER 

B OPERAND 

B ADDRESS REGISTER 

20. 

35. 

ZERO BALANCE indicator is tested by octal variant 6~ 

VARIANT BITS I I 0 0 0 0 

I=Test of 
Zero bal. 

or zero overflow high equal low 
overflow balance compare compare compare 

or 
compare 

The first I shows that either zero balance or overflow or compare indicator is to be 

tested. The second I shows that it is the zero balance indicator that is being tested. 

RECORD 

5 0 .¥~lf~~Ilt(;ha:rader 
····(pl;;ta~J 

206 

XO 
Xl 
X2 
X3 
X4 
X5 

X6 

X7 

Any zone bit configuration. 
The A bit of the character at B is 1. 
The B bit of the character at B is 1. 
The B and A bits of the character at Bare 11. 
The B and A bits of the character at Bare 00. 
The character at B contains a positive sign (the B and A 
bits are 01. ) 
The character at B contains a negative sign (the B and A 
bits are 10). 
The B and A bits of the character at Bare 11 (same as X3). 
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6. An unconditional branch instruction causes the program. sequence to 6 K'~ 1'-1(;' from. the 

point at which it is encountered to the single address written in the operands field. 

Express the form.at of an unconditional branch instruction and state why that is neither 

P/~,( 

21. If the 1 bits show that the zero balance indicator is being tested, would this imply that a 

36. 

zero balance has occurred? 

Why? __ ""~,~, · .... I ___ -+'--_~, .-;u ...... ===r===:=::<~:,=,1:'!:-'''' .. ==):, ..J,...--,~e:.',.I;.::;J:;,:..J"""&",,r_i _<,-X.L::...4.1 __ J.l..: _:'\L"'::':;'''';-:;jI<l.oAJ:l.'~':;;' '--_______ _ 

I C I I CLEAR ITEM MARK 

CI uses the sam.e three form.ats as CWo A CI instruction will not disturb the data or 

affect word m.arks in locations. Clear item. m.arks from. locations PAY and PAY + SO, 

clear item. m.ark from. location ELEC 1. 

~ LOCATION 

7 B 

OPERATION 
CODE 

1415 

OPERANDS 

62 

51. Use the form.at F/A/B/V/, where V=20S (checking for an item. or record m.ark) to write 

an instruction as follows: 

Branch to address 3S4 if the character at 402 has the variant specified condition. 

LOCATION 
OPERATION 

CODE 

1415 2021 

OPERANDS 

62 
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6. 

21. 

36. 

51. 

208 

BRANCH 

FIAI 
UNCONDITIONAL BRANCH IS NOT AN ARITHMETIC INSTRUCTION, THEREFORE, 

BRANCH FIAI DOES NOT "DUPLICATE A". 

"HALF CHAINING" IS NOT IMPLIED BY BRANCH F I AI, BECAUSE THE ADDRESS 

SPECIFIES THE ADDRESS FOR THE BRANCH. 

(or equivalent answers. ) 

NO 
I 

THE VARIANT CHARACTER SPECIFIES WHICH CONDITION IS TO BE TESTED, 

NOT THE RESULT OF THE TEST. 

l=Test of 
zero bal. 

or zero overflow high equal low 
overflow balance compare compare compare 

or (» (= ) « ) compare 

~ LOCATION 
OPERATION OPERANDS 

~ CODE 

7 8 !415 2021 62 

Cl PAy PAYTIIO 

In nEe 1 

LOCATION 
OPERATION 

OPERANDS CODE 

8 1415 2021 62 

ace :3~4- .• .4,O.2.. 2¢, 
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OP CODE A ADDRESS B ADDRESS VARIANT 

Format: _ 

The op. code of an unconditional branch is the mnemonic B. This type of branch is used 

to interrupt program sequence and continue at another point. Word marks are not affected. 

Because no specific condition is being tested, this type of branch is 

Write a branch of this type to the location tagged SUB 6. 

I~ LOCATION I OPERATION 
eOOE OPERANDS 

7 • 1415 2021 

1& J.1?t.. 

62 

22. Refer to the chart below, and note that three compare indicators may be tested by a pro­

perly constructed variant. For example, octal 41 is binary 100001. This will test the 

_..:::c.,",~'-'-_\'.:....LYl<:..:.1\.;:>{ ....... ___ indicator. A branch occurs if B<A construct the octal variants 

to: 

Branch if B is = or <.A If'? 8 (1000112 ) 

Branch if zero balance or B >A ___ t_--I,:..' ----I:S8 

l=Test of 
zeto bal. _ 

or zero overflow high equal low 
overflow balanrp. compare compare compare 

or ( » (= ) « ) compare . 
37. Recall that the 9 cores in a memory location a,re in the following order: 

ZONES 
or 

SIGNS 
P 1M WM P A 8 4 2 1 

-@ EID EID EID ® ® ® ® ® 
'---y-J V 

I , 
V 

I 

PARITY PUNCTUATION CHARACTER 

Considering only the punctuation and character cores, their corresponding bits would be 

10 00 00 0 0 if an un.~igned 0 digit was' in a memory Ie. cation with an ITEM MARK. Write 

the bits for an unsign'ed zero with a word mark .£..L. do 0 O'o-u . Write the bits for an 

unsigned zero with a record mark. lL 00 bQ 

52. In your own words, briefly state the different uses of the instructions: 

BRANCH, BRANCH ON CONDITION TEST, and BRANCH ON CHARACTER CONDITION. 

209 



LESSON VII. EASYCODER PROGRAMMING 

7. 

22. 

37. 

52. 

210 

I~ lOCATION 

7 8 

UNCONDITIONAL 

OPERATION 
CODE OPERANDS 

1415 2021 

la SUB.6 

LOW COMPARE - 418 - 100001
2 

- B <A 

43 8 B/=or<A 

648 Zero Balance or B >A 

WM(/J=Ol 00 0000 

RM'/J= 11 000000 

62 

B-BRANCH is an unconditional change in program sequence frequently 
used for subroutine linkage. 

BCT - BRANCH ON CONDITION TEST is used to test the indicators or 
sense switches. 

BCC - BRANCH ON CHARACTER CONDITION is used to check punctua­
tion bits and zone bits. 
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Branches are executed within the H-200 in m.uch less tim.e but in a fashion sim.ilar to the 

1401. The branch execution below uses the letters I. ac. bc, to identify the: Instruction, A, 

B, Address Registers respectively. The branch instruction form.at F I AI is retrieved, then-

I ac bc 

1. NEXT PROG. ADDRESS I I ADDRESS FOR THE BRANCHII 
L ________________________ _ L_-_-_-_-_-_-_-:Jr--------' 

ac is then m.oved into I TEMPORARIL Y STORED IN bc 

2. f 
• 

IIADDRESS FOR THE BRANCHII NEXT PROG. ADDRESS 
i 

3. I ADDRESS FOR THi BRANCHI The new address in I then directs retrieval fro.m. 
the location specified in the branch form.at F I AI. 

Write an instruction to branch to the location tagged SUM if B<A. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

~,c, 1. lJj (\' .. ..f I. 

, 

Perhaps the m.ost obvious use of SW, CW, SI, and CI concerns establishm.ent of word. 

item., and record lim.its. Another less obvious but sophisticated use of these instructions 

is to activate and deactivate a locations' punctuation cores as a "four -way electr-onic switch". 

Assum.e a program.m.er wishes to set a "switch" by program. instructions instead of 

manually pressing a sense switch. Perhaps he wishes to indicate a particular routine has 

been executed or a certain condition has been encountered in the program.. He m.ay turn 

on an "electronic switch" {punctuation bits in a selected location} with a SI or SW 

instruction. 

The final branch instruction to be discussed in this lesson is used to check for equal 

characters. That is, a branch will occur to the A address if the single character at the B 

address is the sam.e as the variant character. The Branch if Character Equal instruction 

does not require construction of specific variant bits. The variant is sim.plya character 

to be com.pared to the B address character. 

Form.ats of this instruction are shown on the answer side of this fram.e. 

211 
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8. 

23. 

38. 

53. 

212 

NO ANSWER REQUIRED 

I~ LOCATION I OPERATION 
COOE OPERANDS 

7 • 1415 2021 

Isc:r SUM 41 

NO ANSWER REQUIRED 

........ ~RANCHiE ........... . 
. CRi\RJ\C TEREqV,Al.;· 

Format 

Format 

a. 

b. 

OP CODE A ADDRESS --

62 

B ADORESS VARIANT -
Format a: The single character specified by the B address is compared to the Variant 

character. If the bit configurations of the two characters are equal, the 
program branches to the location specified by the A address. If the bit con­
figurations are unequal, the program continues in sequence. 

Format b: Format b of this instruction is an illegal format unless it is immediately pre­
ced by a BCE instruction which did not cause a branch. The single character 
specified by the contents of the B-address register is compared to a variant 
character specified in the previous BCE instruction. If the bit configurations 
of both characters are equal, the program branches to the instruction specified 
by the contents of the A-address register. 
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Suppose that the instruction B SUB 6 is stored in m.em.ory locations 150, 151, 152, and that 

6 refers to the routine beginning in m.em.ory location 500. Write the appropriate ad­

sses in the registers below. The branch instruction form.at F I AI is retrieved, then-

I ac be 

I->? a ~() II L ________ .. _-_-_-_-_..;;..._-_-_--_-_-_-_-_~ __ .. -_-_-_-_-_-_-Jr------.-J 
ac is m.oved into I. 

f" - - - - - - - - - - - - - - - -, 

"'--______ -'" !)~ I ~I :=::=:::::1 '$::-::3 :=::=:::::::: 
500 1 ... 1 ________ ,;.-JI ... 1 ____ 1_53 ____ ,....J 

Refer to the chart in fram.e 22 as needed to write the following: 

Com.pare Item. Num.ber to 4000. If Item. Num.ber is equal to 4000, branch to location 

I~ LOCATION 
OPERATION 

CODE 

7 8 1415 

C 
aC.1 

2021 

Description 

Item. num.ber 

4000 

., tJ 1/, . t {em -
nJ1~ II'\' ) 

I 

~ 
ITEM 

CON4 

OPERANDS 

62 

~ 

An "electronic switch" is sim.pl y the 1> "lit l'u 'Prj (910' cores of a selected ty\\;;;·-ma;t,.. "I 
La ("lIr-'\ \\\1 The switch m.a y be "turned on" by a ~ instruction or a S 1-

instruction. Since it is "turned on" by these instructions, it m.ay be "turned off" by cvJ 
and ~ instructions. Show the four possible binary conditions of an electronic switch. 

~-! --'2-. ~ _, _ ~. -L L-. 

A word m.ark in the location tested has no effect on this instruction. 

Determ.ine if the character stored in the location tagged LABEL + 3 is equal to 6. If so, 

branch to the location tagged P6; otherwise continue the program. in sequence. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 8 1415 2021 62 

(l"u p" lil1?:-"q (., 

213 
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9. 

24. 

39. 

S4. 

214 

I ac bc 

1·1 lS3 , , SOO 
L _______________ _ 'L-I ___ --~ 

_3 

2·LI ______________ ~I~ SOO 'IL ______ ~lS~3 ______ ~ 

3.'r-----S.....Jo
C
L-0 --------------'-IL.-_-_-_-_-_-_-_' ____ .,.J'i L. ____ 1_S3 ___ ........... 

I now contains the address to begin retrieval of SUB6 at location #500. The address to 

which the program should return after completing SUBb is temporarily stored in bc. 

Ii LOCATION 1 OPERATiON OPERANDS CODE 
K 
7 8 1415 2021 62 

Ie CON4 ITeM. 
l&CT NITEM.42. 

NOTE: Tests EQUAL 

PUNCTUATION MEMOR Y LOCATION S w./ SI CW CI ' 

1M WM 

0 0 = Both switches "off". , 
1 0 = 1M "on", WM "off". 

0 1 = 1M "off", WM "on". 

Record Mark 1 1 = 1M "on", WM "on". 

These four conditions may be tested by a Branch on Character Condition instruction. 

I~ LOCATION ! OPERATION OPERANDS 
K CODE 

7 8 1415 2021 .2 

ISeE P6 .• 1A BE L+3,.6 
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With a 1401 at the point illustrated in frazne 9, .it would be necessary to write an SBR 

instruction at the start of the subroutine. This would store bc so that a branch could be 

written at the end of the subroutine for returning to prograzn sequence (153). 

Siznilar instructions are written for the H-200. However, bc is an H-200 CONTROL 

REGISTER. To accoznplish what you know as SBR, an H-200 S16!\,W.!.rb CowriZql./ 
~ B t,."1,) -{ ... ['-- instruction is written. 

25. If the BCT octal variant has a f/J as the first digit, (EXAMPLE f/J4), why will none of the 

indicators be tested? q,~\ ~ <hod b I ~ t ~ 

--- --- -- --- --- ---
I = Test of 
zero bal. or 
overflow or 

coznpare 

The initial designation or s~llection of an electronic switch is accoznplished with a data 

forznatting stateznent and a f/J in coluznn 21. 

Write a define constant instruction to reserve one znernory location. Tag it ELECt. 

Ii OPERATION OPERANDS 
. 

LOCATION CODE 

7 • 1415 2021 62 

tE.~G\ Ii?e,. . IQ 

Deterznine if any character position in the seven-ch~racter field tagged PART contains 

the letter Q. If so, branch to the location tagged RETRO; otherwise continue the prograzn 

in sequence. 

CARD y I~ LOCATION 
OPERATION OPERANDS 

NUMBER I~ ~ CODE 

I 2 '3 4 5 6 7 • 1415 2021 62 

I : '.c..t ~Z ~.I~ Q.'Pldi.U 
I 

I I}(. ([ 
, 

I I lilt. ( 
I 1 II')., { I I I I I I I I 

i ! r~,l, t! 
I I II1.£.. « 
i ,I ~L , 

215 
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10. 

25. 

40. 

55. 

216 

STORE CONTROL REGISTER 

An exa:mple of SCR coding is shown below: 

I~ LOCATION 
OPERATION 

OPERANDS CODE 

7 8 1415 2021 62 

8 SUB 6 
S T.AX .MY .N.£X:r. clN.STRU-,c:r~\ ON 

SUB 6 CA~M 2.~ ~ART .!:,URRo.II."TIN.,E. 

RETUR."I SI:.L '8.iJ.0 .• uf;. 
?" 
,2, 
s, %00 ,END Q,F. -SUBROUT l.M.E 

THE FIRST BIT MUST BE 1, IF ZERO BALANCE OR OVERFLOW OR 

COMPARE INDICATORS ARE TO BE TESTED 

Therefore, a BCT octal variant producing a first bit of 0 is :meaningless 

AS FAR AS INDICATORS ARE CONCERNED. 

~ LOCATION 1 OPERATION OPERANDS 
~ CODE 

7 8 1415 2021 62 

\:l E C 1 IPC ¢ 

CARD ~I~ LOCATION 
OPERATION 

OPERANDS NUMBER CODE 

I 2 3 4 5 6 7 8 1415 2021 62 

I : BeE RETRCl PARl'Q 
I 

I BCE 
I \ lecl' 
I I BCE 
i I ,aCE 
I I '~CE 
I I aCE 

--
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11. OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -SCR stores the control register designated by the octal variant character at the address 

written in the operands field. 

In the example at the left (frame 10) evidently the variant character J 0 de­

signates bc. This control register (containing the address of the return point after the 

subroutine) is to be stored in memory at address # «fOr) 

I SCR I STORE CONTROL REGISTERS 

26. The testing of individual or combinations of SENSE SWITCHES occurs when a BCT octal 

variant has a first digit that will produce a first bit zero. In other words, if the first bit 

of a BCT variant character is not a 1, Sey:JS <- switches are to be tested - not k @'L'; 

"Ii ;,;-'tt (,-,-, ,or __ c=-:.!!:,;,.:'1:!.",,,-, .::./..:..t1;,.:iC-,::-;;,..!" ___ indicators. 

41. If it is desired to initially turn on the Item Mark switch, an L could be written in the MARK 

column of the DC statement. Similarly, if a Word Mark switch were desired to initially be 

on, a DCW statement could be written. 

Write the statement to select an electronic switch tagged ELEC 2 that is initially have 

both 1M and WM on. 

i LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

Ekt;-LV IQc..'l/ 0 

56. H-200 MCW and LCA instructions are used in much the same manner as their 1401 counter­

parts. The difference between LCA and MCW is that: 

LCA terminates transfer with th~ word marke~ A operand character. 

MCW terminates transfer when the first word mark in either A or B is reached. 

217 
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11. 70 - Octal variant designating bc. 

26. 

41. 

56. 

218 

800 - bc to be stored at address 800 in example. 

The partial tables below and in frame 12 list the control registers designated by SCR 

variants. 

·ya;ria]'it·.qharacter 
I. ···l()¢~~) . 

... 

67 
70 
77 
64 
01 
1 1 
02 
12 

~ LOCATION 
OPERATION 

CODE 

7 • 1415 2021 

.LELEC2 [QCW SiS 

.... Cont:rolltegiste 1" 
. .. ... .... . . .. 

A-Address Register 
B-Address Register 
Instruction Address Register 1 
Instruction Address Register 2 
RWC1 - Current Location Counter 
RWC1 - Starting Location Counter 
RWC 2 - Current Location 
RWC 2 - Starting Location 

SENSE 
ZERO BALANCE 

OVERFLOW 
COMPARE 

OPERANDS 

NO ANSWER REQUIRED 

Counter 
Counter 

62 
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12. 

03 

13 

05 

15 

66 

67 

76 

60 

R WC 3 - Current Location Counter 

RWC 3 - Starting Location Counter 

RWC l' - Current Location Counter 

RWC l' - Starting Location Counter 

Interrupt Register 

Word Register 1 

Work Register 2 

Unassigned 

Continue to the answer side of this fram.e. 

27. Understanding the purpose of the first variant bit perm.its alternate utilization of the chart 

below: 

1 = Test of 
zero bal. or 
overflow or 
com.pare 

Sense 

Switch 

4 

Sense 

Switch 

3 

Sense 

Switch 

2 

Construct a BCT variant to test sense switch 4 for on. -2- 0 ....L £""'L<2....,z 

Sense 

Switch 

1 

42. An electronic switch occupies a m.em.ory location and as such, m.ay be thought of as a 

"character". The purpose of one of these "characters" is to provide four possible cond~tions 

that m.ay be set by program. instructions and then be checked by a special branch instruction. 

Since this Branch is determ.ined by a Character Condition, it is known as a Branch on 

c.. \tAAf\e.-r~ CON'/> :t1Iv~'" instruction. 

57. The following statem.ents concern an LCA instruction: 

1. This instruction (in any form.at) is the only instruction that always m.oves both a field and 

its defining punctuation m.ark. 

2. A record m.ark appearini in the A field will term.inate the operation. 

3. All punctuation (word m.arks, item. m.arks and record m.arks) initially stored in B-field 

locations will be cleared if the corresponding A field characters do not include identical 

punctuation. 

4. The B address m.ust never fall within the A field. The A address m.ay fall within the B 

field, however, if desired. 

Continue to the answer side of this fram.e. 
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12. 

27. 

42. 

57. 

Any of the 16 control memory registers may be stored in memory by SCR 

and the appropriate variant. 

Because it may be desirable to load any of these 16 control memory registers, 

a Load Control Register (LCR) instruction is available. 

OP CODE 

o. _ 

b. _ 

c. _ 

The variant above tests sense switch 4. 

CHARACTER CONDITION 

A ADDRESS B ADDRESS LOAD CHARACTERS TO 
A -FIELD WORD MARK 

Format a: The data and punctuation in the A field are transferred to the B field. 

Format b: The data and punctuation in the A field are transferred to the field specified 
by the contents of the B-address register. 

Format c: The data and punctuation in the field specified by the contents of the A-address 
register are transferred to the field specified by the contents of the B-address 
register. 

220 



LESSON VII. EASYCODER PROGRAMMING 

13. ILCR I LOAD CONTROL REGISTERS 

Z8. 

43. 

OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -LCR variant characters which designate control registers are the same as those listed for 

SCR. The contents of the field specified by the A address (containing either a two, three, or 

four character addres s depending on the pres ent addres sing mode) are loaded into the control 

register designated by the variant. 

Refer to the preceding tables as needed to write: 

1. An SCR for RWC - 1 Current Location Counter to be stored at the address tagged CLC I. 

Z. An LCR for Instruction Address Register Z to be loaded from the address. 

Ii LOCATION 
OPERATION 

OPERANDS CODE 

7 • 1415 2021 62 

When testing for a multiple ~ switch condition with a single BCT, a branch occurs 4 
only if @ the designated switches are on. When testing multiple indicators with a single 

BCT, the branch occurs if any of the indicators shows the desired condition. 

A complete BCT variant chart is provided on the answer side of this frame. Complete 

tables of all variant combinations in the Programmers I Reference Manual. 

BRANCH ON CHARACTER· 
CQNDITION 

()P CODE A ADDRESS B ADDRESS VARIANT 

Format Q. - -Format b. _ 

Format a: The single character specified by the B address is examined for the condition 
specified by the variant character. If the condition is present, the program 
branches to the instruction specified by the A address. If the condition is not 
present. the program continues in sequence. 

Format b: The single character specified by the contents of the B ... address register is ex­
amined for the condition specified by the variant character in the previous BCC 
instruction. If the condition is present, the program branches to the instruction 
specified by the contents of the A-address register. Otherwise the program con­
tinues in sequence. 

Note that format b. chains the ~ and ~ addresses, but it retains the 

"M)'t~ t\-\:MIH.St:'(\.of the :VR0I\..1cl) BCC instruction 

58. Set punctuation defining the proper field, then move TAX to PAY. The rightmost memory 

location of the four character A operand is tagged TAX. The rightmost memory location of 

the four character B operand is tagged PA Y. 

Ii LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

),II.! trH -.:S, 
It,{ ~ Int".?,!'" 

ZZI 
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13. 

28. 

43. 

58. 

222 

i LOCATION 
OPERATION OPERANDS CODE 

1 • 1415 2021 62 

SCR CL C1 ,01 
lCR COSEQ, .77 

SCR instructions may also be used for determining the length of records. Assume that 

it is desired to know the length of a record that has been transferred fro~ the tape unit on 

RWC #2. 

By storing the starting location counter and the current location counter of RWC #2, their 

contents could then be arithmetically subtracted. The difference between these amounts 

equals the length of the record transferred. 

NO ANSWER REQUIRED 

Refer to this chart for the next frame 

o = TestSense Not Sense Sense Sense Sense 
Switch Used Switch 4 Switch 3 Switch 2 Switch 1 

= Test Zero Zero Overflow High Equal Low 
Balance, Balance Compare Compare Compare 
Overflow 
or Compare 

Format b. chains A and B addresses. 

It also retains the VARIANT CHARACTER of the PREVIOUS BCC. 

I~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

1 • 1415 2021 62 

5W TAX-3 
CA TAX .• PfoY 
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14. Mnemonics for the three instructions covered to this point are: e- ,Sc-I\. Leg( 
Their respective formats are: p riA/vi --; /Il/// 
A control register is designated by an octal \} A i\"i-", '\ C 1-1 t1JZ&cl tIL 

29. A multiple sense switch variant tests all designated switches for on, and the program will 

not branch until ~ designated switches are set. Conversely, a multiple indicator variant 

causes a branch if ~ designated indicator is set. The following example conditions may re­

quire more than one BCT instruction. Construct appropriate BCT variants to branch if: . 

#1. Sense switches 1, 2, and 4 are on \~, 
#2. 

#3. 

#4. 

Sense switch 1 ot 2, or4 is on _-,o;;.lt\f-(J:L.I:"-1'r-'IL..0'-lG~_ 
b ,1 a 

Overflow or Bf. (UNEQUAL) A --~;::;'-~;;"'III)~~c----

Overflow or zero balance or B A l \<; 
How may BCT instructions are needed for each of the above? 

#1. I ,#2. J ,#3.' \ , #4 _____ _ 

44. Only a single punctuation core (WM) is available in a 1401 memory location. When used 

as an electronic switch it could only be checked with one BWZ / A/B/l
d 

(d character 1 causes 

branch if WM). Additionally, a 1401 BWZ for eight other conditions (word mark or zeros, 

zone checks) making a total of nine possible tests. Without Advanced Programming Instruc­

tions option, the H-200 may check 12 character conditions. With the option, the H-200 may 

, check 64 character conditions. 

59. Formats of an MeW instruction are illustrated on the answer side of this frame. 
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14. 

B 

F/A/ 

SCR 

F/A/V 

LCR 

F/A/V 

VARIANT CHARACTER 

29. If any of the below are incorrect, review fra:mes 28 and 29. 

44. 

#1. Sense switches I, 2, and 4 are on. 13
8 

(001011
2

) 

#2. Sense switches 1 or 2 or 4 is on. 01
8

, 02
8

, 10
8 

#3. Overflow or B/A. 55
8 

(1011 01
2

) see note. 

NOTE: Logically, if B is either HIGH or LOW co:mpared to A, then B could ~be equal to 

A (B~A). Unequal tests are :made by testing condition of HIGH COMPARE and LOW COM­

PARE indicators. 

#4. Overflow or zero balance or B<A. 718 (111001
2

) 

#1. ONE #2. THREE #3. ONE #4. ONE 

O=Test 
only the 
bit (s) 

\ ! 

IF THE H-200 WITH WHICH YOU WILL BE WORKING HAS THE j 
ADVANCED PROGRAMMING INSTRUCTIONS OPTION, SKIP 

TO FRAME 49, PAGE 203; OTHERWISE, CONTINUE TO FRAME 

45. 

l=Test l=Test O=Test only 
Ite:m Word bit indicated B bit A bit 
Mark Mark l=Test both 

indicated bits 

PUNCTUATION 

MOVE CHARACTEES TO 
WORD MARK OP CODE 

ZONES 

A ADDRESS B ADDRESS 

For:mat o. -=~~=~~~==== For:mat b. _ _ 

For:mat c. _ 

For:mat a: The data and ite:m :marks in the A field are :moved to the B field. 

For:mat b: The data and ite:m :marks in the A field are :moved to the field specified by the 
contents of the B-address register. 

For:matc: The data and ite:m :marks in the field specified by the contents of the A-address 
register are :moved to the field specified by the contents of the B-address register. 

224 
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15. The instruction used to compare B field data to the same number of characters in the A 

field is known as the _~c.=().l..:m.u...ptr:.!.'..:."::.;.£;....-. __ instruction. This instruction has three formats. The 

first format is "complete" and does not include a variant. The second format provides 

"half chaining" and the third format allows "full chaining". 

Show and identify these formats. 

Format a. F /8/ tV is C qrr ,h.c Ie: 
Format b. r III provides ij ih.1 ~ t' (i>..:,J_I;..,~J'"_' _____ ' 

Format c. __ ... r: .... ! _____ allows __ -4t_y,,·.:;;\,... ... vc;., _____ ...:r .... ...:," .... 1' .... < '-::,." ""AJ:.JoT..j;iJ:.;;!"'~ __ , 

30. I sw t SET WORD MARl< OP CODE A ADDRESS B ADDRESS 

Format Q, --=~~=~~~==== Format b, _ _ 

Format Co _ 

Format a: A word mark is set at the location specified by each address. The data at each 
location is undisturbed. 

Format b: A word mark is set at the location specified by the A address. The data at this 
location is undisturbed. 

Format c: Word marks are set at the locations specified by the contents of the A- and B­
address registers. The data at each location is undisturbed. 

Set a word mark in the location tagged ELEC I. 

I~ LOCATION I OPERATION 
CODE OPERANDS 

7 • 141fi 2021 62 

13+1 Ie li: c. J 

·45. The first discussion of BCC variants assumes a system without advanced programming 

instructions option. For the moment, only punctuation checks are considered. Refer to 

the chart in frame 44, page 224. Then, construct the proper varian{Oto write octal variants 

for the following: 

Check for a WM 000 2 = __ 0_ 8 ------
Check for a 1M 000 = 0 ------ 2 --8 
Check for a RM 000 2 = __ 0_ 8 ------

60. Formats a, b, and c: A word mark is required in the shorter of the two fields. The 

operation terminates when this word mark is sensed. Item marks initially stored in B­

field locations will be cleared if the corresponding A-field characters ~ include 

item marks 

Assume that the B fields below are unpunctuated and that each A field contains a WM 

in its leftmost location. Move the A fields to the sequential B fields by the appropriate 

MCW instruction format. 

A FIELD 

150 - 155 
160 - 168 
173 - 180 
185 - 187 

B FIELD 

800 - 805 
806 - 814 
815 - 822 
823 - 825 

I~ LOCATION 

7 • 

OPERATION 
CODE 

1415 2021 

!Mew 187 ,,%,25 
l/licLA, It;(1 
I'" (t.iI if.fD c) 

~,( .... II \.\ 

225 
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15. 

30. 

Ii lOCATION 

1 8 

45. 

60. 

/ 

Ii lOCATION 

7 8 

226 

COMPARE (mnemonic C) 

OPERATION 
CODE 

F/A/BI 

F/AI 

FI 

1415 2021 

ISW ELFC 1 

CHECK WM 

CHECK ~M 

CHECK RM 

/ 

OPERATION 
CODE 

1415 2021 

M.ew ~a.7 .•. 8,2£, 
MI'.W lJ.8.o. 
MeW 168 
Mew 1.5.5 

COMPLETE 

HALF CHAINING 

FULL CHAINING 

OPERANDS 

V = 001000 2 = 
V = 010000 2 = 

V=011000 
2 = 

OPERANDS 

62 

10 8 

20 
8 

30 8 

6Z 
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.MOVE CHARACTERS AND EDIT 

(If the H-200 system with which you will be working does ~ in­

clude an MCE option, continue to LESSON VIII.) 
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OP CODE A ADDRESS 

Format _ 

FUNCTION 

IMCE I MOVE CHARACTERS AND EDIT 

B ADDRESS 

MCE is used to insert identifying symbols and punctuation, also for suppression of unwanted 

zeros in a data field. The A address contains the information to be edited. The B address 

contains a control word providing a framework for the edit operation. When an MCE is execut­

ed, the data in A is moved to B. There it is punctuated and formatted according to the edit 

control word already in B. 

An LCA instruction can be used to load the control word into B. For instance, if edited in­

formation is to be printed, the control word should be loaded into the print image area. The 

address of this area should be used as the B address of the MCW instruction. 

Editing is performed according to the following rules: 

Rule 1. Any character in the H-200 character set can be used in the edit control 
word. Characters having special meanings are listed below. All other charac­
ters, if included in the edit control word, remain in the edited result in the posi­
tion where written. 

Rule 2. A word mark in the high-order position of B controls the edit operation. 

Rule 3. The number of replaceable characters in the edit control word must be 
at least as large as the number of characters in A. 

Rule 4. Data is transferred from A, character by character, from right to left. 
If a zero suppression symbol is not sensed in the edit control word, the edit 
operation terminates when the B word mark is sensed. A zero suppression / 
symbol causes the edited result field to be scanned from left to right. During 
this scan, high-order zeros and commas are automatically replaced by blanks 
(unless an asterisk appears immediately to the left of the zero suppression 
symbol -- see rule 5). Zero suppression is terminated by any of the following: 

a. a decimal digit from one through 9, 
b. a decimal point, or 
c. the location that initially contained the zero suppression symbol. 

Rule 5. An asterisk immediately to the left of the zero suppression symbol in 
the control word causes high-order zeros and commas to be replaced by asterisks 
instead of blanks in a zero suppression operation. High-order blanks are also 
replaced by asterisks. 

Rule 6. A dollar sign immediately to the left of the zero suppression symbol 
in the control word is replaced with an A-field character causing the edited 
result to be rescanned following zero suppression. During this scan, the dollar 
sign is "floated" to the left of the high-order significant digit in the edited result. 

Note 1. Zone Bits in the units position of A are cleared to zero when moved to B. There­
fore. the value of the character in the units position of A may change when moved to B. For 
example, an F in the units position of A will appear as a 6 in the result. 

Note 2.' Floating dollar sign insertion and automatic asterisk insertion cannot be performed 
in the same edit operation. 
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.... .....•• · •.••••• Ft1~C.TI()rt .••••••.....••.•••..•..••.•••••.•••••••.••••.•...• : ................................................................................................ ~ ••••.••••••••••••••••••••••••••••• 
b (blank) 

o (zero) 

. (decimal point) 

, (comma) 

CR , CR (credit) 

o (minus) 

Note: 0 is printed 
as a minus symbol. 

& (ampersand) 

* (asterisk) 

$ (dollar sign) 

Blanks are replaced with A-field characters such that the 
rightmost character in the A field replaces the rightmost 
blank in the edit control word and all higher-order A-field 
characters replace successively higher-order blanks. 

This symbol specifies zero suppression. Its location in 
the control word is interpreted as the rightmost limit of 
zero suppression. It is replaced with an A-field character. 

The decimal point remains in the edited field in the position 
where written. 

Commas remain in the edited field where written unless 
zero suppression is specified (see rule 4). Commas in 
control word positions to the left of the high-order char­
acter transferred from the A field are replaced by blanks. 

The credit or minus symbol is undisturbed if the sign in 
the units position of the A field is negative. If the sign is 
positive, the credit (or minus) symbol is blanked out. A 
credit (or minus) symbol transferred from the A field is 
not subject to sign control. 

The ampersand is replaced by a blank in the edited field. 

The asterisk remains in the edited field in the position 
where written unless it appears immediately to the left 
of the zero suppression symbol (see rule 5). 

The dollar sign remains in the edited field in the position 
where written unless it appears immediately to the left of 
the zero suppression symbol (see rule 6). 

WORD MARKS 

Both the A field and the B field must have defining word marks. The A-field word mark 

terminates the transfer of data from the A field. The B field word mark terminates the edit 

operation if no zero suppression symbol is sensed in the edit control word or if automatic 

dollar sign insertion is specified in conjunction with zero suppression. The B-field word 

mark is erased after terminating the edit. 

If zero suppression is specified, a word mark is automatically set in the location con­

taining the zero suppression symbol. When this word mark is sensed during the reverse 

scan associated with the zero suppression operation it is erased, and if automatic dollar 

sign insertion is not called for, the edit operation terminates. 

229 



LESSON VII. EASYCODER PROGRAMMING 

Write the result of the edits in PROBLEMS 1 - 4 below: (refer to preceding pages as needed) 

Example: 

Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

PROBLEM 1. 

Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

PROBLEM 2. 

@OO 0 09 9

1 ~-
@bb. bb 0 • bb&&O p l _ 

.99 

@5454986 

(}i)b b &b b &b b b 

'). ~"'I 'i -f %0 

r--------------------------------------------------.+----------------. 
Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

PROBLEM 3. 

Data Field (A Field) 

Control Word (B Field) 

Re suit of Edit 

PROBLEM 4. 

Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

Result of Edits: 

PROBLEM 4. 

PROBLEM 2 

230 

@Ol045 0 
/ / / I I 

(}i)b • b ~O . b b 'dl" ***l04! 50 ! , 

+ 
@00450 

I I I 

~b. bb (j. bb &CRt 

$ l! i~ * 

@00450 

@b • b b 0 . b b &CR* 

t 4 ') (; 

@0897445 

@b b b • b $0 • b b 

~ <" n-14 .i~ 
iJ )' _ I --r J 

@Ol 0 4 50 

~b. b *0. bb 

'* .w~ ( () f. )(; 

PROBLEM 3. 

PROBLEM 1. 

@04(97/445 
4 / II I I 

@bbb • b $1. b b 
+ q • l • H 
$8,97 _.45 

ffi75 4 5/4 9 8 6 
(,,7, / I I r 

(b)bb &bb &bbb 
1 •• ~. ••• 
254 54 986 
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EASYCODER PROGRAMMING 

231 
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1. 1401 memory size is limited and its "coded" addressing may be awkward to modify 

20. 

(000 to 999, then ';00 to z99 ... !O? to R9l etc.). 

As you have seen for the H-200, two memory locations with 12 bits may address up to 

#4096. Then, 18 binary digits to #32000, 24 binary digits to #65000, etc. permits readily 

expandable memory. The H-200 addressing system is more flexible because it is based 

on B :lNAAVdigits. , 
List the word mark conventions for the following B!:iJformats: , 1i1~~ F/A/B/ I I~ 

F/A/ /1 
F/ ~4 , 

\ 

39. Possibly the Sop. code (Octal 37, 011111
2

) is to become NOP (Octal 40, 100000
2

) 

later in the program. What binary value would be required as a constant to accomplish 

this change with a HA? iii I' f ' 

Show the operands and arithmetically perform HA. 

58. CARDIN 

721 722 

J D 

B OPERAND 

A OPERAND 

HA SUM 

723 

0 

011111 

J1-L'_L!... 

+Q~fL.fl.! 

724 725 726 

E 

727 728 729 

H 4 9 

730 

Write the constant and the instruction to extract the complete character H, passing the 

numeric portions but blocking the zones of characters 4 and 9. 

CARD ~ ~ LOCATION 
OPERATION OPERANDS NUMBER CODE 

I 2 :3 4 5 6 7 , 1415 2021 6. 
I : CAROl N ~ESY 80 
I 

I SF/.. 0 RES" 4PJ' 
I I I~, 
I I IMAS~ Dc 11/ ltf'H.;71,111.1. 
: I I~, 
I I LeA I~ASK.,BFLD 
I I ~11 V"Jl1H-wt 1--'6 ~PLrb 

J 
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1. 

20. 

39. 

BINARY 

F/A/B/ WORD MARK THE B OPERAND. ALSO, WORD MARK 
THE A OPERAND IF A IS SHORTER THAN B. 

F/A/ WORD MARK THE A OPERAND. 

F/ SAME AS F/A/B/. 

B OPERAND 

A OPERAND 

HASUM 

= 

= 

= 

o 1 1 1 1 1 

1 1 1 1 1 1 

100000 ------ = 408 = NOP 

58. MASK is defined with DCW providing a word mark in the shorter operand of EXT. 

234 

CARD I~I~ LOCATION 
OPERATION OPERANDS NUMBER K 

CODE 

I 2.3 4 5 • 7 • 1415 2021 62 

I I cAROl N IRESV Sal 
I I IBnD IR.ES" 4« 
i i i~, 
I I Ilt'lAS K o.cw 1#3 r 7 7. I 7 I 7. 

i I I~, 
I I IL CA MASK 8FL 0 
I I EXT CAROl N+8 .. -Bf'I.O 

Note: The EXT A address is relative (CARDIN + 8). This could have been written 

as an absolute address (720). 



,. 
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2. Without indexing, H-200 address modification may be accomplished through an arithmetic 

capability not available in your previous equipment. Because its addresses are binary, the 

H-200 ha~ a f:"1--NAAi --+J1R-!JI-::..>L1+1'\:b'\1 ....... .u; .. _1~I<.--- capability. Operations of this type may 

be used to _ .... C"-.;..;;..cJ:£.)U:)~¥'l(.:...-!'ti--_an address as well as to accomplish other programming applications. 

21. You should recall that the opposite of binary addition is B'1 NAtZ Y ~ vB 1j( ~1JdV . 
This follows the rules: 0 + 0 = 0, 1 + 0 = I, 0 + 1 =' I, 1 + 1 = 0 with a carry of 1. 

However, producing the complement of a binary number is called c.:C O14?k¢?11Q'1T i!1/(J..I 

and re-adding a high order carry is called 6}J0 ~(8JNO cvMi.1-

40. H<:I..!L~~~~ __ 021'!!<:l?:c!s ~<:>?:taining all 1 bits will produce the comEk.ment of any binary value. 

AI3,_~n ,exal!lp1e of this, performt,?e HA~e1~~Jem~!!l1>~~i!lgthat ca~ries_,a.J"eJlot.l?XQ.£~~ated 

and"l! .. 1Y.M...in the l?h..orter o'perandJ~rrn!?:~,t~,~Uhe operation. 

B OPERAND 

A OPERAND 111111 

WM 

100101 

111111 

000111 

111111 

110010 

111111 

59. HA instructions change operands but do not propagate a carry. SST instructions can move 

or not move bits of a single character. An EXT instruction can move or not move character" 

bits or groups of characters. 

HA, SST, EXT, deal with six of nine cores in a memory location. They affect any of the 

six character bits but do not directly affect punctuation or parity. 
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2. 

21. 

40. 

59. 

236 

B OPERAND 

A OPERAND 

BINAR Y ARITHMETIC 

MODIFY 

BINARY SUBTRACTION 

COMPLEMENT ATION 

END AROUND CARRY 

111111 

WM 

100101 

111111 

WORD MARK TERMINATES o 1 10 10 

000111 

111111 

1 1 1000 

Notice that the HA sum is the complement of the B operand. 

NO ANSWER REQUIRED 

110010 

111111 

00 1 10 1 



3. 

22. 

41. 

LESSON VIII. EASYCODER PROGRAMMING 

I SA I BINARY ADD 

Unlike your previous equipITlent, the Honeywell 200 can perform binary as well as 

~c. ":t(!\i\.., arithITletic operations. Binary Add instructions (ITlneITlonic BA) ITlay be 

written in the three forITlats a, b, or c. Show each of these forITlats. 

ForITlat a. L/ .. Jj./ (; / 
ForITlat b. L/ ..f:......1 

ForITlat c. I:: / 

ISS I BINARY SUBTRACT 

The saITle forITlats and word ITlark conventions you learned with BA are applicable in 

Binary Subtract (ITlneITlonic BS) operations. Before discussing cOITlputer perforITlance of 

cOITlpleITlentation and end around carry, see if you recall how to do binary subtraction. 

Binary subtract the subtrahend 00 0010 froITl the ITlinuend 101 0 01 . 
1\\IGlI 

rOO 111 

MneITlonic SST represents the __ S.c....>v .... i?'-'-"S:....,""' .... 1-'1"-14-"'--''S .... ' __ logic instruction.. Your previous 

systeITl was able to ITlove a characters I nUITlerical or zone bits; the H-200 with its SST 

instruction can: 

1. MOVE NUMERICAL BITS OF A CHARACTER. 

2. MOVE ZONE BITS OF A CHARACTER. 

3. MOVE OR NOT MOVE ANY CHARACTER BIT EXCEPT PUNCTUATION 

AND PARIT.Y. 

60. HA, EXT, and SST are considered to be logic instructions. Another instruction provides 

greater control and is extended in function to ~ punctuation and dat~ bits. The ITlneITlonic 

op. code of this instruction is EXM, which stands for E'f 7 c}\ i) '..:1) /';1 CI vJ'" EXM 
j 

is considered to be a ?otvfjL'/1; instruction rather than a logic instruction. 

237 
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3. 

22. 

41. 

60. 

238 

DECIMAL 

F/A/B/ 

F/A/ 

F/ 

The SUBTRAHEND (number to be subtracted) 000010 is complemented: 

c c c c 
1 1 1 1 01. and then added to the minuend. 1 01 001 

COMPLEMENTED SUBTRAHEND = 1 1 1 1 01 

END AROUND CARRY 1 100110 

SUBSTITUTE 

EXTENDED MOVE 

CONTROL 

1 

100111 



4. 

23. 

42. 

61. 

LESSON VIII. EASYCODER PROGRAMMING 

The H-200 follows binary addition rules presented in Lesson IV. 

That is, 0 + 0 = 0, 0 + 1 = 1, 1 + 0 = 1, and 1 + 1 = ....sL with a "carry" of -4--' 

Binary Subtraction requires an end around carry. Since this "1" bit is always to be added, 

the computer automatically inserts a 1 bit in the ADDER at the start of BS. 

In format F/A/B/, the subtrahend is the £ a ?G:.((fh·...il) , consequently the minuend 

is the '6 0 f) ~ .. l\~-.l v. 

I SST I SQ'B.gTIl'tJ'l'E 

An H-200 SST instruction moves .2!. does not move any of the character bits stored at the 

A address to the B address. The move is specified by the programmer according to the 

variant he constructs. 

Indicate the format of the SST instruction described above. 

-t!1/#f 

OP CODE A ADDRESS B ADDRESS VARIANT - -The Extended Move instruction - (EXM) - uses one format! only and moves the A field to 

the B field under condition specified by the six bit \.l'AlZ \ fuJ) character. 
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4. 

23. 

42. 

61. 

240 

1 + 1 = .2. with a "carry" of 1. 

A OPERAND (ADDRESS) is the subtrahend. 

B OPERAND (ADDRESS) is the minuend. 

F/A/B/V/ 

SST does ~ perform its single character operation arithmetically. 

The variant 1 bits permit the movement of corresponding A character 

bits to the B character. 

VARIANT 
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5. Punctuation and parity bits are not involved with producing the SUIll for a BA instruction. 

Therefore, each ITleITlory location of the A or B operand will contribute six bits. For exaITlple, 

an operand three ITleITlory locations long would not be treated as "three characters" in a BA 

operation. Instead, it would appear as a binary value cOITlprising a total of ~ bits. 

,~ 

24. Sensing op. code BS causes the ~ operand to be cOITlpleITlented before it enters the 

adder. Op. code BS also causes a -L bit to be autoITlatically inserted in the It D)k'\ 
as the end around carry. 

43. Each 1 bit in an SST variant perITlits corresponding A character bits to be ITloved to the 

B character. The nUIllerical portion of the character at address #2396 is ITloved to address 

#3000 because of octal variant 17 in the instruction below . 

~ 
K 

LOCATION . 1 OPERATION 
CODE OPERANDS 

7 • 1415 2021 62 

IS,~T Z396 3,r/J,llIw 1.'1, 

Show the binary digits of octal 17. ~ ~ -1 i i --J...
2

1 

62. TerITlination, direction of ITlove, ITloveITlent of punctuation and/or data bits are all deter-

A prograITlITler ITlay construct 

a variant to accoITlplish and terITlinate the ITlove as required. Possible six bit configurations 

are shown in the table on the answer side of this fraITle. 
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5. 

24. 

43. 

62. 

242 

18 

Perhaps a way to visualize the difference between a decimal Add 

and BA may be as follows: 

DECIMAL ADDITION: Bits are combined character by 

character (memory location be memory location). 

BINAR Y ADDITION: Bits are combined BIT by BIT. 

A operand 

1 

ADDER 

Since variant 1 bits permit corresponding A character 

bits to be moved into the B character, 17
8

, will move 

a numerical portion of the A character: 

VARIANT CHARACTER 

VARIANT BITS 
EXTENDED MOVE (EX;M) CONDITIONS V6 Vs V4 V3 Vi. VI 

Type of Move 

l. A-field data bits-B X X X X X I 
2. A-field word-mark bits-B X X X X 1 X 
3. A-field item-mark bits-B X X X 1 X X 

Direction of Move 

l. right to left X X 0 X X X 
2. left to right X X 1 X X X 

Termination of Move 

1. automatic after single -character move 0 0 X X X X 
2. A-field word mark 0 I X X X X 
3. A-field item mark 1 0 X X X X 
4. A-field record mark 1 I X X X X 
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6. A simple distinction between decimal and binary addition is the number of bits involved 

per memory location. In decimal operations, high order two bits (B and A cores) of 00 

denote a numeric character. For example, 3890
10 

is stored in memory as four characters. 

Complete the bits in the memory locations below to show 389010 stored as a decimal value. 

ADDRESS 466 467 468 469 

B A 8 4 2 1 B A 8 4 2 1 B A 8 4 2 1 B A 8 4 2 
0 0 0 0 1 1 \ () o () CONTENTS 1 

U Sl Q .1 Q. u_ o_ S? Q - ..2.12. 1 _0 ~ - - -
'--.r---/ 

3 
~ 

o 

25. Retrieval of a BS op. code causes the A operand to be complemented and an end around 

carry 1 enters the adder. Determine the answer for the following BS as accomplished by 

the computer. Binary subtract: 

100111 from 011001 

COMPLEMENTED 
A OPERAND r-~O~l~l~O~O~l~==4-~~B OPERAND 

~------~---011000 

44. Construct an octal variant for later movement of zone bits from the character at address 

#450 to the character at address #943. Write the instruction to accomplish this move. 

i~ LOCATION 
OPERATION 

OPERANDS CODE 

1 8 1415 2021 

t:, (" 1: _ JU1:J \ Q'1 ') toO 
I 

63. An EXM variant written as octal 13 represents the binary digits: 

-2... (). 'L (j _I_.L 
V6 V5 V 4 V3 V2 VI 

62 

Refer to the chart in frame A A 

TERMrnATION(V6V5) __ ~~~~~~~~~~~~~~=~~~~~~-~~~~'~~~·~~ __ 
DIREC TION OF MOVE (V 4) ----"'4&1j.4..£:...L..==~~~-r---f,'---__.!..,_____,,__--____::-----
TYPE OF MOVE (V 3 V 2 VI) _--I--I-4~~--,~..:;::::..._~-=--~;.c.:::~=--==-==-_-'::....J.-r"---"IJ::...-. ___ _ 
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6. 

25. 

44. 

63. 

244 

ADDRESS 466 467 468 469 

BA 8421 BA 8421 BA 8421 BA 8421 
00 0011 00 1000 00 1001 00 0000 CONTENTS 
--

~ LOCATION R 
K 
7 8 

--
'-v---' 

3 

OPERATION 
CODE 

1415 2021 

--

SST 4:5¢ .. (M-3 60 

---
'---y-I 

8 

cc c 
011001 
011000 

1 
1100 10 

--

OPERANDS 

----
~ 

9 

-- ----

62 

Bits of a character already in the B ITleITlory location ITlay be changed 

with an SST instruction .. ASSUITle that the character at the address 

tagged MORP is alphanuITleric M (100100 2 ). What will this character 

be changed to by the SST instruction if fraITle 45? 

TERMINATION (V 6 V 5) AUTOMATIC AFTER SINGLE CHARACTER MOVE. 

DIRECTION OF MOVE (V
4

) LEF-T TO RIGHT. 

TYPE OF MOVE (V
3 

V
2 

VI) A FIELD WORD MARK AND DATA BITS-B. 
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7. Binary arithmetic operations use all six bits in a memory location. In other words, the 

B and A cores do not denote numeric or Hollerith groups. Instead, they have appropriate 

binary positional value. For example, convert 3890 10 to its binary value below. Show its 

storage in addresses 480 and 481, then compare to the decimal storage example in frame 6. 

I __ ~_O __ 1 __ = ___ 1 

26. A BS instruction in format F I AI duplicates A. Carries beyond the A operand word mark 

45. 

are lost in the answer. Remembering to complement and to add 1 for around carry, deter­

mine the answer to the following BS instruction. 

I~ LOCATION 
K 
7 • 

ONES 

BS 111111 
C.7t.-()"t-O~ 

OPERATION OPERANDS CODE 

1415 2021 62 

DC. 'If'107 (Ol(~ MEMORY LOt:,ATION SET TO AU 1. Blrs) 

? 
<S 
< 
SST O\llES ,,~ORP ,03 

CONSTANT 

VARIANT 

"BII CHARACTER 

II B II RESULT IS, 

100100 

tt~t~~ 
.2 ~~J.l...t 

(VARIANT 1 BITS PASS BITS) 

(ALPHANUMERIC "M") 

WHICH IS THE LETTER ? 

I " 

64. Construct an EXM binary variant to: _'_L~_l_~L 

TERMINATE (V 6 V 5) with A field record mark. 

l0 '> --8 

DIRECTION OF MOVE (V 4) to be from right to left. 

TYPE OF MOVE (V 3 V 2 V
l

) A field item and data bits _B. 

Type of Move 

1. A-field data bits-B x X X X X I 
2. A-field word-mark bits-B X X X X I X 
3. A-field item-mark bits-B X X X I X X 

Direction of Move 

1. right to left X X 0 X X X 
2. left to right X X I X X X 

Termination of Move 

1. automatic after Single-character move 0 0 X X X X 
2. A-field word mark I X X X X 
3. A-field item mark 0 X X X X 
4. A-field record mark I X X X X 
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7. 

26. 

45. 

64. 

246 

o 
2 1 
2 3 
2 7 

2 15 
2 30 
2 60 

2 121 
2 243 
2 486 
2972 

2 1945 
2 3890 

R = 1 
R = 1 
R = 1 
R = 1 
R=O 
R = 0 
R = 1 
R = 1 
R=O 
R = 0 
R = 1 
R = 0 

A OPERAND 

A COMPLEMENTED 

480 

1 1 1 1 0 

I 1 1 III I 
I 
I o 0 000 
I..-c c c c C 
I 1 1 1 1 1 
I 
I 
I 
I 0 0 0 0 0 
I 

WM 

481 

0 1 1 o 0 1 0 

1 

0 

1 

1 END AROUND CARRY 
0 

Consequently, format F I AI zeros out a location when used with a BS instruction. 

CONSTANT 1 1 1 1 1 1 

VARIANT .2.. .2.. .2.. .2.. 1. 1. (VARIANT 1 BITS PASS BITS) 

"B" CHARACTER 1 0 0 1 0 0 (ALPHANUMERIC "M") 

"B" RESULT IS, 1 0 0 1 1 1 WHICH IS THE LETTER P 

VARIANT BITS 
EXTENDED MOVE (EXM) CONDITIONS V6 Vs V4 V3 V2 VI 

Type of Move ., 
1. A-field data bits-B X X X X X I 

2. A-field word-mark bits-B X X X X I X 

3. A-field item-mark bits-B X X X 1 X X 

Direction of Move 

1. right to left X X 0 X X X 

2. left to right X X 1 X X X 

Termination of Move 

1. automatic after single-character move 0 0 X X X X 

2. A-field word mark 0 I X X X X 

3. A-field item mark I 0 X X X X 

4. A-field record mark 1 I X X X X 



8. 
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An A operand of 389010 and a B operand of 200
10 

are shown below as added by decimal 

addition (mnemonic A) and bina ry addition (mnemonic BA). 

OPERATION 
COOE 

15 2021 

A 1469 

500 

00 0010 

466 467 

500 

501 

00 0000 

468 

SOl 

00 0000 

"-y-J 

o 

469 

OPERATION 
CODE 

15 2021 

lfIA. 4.81 508 

B OPERAND 507 508 

= 000011001000 

A OPERAND 480 481 

00 0011 00 1000 00 1001 00 0000 1 1 1 100 110010 

27. 

"-y-J 

3 
"-y-J 

9 

200 
+ 3890 

"-v-' 
o 

4090 Perform the addition 0 
o 0 001 100 I 000 

+ I 1 I 1 001 100 1 0 

( I 1 1 I I I I c: I " 

List thj word rr,ar~ conventions for BS in formal ~ / . 

€ .o-!?&¢.-=~A.-~ ..; J-J I f1 "It f =.....;"-.~ ) W , y 
Since the A and B addresses are not indicated on the coding form for BS in format F /, 

1 ' ') 
how are operands obtained? ti i't VO)! ..;/" ~ ;[!.~~" . 

. 7 i 
JfV V 

46. Format F / may be used for an SST instruction if it follows an SST of F / A/B/V /. In format 

F /, the A and B addresses are provided by the J±.... and £ r' ,,'i l.?...c L, '7. registers. The 

variant for format F / is the same as the preceding SST instruction. 

65. Refer to the chart in frame 64, then write an EXM instruction to move data bits from the 

field tagged CARDIN to the field tagged WORK. Move the data from right to left and ter­

minate when the first item mark of CARDIN is sensed. 

~ LOCATION 
OPERATION 

OPERANDS 
~ CODE 

7 8 1415 2021 62 

E~ Cit /(')L,/J 'rJQ(~rLtl 
I 

/0 247 
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8. 

27. 

46. 

65. 

I~ LOCATION 
K 
7 8 

248 

000011001000 

+ 111100110010 

1 1 1 1 1 1 1 1 101 0 

THE B OPERAND SHOULD BE WORD MARKED AND 

THE A OPERAND ALSO, IF SHORTER THAN B. 

A ADDRESS FROM A ADDRESS REGISTER 

B ADDRESS FROM B ADDRESS REGISTER 

A and B ADDRESS 

OPERATION OPERANDS CODE 

1415 20 ~I 

EX.NI CARD I N .• WORK .4.,1 .. 

62 
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9. A total of seven m.em.ory locations are involved for decim.al addition of 200 plus 3890. In 

contras~, only four m.em.ory locations are needed for binary addition of the sam.e values. 

Scientific applications m.ay advantageously use binary arithm.etic. In your business data 

processing, you m.ay frequently use binary arithm.etic to m.odify addresses. You m.ay also 

use "counters" operating in binary. 

As a check of the previous fram.e, what does 111111111010
2 

equal in decim.al? 

28. BA and BS are used for sim.ifar purposes. BA increases an address being m.odified, 

BS j)~~&2=?v\. an address being m.odified." Sim.ilarly, BA m.~e:~ .. to incre-

m.ent a bmary counter and BS m.ay be used to c)Q ,Oik.z,. ... c~)" a .~ ".' 

f'~ Neither BA nor BS utilizes overflow or zero balance indicators. If 

a high order carry is generated, it will be lost. 

47. SST may be written in format F I to chain A & B addr",ses if the format c IIlWs1 
precedes it. The variant for form.at F / is provided by the preceding instru~n~ . T 

operates on a single character basis. Write the instructions to m.ove the num.erical portions 

of the five character field in addresses #601 - #605 to the area tagged NOZONE. 

I~ LOCATION 
OPERATION OPERANDS CODE 

K 
7 8 1415 2021 

~62 

F::;,'- "1 .' . Ii c';' JJ'U~{; ,1 
S<; 1 
,sf 

<;<; f 
c,(1 

66. H-200 versatility is exem.plified by its capability of accepting a character code that is 

foreign and converting to the com.parable H-200 character. A single H-200 instruction will 

m.ove characters having a different bit configuration and translate them. into Honeywell 

characters. The m.nem.onic op. code for this instruction is MAT which stands for In"'<&" 
and E~t...IH'e 
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9. 

28. 

47. 

66. 

250 

000011001000 2 = 

1 1 1 1 001 10 01 0 2 

111111111010
2 

200
10 

3890 10 

4090
10 

Therefore, the answer is the same whether decimal or binary 

addition is used. 

DECREASES 

DECREMENT 

BINAR Y COUNTER 

F/A/B/V/ 

VARIANT OCTAL 17 = 001111. SINCE VARIANT 1 BITS 

PERMIT A CHARACTER BIT TO MOVE, 178 MOVES NUMERICAL 

Ii' LOCATION 
K 
7 • 

OPERATION 
OPERANDS CODE 

1415 

SS,T, 

S,S,T 

IS,S,T 

ISST 

S.ST 

2021 

6~ 5" N OZ,O,N,E 17, 

MOVE 

TRANSLATE 

62 

I 
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10. Word mark conventions for the various BA formats are given below: 

F/A/BI - The B operand should have a word mark in its leftmost memory location to 
terminate the operation. If the A operand is shorter than B, the A operand 
should also be word marked. 

F/AI -

FI -

Word mark the A operand. 

Word marks as for F I A/B/. 

In formats F I and F I AlB I, if the A operand exceeds the length of the B operand, will the 

exceeding portipn of A be processed? <~() 
I " -IJ -j,""""':.-------,.r'-' --

Why? 0 ii;·'J i'<""I j.L\ce~ , v~ , 
29. Before using BS to decrement a counter, do the following: 

48. 

67. 

Write the coding to set a binary 1 in a memory location and tag it ONE. (This will be a one 

memory location A Operand. ) 

Write coding establishing a binary counter of two memory locations containing binary for 

500
10 

and tag it COUNT. (This will be a two memory location B operand. ) 

Ii LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

O'U[ V,C,W, ';fIIj /, 
if'" OvrvT PL.v.i 11.13510 

SST instructions on the coding form line s 2 - 5 in frame 47 are chained. Show the register 

addresses below assuming NOZONE is address #700. 

CODING FORM OP. CODE A ADDRESS B ADDRESS VARIANT 
LINE REGISTER REGISTER REGISTER REGISTER 

#1 ISSTI 605 700 [ill 
#2 ISSTI &;() t\ (ptJ'1 

#3 ISSTI t,CI ') ~(1f 

#4 ISSTI "i 1./ 
ro(j 1 

#5 ISSTI If!'! ifq~ 

OP CODE A ADDRESS B ADDRESS VARIANT I VARIANT 2 IMAT I MOVE AND TRANSLATE 

- - -MAT will read a field of characters expressed in code foreign to that of the Honeywell 

product line, automatically translate into Honeywell code, and store translated values in 
t 

the same or different field. Change from one code to another involves use of a table stored 

in memory to I~ I4-NS '-ttr~ characters. 

.<' 
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10. 

29. 

48. 

67. 

252 

~ 
K 

NO 

THE B OPERAND WORD MARK TERMINATES THE OPERATION, 

THEREFORE, THAT PORTION OF A EXCEEDING B WILL NOT 

BE PROCESSED. 

(Or equivalent answer. ) 

DCW statements are used so that the A and B operands will be word marked. 

LOCATION 
OPERATION 

OPERANDS eOOE 

7 • 1415 2021 6, 

ONE Dew 1!t:1B1 ~ 

COU,NT IQCW ft2B 5O,0 

CODING FORM OP. CODE A ADDRESS B ADDRESS VARIANT 
LINE REGISTER REGISTER REGISTER REGISTER 

#1 !SSTj 605 700 lliJ 
#2 ISSTI 604 699 

#3 ISST! 603 698 

#4 ISST! 602 697 

#5 ISSTI 601 696 

TRANSLATE 
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11. Remember that BA is an arithmetic operation, then briefly explain why only the A operand 

needs a terminating word mark in format F I AI. 
i' • 

J~ i, ) }' --'0 I 
It QU"""rAl ,( sa \ -' 

30. Assume some repeating operation is being performed and the counter is to be decremented 

for each operation. Write the instruction to accomplish decrementing. 

I~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

7 B 1415 2021 62 

ONE: D{:..W #:lS1 
COU NT Dew *.ZB5121,0 

:;0> 

>- REOPETlTIV£. qPERAT/ON 

? 
It\'~ VII': .t.,llJrJ\' 

I f 

49. An SST instruction may be chained, and the preceding SST variant will be retained. SST 

operates on a single character basis. That is, any desired character bits in a single memory 

location may be moved into another location as specified by the 1 bits in the V ~'0hJf 
character. 

6S. A translation table is ~reated by the programmer and stored in memory. Since each 

character consists of 6 bits (ODS through 77 S), a possible fa i different configuration of 

characters may be expressed and stored as a ftf't17i/5 t.dI :rUP -rIteU. 
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11. 

30. 

49. 

68. 

254 

SINCE BA IS AN ARITHMETIC OPERATION, FORMAT F/A/ 

"DUPLICATES" A. THE A OPERAND IS THE ONLY 

OPERAND INVOLVED. 

(Or equivalent answer. ) 

~ LOCATION 
OPERATION OPERANDS CODE 

K 
7 • 1415 

OlliE DeW 
COUNT D,CW 

-;:= 

~ 
,~ 

iB.S 

2021 

41=181 I I I I 

*f2B5J/,Q! 

:> .R,£PETIT(VEQPERATION 

O.NE .. C,Q.U.NT 

VARIANT 

64 

TRANSLATION TABLE 

-6"2 
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12. A Coxnpare instruction (C 1283, 113) stored in xnexnory locations 500 - 504, is to have its 

B address "xnodified" froxn 113
10 

to 188
10

, 

Because addresses are binary, this increase of the B address by 75
10 

xnay be accoxnplished 

with a i, /L W IX!~ 1\ ",\ instruction whose xnnexnonic op. code is __ ;~. 

31. BA and BS are considered to be arithxnetic instructions. The group of instructions which 

contained BCT, BCC, BCE, etc. deal with binary digits for logic rather than arithxnetic 

operations. 

Instructions called EXTRACT (EXT), HALF ADD (HA), and SUBSTITUTE (SST) are part 

of the BCT, BCC, BCE group. Even though these instructions deal with binary digits, they 

are referred to as J,..,d ~k rather than \\ Y.l.1J\ {}\i:.~C instructions. 

50. SST operates on a single character basis, consequently word xnarks are not required to..'"' 

terxninate the operation. .. . .. 
The next logic instruction discussed (EXTRACT, xnnexnonic EXT) is sixnilar in functi~ir· 

to SST. However, EXT xnay xnove or not xnove any desired character bits frbtn o~ o~ xnore 

xnexnory locations. Because this instruction xnay involve xnore than one xnexnory.location, 

_11I-t:!....;;u"",t .... 1),--_ Ina rks are required to __ =r-,-"""ffi"--""",,,~.4J-=-''''-''~=-__ the ope ration. 

69. MAT forxnat F/A/B/V/ V
2

/ xnaybe defined as follows: 

a. 

b. 

c. 

d. 

e. 

The type of operation to be perforxned is indicated by the ---",.t:..;P ...... _ 
The xnexnory location of the field to be Moved and Translated is specified by the 

1. 
The location into which the translated characters are to be stored is specified by 

the~ hOria. 
VI and V 2 provide the base address of the --rr{tt?/S '-ttZ/~ table in xnexnory. 

A word xnark within the A-field terxninates the MAT process after the word xnarked 

character is translated. 
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12. 

31. 

50. 

69. 

256 

BINARY ADD 

BA 

LOGIC 

ARITHMETIC 

WORD 

TERMINATE 

OP. CODE 

A ADDRESS 

B ADDRESS 

TRANSLA TION 
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13. BA format F/A/BI may be used to modify the B address of the Compare instruction shown 

below: 
STORAGE ADDRESS - 5(}() 50", 50s 

COMPARE ----00.1 0 0 
INSTRUCTION ... _"""" ____ ........ _..:.. __ .... ..;;._ 

OP 
CODE 

A ADDRESS 8 ADDRESS OP I 
CODE 
OFNEXT 
INST. I 

Assume that a binary constant equal to 7510 is stored in memory and has the tag B75. 

Write the instruction changing the B address of the Compare instruction to 188
10

, 

Ii LOCATION 
OPERATION OPERANDS CODE 

7 8 1415 2021 62 

M 61( ;- 0L\ , 

32. EXT (Extract), HA (Half Add) and SST (Substitute) provide logic operations not available 

in your previous system. The versatility of the H-200 permits equally versatile program-

51. 

ming applications of these __ ~I..-_c....:e::.=~_·'X-'--'c..'--__ instructions. 

EXTRACT 
(Logical Product) 

EXT is non arithmetic and may be written in the standard three formats not incorporating 

a variant. 

EXT format F I AI chains the 6 addres s rather than duplicating fr. 
Addresses for format F I are obtained from the Land J2..... t~ T) j) ,<~') 

70. Three character addressing is required to specify the translation table address of the 

equivalent Honeywell code. 

The base address is formed by the two \) ~ \Q;tJ + 
The "foreign" code from the location specified by the -'±:. 

low order six bits of the translation table address. 

f}-{)(J)d(tF'?5 provides the 
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13. 

I~ LOCATION 

7 • 

32. 

51. 

70. 

258 

I OPERATION 
CODE 

1415 2021 

1M B75 t;,¢J.+ 

LOGIC 

B 

A 

OPERANDS 

A and B ADDRESS REGISTERS 

VARIANT CHARAC TERS 

A ADDRESS 

.2 
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14. To use tag B75 (in previous example) as the A operand, it must have been defined as a 

binary constant equal to 75. Considering its use in modifying an address, oult the data 

formatting op. code have been DC or DCW? Dc vi Why? /,Ivv" 

OPERANDS 

33. HA, EXT, and SST are available to the programmer to increase his flexibility of pro­

gramming. Since these logic instructions are used at a programmer's discretion, their 

explanations in following frames sugge,st rather than specify applications. 

Write the full name of the logic mnemonics: 

HA, EXT, cy];l/-"ci SST, 

52. All EXTRACT instructions follow these rules and store the result at the B address. 

Bit in A-field Bit in B-field Bit in Result field 

1 1 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - ---
1 o 0 

o 1 o 
1-- - - - - - - - - - - f- - -- --------- ----

o o o 
A word mark is required for the shorter of the two ope rands. The operation terminates 

when this word mark is sensed. 

Format a: A-field is combined bit by bit with B-field. 

Format b: A-field is combined bit by bit with data specified by B address register. 

Format c: Data specified by contents of A and B address registers combined bit by bit. 

71. Any "foreign" six bit character has a binary value. For example, 1401 alphanumeric 

character "A" has a bit configuration of 110001 which equals 49 10 , The corresponding 

Honeywell alphanumeric character "A" (010001) will be stored in the forty-nineth transla­

tion table address. An illustration of accessing the proper memory location in the transla­

tion table is shown on the answer side of this frame. 
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14. 

33. 

52. 

71. 

260 

DCW 

THE A OPERAND (BINARY CONSTANT) MAYBE SHORTER THAN 

THE ADDRESS (2, 3, or 4 CHARACTERS) THAT IS TO BE MODIFIED. 

WHEN THE A OPERAND OF BA INSTRUCTIONS IS SHORTER. THAN THE B 

OPERAND, THE A OPERAND SHOULD BE WORD MARKED. DEFINING 

THE BINARY CONSTANT WITH A DCW ELIMINATES THE NECESSITY 

OF ALSO WRITING A SW. 

(Or equivalent answer. ) 

HALF ADD 

EXTRACT 

SUBSTITUTE 

The following frames suggest applications of these logic instructions 

and explain their operation. 

I 

NO ANSWER REQUIRED 

VARIANTI VARIANT2 

I X X xl X X X X X I 
(FOREIGN CODE J 

A-FIELD CHARACTER 

IXXXXXXI 

~BASE ADDRESS ! ,/" 
I IxXXIXXX.!f xxlxxxxxxi 

\ 3-CHA~ !rD~DR~E=S~S ____________ ~1 

ADDRESS 

CONTENTS 

{~ ". Jt " X X I} 'OsmON IN TllANSLATION TABLE 

- - - - - HONEYWELL CHARACTER 
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15. Propagation of "carries" is related to the length and word mark placement of A or B 

If operands. For example, as sume equal length operands and the B operand word marked. 

the operand values are such that their high order bits (leftmost), ~qo~ag~te a "c,arry", will 

the sum of B+A be correctly stored? ~Q Why? _-J..["'''.QNo:;;~:::\-+,,,,,;1''''.!'-'i£---,,,l<i1'-<,,,,"_Q.,J.M~~1-+1.L).J/.1~~=~~="--
!~~~~,tI? ~i~ Vi 

34. 
HALF ADD 

(exclusive 0):,) 

Half Add instructions add the A operand to the B operand without propagating carries. 

The result is stored in the B field. Basic rules for half adding are extremely simple 

since carries are disregarded. Complete this chart. 

A,.FIELD BIT I B-FIELD BIT J RESULT BIT 

1 + 1 = 0 

1 + 0 = -' 0 + 1 -'-
0 + 0 .JL 

53. Rather than using a variant to specify which bits are to be passed from the A field into' 

the B field, EXT uses a constant in the B field. Each 1 bit in the constant permits the 

corresponding A field bit to pass into B. Determine the result in the problem below. 

A FIELD 41
8

, 72
8

, 60
S 

= 100001 111010 110100 

111111 
CONSTANT IN B FIELD 03

8
, 77

8
, 148 = 000011 111111 00 11 1 1 

! ! 
000001 _U.Ls!'~~ (')oc\OO ------RESULT 

72. The translation table "base address" is established with a MORG statement. MORG 

directs assembly to assign addresses to following coding beginning with the next multiple 

of the address written in the operands field. What will the low order six bits be (regardless 

of which multiple, 128, 256, 512, ... 4096 etc. is assigned by assembly) for the MORG 

below? 

I~ LOCATION 
OPERATION OPERANDS COOE 

7 B 1415 2021 62 

i'A..&L E MOR& 64-
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15. 

34. 

53. 

72. 

262 

NO 

THE B OPERAND WORD MARK TERMINATES THE OPERATION. 
IF A CARRY IS GENERATED TO BE PROPAGATED BEYOND THE 
HIGH ORDER BIT, THE CARRY WILL BE "LOST". EXAMPLE: 
BA 77 8 , 778 . I 

:-c ...... c ...... c ...... c ...... c ..... c, 
HIGH ORDER CARRY : 1 1 1 1 1 1 

IS HALTED BY THE 

B OPERAND WORD 

MARK. 1 

THIS 1 IS LOST~ 

III 1 1 1 

111110 

A~FIELD BIT I B-FIELD BIT f RESULT BIT 

1 

1 

o 
o 

A FIELD 

CONSTANT IN B FIELD 

+ 
+ 
+ 
+ 

1 

o 
1 

o 

41
8

, 72
8

, 60
8 = 

03
8

, 778 , 148 = 

RESULT 

100001 

l!111l 
000011 

!l 
000001 

= 

= 

= 

= 

111010 

111111 
111111 

11111l 
111010 ------

110100 

111111 
001111 

o 
1 

1 

o 

\ \ \ \ 
QQQIQQ. 

PARTS OF CHARACTERS, CHARACTERS, AND GROUPS OF CHARACTERS MAY 

BE EXTRACTED BY A PROPERLY CONSTRUCTED CONSTANT "MASK" IN THE 

B FIELD OF AN EXT INSTRUCTION. 

Low order six bits = Q Q Q Q Q Q for a MORG 

of 64, regardless of which multiple is assigned • 

. THREE CHARACTERS ADDRESS 

EXAMPLE: 128
10 = 

1024
10 = 

0 0 0 I 0 0 0 0 0 0 10 0 0 0 0 0 I 1 
0 

I 
0 10 0 0 0 J 0 1 0 0 0 0 0 0 0 

I 1 
409610 = 0 0 0 I 0 0 0 0 0 o 10 0 0 0 0 0 

J I 
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16. Loss of a high order carry is prevented by using zeros in the high order position. 

35. 

Establish the required A and/or B operand punctuation for the following instruction, then 

calculate the binary SUIll. 'i 
7 • 

11600 ADDRESS 

B OPERAND 
(0077 8) 

OOOOOi 

LOCATION 
OPERATION 

CODE 

1415 

all. 

11601 

ll1lll 

ADDRESS 1172.0 

A OPERAND 
( 77 8 ) 

OPERANDS 

2021 

72JJ. 6,11.1 

00778 = 000000111111 

111111 

SUM 

The HA instrudiion uses the three standard forIllats for instructions and does not require 

a variant. Indicate these forIllats below: 

v fA Ip' J " .' /' " il7, 

(I;) i 

~/ 

54. A constant to be used as a "Illask" in an EXT instruction is constructed in relation to 

what the prograIllIller desires to pass. For exaIllple, the portion of a constant that is octal 

77 will Illove a corresponding character unchanged. 778 passes the character (in the saIlle 

relative position) without change because a 1 bit perIllits the corresponding bit to pass. 

Octal 77 = _I _1 __ \_ : ~\_ 2' therefore, all bits in the ~~--.~ character 

are perIllitted to ~. 

73. Si'nce VI and V2 of a MAT instruction specify the translation table base address, the 

MORG 64 stateIllent Illay be tagged. Then, this tag Illa y be written in a MAT instruction 

instead of the two _-"V...;.lI-.;....I\"",1.-'"-I-rft"-lrJ;;:,...:.\ ___ characters to specify the 

of the translation table. The six bits in the LovJ order of the address designate 

62 

a specific position of the translation table and are supplied by the foreign -..:c..~t=tM.l,..!JL!,l..8:c;I..:...:::.~..!..(...:;..:R ....... __ 
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16. 

35. 

54. 

73. 

264 

The word ITlark in address #600 (B operand) terITlinates the operation. 

The A operand (address #720) is word ITlarked because it is shorter 

than B. 

ADDRESS 

B OPERAND 
(0077

8
) 

ADDRESS 

A OPERAND 
(77

8
) 

I~ LOCATION 
K 
7 8 

#600 

000000 

#720 

111111 

OPERATION 
OPERANDS CODE 

1415 2021 

SW 72.0. uU 
8A 7UI 

#601 

llll11 

F/A/B/ 

F/A/ 

F/ 

6,O1 

cccccc 
00778 = 000000111111 

77 8 = ____ 1_1_1_1_1_1 

SUM = 0 0 0 0 0 111111 0 

Octal 77 = 111111 2 therefore, all 

bits in the CORRESPONDING character are 

perITlitted to PASS. 

VARIANT 

BASE ADDRESS 

LOW order 

CHARACTER to be TRANSLATED 

62 
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17. The word mark of a shorter A operand does not terminate the BA operation, it simply 

stops supplying bits. This is sometimes referred to as "zeros implied" by an A operand 

word mark. 

ACTUAL ZEROS TO 
PROVIDE FOR CARRY 

ZEROS IMPLIED BY A 
OPERAND WORD MARK 

[) 
[) 

000000111111 B OPERAND = 00778 

,--------, 
~~:::.Q.QS_:.52Jll1111 A OPERAND = 778 

Inadvertantly supplying unrelated adjacent bits is prevented by word marking an A operand 

that is shorter than a B operand. The A operand word mark means that _-,l,,-~==-I_/' __ are 

YIN'-;"!:' , .. ,f 

36. HA is a logical rather than arithmetic instruction. The major difference is in the F I AI 
instruction format. Rather than "duplicating" the A oper~nd, the·B operand is "chained". 

The B operand addres s is obtained from the t~ ;,) ,'.; 0 ,.." Ii ,;~ 2}f ?" 

55. Octal 17 as a mask in the B field of an EXT instruction will pass the N Uill at L<.."portion 

of a corresponding character and block the ~bits. This passing and blocking is 

accomplished due to the binary digits of 178 equaling --2L ~ L L L _'_ 2 . 

74. Construction of a translation table is not difficult. The foreign characters to be translated 

are listed in ascending order of their binary values. The equivalent Honeywell characters 

(to be enter(ed into the translation table) are then listed to correspond with the order of the 

foreign cole. For example: 

FOREIGN CODE 1401 CHARACTER H-200 CHARACTER H-200 OCTAL 

000000 blank blank = 0 0 1 1 0 1 15 

000001 1 1=000001 01 

000010 2 2=000010 02 

etc. etc. etc. etc. 

001010 f/J f/J = 000000 00 

001011 # # 101010 52 

etc. etc. etc. etc. 

265 
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17. 

36. 

55. 

74. 

266 

ZEROS 

IMPLIED 

B ADDRESS REGISTER 

NUMERIC 

ZONE 

001111 2 

NO 

THERE IS NOT A DIRECT RELATIONSHIP BETWEEN 1401 BINARY 

CHARACTER VALUES AND H-200 CHARACTERS. IT IS FOR THIS 

REASON THAT TRANSLATION IS REQUIRED. 

(Or equivalent answer. ) 



LESSON VIII. EASYCODER PROGRAMMING 

18. BA instructions may be used to incrernent a binary counter which is counting sorne re-

peating operation. Write the appropriate instruction on line 6 below. 
CARD B LOCATION 

OPERATION 
OPERANDS NUMBER CODE 

I 2 3 4 5 6 1 • 1415 2021 6263 eo 
, I i ONE Dew *'1EH PUTS A BINARr 1. IN A M&MoRY i..OCATION 
2 I I e O.UN.T. Dew "ZB~ (!,ETSTWO i..OCATION-$ TO (lJ AS A 81NARY COUNT~R. 
, i i ~ 
4 I I ~. 
• i : ,~ / 
6 I I 1/l.,A ilNtO. C~).r 
1 I I .I ;: 
• I I / 
9 I I 

'0 ! 

37. HA forrnats require a word mark defining the l.irnit of the shorter operand. Suppose that 

at sorne point in a prograrn the op. code of an instruction is to be changed to another op. code. 

To accornplish this, with a HA instructitrn, will a SW instruction be required? Vi) 

Wh y? . () \/ CAr~ ~L1'" AyN /I'~..J-

56. Notice which bits (all, nurneric, zone, etc.) will be passed by each two octal digits in 

, 

rnask specified below. MASK is loaded into the area tagged BFLD so that the constant (MASK) 

will not be changed by the EXT operation. Continue to the answer side of this frarne. 

CARD +I~ LOCATION 
OPERATION 

OPERANDS NUMBER t ~ CODE 

I 2 3 4 5 6 1 • 14 f5 2021 62 ., eo 

I !MASK Dew itF4C 77 I 7¢¢6¢ 
I 

I ~ 
I i leA IMAS K BFL D 
I I EXT CARDlfoj.8FL.D 

75. Honeywell characters may be enterred into the translation table using octal (#16C ..... ) 

or alphanurneric (#32A . ... ) DC statements as shown below. 

CARD n LOCATION NUMBER t ~ 
I 2 3 4 5 • 1 • 

I I TABlE 
I 

I 
i i 
I I 

: : 
CARD n LOCATION NUMBER t ~ 

I 2 3 4 5 • 1 • 

I i TASL.E 
I 

I 

OPERATION 
CODE 

1415 2021 

M,oR<7 4-
DC #/6CI5010~03¢.~d,5 
D,e 'if: 1.6C 16616.2..6.36.4-.65 
O,c #F/6C.4,04-.1.4.243.4.4.4,5. 
~C #I~CI 72fZaZ324e5 

OPERATION 
CODE 

1415 2021 

I"'ORG- 64 
DC *3 2.A.b 12 3 45,678 9¢,'JI: 

) 

} V 1 V 2 BASE ADDRESS 

} 

OC TAL DESIGNATION OF 64 
H-200 CHARACTERS IN 1401 
SEQUENCE 

} VI V 2 BASE ADDRESS 

i I DC #3 2.A- J K LM NO PQ.R I,t 
} ALPHANUMERIC DESIGNATION 

OF 64 H-200 CHAR., 1401 SEQUENCE 

A total of G.1 rnernory locations will be required in either case. H-200 characters 

are entered in I~u I sequence because this is an exarnple of Ii-(l I translation. 
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18. The BA instruction {on line 6} increments the counter as each card is read until the 

I 

2 

3 

4 

5 

• 
7 

8 

9 

10 

37. 

56. 

75. 

268 

number of cards equals the value in the location tagged TOTAL. 

CARD 
NUMBER 

I 2 3 4 5 

I 
~ 

I J 

i i 
1 1 

I I 

I I 
I _I 

I I 

1 I 

I 

CARD 
NUMBER 

I 2 3 4 5 

I 
~. 

I I 

i. I 
I 1 

il~ LOCATION 
OPERATION 

OPERANDS CODE 

• 7 8 1415 2021 6263 

~~ 

o.N.E DCW ftt:1 B 1 P(Jrs A BINARY 1. IN A M~MORY lOCATION 

COUNT DCW. 1# 2. B0. SETS TWO I.OCATIONS To t,1 AS A BINARy COUl'fTER 

REAO POT CARP.I,N .•. 5.1 ..4.1 . THfSE; iI'J~TRIJCTIONt$ CAUS~ TJ./£ 
PCB \'II; .¢".¢.,41 l.~ CARD RfAI)ER TO REfW A CflI?D 

PC B fRROR~.0 4,1 .4 I AND THEN CHECK FOR ERRORS ETC. 

BA ONE COUNT A . BINARY.1 IS ADP(O To TJ.lE C9UNTER. 
C TOTAL..COUNT THE VALIdc. IN TQTAL IS CoM PP.-[?E{) To TIl COVNTfR 

BCT "'EXT 14.Z 6RANC,H IF AN (QUAL,. COMPARE IS {ND/CATp£) 

B READ 6RANC/'l TO RfAD ANOTHER C~f?D IF UNEQUAL o IlIl PARE' 
~EXJ ~ PROGRAM CONTIN{JES 

NO 

AN OP. CODE IS A SINGLE CHARACTER. THEREFORE, IT IS 

THE SHORTEST POSSIBLE OPERAND, AND ALREADY CONTAINS 

A WORD MARK. 

{Or equivalent answer} 

Refer to the coding form below to answer frame #57. 

LOCATION 
OPERATION OPERANDS CODE 

6 7 8 1415 2021 6263 

MAS K Dew 
~ 
LeA 
EXT 

#4C 77 1 7~06~ 

INlASK. SFLD 
CARDIN.8FLD 

64 

1401 

1401 

80 

80 
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19. In the previous example, suppose that the binary value in the locations tagged TOTAL 

equals 12910 . Show the binary contents of the location tagged COUNT when the program 

continues to NEXT. 

38. As an example of HA, suppose that a decimal add op. code (~nemonic A, octal 36) is to 

be changed to become a decimal subtract op. code (Mnemonic S, octal 37). The address of 

the op. code A is #500. Determine what binary value is needed as the constant for the HA 

instruction below: 

I~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 8 1415 2021 62 

NEWOP OC ~ ! g ''''AlIISWE~ 
l~. 
I~ 
HA NEWOP ,50.0 

57. For example, the first character at CARDIN ,will have all of its six character bits passed 

into BFLD because 77 contains all 1 bits. 

17 will pass the __ l\j;;;..v~,iY\--,,~,-· _\.....:c.:...-- portion of the second character of CARDIN and 

the ?·o N'<- bits. 

00 will r3 L '-'C\\ the second character of C ttgp i loJ • 

60 will I) Ik') the 7:.. {j \"':- bits of the 1 H ,. ,I character of r ~ ;1 \J and block 

the __ Nt.=,.;~::.r..~tJ1 ... \_\ .,;;L-,--_ portion. 

76. Assume MORG 64 has been accomplished and tagged TABLE to refer to the base address 

of VI V 2. Also assume a translation table has been filled with H-200 characters written in 

the foreign code sequence. 

Write an instruction to move and translate from the area tagged FCODE into the area 

tagged HCODE. 

I~ LOCATION 
OPERATION 

OPERANDS CODE 

7 8 1415 2021 62 

1;IA1 lic-JDt,. ,1t,GO,II,~, 1,/\,.,,\.6 
I 
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19. 

38. 

57. 

76. 

270 

I~ 
K 

000010000001
2 

(Return to frame 20, page 233) 

Since octal 36 (011110) is to be changed to octal 37 (011111) 

a binary constant of 1 is required. 

LOCATION 
OPERATION OPERANDS CODE 

1 • 1415 2021 

NEWOP DC ~IBI 

3 
~. 
HA NEWOP 5.tlJ0 

(Return to frame 39, page 233) 

62 

17 will pass the NUMERIC portion of the second character of CARDIN and 

BLOCK the ZONE bits. 

00 will BLOCK the second character of CARDIN. 

60 will PASS the ZONE bits of the THIRD character of CARDIN and block 

the NUMERIC portion. 

(Return to frame 58, page 233) 

~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

1 • 1415 2021 62 

It<\AT Fe ODE HeQD,E. TABLE 

MAT is written in format F/A/B/V
l 

V
2

, where the A field contains characters 

to be translated and the B field is the area for the translated characters to be 

stored. MAT terminates with the character in A or B that is word marked. 

(Continue to page 272) 
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272 

Format a. 

Format b. 

Format c. 

OP CODE ---
A ADDRESS 

FUNCTION 

B ADDRESS 

CHANGl: SEQUENCING 
MODE 

Format a: The A address is loaded into the A-address register and the B address is loaded 

into the B-address register. Contents of the 1- and II.-address registers are 

interchanged, and the program branches to the instruction whose op code address 

was previously stored in the II-address register. 

Format b: The A address is loaded into the A-address register. The B address is chained 

from the B,:tddress register. 

Format c: Both A and B addresses are chained from the A and B-address registers. 

WORD MARKS - Formats a, b, and c: Word marks are not affected by this instruction. 

CSM instruction execution is explained in Lesson V, along with the 16 control memory 

registers. However, the H-200 contains an automatic change sequencing mode instruction 

referred to as flOp. Code Trapping". This capability is available when the addressing 

mode variant (CAM) is specified as octal 24, 04, 64, for two, three, and four character 

addressing respectively. 

Op. code trapping involves the record marking of a non standard operation code. Sensing 

of a record marked op. code has the effect of an automatic CSM instruction, in that it causes 

I and II registers to be interchanged. For example, the letters M (multiply) and D (divide) 

could be record marked and then used as appropriate op. codes. 

In the example of M and D above, the II register would contain the address of a co-sequence 

routine to determine whether the trapped op. code (record marked) is an M or a D. After 

determining whether the desired operation is multiplication or division, the co-sequence 

routine branches to the address of an appropriate multiply or divide subroutine. 

Upon completion of the specified subroutine, the contents of I are restored and II is again 

loaded with its co-sequence routine address. The program then continues in sequence as 

directed by the I register. 
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IRNM I RESUME NORMAL MODE 

OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -
FUNCTION 

Certain conditions, such as transfer of information to or from a remote data communica-

tion device, make it necessary for the main program to be interrupted. The H-200 can be 

equipped with an interrupt indicator which is automatically turned on when an interrupt 

signal is sensed. For example, a communication control can generate an interrupt signal 

whenever it requires access to the main memory. When an interrupt signal occurs, the 

following activities are automatically initiated: 

1. The instruction being executed is completed. 

2. The interrupt indicator is turned on. 

3. Settings of arithmetic and comparision indicators are preserved in auxiliary 
storage areas. 

4. Contents of the I-address and the interrupt register are interchanged. The 
program branches to the instruction whose address was initially stored in 
the interrupt register. 

5. The machine switches to three-character addressing mode if the normal 
sequence of instructions is stored in the two-character addressing mode. 

The interrupt indicator remains on during execution of the subroutine. It indicates to the 

central processor that a priority routine is being performed and any further interrupt signals 

should be rejected. Upon completion of the subroutine, the normal sequence of instructions 

can be returned to via an RNM instruction. This instruction reverses the effect of activities 

2, 3, 4, and 5 listed above. 

The Resume Normal Mode instruction should be coded with zeros in the A address, the 

B address, and the variant character. The first two instructions in the interrupt subroutine 

should be SCR instructions which store the contents of the A- and B-address registers in 

the A and B addresses of the RNM instruction. Immediately following these two instructions 

there should be a routine to test for the previous variant character and to store that character 

in the variant field of the RNM instruction. Thus, the coded zeros of the RNM instruction are 

replaced by the contents of control memory registers, providing re-entry to the ma,in 

program. 

EXAMPLE: After the execution of the RNM instruction, the interrupt register contains 
the address of the op code which immediately follows the instruction. The sample coding 
below illustrates a convenient method of restoring the starting address of the interrupt sub­
routine (ENTER) in the interrupt register when the normal program sequence is resumed. 
Note that the first two instructions of the subroutine are SCR (Store Control Registers) in­
structions which store the contents of the A- and B-address registers in the A address 
(RESUME + 3) and the B address (RESUME + 6) of the RNM instruction. 
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INPUT/OUTPUT OPERATIONS 

Simultaneity of peripheral operations together with central processor computing is 

achieved through the principle of "time sharing" illustrated in Lesson II. Input/output 

operations require acces s to memory for only a fraction of the total time required for 

mechanical functions of peripheral devices. Consequent! y, central processor time is 

shared among the read/write channels. If no time is required by a peripheral unit, 

the central processor is granted additional computing time. 

It should be remembered that units are permanently connected to any of 16 input or output 

trunks. However, the programmer has complete freedom to assi'gn or reassign read/write 

channels by means of program instructions. When the programmer writes an input/ output 

instruction, he specifies, among other things; the read/write channel over which data 

transfer is to take place, and the peripheral control that is to receive or transmit data. 

MAIN TRAFFIC 
MEMORY ~ CONTROL < Itwee) ..... -,-/<~V-.. 

TRUNK 

CARD 

READER 

As soon as data transfer is complete in the example above, R WC 2 is automatically 

removed from the interface. The programmer may then reassign RWC 2 to another 

peripheral control in another input/output instruction if desired. 

Transfer of information between memory and a peripheral device is either input to or 

output from the central processor. Regardless of whether the operation is input or output 

and whichever device is to be directed, the H-200 uses a single instruction.. The mnemonic 

op. code of this single input/output instruction is PDT, which stands for Peripheral Data 

Transfer. 

Another instruction is used in conjunction with PDT to either set up controls, Qr for 

testing the condition of peripheral devices. These dual operations of initial ~ontrol of 

devices and subsequent testing of devices have the mnemonic op. code PCB. This op. 

code represents the function of Peripheral Control and Branch. 

At the conclusion of the following frames (which primarily discuss card reading), you 

will be directed to the appropriate section of the Programmers I Reference Manual for 

information concerning other peripheral devices. 
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1. Transfer of data to or from peripheral units is accomplished by ?-n instruction w!f~ 

mnemonic op. code PDT. The letters P, D, T, stand for eo~ ~ 
~ The several tasks accomplished by this instruction involve specifying 

the memory location at which transfer is to begin, designating the read/write channel, 

identifying the control unit, and when more than one device is controlled, the particular 

device is also selected. 

13. The purpose of CI is to designate which read/write channel is to be used and whether it 

should be interlocked or not. If a PDT is to be p00rmed on RWC #1 and th~ sy!?tem contains 

optional R WC #1', CI MUST show interlocking. ------ ~ 

Advisedly, programmers may interlock RWC #1 even if the system does not contain 

RWC #1'. In this manner, programs will not have to be reviewed and CI's rewritten if 

optional R WC #1' is acquired later. 

25. In a "small" H-200 system~ of a particular 

-200 s ste>J format -: / A/Cl~ if a programmer 

know the busy status of a . / ~ ~. 
I 

37. An initializing PCB controls a peripheral device in much the same manner that switches 

or dials might be manually set to control a device. Consequently, an initializing PCB is 

written at the start of a program (and whenever operation of a device is to be changed). 

Format of an initializing PCB is the same as that of a PDT.. Briefly state the purpose 

of each part of the PCB format: F/A/Cl/C2/C3 - Cn/. 
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1. 

13. 

25. 

37. 

276 

PERIPHERAL DATA TRANSFER 

NO ANSWER REQUIRED 

ONE DEVICE MAYBE ASSOCIATED WITH EACH R WC IN A SMALL 

H-200 SYSTEM. 

(Or equivalent answer. ) 

READ/WRITE CHANNEL 

F / A/CI/C2 /C3 - Cn / 

F is the op. code causing the cOITlputer to perforITl PCB. 

A is the address for the branch, if conditions specified by control characters are not satisfied. 

CI specified the read/write channel. (00) 

C2 designates input or output of a particular trunk connected to the desired peripheral device. 

C3 - Cn are control characters, the nUITlber of which depends on the needs of the device. 

(Or equivalent answer. ) 
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The other instn-~ith PDT has the mnemoni~ PCB. The letters P, C, 

B, stand for 1./ ~ ~ and ~ . The purpose of 

PCB is to either control or test a peripheral unit and to provide a branch address in case 

control can not be effected or the test is not as desired. 

14. As pointed out earlier, assignment of RWCls with control character Cl is at the discre-

tion of the programmer. 

C2 1 s purpose is to designate an input or ourputtrunk to which some control unit is 

attached. The programmer writes C2 for either an input or output trunk as determined 

by the type unit attached to the trunk. As examples: A card reader provides _.;;"L::.JN=...:..?....:I.I:... .. -'-__ 

to the central processor and is attached to an 'I-NNr -rf< oJJn. A card punch 

receives () V ,)Pvr' from the central processor and is attached t~ anc:J vi 'P\J, -r tVMS 

26. PCB instructions need not specify any particular RWC. If control character Cl is written 

as f/Jf/J, Cl has no effect. The control unit connected to the input/output trunk designated by 

C2 will then be tested. PCB format F/A/f/Jf/J/C2/ causes the program to branch to the A 

address if the control unit specified by control character -L.1.... is busy. f/Jf/J as Cl means no 

garo / 1N«.1-1~ CIHtNJ\lw is to be tested. 

38. Timing of peripheral operations is the next subject to be discussed. Consider the purely 

MECHANICAL functions of a card reader whose times are shown below. 

TIME 0 ms 

CAROREAO 
OPERATION 
INI TIA TEO 

75 MILLISECOND CARD READ OPERATION 
I I 

21 ms 65 ms 

ROW TRANSFER 
BEGINS 

ROW TRANSFER 

ENOS 

The first interval of --2:..\- milliseconds is called acceleration time. 

75 ms 

CARO REAO 
OPERA nON 

TERMINATES 

The Kmilli-

second interval between the end of row transfer and-termination of the card read is decelera-

tion time. Since these operations are purely ill E. c.\\ \\ J \ L~ V functions of the card 

reader, the control processor is free for a total of ~milliseconds. 
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2. 

14. 

26. 

38. 

278 

PERIPHERAL CONTROL BRANCH 

INPUT 

INPUT TRUNK 

OUTPUT 

OUTPUT TRUNK 

Note: Units providing both input and output (tape units, etc.) 

are attached to both an input and an output trunk. 

C2 

READ/WRITE CHANNEL 

21 

10 

MECHANICAL 

31 
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3. In functioning as either a control or test of peripheral units, PCB may be used in three 

applications. It may initialize a unit, such as setting the card reader to read Hollerith code, 

etc. It may test a unit to see if it is still busy with a pervious instruction. It may check 

etc. for errors such as illegal card punches or hole ~~ount errors, 

Listing the three useSEf CB, it first can . . A a unit, PCB can also test 

a unit to see if it is still , or PCB cancheCkfO _ .... ~_AArl'Y.=.;=-.:;...__ In all three 

applications, PCB provides the dress of a ~. 

15. The purpose of Cl is to specify which RWC is to be used and whether it should be 

interlocked (5X
S

) or not (lX
S

)' In Lesson II, you saw the second I/O control character 

(C2) used as a trunk designation. A basic H-200 has four pairs of input/output trunks 

that are designated: 00&40, 01 &41, 02&42, 03&43. 

Do you remember what was meant by a first digit of O? ~\JT~V'\ /' _=---=-....... ..x...=--__ 

lrJ \ ,,h 

A first digit of 

27. Peripheral Control and Branch instructions (mnemonic L ~L) may be written 

in the same format as PDT. Show this format below and identify its parts. 

£/ _lL...I M/ h/ .£3...- oj / 

fr-O');j2.,< "" ... ') of branch I. Tests or control functions 
~ c.(o\:£ t WI ~ 
_ .... g"'"c-::t\-Q.:....::. ... /"'wf.,,:::.....;"'-i:,--/....:.,.:;-channe 1 

depending on the needs of 

Input or output 1"~ vN K. designation the particular U0IHif 

39. With 21 millisecond acceleration and 10 millisecond deceleration, the.central processor 

. is not involved for a total of 31 milliseconds. THis amount of time is automatically assigned 

to the central processor. 

Transfer of 12 card rows occurs during the remaining 44 millisecond interval. However, 

central processor time of only. 320 milliseconds is required to transfer one card row. / 

Calculate the amount of central processor time u.sed to transfer all 12 rows. "?_"d' V /)1,L..~>t.. 
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3. 

15. 

27. 

39. 

280 

INITIALIZE 

BUSY 

ERRORS 

BRANCH 

C2 (trunk designation) first digit of 0 = OUTPUT 

C2 (trunk designation) first digit of 4 = INPUT 

PCB 

F I A I Cli ,C2 I C3 - Cn I -- -- -- -- -- --
~ 

LTests 

OP. CODE I I 
ADDRESS of branch ______ ---J or control functions 

READ/WRITE channel-----------' 

Input or output TRUNK designation----....J 

depending on the needs of 

the particular DEVICE. 

3.84 MILLISECONDS 

Note: For siIllplicity, this tiIlle will be referred to as "nearly 

4 Illilliseconds" in subsequent fraIlles. 
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I/O CONTROL CHARACTERS 
PERIPHERAL DATA TRANSFER 

OP CODE A ADDRESS CI C2 C3 - Cn 
(Printer) 

- - - ,...---, .---, 
I I I .... ---~ '-- - -' 

The op. code of a PDT instruction sets up the operation to be performed. The A address 

shows either from which or to which main memory address transfer will occur. The Input/ 

Output Control Characters Cl and C2 (variants) designate the desired read write channel and 

peripheral control unit respectively. Because the needs of devices differ, the number of 

"1.1-..lPV\ / () v\N~ C ' ..... \RII\" c... f11t1l:J4yT~ beyond C2 varies. 

16. C2 designates the trunk number (from 0 to 3) with its second digit. Whether this is 

INPUT (4) to the central processor or OUTPUT (0) of the central processor is shown by the 

first digit of C2. 

Write C2 1 s showing central proces sor input and output for each trunk. 

CP INPUT = ~,!{L,~, t./'J. 
CP OUTPUT = 00 ,~, C"J~, </) . 

28. After a PDT instruction, it is necessary to test to see if the PDT has been completed or 

if the peripheral device is still busy. A PCB C3 of octal 10 tests busy. Remembering that 

no read/write channel needs to be tested, write a PCB instruction to branch on itself if the 

card reader attached to trunk #1 is still busy. 

~ LOCATION 
OPERATION OPERANDS 

~ CODE 

7 • 1415 2021 62 

PDT CARDII\l 51 ,41 
P,c,1, lI~o,"'f \J. 

I I I 

40. The card reader performs mechanical movement and card reading for 75 milliseconds. 

The central procellsor is only involved for nearly 4 milliseconds to transfer information. 

Consequently, 71 out of 75 milliseconds is automatically granted to the central processor 

during a card read interval. 

Assuming an average instruction execution time of 40 microseconds (.04 milliseconds), 

approximately how many instructions can be executed by the central processor during a 
,.-' 

card read? /,"''1\ 
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4. 

16. 

28. 

40. 

282 

I~ 

INPUT/OUTPUT CONTROL CHARACTERS 

CP INPUT 40, 41, 42, 43 

CP OUTPUT 00, 01, 02, 03 

In the PCB, * is the self reference for the PCB itself. Therefore, 

the program will wait until the device on trunk #41 is no longer 

busy (10). 

OPERATION \ 
OPERANDS LOCATION CODE 

7 8 1415 2021 62 

PDT CA.R DIN .fit 41 
ReB I1t¢¢ .,41 ~d. 

A C1 of 00 means no R WC needs to be tested. 

1775 instructions with 

average execution times of 40 micro­

seconds could be accomplished during 

a card read operation. 
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5. In format F/A/Cl/C2/C3 - Cn/ of a peripheral data transfer instruction: 

F refers to the m.nem.onic op. code e j) T 
A is the A \?~f E'?'j either to or from. which transfer occurs. 

Control characters Cl and C2 (to be explained in the following fram.es) are found in every 

PDT instruction, regardless of the type of peripheral device being directed. 

The num.ber of control characters beyond C2 (That is, control characters .-U.. through 

~ depends on the needs of the particular device. 

17. The purposes of Cl anq ~2 sbould not be eenr!11!1ed. 

Cl specifies which ~ / \JJB~I!£ channel is desired and ~ first digit of 5 m.eans that 

it is to be -Z ~~""Qkrs: -=-3;4 

C2 designates which of the four input/output -,-reViJl< . .s is to be used. 

For C2, a first digit of 0 m.eans 1Ii=r P<l! of the 
( 

c..~g4 ? g,(..cs':.~ 
a first digit of 4 m.eans -;ftJrv,) to the CIOVmd:k ?~6- ~~ ~S' 2 (\. 

29. A PCB with an * as the A address causes the program. to branch and \IJ 1lI"l-1 

device being tested for busy has com.pleted its PDT. 

Write a branch on self PCB to check the busy status of the card punch below. 

16 LOCATION 
OPERATION , ......... 

OPERANDS CODE 

7 • 1415 2021 62 

PDT PCHOUT I 2- 9S1 
~cA , 00 011 IJ 

until the 

41. The H-200 is m.uch faster than the 1401 even if the H-200 is intentionally (and unnecessarily) 

caused to operate in a serial m.anner just for the sake of com.parison~ As you know, the 1401 

operates serially. That is, a card m.ay be read, then processed, then the next card is read. 

Even with processing overlap, the tim.e available to the 1401 central processor does not com.­

pare to the tim.e autom.atically granted to the H-200 central processor during a card read. 

Continue to the answer side of this fram.e. 
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5. 

17. 

29. 

~ LOCATION R 
K 
7 • 

OPERATION 
CODE 

PDT 

ADDRESS 

C3 - Cn 

Cl = READ/WRITE channel. 

51 is INTERLOCKED R WC #1. 

C2 = Input/output TRUNKS. 

OX = OUTPUT of the CENTRAL PROCESSOR. 

4X = INPUT of the CENTRAL PROCESSOR. 

(X could be any trunk from 0 to 3) 

WAIT 

OPERANDS 

1415 2021 62 

POT PC H 0 U T 12 ell 
PCB ~ 1250 J~l ~.~ 

41. You will be given an illustration of H-200 simultanity at the end of this lesson, ~n which 

information from a card is processed, formatted, written on tape, and printed by the printer 

during a single card read interval. This simultaneity is accomplished while maintaining the 

full rated speed of card reading. 
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6. ForITlat F/A/Cl/C2/ is used for all PDT instructions. However, the nUITlber of 

___ ~...;:CI;.;.~~.;..,;;;;..:;..:::; __ -",C:;.....LJH:M,-,-,,-,,-.... flc.;L..::::,","~.=..:;;..o.. ___ beyond C2 will vary depending upon the needs of the 

particular device. Cl, C2, and any additional CIS are written as two digit octal variants. 

The nUITlber of these octal variants beyond C2 depends on the N\iEW'2 of the particular 

yeJ\( , For exaITlple, a printer and a tape unit require different types of control. 

18. Suppose a card reader and a card punch are attached to the #1 pair of input output trunks. 

Write the C2 to designate the card reader. ~L Write the ci to designate the card 

punch . .....2..-l-

30. The PCB instruction in the preceding fraITle has the forITlat F/A/Cl/C2/C3/. Briefly 

list the purpose of each of its eleITlents. 

F/ (PCB) __ ~i~p~c~oo~~~ ______________________________________________ __ 

A/ (*) ).rl.t RG Fo/.~C-r A 

Cl/ 

C2/ 

C3/ 

(00) 

(01) 

(10) le5j 

42. The following coding shows two areas of ITleITlory being reserved to contain card reader 

inforITlation. The area tagged CRBI (Card Reader Buffer #1) receives card input. Later, 

this inforITlation ITla y be ITloved to CRB2 to perITlit the next card to enter CRBl. 

~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

eRSt RESV 816 
CJl.B2 RESV ~~ 

~ 
pc-a 51' 0'" . ,0 0 AI, .l."1 .1, /, ~.t.,. 

I 
Write the instruction initializing the card reader on trunk #1 to branch to location STOP if 

inoperable. If operable, set to read Hollerith (27) and eject cards with hole count errors 

(21) or illegal punch (22). 

"----
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6. 

18. 

30. 

42. 

286 

CONTROL CHARACTERS 

NEEDS of the DEVICE 

CARD READER C2 = 41 because a card reader provides input 

(4) to the central processor. 

CARD PUNCH C2 = 01 because a card punch requires output 

(0) from the central processor. 

F I (PCB) 

AI (*) 

OP. CODE TO SET UP OPERATION. 

SELF REFERENCE A ADDRESS. 

DO NOT TEST ANY RWC. cll (00) 

C21 (01) 

C31 (10) 

TEST DEVICE CONNECTED TO OUTPUT TRUNK #I. 

TEST FOR BUSY. 

I~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

7 • 1415 2021 62 

C.RB1 RESV s.¢: 
CR.B~ RESV s.¢ 

I~ 
PCB S"O P .ai(j .41;> 7 ;a1 2.Z 



LESSON VIII. EASYCODER PROGRAMMING 

7. The writing of the op. code PDT and selection of the A address to which or froIn which 

transfer should occur needs little explanation. As Inentioned previously, the H-200 is not 

liInited to specific reserved processing areas as is the 1401. An H-200 prograInIner 

deterInines where, how Inany, what size, and how to tag the reserved ?K.o(.,~'5U 

1tt~ he will us e for the A fh h g ctn in a £JL J- instruction. 

19. With a card reader and card punch assigned to trunk #1, write the following: 

Read a card into IneInory starting at location CARDIN using RWC #1 interlocked. 

Punch a card with the inforInation froIn the location tagged PCHOUT using R WC #2. 

~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

PDf too k1.1> J.."J.r n 41. 
Ip,,~ 1 't.-lIu,T' 1.2. ,Ill , 

31. If conditions other than busy (Hole Count Error, Illegal Punch, etc.) are to be tested, 

they should be accoInplished with another PCB. The control character for Hole Count 

~rror is octal 41, for Illegal Punch it is octal 42. Write a' PCB to branch to the location 

tagged ERRORI if an HCE is found in the preceding card read on trunk below. 

i~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

PDT CA~DI» 5'1 4t 
~CB ltd.lIl ... 4.1 1.~, 

~.v.e ~(?P..ifu , •. 0 (J ,,1./ /",11. t 
f I ./ 

43. Set a word Inark at CRBl, then write a PDT to read a card into CRBI using interlocked 

RWC#l, card reader attached to trunk #1. 

I~ LOCATION 
OPERATION OPERANDS 

CODE 

7 • 1415 2021 62, 

eRS1 R£SV Iso' 
CRB2 iJ?,E 1i'J I!I~ 

I~ 
PCS STOP ¢¢ 41 'l7 .2.1 2.2., 

K,W C.R~ I 
!P,Dr ~R(?'A, 057 4/. 

J " 

287 



LESSON VIII. EASYCODER PROGRAMMING 

7. 

19. 

31. 

43. 

288 

PROCESSING AREAS 

ADDRESS 

PDT 

A programmer specifies which read/write channel is to be used by 

constructing Cl after he has written the op. code and A address. 

I~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 8 1415 2021 62 

POT CARDI~ 5141 
POT PCHOUT 1Z iii 1 

~ LOCATION 
OPERATION 

OPERANDS R CODE 
K 
7 8 1415 2021 62 

P,l>T CAROl t.i.51 .. 41 
PCB 'II' os oJ ,4- lui, 
PCB ERRoR 1 -<il1"6-.. 41 .41 

~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

7 8 1415 2021 62 

CRB.1 REGV sci 
CRB2. RE~V 8.¢'. 

~ I~ 

PCB STOP~ 41 2.7 21 2.2. 

S,W CRSl 
PDT eRB1 51 41 
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8. Because three read/write channels (fOK~th RWC l' option) are available, the first 

control character (Cl) specif~es which / !riAl-it. e rt1t1l~~ is desired. Con-

trol character Cl is easily constructed in its two digit octal fonn. The rightrrlOst digit 

specifies which of the three R WC I S is desired. Given the leftrrlOst octal digit, construct 

Cl for: RWC #1 = 118 

RWC #2 = l)LS 

RWC #3 = 1 ~ S 

20. A card read or card punch operation terminates when either of two situations is encoun-

tered. 

1. All 90 columns have been read into or from memory. 

2. A record mark is sensed in memory. 

Establish the punctuation to terminate a card· read with the fortieth column read into the 

area tagged CARDIN .. Then, write a PDT to read a card using interlocked RWC #1 and the 

card reader on trunk #1 

~l~ LOCATION 
OPERATION OPERANDS CODE 

6 7 • 1415 2021 

tI "\.R ~ tiJ.+."},'t. 
),\. r;» Il..DUI.-tJ'I. 
Ip,1I1 c:-/t':Q.\)~ .-(blll 

32. Explain each element of the instruction PCB ERRORl, 00, 41, 41. 

F / (PCB) 

A/ 

Cl/ 

(ERRORl) 

(00) 
C2/ (41) 

C3/ (41) 

62 

44. Write the instruction to wait (branch on itself) and check the card reader for busy (10). 

~ T.hen, write an instruction to branch to the location tagged ERROR if BCE (41) or ILP (42). 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

C,&81 lR,fSV s¢ 
Cl1.,B.<!. RES\! . 80 

l~ 
PCB SiO P ,¢~ 4.1 .2.7 .. 2..1 H .. 

SiN CR81. 
PDT CR8i 5.1 .4.1 
p.(~ if: 00 ,".110. 
\t,d~ C;h,R., <1 0 '#-,1 ."'.1 ,If" 
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8. 

20. 

32. 

44. 

290 

I~ LOCATION 
OPERATION 

K 
COOE 

7 • 1415 

SW 

Sl 
POi 

F/ (PCB) 

A/ (ERROR1) 

C1/ (00) 

C2/ (41) 

C3/ (41) 

READ/WRITE CHANNELS 

C1 for R WC #1 = 1 1. 8 

2021 

CAROl N+3~ 
CARD I ,111+39 
CARD I ,\II 51 

RWC #2 = 11 8 

RWC #3 = 11 8 

OPERANDS 

41 

OP. CODE TO SET UP THE OPERATION 

ADDRESS FOR BRANCH 

NO R WC IS TO BE TESTED 

( 

62 

TEST THE DEVICE ATTACHED TO INPUT (4) TRUNK #1 (1) 

TEST FOR A HOLE COUNT ERROR 

POSITION IN THE INSTRUCTION AS EITHER C2 OR C3 DETERMINES WHETHER 41 

DESIGNATES INPUT TRUNK #1 OR TEST CONTITION HCE. 

(Or equivalent answer. ) 

Note: The busy test has been tagged TEST for subsequent reference. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

CR.Bl IR,ESV 8¢ 

CRB2 RESV 80 
I~ 
RC6 STOP ,aid <1.1 P7 21 22. 

Slti CRSt 
PDT eRBi 51 ,41 

TE'S:r PCB trlCIJ 4i HI, 
PCB ERROR,.~.41 41.,4.2, 



LESSON VIII. EASYCODER PROGRAMMING 

9. The optional fourth read/write channel (RWC #1') is designated with a second octal digit 

of 5. As such, Cl for RWC #1' is written .J-:{g. 
When RWC #1' is available, it will alternate 2 micro-second memory cycles with RWC #1. 

21. You should remember the distinction for a record mark when information is being read 

into or out of memory. When information is transferred into memory, transfer terminates 

with the memory location containing the record mark. When information is being transferred 

out of memory, transfer termina tes at the memory location before the record mark. 

Establish punctuation to terminate a card punch after 40 characters have been transferred 

from the area starting at address #201. Then, write a PDT to punch a card using R WC #2, 

card punch attached to trunk #1. 

Ii LOCATION 
OPERATION OPERANDS CODE 

7 8 1415 2021 62 

~,W ?'''il 
~,:C ~., , 
l.'Q1 1/,2 III 

I 

33. PCB control characters of octal 10, 41, and 42, test a card reader for busy, I~ 
o/lIH GJ?~ and Illegal Punch (ILP) respectively. A PCB containing control 

character 10 as a test hould be written separately from a PCB testing 41 and/or 42. What 

is the difference between the two forms of PCB shown below. 

F/ A/ Cl/ C2/ C3/ C4/ 

Form #1. PCB ERROR f/Jf/J 41 41 42 

Form #2. { 
PCB ERRORl f/Jf/J 41 41 

1(0!1;#/1- Wt PCB ER~~ f/Jf/J 41 

¥t~· :PMA ;fodl fJ--c..~ & 
.-j:t'1.- ./ 0/ 7 

* 
..... ./' ~! ~ V" V 

45. When a card has been read into CRBl, an LCA can be written to move CRBI information 

into CRB2. Because the next card to be read has an acceleration interval of 10 milliseconds, 

there is more than enough time to retrieve the PDT, ~perform the LCA of the first card. 

Write the PDT to read the next card into eRBl. Then, write an LCA to move the previous 

information from CRBl +79 into CRB2 +79. 

- :--:-
: : SW ("'RBt 
I I PDT CRBi 51,.41 
: I TES:r ?C.S *~a5 4.1 uS, 
i I 
I I 

10 I : 
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9. 

Cl for R WC #i I = ~ 8 

21. #201 through #240 equals 40 characters. Therefore, the forty-first memory location 

33. 

is record marked . 

. ~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

SW 241 

H !2.4 \ 
PDT 201 .12- 01 

The format F/A/Cl/C2/ contains all the control characters needed for a card read or 

punch. Other types of peripheral equipment use additional control characters. These are 

listed in the Programmers I Reference Manual to which you will refer later. 

FORM #1 

FORM #2 

HOLE COUNT ERROR 

BRANCHES TO ONE LOCATION IF EITHER HCE OR ILP. 

BRANCHES TO A LOCATION IF HCE, ANOTHER LOCATION IF ILP. 

(Or equivalent answer. ) 

45. Note: If the LCA is written on line 9, acceleration time of the card will not be used to 

advantage. 

CARD H LOCATION 
OPERATION 

OPERANDS NUMBER CODE 

I 2 3 4 5 6 7 • 1415 2021 6263 .. 
, I : tR,S I ~ESV i¢' 

I 
I eR,B 2. RES.v 8.~ 

I I ~ 
I I PCB STO P .. f6P. 41 .• 2-7 21 2.2. .IN.1T.lAL.IZES CARD I\'E APE R 
i I sw CRBI sns .1\ FLD WM FOR SU is.SE,q.U ENT LCA 
I I PDT C RBI .. 5.1 4- I REI\OS CA~D IN~O CR81 

7 I I ns:r PCB it" r/J.~, ,.4.1 1.0 WA 1 TS VN.1l L CA.R.D RE AD IS COMPLETE 
8 I I PCB ERROR .. 160 • .4.1.<11 .42 TEST S FoR HCE AND ILP 
9 I I PDT ~BI~51 .4\ S1 AR-,- S NEXT READ t~ ITo CRP.I 
0 I I\CA CRB 1+79 CRB2.+n MOVES PREVIouS INFO TO C RBf 
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10. Availability of R WC #1' introduces a concept called "interlocking". It is pos sible to con-

struct a Cl for RWC #1 that will exclude RWC #1' froITl sharing alternate ITleITlory cycles. 

"Interlocking" teITlporarily reITloves RWC #1' and perITlits R WC #1 to operate undistrubed. 

Exclusion of R WC #1' is accoITlplished by :r /':=I\ilt.1.:C '-I< 1.~J R WC #1 with a 

specially constructed Control Character Cl. 

22. Now that you have written PDT instructions for a card read and a card punch, it is 

appropriate" to discuss the instruction which tests to see if a PDT has been cOITlpleted and 

if any errors were detected. What is the ITlneITlonic op. code for the instruction used to 

either control or test a PDT? L-"'-~ 

34. The preceding fraITles discussed PCB as used to test a device. PCB is also used to 

control (INITIALIZE) devices. A partial table of card reader initializing control characters 

is illustrated on the answer side of this fraITle. 

46. Refer to the coding forITl in fraITle 45 and notice that the previous card inforITlation has been 

ITloved to card read buffer area #2 (CRB2). Another card read interval is just beginning 

into CRB 1 for the PDT on line 10. 

The coding to be written following line 10 will process the inforITlation now in CRB2. 

Because acceleration tiITle is being used advantageously, ITlore than 75 ITlilliseconds are 

available to the central processor before a full card can enter CRBI. 

If the coding on lines 9 and 10 were reversed, how ITluch tiITle would still be available to 

process CRB2 before a full card has been read into CRBl? ___ ITlilliseconds. 
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10. 

22. 

34. 

46. 

294 

INTERLOCKING 

Note: A Cl of 518 "interlocks" RWC #1. 

The first digit excludes R WC #1'. 

The second digit designates R WC #1. 

A Cl of 518 is not to be confused with the Cl of 15 8 which designates RWC #1'. 

PCB 

(Peripheral Control and Branch) 

Control Character Function 
(octal) 

Control Functions 

27 Branch if device inoperable. If operable, set control unit 
to read Hollerith code. 

26 Branch if device inoperable. If operable, set control unit 
to read special code. 

21 Branch if device inoperable. If operable, set control unit 
to reject cards with hole-count errors automatically. 

22 Branch if device inoperable. If operable, set control unit 
to reject cards with illegal punches automatically. 

75 Milliseconds 

75 milliseconds is equal to 37,500 memory cycles. As ]TIuch processing as 

reasonably desired may be accomplished and still maintain the full rated speed of 

card reading. At the end of the desired processing, a branch is simply written to 

return to TEST and test for busy. This loop continues until the last card has been 

read and proces sed. 



LESSON VIII. EASYCODER PROGRAMMING 

11. Does illustration A or B show interlocking of R WC #1 to exclude R WC #l'? 5 --=---
RWC TIME SHARING (2 microsecond intervals) 

A. RWC #1 RWC #2 RWC #3 RWC #1' RWC #2 RWC #3 

I I 
RWC #3 

I 
RWC #1 RWC #2 RWC #3 B. I RWC #1 I RWC #2 I 

I I I I 
Write a CI for each R WC in illustration A . ./ ~ 

Write a CI for each R WC in illustration B. II 

23. The shortest format of a PCB is when the only test to be performed concerns the status 

of a read/write channel. Asking, "Is such and such a read/write channel busy?" and 

providing the alternative, "If busy (performing some operation) branch to the location 

specified", is accomplished by the format F / A/Cl/. 

F / is the J.£.. c.../»f PCB. 

A/ is the \\ ')'S)Q.S::'?'" for the ~ ~'\\\'\( ~ 
Cl/ specifies the ,Xc;n1) / W~lf~ CttttN/ItIf'r.- to be tested. 

35. An initializing PCB is similar to manually setting switches and dials to control a device, 

except that initializing PCB's are accomplished with program instructions. 

Format F/A/Cl/C2/C3 - Cn/ is written for an initializing PCB, and RWC is designated 

(00). Assume a card reader is attached to trunk #1, then refer to the preceding table to 

write an initializing PCB to read Hollerith code. Tag the instruction INIT, write the A 

address as a tag of HALT. 

: LDCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 8 1415 2021 62· 

L.t.l.!' "( ~,cQ I/htl-1. ,d,o.II.I •. 'I..1. 

47. Write the instruction to branch back to TEST after the desired processing. 

PROBLEM PRooR ME AM R DATE PAG E OF 

CARD a LDCATION 
OPERATION OPERANDS NulllBER CODE 

I 2 3 4 5 6 7 8 1415 2021 6263 

I eR,Bl RESV' 80' 
I 

I CR82 R,ESV g¢' 
I i ~ 
I I PCB STO P ,(JrJ +.1 2.7. 2,1 22-
1 : Sill( CRBl 
I I PDT CRSl 51 41 
I I TEST PCB if: .,rjt/J, .,41 V6, 
i I PCB E"~ROR ,r/)ii .4.14-.1 ..4f 
I I POT eRSt 51 41 

'0 ! I..,C.A CR61.+79 CR62+7~, 

f I OD,..'" If::,o.c',IAJLL At::" .Jll'cI:Jn:o. ,J H.&:rl,I:tA ill. A. T'/rAAI 
', .. . 

" 
i I --- ,'; 

I I 

80 
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11. Illustration B shows interlocking for R WC #1 to exclude R WC #1' from alternate 

read/write cycles. 

23. 

35. 

47. 

Without interlocking, Cl for R WC #1 = 118 

RWC #2 = 128 

RWC #3 = 138 

RWC #1' = 15
8 

Without interlocking, Cl for RWC #1 = 518 RWC #2 = 128 RWC #3 = 138 

\'I LOCATION R 
K 

7 e 

INLT 

I OPERATION 
CODE 

1415 2021 

OP. CODE 

ADDRESS for the BRANCH 

READ/WRITE CHANNEL 

OPERANDS 

\PC.'e. HAL T 0.0 .. 4.1 27 
62 

CARD ! ~ LOCATION 
OPERATION 

OPERANDS NUMBER CODE 

123456 7 e 14 IS 2021 6263 

I (RBi RESy 8.11. 
I 

I C~8Z RESV ~¢ 
I I g, 
I I ~C.B. IS.TO P. ¢¢ .• 41~Z7 .• 21~Z.Z 
i I SW CR81 
I I PDT eRSl 51 41 
I I TEST f:C B \11:¢¢ ,4.1 1O, 
I I PCB E'R R 0 i;?, ,Ii ib .4-.1 '11 .,42 
I 1 ~DT eRB1 51 41 

,0 ! LeA CRB1 t 79~ CR8Z+7q 
, i i POflf'C,<:;;.C. 'Mr.l. £It;:'.r.'' R? I AI J::t'lJ;;),AA lJ. "rJ/'I AI 

" T I , I I Ie irES} I I , I I 

296 

eo 



., 

LESSON VIII. EASYCODER PROGRAMMING 

12. If necessary, refer to frame 11 to answer the following: 

In a system without optional RWC #1', RWC #1 is granted ~ microseconds every 

-L microseconds. 

With RWC #1' and R WC #1 not interlocked, RWC #1 is granted _'l..-m.icroseconds every 

-f....k. microseconds. 

In a system with RWC #1', but RWC #1 interlocked, R WC #1 is granted 2-- microseconds 

every --k- microseconds. 

24. PCB format F / A/Cl/ may be used in a "small" H-200 system having a limited number of 

peripheral devices. Each device may as well always be assigned a certain read/write 

channel, if the system does not contain more peripheral devices than read/write channels. 

For example, an H-200 system with only a card reader, card punch, and printer would 

have little need for the programmers' freedom of RWC reassignment. (Of course, the 

programmer could change R WC as signrnents if desired. ) 

Continue to the answer side of this frame. 

36. In the case of a card reader initializing PCB, control character C3 must be octal 27 

(Hollerith code). Initializing PCB's will branch to the A address if the device is inoperable. 

Write an initializing PCB for the following: 

4S. 

Branch to the location tagged STOP if the card reader attached to trunk #1 is inoperable. 

If operable, set to read Hollerith code and to automatically reject cards with hole count 

errors (2l
S

). 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

IPce rut> , tl.CI 4:1 ~12.1 

Briefly explain what is accomplished by each line of coding in frame 47. 

Line #1 

Line #2 

Line #4 

Line #5 

'Line #6 

Line #7 

Line #S 

Line #9 

Line #10 

Line #11+ 

Last Line 
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12. 

W/O RWC #1', RWC #1 is granted 1 microseconds every imicroseconds. 

With RWC #1', RWC #1 not interlocked, RWC #1 is granted ~microseconds 

every £ microseconds. 

With R WC #1', R WC #1 interlocked, R WC #1 is granted ~ microseconds 

every i microseconds. 

(Return to frame 13, page 275. ) 

24. If there is no need to change R WC assignements (to accommodate more peripheral devices) 

the same RWC may always be assigned to a particular device. In effect then, testing of a 

RWC channel for busy actually checks whether its associated device is busy, WHEN 

APPLIED TO A SMALL SYSTEM PCB. In a larger H-200 system (where multiple peripheral 

devices are accommodated by the programmers' freedom of RWC reaSSignment) PCB format 

F/A/Cl/ only checks status of a RWC and does not imply the status of a particular device. 

36. 

48. 

298 

(Return to frame 25, page 275.) 

~ LOCATION 
OPERATION 

OPERANDS CODE 

7 • 1415 2021 62 

~CE STOP ,~¢.41 .27.2.1 

(Return to frame 37, page 275.) 

Line #1 RESERVE 80 MEMORY LOCATIONS, TAGGING THE LEFTMOST CRB1. 

Line #2 RESERVE 80 MEMORY LOCATIONS, TAGGING THE LEFTMOST CRB2. 

Line #4 INITIALIZE CARD READER (TRUNK #1), HOLLERITH, REJECT HCE &,ILP. 

Line #5 SET WM IN CRBl FOR THE A FIELD OF THE SUBSEQUENT LCA. 

Line #6 READ CARD INTO CRBl USING INTERLOCKED R WC #1, TRUNK #1. 

Line #7 WAIT IF CARD READER BUS Y. 

Line #8 TEST FOR HOLE COUNT ERROR OR ILLEGAL PUNCH. 

Line #9 STARTS NEXT CARD READ. 

Line #10 MOVE PREVIOUS INFORMATION FROM CRBI TO CRB2. 

Line #11+ PROCESS CRB2FOR UP TO 75+ MILLISECONDS. 

Last Line BRANCH TO TEST CARD READER FOR BUSY (LINE 9 PDT). 

(Continue to page 300. ) 
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SIMULTANEITY AND DOUBLE BUFFERING 

The preceding PDT and PCB frames explained an operation involving only one read/write 

channel and a single peripheral unit. The concept of double buffering was also explained. 

A card was read into a card read area then moved to a card read buffer area (-CRBI--+CRB2). 

This provided more than 75 milliseconds to process the information from CRB2 while the 

next card entered CRBI. 

On this and the following page, the principle of double buffering is expanded. Three 

peripheral units (card reader, tape unit, and printer) are operated simultaneously on three 

read/write channels and roughly 60 milliseconds of processing time is provided while main­

taining full speed of card reading! 

The coding form below establishes two buffer areas in memory for each peripheral unit. 

Punctuation of these areas is not detailed in this example. Read the coding and notice that 

it is EXECUTED, then continue to page 301. 

EASYCODER 
CODING FORM 

PROBLEM SIMUL.ANEOUS C~R.O RE~O TAPE WR.ITE. d PRINi PROGRAMMER T E.LLlO'T DATE IS vULY Iqb4 PAGE I OF~ , J 

CARD I~ LOCATION 
OPERATION OPERANDS NUMBER CODE 

.2 ,41 1115, .",121. ,62163, .8< 

11011 1111:1.1 Ip,ROG IOBLBU,F 
I I 

i i IAnMODE 12 
Ii 

i [ ICAM 12 
I I .. 
I I eRB' IRESV IS0 
i I 
I I CR,82. IR.E.SV. 8~. 

10 I i 
I i i TP,&I IRoE.SV. 16(6 

12 i i 
3 I I TP,B2 IRESV 16~, 

14 I I 
5 I I PR,SI IRESV 1'2.01 

16 I I 

7 I i PR,B2. ~E,S'J 112¢ 
, 

• I I 
9 i i IN!,T 11 "k ..... " e"' ..... ,. !1u.tdLt"r1 ".,.,,,.. CT,. 
0 I i II v', ... •• .... "'~ - -'. 
I I I 
2 i I IRC~ ~,¢" .IPP21 ,R,EWIN,D. ,T.APE PKI}I ~ J 
3 I I 

24 I I Ip,ca ~ ,~¢AI.'l.1 .~I ,sET ,tAR D, .R.E,A.D ,ER, ~T,Q j-IQ,hL,~ -:t ~ ~ ~lQ REJECT, 
5 I ! ~ 

6 I : I~DT &f. . (H . ,(JJz r:i7, SK.IP ,TO HEADOF, ,FO.RM .Q/It PRj ~T~R. 
7 I i 
• I \ I~ ISQQ"T: ,tBRANC.l ~To. LOAD' NG ROU,T.I NE I&.,Fl,ER HUT E.x.l 

I 
-, 

9 

0 I i lEX ItNlT LE,X,~C,U,LE. FRD.MIN.lT THROUGH la,~,T,\ 

300 
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I. 

I. 
17 I. 
" 
20 

I 

22 

23 

2. 
5 

2. 
27 

• 
• 
0 

LESSON VIII. EASYCODER PROGRAMMING 

Following execution of the coding on the preceding page, the six buffer areas CRB1, CRB2, 

TPB1, TPB2, PRB1, PRB2 are reserved in memory. The coding below is then overlaid on 

the preceding coding for more efficient utilization of memory. Instructions on this coding 

form are assembled and the operations illustrated below the form take place. Review the 

form and illustration. 

Note: Even including additional coding for the tape unit and printer, nearly 60 milliseconds 

are available as PROCESSING TIME with card reading at full rated speed! 

EASYCODER 
CODING FORM 

PR OBLEM S\MULTAN~OIl~ r"~o RE.AO TAPr:. WRI"'E. & PR''''T PROGRAMMER ,ELLlO,l DATE 15 JUL'( Lq6~GE~OF~ • , 
CARD 

NUMBER 

I 2 3 4 5 

1()2.!01~ 
I ~ 

i i 
I I 

i I 
I I 
I l 
I I 

I I 

! : 
I I 

jl 
I I 
I I 
~ I 

I I 

! I 
I I 

I i 
I I 

: I 
I I 

I I 
I I 

I : 

I i 
I I 
I I 

I 

I l 

~ Ii LOCATION 
OPERATION OPERANDS CODE 

• 7 • 1415 2021 6263 80 

STAAT 

iE,~T 

P/it.Ql.e.$.s 

ORea Hll:t OVER-LA'!' PREY I ouS LY ,E.')(.ECUTE 11>. SE.G.MENl 

~OT eRBI 5"1 4.1 .R~A.O CARD I ~TO, CARD RE.AO B UF,r,ER ~I 

~,C8 ~ .,(Ja ,,4.1 ,I~, WAIT ON CARD REA,oJaR B,uSYJ 

pce ERRO~ J)Jk A\ ~4cl TeST, FOR CARD. RE.AO ERROR. ,(IHe,E,) 

PDT CR8t 5"1 .. 4.1 STAR.l NEX,T CAR-D. REAO, 

ILeA eR8 J + 79 .. CR>B2 t:79 QUJVNG. ACCELEAATION, MO,V,E PRI D.R e.RBI TO, C.I2B.2. 
liNG T~" rt~ 
PCB 

pea 

Il C,II. 

PDT 

P,CS 

PCB 

LC.A 

~,OT 

'6 

* jJ (/I .. I1Jl', 1 WA.IT ,ON ,TAPE, WRITE B,U,S;-(. 

ERR.o~2 .00. ,016 ,.4.1 TEST FO" TAP,!:. WRI:TE E..R.RoIR 

ITp.B I.tsq,TP B 2+ 5:9, MOVE. 1>A-;rA, ToO, ,TAP~ 8,UFF£R 

ITpf>.Z, .,OS.Z l)lJ, 61 W~@.I T,E, :LAP EER~,/Itt--Lp,a2 

~(/Jf/J. .'(/)'Z If/>, WAIT DN p~,IIJ;rJ:.R eusy 

ERRO~O.t/J. ,$2. .40, l.En FOR PRJ N.lER .1= Rk'I\Ii!. 

t>R61.+,\.\.q. e,~B.2.tllq, ~VE t>~ 1.A. TO p,~ T 6J.lfrF:~ 

PR6t. .. ~,.3 ... 0.t .2..1 

1:EST 

CARD' ~ 
READER L-('J..._CR

_
B

_
' 
___ -' 

TAPE A 
UNIT ~,-_TP_B_2_-, 

. PRINT, F,RO~ P .az. 

.6.AANCH TO TEST ,CARt> ,RE,A,O 

BUFFER AREAS 

r-----
--+ 

L-__ .... _IIIII-' ,."-:"f---
" I ,. I 

I 
I 
I 
I 

PRllmR q ... _P_R._2 ______ ~ 
, 

,",2 

lit 'fI;2,. 

e.,R, 6.U~'f. 

. 
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LESSON VIII. EASYCODER PROGRAMMING 

Lesson VIII explained input/output operations as related to card reading and punching. 

Coding for the other peripheral units PDT's and PCB's is explained in the Honeywell 200 

Program.m.ers' Reference Manual DSI-214A. 

As an exercise, you m.ay refer tape unit or printer PDT's and PCB's illustrated on the 

preceding pages to their appropriate explanations in the INPUT /OUTPUT section of the 

Program.m.ers' Reference Manual. 

The table of contents for this program.m.ed text lists fram.e and page num.bers of instruc­

tions presented in Lessons VII and VIII. 

A table of respective page num.bers for the Program.m.ers' Reference Manual is given 

on page 194. 
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