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APPENDIX 1. 

TASK DESCRIPTICNS. 

NUMBER TASKS, 

Al.l.l N-(1~1). 

Purpose: Assess the subject's ability to determine the numerical equiv

alence relation between three collections each of unspecified cardinal value, 

using a one-to-one correspondence operation. 

Materials: Ten plastic bolts; 10 plastic nuts; 10 plastic washers; card

board box; 3 opaque plastic jars with screw-on lids. 

Two of the bolts were white and were 4 ems in diameter: two were blue 

and 3.5 ems in diameter; two were green and 3 ems in diameter; two were 

red and 2. 5 ems in diameter; and two were yellCM and 2 ems in diameter. 

The nuts and washers fitted the bolts. 

Procedure: The experimenter emptied the bolts, nuts, and washers out 

of the cardboard box onto the table. He unscrewed the nut and washer off 

one of the white (largest diameter) bolts, and asked the subject if he 

knew the names of the three objects. If the subject did not knCM the names, 

he was told them. The experimenter then drew the subject's attention to 

the fact that every bolt also had a nut and a washer, every nut had a bolt 

and washer, and every washer had a nut and bolt. The experimenter then 

asked him to unscrew all the nuts; to take all the nuts and all the washers 
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off the bolts: to place all the nuts in one jar, all the bolts in another 

jar, and all the washers in a third jar. He was told not to count the 

nuts, bolts or washers. He was then asked to place the tops on the jars, 

and to tell the experimenter the names of the parts in each jar. The 

experimenter then reminded the subject that, for every bolt, there was also 

a nut, and a washer. The experimenter then went through the follCMing 

questions:-

(i) "Pick up the jar with the bolts in one hand, and the jar with the nuts 

in the other. Are there 110re nuts in there than bolts in there, the same 

number of nuts there as bolts there, or less nuts than bolts? You can 

shake the jars, but you can;t look inside. HCM did you work that out? 

Did you count them?" 

(ii) "Pick up the jar with the bolts in one hand and the jar with the 

washers in the other. Are there the same number of l::ol ts there as 

washers there, more l::olts than washers, or 110re washers than bolts? 

You can shake them, but don;t look inside. HCM did you knCM that? 

Did you count them." 

(iii) "Pick up the jar with the nuts in one hand and the jar with the 

washers in the other. Are there less nuts than washers, more nuts than 

washers, or the same number: of nuts as washers? You can shake them, but 

don't look inside. HCM did you knCM that?" Did you count them?" 

(iv) "O.K., make a guess - hCM many nuts are there in here? Did you 

count them?" 

If the subject gave correct answers to questions (i), (ii), and (iii), 

he was told he was was correct and congratulated, provided that he 

indicated that he hadn; t counted. If the subject gave the incorrect 

answer:, or indicated that he counted, the experimenter JIDVed onto the next 

question, wit.l-Jout comment. 



Scoring: To pass the subject had to answer questions (i) to (iii) 

correctly; to give appropriate verbal justifications; and to indicate 

by answers to question {iv) that he had not counted. Appropriate verbal 

justifications mentioned sane aspect of cne-to-one matching, for 

example: "there was one each when I unscrewed them"; and "every lxllt had 

one." 

Al.l.2 N-oRD. 
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Purpose: Assess the subject's capacity to form an ordered series of coll

ecticns of objects. 

Materials: Four semi-transparent plastic jars, each of which was 10 ems 

in height and 7 ems in diameter; four lids, one each of blue, red, green, 

yellow; three blue, five red, seven green and nine yellow plastic 

blocks, each 2x2x2 ems. The blocks were placed in the jars with the corr

espondingly coloured lids. The jars were known as the blues, reds, greens 

and yellcMs. 

Procedure: The ellperimenter handed the blues, reds and yellows to the 

subject, and said: "See if you can place these in order. Go fran here to 

here. Put the one with the I!DSt here, the one with least here, and the 

other one in the middle. You cannot count them, but if you pick them up 

and shake them, you will be able to guess which one has I!DSt." (A number 

of children didn't understand the word "least" but "smallest number" 

sufficed as a synonym.) When the subject o::mpleted that task, he was handed 

the greens, and asked to find out where they went in the line so that "they 

all stay(ed) in order." After the subject made the insertion, t!1.e 
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experimenter picked up the greens and roved them to the right of the yellows. 

He placed his hands on the greens and yellows, and said: "How can you move the 

blues and reds down this end, so that they will still be in order?" If 

the subject did not transpose the blues and reds when roving them to the 

other end of the line, he was asked to think about it again, and was given 

another opportunity to order the jars. The following illustrates 

the moves involved:-

(i) Subject sets up series:-

(ii) 

3 
blues 

Subject 
3 

blues 

5 
reds 

9 
yellows 

inserts greens:-
5 7 

reds greens 

(iii) Experimenter shifts greens:-

9 
yellows 

3 
blues 

5 
reds 

9 7 
yellows greens 

(iv) Subject moves blues and reds:-

9 
yellows 

7 5 
greens reds 

3 
blues 

Scoring: To pass the task, the subject had to construct the first 

three term series, insert the greens in the correct place, and invert 

the series. 

Al.l. 3 N-{NI'. 

Purpose: Assess the subject's ability to count an array of n objects and to 

deoonstrate co-ordination of ordinal position and cardinal value. 



Materials: Collection of nine coloured plastic building blocks, each 

measuring 2x2x2 ems: two each of white, red, green, and blue, and one 

yellCM. 

Procedure: The collection of nine blocks was handed to the subject, 

238 

and the subject asked to find out how many blocks there were. After the 

subject had counted the blocks, he was asked to count them again but, this 

time, as he counted each block he was asked to push it across the table 

to the experimenter. As the subject was pushing across the fourth block 

the experimenter stopped him, and asked if he knew how many the experimenter 

already had in his pile (three blocks). This was repeated on the eighth 

block. 

Scoring: If a subject gave an incorrect answer he was given another 

opportunity, but was not told that his answer was wrong. The usual comment 

was: "let's try that again." A subject had to give correct answers 

to all questions to pass the task. 

Al.l.4 N-TI-EQ. 

Purpose: Assess the subject's ability to make a transitive inference of 

equality with respect to discrete quantity. 

Materials: Three semi-transparent plastic jars, each of which was 10 ems 

in height and 7 ems 

in diameter; three lids, one blue, one red, and one green, for the jars; 

and seven blue blocks, seven red blocks, and seven green blocks, each 

2x2x2 ems. The blue blocks were in the jar with the blue lid, the red 



240 

blocks in the jar with the red lid, and the green blocks in the jar with 

the green lid. The jars were knCMn as the "blues," the "reds", and the 

"greens." It was r;:ossible to see the blocks inside the jars, but mt suff

iciently clearly to enable the subject to oount them. 

Procedure: The experimenter handed the subject the blues and the reds, 

and said: "Hold the blues in your left hand and the reds in your right 

hand. Shake the jars and see whether you can guess whether they each have the 

same number of blocks, or has one got mre than the other. You will mt be 

able to oount them, so don~t try that." If the subject said "the same," 

the experimenter agreed, and l!O\Ted on to the red and green 

pairing. Otherwise, the experimenter prompted him until he agreed that 

the jars oontained the same number of blocks. If the subject mentioned 

a specific number of blocks he was told that that was wrong. He was then 

told not to guess how many were in the jars, just whether the jars had the 

same number of blocks or not. The same procedure was follOW'ed for the red 

and green jars. After both comparison had been presented, the experimenter 

placed the reds behind his back, held the blues in his left hand, and the 

greens in his right hand, so that only the lids were visible to the sub

ject. He then said: "O.K., nOW' you said the blues had the same as the reds, 

and the reds had the same as the greens. Is that right? Well, what about 

the blues and the greens, can you work out whether they have the same 

number of blocks, or has one got mre? HOW' did you know?" 

Sooring: To pass the task, the subject had to give a oorrect verbal 

statement of transitive reasoning. 



Al.l.5 N-TI-NE. 

Purpose: Assess the subject's ability to make transitive inferences of 

inequality with respect to discrete quantity. 

Materials: Six semi-transparent plastic jars, each of which was 10 ems 

in height and 7 ems in diameter; six lids, one each of blue, red, green, 

yellow, white, and black; five blue, seven red, nine green, nine yellow, 

seven white and five black blocks. The blocks were placed in the jars 

with the correspondingly coloured lids. 

Procedure: As for N-TI-EQ, except that the first presentation 
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tested the relation of less-than, and the second presentation the relation 

of greater-than. The first presentation was:-

(i) five blues (less than) seven reds, and 

(ii) seven reds (less than) nine greens, so 

(iii) five blues •••• ? nine greens. 

The second presentation was:-

(i) nine yellows (greater than) seven whites, and 

(ii) seven whites (greater than) five blacks, so 

(iii) nine yellows •••• ? five blacks. 

Scoring: To pass the task, the subject had to give a correct verbal 

statement of transitive reasoning. 



242. 

Al.l. 6 N-<DNS ; 

Purpose: Assess the subject~s ability to conserve number. 

Materials: 16 green plastic tuilding blocks, each 2x2x2 ems. 

Procedure: The experimenter handed a collection of eight blocks to 

the subject, and said: " I'm going to put my blocks dc:Mn in a line across 

here, so that they are about that far apart (5 ems). I ~uld like you to 

put yours dc:Mn in a line opposite mine, so that one of yours is opposite 

one of mine. Don't count them as you do it, or we will have to start all 

over again." When the subject and experimenter completed building 

the lines of blocks, the experimenter said: "We have the same number of 

blocks in each line, haven't we? Don't count them, just see if you can tell 

by looking." When the subject confirmed that each line contained the same 

number of blocks, the experimenter said: "NCM I~m going to spread mine out 

like that, but don't nove yours. O.K., nCM do you think that 

my line has more blocks than your line, or do you think that they both 

still have the same number of blocks? Why? Hew did you figure that out?" 

The experimenter then reset his line, so that it again stood, block for 

block, opposite the subject's. He then shortened his line, and asked the 

subject: "NCM, do you still think that my line has the same number of 

blocks as your line, or do you think your line has more? Why? HCM did you 

knCM that? " 

Scoring: The subject was required to pass both versions and to give 

appropriate verbal justifications, to pass the task. 1\ppropriate 

verbal justifications were those in the category of either inversion, 

compensation, or quantitative identity, 
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Al.l. 7 N-ADD-V. 

Purpose: Assess the subject's ability to predict the results of addition 

operations, when the two collections to be added together are visible. 

Materials: Twelve red plastic wilding blocks, each measuring 2x2x2 ems. 

Procedure: The experimenter placed the collection of 12 blocks on his 

side of the table, and told the subject to take two blocks fran that coll

ection to his side of the table. The subject was then asked 

heM many blocks he had. When the subject answered "two", he was asked if 

he knew heM many he would have, if he took one more from the experimenter's 

pile. If the subject attempted to take the block before answering, he was 

told not to. If he attempted to count using his fingers, or same other 

object, as a counter, he was also told not to. When the subject answered 

"three", he was told "that was good, take the block over to your pile." 

The experimenter then said: "O.K., you've got three blocks nail, haw many 

would you have if you took another three blocks fran my pile and put them 

with your's?" This pattern was follCMed for the follCMing operations:-

2+1; 3+3; 6+2; 8+4. 

Scoring: If the subject gave an incorrect answer the experimenter said: 

"heM al::out d:>ing that again". To pass the task the subject had to give 

correct answers to all questions. 
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Al.l. B N-8UB-V. 

Purpose: Assess the subject's ability to predict the outcome of subtract

ion operations when the two collections are visible. 

Materials: Twelve blue plastic building blocks, each measuring 2x2x2 ems. 

Procedure: The procedure was the same as for N-ADD-V, except that the 

subject was asked if he knew how many the experimenter would have left in 

his pile, if the subject were to take n blocks away. The subtraction oper

ations tested were: 12-3; 9-4; 5-2; 3-1. 

Scoring: As for N-ADD-V. 

Al.l.9 N-SOL-V. 

Purpose: Assess the subject's ability to find the numerical difference 

between two collections (a and b), and, by addition or subtraction, make 

the collections equal - this is usually called solving for a difference. 

Materials: 16 green plastic building blocks, each measuring 2x2x2 ems. 

Procedure: The experimenter handed the collection of 16 blocks to the 

subject, asked him to give five to the experimenter, four to 

himself, and to place those left over in the middle of the table. 

The experimenter then asked who had more blocks. After the subject 

said that the experimenter did, the experimenter told him that the object

ive was to make the experimenter's and the subject's collections have the 

same number of blocks. The subject was told the rules of the game. 

They were: 



245" 

(i) Blocks could only be rroved fran or to the middle, and fran or to 

the experimenter's or subject's piles. They could not be moved fran the 

experimenter's pile to the subject's pile, or vice-versa. 

(ii) Only one move was allooed, but, if the subject wanted to move rrore 

than one block he had to move them at the same time. 

(These rules were designed to force the subject to work out the answer 

"in his head", and, thereby avoid trial and error solutions). If the 

subject moved one block fran the middle to his pile so that both piles 

contained five blocks, the experimenter congratulated him and then said: 

"That's one way of doing it. Let's set it back the way it was, four for 

you and five for me. Noo, can you see another way of doing it?" If the 

subject took one away from the experimenter's pile so that both piles 

contained four blocks, he was congratulated. If the subject could not work 

out the answer, he was pranpted by the experimenter saying: "It's all 

right to take sane of mine, or give more to me, if that would help." If 

he still couldn't solve the problem, the experimenter demonstrated the 

solution. After this preamble, which was not scored, the test phase was 

entered. Using the same format, the subject was required to solve the 

following problems: 7-4=? and 4+?=7; 6-4=? and 4+?=6; and, 6-2=? and 

2+?=6. 

Scoring: All test questions had to be answered correctly for the subject 

to pass the task. If the subject made an incorrect rrove, the experimenter 

said: "let's put them back and you think about it again." If the subject's 

second move was also incorrect, he failed that question. 



Al.l.lO N-BAL-V. 

Purpose: Assess the subject's ability to solve problens of the form: 

if a> b then [a-(a-b/2)] = [b+(a-b/2)], when all objects are visible 

(that is, balance the two rollections by sharing the difference between 

them.) 

Materials: 16 yellow plastic ruilding blocks, each measuring 2x2x2 ems. 
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Procedure: The experimenter handed the collection of 16 blocks to the 

subject, asked him to give six blocks to the experimenter, four to himself, 

and to p.1t the remainder back in the tox and out of sight. The experimenter 

then asked who had more blocks. After the subject answered correctly, 

he was told that the objective was to make the piles the same, in that each 

had the same number of blocks. The subject was told that the rules of 

the game were: 

(i) blocks could only be moved one pile to the other, they rould not be 

moved to one side; and 

(ii) only one move was allowed, rut as many blocks as the subject wished 

could be moved at the same time. 

(These rules were designed to avoid trial and error solutions.) If the 

subject answered the practice item rorrectly the experimenter moved onto 

the test phase. If oot, he was prompted by the experimenter saying: 

"it's all right to take sane of mine across to your side. Do you think 

that would help?" If he still rould not solve the problem, the solution 

was demonstrated by the experimenter, and the test phase then entered. 
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The preamble was not scored. In the test phase, he was required to solve 

the following problems: a=7 and b=3, hence a'=S and b'=S; a=9 and 

b=3, hence a'=6 and b'=6. The questioning and pranpting format used in 

the preamble was employed in the test phase. 

Scoring: Both test questions had to be answered rorrectly for the subject 

to pass the task. If the subject made an inrorrect rrove, the experimenter 

said: "let's put them back and you think about it again." If the subject's 

second rrove was also inrorrect, he failed that question. 

Al.l.ll N-ADD-NV. 

Purpose: Assess the subject's ability to determine the outcome of adding 

n objects to a collection of similar objects but where that collection 

of objects is not visible. 

Materials: A counting tube apparatus consisting of one vertical wooden 

post attached to a rectangular wooden base; an opaque plastic jar attached 

to the top of that post; another opaque plastic jar attached to the wooden 

base; a length of transparent plastic tubing connecting the bottom of the 

top jar with the side of the bottan jar; a machined metal mechanism 

containing a spring loaded button attached to the bottan of the top jar 

and the connecting tube; and 12 silver coloured metal ball bearings of 

1 em diameter (see Figure Al.l for dimensions of apparatus.) The apparatus 

was designed so that the ball bearings rould be placed in the top jar and 

then sent down the tube to the bottan jar, one by one, by pressing the 

button. Each button press released one ball bearing. The ball bearings 

were only visible whilst they were rolling down the tube. 
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Procedure: The experimenter asked the subject to take the lid off the 

top jar and check that there were no metal balls inside, and to do the 

same with the bottom jar. The experimenter then handed the 12 metal balls 

to the subject, and asked him =unt them into the top jar. Then, he was 

asked how many metal balls were in the jar. The subject was then told how 

the apparatus worked. The experimenter demonstrated it by pressing the 

button twelve times, and =unting the balls as they rolled down the tube 

into the bottom jar. The subject was then asked how many balls were in the 

the bottom jar, and how many were left in the top jar. This preamble was 

repeated, if necessary, until the subject clearly understood what was 

happening. The subject's responses during the preamble were not scored 

as part of the task. Following the preamble, the experimenter again asked 

the subject to verify that there were no balls in either jar or in the 

tube. The experimenter then handed the 12 balls to the subject, and asked 

him to OJunt them into the top jar. The subject was then asked to send two 

balls down to the bottom jar. The experimenter then said: "right, 

there were none in the bottom jar and you sent two down the tube, so how 

many balls are there in the bottom jar nCM'?" If the subject gave the 

wrong answer, the question was repeated. If the answer was again wrong the 

the experimenter asked the subject to take the top off the bottom jar, 

look inside and count how many were there. Next, the experimenter said: 

"O.K., there are two balls in the bottom jar, send down four more." 

The experimenter then asked the subject how many were in the bottom jar, 

reminding him that there were two there before, and that he had sent four 

more down the tube. This format was followed until all of the following 

addition operations had been performed: 0+2: 2+4; 6+3; 9+1. 

Scoring: The subject had to give correct answers to all questions to pass 

(a correct answer on the se=nd attempt was considered a pass). 
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Al.l.l2 N-SUB-NV, 

Purpose: Assess the subject's ability to determine the outcome of sub

tracting n objects from a collection of similar objects where that collect

ion but where that collection is not visible to the subject. 

Materials: As for N-AlJ[HIN, 

Procedure: The preamble and questioning format used in N~ 

was follCMed in this task, except that the question related to how many 

balls were left in the top jar, The 

subject was reminded of how many were in the top jar before sending the 

last batch down the tube. The operations tested were: 12-2; 10-4; 6-3; 

3-l. 

Scoring: As for N-ADD-NV. 

Al.l.l3 N-cYC-NV, 

Purpose: Assess the subject's ability to concurrently work on two collect

ions in a situation where adding to collection (a) meant subtracting from 

collection (b), and where the objects in those collections were not visible 

to the subject: that is, the objects cycled from one collection to the other. 

Materials: As for N-ADD-NV, 

Procedure: The preamble and questioning format used in N-AD~ 

was follCMed in this task, except that the question related to how many 

balls were left in the top jar, and how many were in the bottom jar. Also, 

in posing the question, the subject was reminded that there were 12 balls 

in total, and that before sending n down there were m left in the top 

jar. The operations tested were those used in N-AD~ and N-BUB-NV. 

Scoring: As for N-ADD-NV. 
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Al.2 IENGI'H TASKS. 

Al.2.1 LR-B-IN-A. 

Purpose: Assess the subject's understanding that if length (a) is 

greater than length (b), then (a) may be a:msidered as (b) concatenated 

with sane other length (that is, a sense in which (b) is included in (a)). 

Materials: A perspex box having the following dimensions was used: 

21.5 ems in length and width and 15 ems in height, and having walls and a 

top surface made of perspex 6 ems in thickness. Set vertically into the 

box was a hollow plastic tube of the following dimensions: 10 ems in 

length, outer diameter of 1. 4 ems, inner diameter of • 9 ems. The top 

of the tube was flush with the top surface of the box. Three lengths of 

wooden dowel, each of .8 ems in diameter, and of lengths 7 ems, 10 ems, 

and 13 ems, were also used. See Figure Al.2 for details. 

Procedure: The experimenter placed the box on the table, and drew the 

subject's attention to the hollow tube. The experimenter then placed the 

three pieces of dowel on the table so that they were in order of length, 

and drew his attention to that order. The experimenter then asked him 

to pick up the middle stick, and to push it into the tube so that it went 

all the way to the bottan. The experimenter then drew his attention to 

the fact that the top of the stick was flush with the top of the box, and 

reminded him that that stick was the middle one of the three on the table. 

The subject was then asked whether he thought that the longer stick of the 

two left on the table would project above the top surface of the box if it 

were inserted in the tube, or would it cane just to the top, or would it 

not reach the top. The same question was asked in relation to the shorter 

stick. The subjects were asked to justify their answers. 
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Scoring: Both questions had to be answered correctly, and appropriate 

verbal justifications given, to pass. 

Al.2.2 L-P/W. 
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Pur]XJse: Assess the subjeces knCMledge that any object may be considered 

as a concatenation of arbitrarily selected sub-lengths (that is, an under

standing of part/whole relations of length). 

Materials: Eight red and eight blue plastic building blocks, each meas

uring 2x2x2 ems. The red blocks were pushed together to make a red rod, 

and the blue blocks to make a blue rod. 

Procedure: The experimenter placed the red and blue rods side by side, 

end ]Xlints aligned, on the table, and sought the subjeces agreement that 

they were the same length. The experimenter then dismantled the red rod, 

forming a pile of red blocks, and said: "If I put all these together again, 

would my red rod be as long as that blue one? HCM do you knCM?" 

Scoring: As well as the correct evaluative res]Xlnse, the subject was 

required to give an appropriate verbal justification, to pass the task. 

Al.2.3 L-INVAR-ADD. 

Purpose: Assess the subject's understanding that the length of an object 

is invariant unless sanething is added to or subtracted fran it (setting 

aside expansion and contraction processes). 

Materials: Ten red plastic building blocks pushed together to make a red 

rod 20 ems in length; two red blocks; and a perspex box 15 ems high. 
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Procedure: The experimenter placed the red rod in front of the subject 

and asked him to indicate with his hands the length of the rod. The exper

imenter then rotated the rod 90 degrees, and asked the subject whether it 

was still the same length, and how he knew the answer. Then the experi

menter stood the rod on the table and repeated the question. Then the ex

perimenter placed the rod on top of the box and again repeated the quest

ion. Then the experimenter placed the two extra red blocks on the table, 

and asked the subject how he oould make the rod shorter; and then, how he 

could make it longer. In each case, the subject was asked if that was the 

only way the rod could be made shorter or longer. 

Scoring: All questions had to be answered oorrectly, and the appropriate 

verbal justifications given. If the subject gave an incorrect answer, he 

was asked to show the experimenter where the length of the 

rod started and where it finished, and then to think again about the answer. 

If the subject again gave the wrong answer, he was asked to explain how 

he worked it out. Then the experimenter mved onto the next question. If 

the experimenter gave the oorrect answer on the seoond attempt, and an ad

equate verbal justification, he passed that question. 

Al.2.4 LR-INVAR~. 

Purpose: Assess the subject's understanding that the length relation 

between two objects is invariant unless sanething is added to or subtract

ed from one of the objects (setting aside expansion and contraction 

processes). 



Materials: Ten blue, plastic building blocks pushed together to make one 

blue rod, and ten green blocks making one green rod; two blue and two 

green blocks: one perspex box 15 ems in height. 

Procedure: The two rods were placed side by side, end points aligned, 

on the table. The experimenter sought the subject's agreement that 

they were the same length. The blue rod was then ll'OVed through the 

positions described in the similar one-length task L-!NIJAR-

ADD. The questioning format used 

in that task was also used in this task, except that, in this case, 

the questions concerned the length relations between the blue and green 

rods. 

Scoring: As for L-INIJAR-ADD. 

Al. 2. 5 LR-INIJAR-8P. 

Purpose: Assess the subject's understanding that the length relation 

between two objects is invariant under transformations involving only 

change of position. 

Materials: Two pieces of wooden dowel, each 20 ems in length. 

Procedure: The experimenter placed the two pieces of dowel flat on 
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table so that they formed a "V", with the apex pointing t<:Mard the subject. 

The experimenter then asked the subject to find out which stick was the 

longer, or if they were the same length, telling the subject that he could 

ll'OVe the sticks if he needed to. When the subject agreed that they were 

the same length, the experimenter placed one stick flat on the table with 
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its long axis parallel to the subject's side of the table. The other stick 

was placed half way along the length of the first, but vertically on the 

surface of the table. The experimenter then asked the subject if he still 

thought that the sticks were the same length, and how he knew that. The 

positions of the sticks were then reversed, and the questions repeated. 

The sticks were then placed at opposite ends of the table. The one on the 

subject's left was parallel with the long side of the table. The one on 

the subject's right was parallel with the short side of the table. The 

question was then repeated. 

Scoring: All questions had to be answered correctly, and appropriate 

verbal justifications given, for the subject to pass the task. If an 

incorrect response was given, the subject was asked to think again. If 

the subject gave the correct answer on the second attempt, he 

passed the task. 

Al.2.6 LR-0RD. 

Purpose: Assess the subject's ability to order objects according to 

their lengths. 

Materials: Five pieces of wooden dowel - one each of the follc:Ming lengths: 

16.5, 17.0, 17.5, 18.0, 18.5 ems. 

Procedure: The experimenter handed the three shorter pieces and the long

est piece of dowel to the subject, and asked him to arrange them in order 

of increasing length. After the subject had completed the ordering, the 

experimenter handed the subject the fifth piece (18 ems) and asked him 

to insert it in the correct place in the series. If the subject indicated 



that he had ccmpleted the series, but the sticks were not ordered, the 

experimenter asked if he was sure that he had finished. If the subject 

was adamant that he had finished, and that the sticks were in order, 

the experimenter went through the series asking: "is this longer than 
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than that? No, well lll3.ybe you havn't finished yet. I'll pick them up, 

shuffle them again, and you have another go at it." This was repeated up 

to three times. If, on the third attempt, the subject still hadn't built 

a length-ordered series, he failed the task. If he succeeded on or before 

the third attempt, he passed that phase. Subjects were given only one 

opportunity on the insertion phase, and were asked to explain why they had 

placed the stick in the position chosen. 

Scoring: To pass, subjects had to construct a length-ordered, four-term 

series, insert the fifth stick in the correct position, and give an approp

riate verbal justification. 

Al.2.7 LR-TI-EQ. 

Purpose: Assess the subject's ability to make transitive inferences of 

equivalence with respect to length. 

Materials: Three pieces of dowel, each 25 ems in length, one red, one 

green, and one blue. 

Procedure: The experimenter handed the red and green sticks to the subject, 

and asked him to find out which was longer, or whether they were the same 

length. The experimenter then took back the red stick and handed the 
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subject the blue stick, and repeated the question. The experimenter then 

took back both sticks, and placed the red and blue sticks in front of the 

subject in the form of a "T", e.g. 

Subject 

_Lred 

blue. 

The experimenter then asked: "remember the red was the same as the green, 

and the green the same as the blue, but what about the red and the blue? 

Without JroVing them, can you tell whether they are the same length, or is 

one longer? HCM did you knCM that?" 

Scoring: The correct evaluative response and an appropriate verbal justif-

ication was required to pass. 

Al.2.8 LR-TI-NE. 

Purpose: Assess the subject~s ability to make transitive inferences of 

greater than, and less than, with respect to length. 

Materials: Six pieces of dCMel of the follCMing lengths and colours: 

red - 15 ems; green - 15.5 ems; blue - 16 ems; yellCM - 16.5 ems; 

white- 17 ems; and grey- 17.5 ems. 

Procedure: The procedure used in LR-TI-EQ was also follCMed in 

this task. The presentations were:-

Longer Than: 

(i) blue. longer. green; 

(ii) green. longer. red; 

(iii) blue. ? red, where the blue and red were arranged in the 

form of a "T", with the shorter one (red) forming the vertical arm pointing 

tCMard the subject. 
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Shorter Than: 

(i) yellow. shorter. white; 

(ii) white. shorter. grey; 

(iii) yellow. ? grey, where the yellow and grey were arranged in 

the fonn of a "T", with the shorter one (yellow) fonning the vertical ann 

pointing toward the subject. 

Scoring: Correct evaluative responses and appropriate verbal justificat

ions were required on both P,.ases of the task to p:~ss. 

Al.2.9 LR-cARD. 

Purpose: Assess the subject's understanding that the ordinal length 

relation between two objects is the same as the cardinal numerical rel

ation between the collections of p:~rts comprising those objects (provided 

that the lengths of the respective p:~rts are the same). 

Materials: Eleven red and 12 green building blocks, each 2x2x2 ems; two 

semi-transparent plastic jars, 10 ems x 7 ems; two screw-top lids, one 

red and one green. 

Procedure: The experimenter placed the blocks on the table, and asked the 

subject to find out whether: 

(a) all the red blocks were the same size; 

(b) all the green blocks were the same size; 

(c) the red blocks and the green blocks were the same size. 

The experimenter then showed the subject 

that the blocks could be pushed together to fonn rods. The experimenter 
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then placed seven red blocks in the jar with the red top, and five green 

blocks in the jar with the green top, without allcwing the subject to 

count how many went in each jar. The experimenter then handed the jars to 

the subject, and asked him to guess which jar had ll'Ore blocks, but not to 

take the tops off and count them. When the subject gave the correct answer, 

he was reminded that all blocks were the same length, and then asked: 

11 if you took all the red ones out and pushed them together, you would have 

a red rod. If you did that with the green ones, you would have a green rod. 

Which rod would be longer, the red one or the green one? Hew do you knew? 11 

This procedure was repeated using eight blocks in each jar, after which all 

the blocks were placed back on the table. The experimenter then pushed the 

12 green blocks across to the subject, and asked him to put them together 

to make a green rod while he (the experimenter) made a red rod out of the 

11 red blocks. When that was done, the experimenter asked the subject to 

find out which one was longer. After the subject responded, he was asked 

to disassemble his rod and to place all the green blocks in the jar with 

the green lid, while the experimenter did the same with the red rod. When 

that was done, the experimenter then took both jars to his side of the table, 

covered the jars with his hands, and asked the subject if he knew which 

jar, red or green, had the greater number of blocks, and how he knew the 

answer. This procedure was repeated using 10 blocks in each jar. At all 

times the subject was observed for signs of counting, and was requested not 

to do so. 

Scoring: All four phases had to be answered correctly, with appropriate 

verbal justifications, to pass. 
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Al. 2.10 LR-'I'I --<:ARD. 

Purpose: Assess the subject's ability to deduce length relations between 

objects by applying transitive reasoning to the cardinal number 

relations between the collections of unit parts. 

Materials: Seven red, nine green, and eleven blue plastic building blocks, 

each 2x2x2 ems; three semi-transparent plastic jars; three screw-top 

lids, being one each of red, green and blue. 

Procedure: The experimenter placed seven red, seven green and seven blue 

blocks on the table, and asked the subject to check that all blocks were the 

same length. He then derronstrated that they could be pushed together to 

make a rod. The experimenter then took back the blocks and placed seven 

reds in the jar with the red lid, nine greens in the jar with the green lid, 

and eleven blues in the jar with the blue lid, making sure that the subject 

could not count the number of blocks in each. The experimenter then handed 

the blue and green jars to the subject, and said: " hold the blues in your 

left hand, the greens in your right, shake the jars and see whether you 

can guess whether they each have the same number of blocks? Or has one got 

more than the other? You will not be able to count them, so don't try that." 

After the subject made the correct response, the experimenter took the 

blue jar back, handed the subject the red jar, and repeated the previous 

instructions. The experimenter then placed the green jar behind his back, 

held the red jar in his left hand and the blue jar in his right, so that 

only the lids were visible to the subject, and said: "O.K., you said that 

there were more greens than reds, and more blues than greens, what about the 

reds and the blues? If you put all the reds together you would have a red 
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rod. If you p..!t all the blues tcgether you would have a blue rod. Which 

rod would be longer? HON did you work it out?" 

Scoring: To pass the subject had to give the correct evaluative 

response, and an appropriate verbal justification. 

Al.2.11 L-ooNS. 

Purpose: Assess the subject~s capacity to conserve length. 

Materials: Two pieces of string, each 20 ems in length. 

Procedure: The experimenter showed the subject the two pieces of string. He 

asked the subject to open one piece out so that it formed a straight 

line, and to put a finger on each end. The experimenter did the same with 

the other piece of string, placing it side by side with the subject~s, so 

that the end points were aligned. The experimenter sought the subject~s 

agreement that the two pieces of string were the same length. He then asked 

the subject to leave his string as it was, while the experimenter bent his 

into the form of a circle. The experimenter then asked the subject if he 

thought that the pieces of string were still the same length or not, and 

to explain his answer. The experimenter then restored his piece of string 

to its former position side by side with the subject~s, and again sought the 

subject's agreement that they were the same length. He then said that he 

wanted to form a "T" with the two pieces of string, by 

leaving his in its present position, and by the subject turning his 90 

degrees so that it formed the vertical arm. The same questions were then 

put to the subject. The two variants of the task are illustrated belCM:-
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(i) (a) first presentation -

subject 

standard form 

variable form 

experimenter 

(i) (b) test presentation -

subject 

standard form 

0 variable form 

experimenter 

(ii) (a) first presentation - as for (i) (a) above 

(ii) (b) test presentation -

subject 

I variable form 

standard form 

experimenter 

Scoring: Both sets of questions had to be answered correctly, and approp-

riate verbal justifications given, to pass. 

Al. 2 .12 L-ONIT 

Purpose: Assess the subject~s ability to iterate a unit part along the 

length of an object, 

Materials: Strip of white cardboard 24 by 3 ems, and a second strip 3 by 3 

ems; pencil; rubber. 
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Procedure: The experimenter placed the materials on the table and said: 

"can you work out haw ll\311y of these small pieces you would need to make a 

piece as long as this one? You can JlDVe the pieces and use the pencil to 

put marks on them, if you want to?" 

Scoring: Provided the subject attempted to iterate by marking 

off equal units, and rorrectly counted them, he passed. (A subject who 

lacked sufficient motor skill to mark off unit lengths exactly ended up with 

a portion of the unit measure projecting beyond the end of the strip. Nev

vertheless, he passed if he attempted to mark off adjacent and adjoining 

unit lengths.) 

Al.2.13 L-EST. 

Purpose: Assess the subject's ability to estimate length in terms of a 

number of unit lengths. 

Materials: Four pieces of dowel, of the following lengths - 1 x 10 ems, 

1 x 15 ems, 1 x 22 ems, 1 x 30 ems, and 1 red plastic ruilding block 

2x2x2 ems. 

Procedure: The experimenter placed the 15 em and the 30 em long stick 

in front of the subject in the following pattern:-

(i) 15 em 

30 em 

subject 
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He then asked the subject: "how many of these (lSem) would you need to put 

together to make one as long as that (30em). How did you work it out with

out rroving them?" The same approach was used for the following two pres

entations:-

(ii) 10 em 

30 em 

subject 

(iii) 

2em 

22 em 

subject 

The subject was not allowed to !lOve the materials, but could point 

with his finger to the longer object, as he mentally iterated the shorter 

object. 

Scoring: Acceptable answers were:

(i) two and three; 

(ii) two and four; 

(iii) eight to fourteen. 

Acceptable answers were required to all three questions for the subject 

to pass. Verbal justifications were not scored. 
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Al.2.14 L-uNIT-cH, 

Purpose: Assess the subject~s ability to predict the direction in which the 

number given b':{ unit iteration 1-Kluld change, if the length of the unit J:Ert 

were to change. 

Materials: As for L-UNIT, plus two extra strips of white cardl::oard, one 

4x4 ems, and the other 2x2 ems. 

Procedure: This task was presented as an extension of L-uNIT. After the 

subject had 1-Klrked out that it took eight of the 3 em pieces to make 

one 24 em strip- or, alternatively, had that demonstrated b':{ the 

experimenter - the experimenter showed the subject the 4 em long strip 

and demonstrated that it was longer than the 3 em strip. He ·then asked: "would 

it take rrore, less, or the same number of these (4 em) as these (3 em) to 

to make one long one? How did you work it out?" The same procedure was 

followed with the 2 em piece. 

Scoring: Correct evaluative responses to ooth questions, and appropriate 

verbal justifications, were required to t:ess. 

Al.2.15 LR-M-CAm>. 

Purpose: Assess the subject~s ability to determine the length relation 

between two objects on the basis of a measurement operation involving unit 

iteration and cx::>mparison of cardinal numbers. 

Materials: Three strips of white cardboard, one 3 x 24 ems, tl-te other 

3 x 27 ems, and the third 3 x 3 ems; pencil, rubber. 



Procedure: The experimenter placed the two longer strips of cardboard 

on the table in the form of a "T", with the vertical arm (24 ems) 

pointing towards the subject, e.g:-

27 em 

24 em 

subject 
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He asked the subject to guess which one was longer, but not to ll'OVe the 

strips. The experimenter then handed the 3 em strip and the pencil to 

the subject, and said: "O.K., now let-s see how good you are at guessing. 

Without !lOVing these two strips, can you use this little one, and the 

pencil, to w:>rk out whether that one really is longer than this one? You 

can p.It marks on them with the pencil if you like." 

Scoring: To pass, the subject had to iterate the unit along both 

longer strips, ccrnpare the cardinal nurnerons, and give the correct answer. 

A1.2.16 L-M-ADD. 

Purpose: Assess the subject's understanding that numbers representing 

lengths of objects may be added together, and that the resultant number 

represents the length of the two objects joined together. 

Materials: As for LR--M-CARD. 
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Procedure: This task was presented as an extension of LR-M--cARD. After 

the subject had determined that the longer strip required nine units, and 

the shorter eight units- or, alternatively, had that demonstrated by the 

experimenter - the experimenter asked: "O.K. ,so it takes nine to make 

that one and eight to lll3.ke that one. How many would it take to make a 

strip as long as these two put together? How did you work it out?" When 

working out the answer the subject was not permitted to reposition the 

strips, but was allowed to count. 

Scoring: The subject had to demonstrate that he knew that the answer was given t 

adding nine and eight. Subjects demonstrating that knowledge, but having 

difficulty in carrying out correctly the addition operation, were encouraged 

to count to get the answer. 

Al.2.17 L-ADD. 

Purpose: Assess the subject~s ability to add lengths in the following 

(semi-algebraic) fashion: given an ordered series,- (a), (b), (c), (d)

where the increment in length is constant, what is the relation between 

the combined lengths (a+c) and (b+d)? 

Materials: Four pieces of dowel -green, 16.5 cms1 blue, 17.0 ems1 

yellow, 17.5 cms1 red, 18.0 ems. Four pieces of dowel of the same colours 

and lengths and arranged in order of increasing lengths, 2 ems apart, 

and mounted vertically on a piece of pine-board. One small piece of dowel, 

.5 ems in length. 
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Procedure: The experimenter showed the subject the ordered series (the 

standard), and asked him to construct the same series with the four sticks 

lying flat on the table. The experimenter called the series a stair-case, 

and deronstrated with the .5 ern piece that the length of each "step" was 

the same (i.e. b-a = c-b = d-e = • 5 ems.) The experimenter asked the 

subject to give the first one (16.5 em.) to the experimenter, the second 

(17.0 ems) to the subject, the third (17.5 ems) to the experimenter, and the 

fourth (18.0 ems) to the subject. The experimenter then said: "if I 

put my hro to:)ether like this, and you put your hro together, who would 

have the longer stick? How did you work it out?" Notice that the standard 

was present throughout the presentation, and that the experimenter held his hro 

sticks in such a manner as to prevent the subject from making a visual 

comparison. 

Scoring: The subject passed the task if he gave the correct evaluative 

response, and appropriate verbal justifications. 

Al.3 DISTANCE T11SRS. 

Al.3.1 D-<X:NS. 

Purpose: Assess the subject;s ability to conserve distance. 

Materials: One red and one blue plastic wilding block, each measuring 

2x2x2 ems; a path pattern drawn on cardboard (see Figure Al.5); a strip 

of white cardboard 8 x D ems to use as a wall, with a 'door; drawn on 

both sides. 
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Procedure: There were three parts to the task. 

(i) The experimenter placed the two blocks oo the table about 50 ems. 

apart, and said: "I want you to pretend that thaes a red house, and thaes a 

blue house, and that there is a path between the two houses. I want you 

to pretend that an Monday you walk from the red house to the blue house 

along the path (experimenter demonstrated with his fingers). On Tuesday 

you walk back from the blue house to the red house along the path, but when 

you get to here (20 ems from the red house) , you find that somebody has put 

a wall across the path. But the wall has got a door in it, so you open 

the door, go through, and walk onto the red house. O.K., no,; lees see 

if you remember that. You shON me where you walk on Monday. Good. NCM, 

where do you walk an Tuesday? When is the wall oo the path? Tuesday. 

Right. Would you walk further on Monday, or on Tuesday, or the same roth 

days? Why?" 

(ii) The experimenter placed the path pattern on the table and asked the 

subject if it would be further to walk from A to B, or further to walk frcm 

A~ to B', or would it be the same distance along the respective paths. 

The experimenter then asked the same question rut in =nnection with the 

reverse direction- ie. canparing (B -> A) with (B' -> A'). 

(iii) The experimenter then placed the red block at A, and asked the 

subject to place the blue block at A~. The experimenter then asked the 

subject to pretend that the blocks were cars, and asked the subject to 

move his car along his path the same distance as the experimenter rroved 

his car along his path. The experimenter then rroved the red block along 

the path in increments of about 4 - 5 ems, and noted the subject's rrove

ment of his block. 
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Scoring: All three questions had to be answered correctly and appropriate 

verbal justifications given to pass. 

Al.3.2 D-EST. 

Purpose: Assess the subject~s ability to estimate distance between two 

points in terms of a number of unit distances. 

Materials: Three sheets of white cardboard on two of which were drawn four 

squares and on one of which were drawn three squares, 2x2 ems in size, 

as shcMn on Figure Al.6; four plastic building blocks, red, blue, green and 

yellow, each 2x2x2 ems. 

Procedure: There were three questions: 

(i} The first pattern was placed on the table, and blocks placed in the 

squares. The subject was then asked to pretend that the blocks were 

houses, and that there were paths between the houses. The experimenter 

then asked the subject to guess how many times the shorter path would go 

into the longer path. If 'times~ was not understood, he was asked how 

many of the shorter paths would he need to plt together to make one 

longer path. 

(ii} The second pattern was placed on the table and the same questions 

asked. 

(iii) The third pattern was placed on the table, a red and blue block 

placed over the left and right squares, and a green block placed on the 

middle square. The subject was asked to pretend that the red and blue 

blocks were oouses, that there was a path between the .oouses, and that 

the path was made of green blocks. The subjeces task was to estimate 

the number of blocks needed to build the path, without rroving the blocks. 

Scoring: As for L-EST. 
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Al. 3. 3 DR-M. 

Purpose: Assess the subject's ability to compare two distances indirectly 

on the basis of measurement operations, but not necessarily using unit 

iteration. 

Materials: The lx>rizontal distance plate described in D-M above, together 

with a vertical distance plate of the same construction, except that the 

pieces of dowel were separated vertically, one being directly above the 

other; one strip of white cardboard 3 x 35 ems; pencil; rubber. 

Figure Al.4 illustrates the vertical distance plate. 

Procedure: The experimenter placed the two plates on the table, and said: 

"I want you to look at the distance between here and here (24 ems between 

arms on the rorizontal plate) and the distance between here and here 

(27 ems between arms on the vertical plate) • Without moving them, can you 

work out whether it is bigger fran here to here, than fran here to here? 

You can use this long strip if you want to. You can write on it with 

this pencil, if you need to." 

Scoring: The subject had to use the long cardl:x:>ard strip in an approp

riate manner, and give the correct answer, to pass. 

Al.3.4 D-M 

Purpose: Assess the subject's ability to measure the distance between two 

objects using unit iteration. 

Materials: A rorizontal distance plate consisting of a wooden rnse to 

which were attached i:'.ro pieces of dowel, each em in length, projecting 
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out frcrn the edge of the base on; two strips of white cardb::>ard, one 

3 x 35 ems, and the other 3 x 3 ems; pencil; rubber. The pieces of 

dowel were Ol\S apart and could be ITOiled in the horizontal plane so as 

to adjust the distance between their end points. Figure Al.3 illust

rates the apparatus. 
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Procedure: The experimenter set the arms of the horizontal plate so that 

the separation between their end points was 24 ems. He placed it on the 

subject~s side of the table, so that the edge of the plate was co-incident 

with the edge of the table. The experimenter then said: "I want you to 

pretend that you are going to b.lild a bridge frcrn here (a) to here (b) • 

You want it to go exactly from here to here, so that it doesn't stick out 

at all. Pretend that you are going to b.lild the bridge out of these small 

strips of cardboard (3cms). Your job is to find out how many of these 

small strips you'll need to b.lild the bridge. If you want to, you can use 

this long piece (35 ems) to help you work it out. You can use this 

pencil to p.lt marks on them, if you need to." 

Scoring: The subject had to use the longer strip and the shorter strip 

to measure the distance between the arms. The-

quality of the subject~s attempt to iterate the unit was taken into ace 

aunt. Hence, a subject didn't have to be exact in marking off units to 

pass the task. Provided that the subject attempted to be accurate and 

precise in marking off units, and counting units, he passed. 
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APPENDIX 3 cont. 

A list of all tasks in order of increasing difficulty, as shown in the 

chi-squared matrix, is given below. 

TASK NO. TASK NAME. 

1 N--<Nr 
10 N-'ri-EQ 
34 LR-'ri-EQ 
21 LR-<:ARD 
14 LR-BinA 
20 L-P/W 
9 N- (ltol) 

17 LR-INVAR-ADD 
2 N-ADD-V 

18 LR-DRD 
3 N-SUB-V 

12 N-{)RD 
15 L-INVAR-ADD 
13 N--coNS 
16 LR-INVAR-8P 
24 L--coNS 
4 N-SOL-V 
5 N-BAL-V 
6 N-ADD-NV 

26 L-EST 
28 L-UNIT 
33 IlR-M 
29 L-UNIT-Cll 
23 LR-'ri -<:ARD 
25 D--coNS 
11 N-'ri--NE 
27 D-EST · 
22 LR-'ri--NE 
32 D-M 

7 N-8UB-NV 
8 N-cYC-NV 

30 LR-M-CARD 
31 L-M-ADD 
19 L-ADD. 
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APPENDIX 4. 

DESCRIPTICNS OF PRODUCl'I~-5YSTEM l-DIJ.lBI2..:.. 

A4.l INTRODUCTICN. 

Listings and execution traces for all models are attached at Addenda l to 6. 

All models are written in PSS (Ohlsson,l980), a variant of PSG. PSS is 

a Stanford LISP preprocessor. 

The models were processed on a DEC-lO system at the Coanbs Ccmputer Centre, 

Australian·National University, 

In these models, goal manipulation procedures are not grouped together in 

one or two common-servicing productions, as is usual with production

systems. Instead, they are located separately in productions which tri

gger particular goal activation, re-activation, suspension and deletion 

operations. This has been done to assist the reader, who is not familiar 

with LISP-type languages, to gain an appreciation of the operation of ~he 

models. This reduced the prograroming elegance of the models. However, 

it did not result in any greater demands being placed on STM, and did not 

increase the total number of productions fired during execution. 

Firstly, the segments common to each model are described briefly. 

Secondly, the segments specific to each model are commented upon. 
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The productions which sirrnllate the first phase of N-ADD-NV, N-SUB-NV, 

and N-cYC-NV are ccmnon to all m:Xlels. In the first phase, the subject 

is asked to send 'n' oolls to the bottau jar by pressing the button. 

When 'n' balls have been sent to the bottom jar, the subject is asked 

hew many were there before (and/or in the top jar, depending upon the 

particular task), and how many more had just been sent dowtl. 

An understanding of the simulation of the first phase may be gained by 

reading the listing for ADD6 .PSS (Addendum l) • This is a performance m:Xlel 

of N-AOO-NV that uses a table-look-up procedure. 

The productions POOO, POO and PO control the entry of task information 

into STM, and initiate the run. When that information is entered, the 

model responds by simulating the subject#s button pressing and counting 

behaviour. The productions responsible are labelled Pl to P8. 

Pl inserts an active goal of sending 'n' oolls dcwn the tube. In the 

service of that goal, P2 inserts the subordinate goal of pushing the 

button. PJ notices the ball going down the tube and inserts the 

subitization goal. P4 simulates subitization of the ball(s) noticed 

(by PJ) going dcwn the tube. PS carries out a counting operation by 

accessing and 'saying' the next name on a mnber-narne-list. P6 marks 

the name 'said' by PS, and inserts the next nUIIlber name on the list 

into STJio!. P6A to P6C simulate similar marking and moving operations. 

P7 simulates a checking operation. If the last name 'said' by PS is 



• 

the same as the number-name given in the instruction to send 'n' balls 

dCMn the tube (represented in STM by (SEND C)), then the rrodel 'knows' 

that it has finished that part of the task. In that event, it 

re-activates the goal 'to attend' and the next production to fire 

is be PO. If oot, the goal 1!13.nipulation in PB ensures that P2 will 
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be the next production to fire, and that a new cycle of button pressing, 

, subitizing, and counting will be entered. This procedure can be followed 

by reading the listing for each model concurrently with the trace of the 

model's execution. 

When control is passed back to PO, the user then asks: 

how many balls were in the l:ottom jar before? This is represented by the 

STM element {MANY BOI'I'CM BEFORE). P9 and PlO simulate the answering of 

this question, after which control is passed back to PO. The user then 

asks: how many were sent dCMn the tube? This is represented in STM by the 

element (MANY TUBE). This question is answered by Pll and Pl2, after which 

control is again passed back to PO. The user then asks: how many balls are 

now in the l:ottom jar? This is represented in STM by (MANY BOJ."''CM NOW) • 

That marks the end of the first phase • 

In the subtraction models {ADD5.PSS and ADD4.PSS listed in Addenda 4 and 

5, respectively), P9 and PlO answer the question: how many were in the 

top jar? This is represented in STM by the element (MANY TOP BEFORE) ) • 

In the addition and subtraction model (ADD? .PSS listed in Addendum 6) , P9 

and PlO answer the {MANY BOJ."''CM BEFORE) question, and PA9 and PAlO answer 

the (MANY TOP BEFORE) question. 

The segments specific to each model are described briefly in the following 

sections. 
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A4. 3 TABLE-LOOK-UP PROCEDURES. 

The addition model (ADD6.PSS) and the subtraction model (ADDS.PSS) use 

table-look-up procedures. These procedures are also used in the addition 

and subtraction model (ADD7.PSS). 

A4.3.1 ADDITION. 

An understanding of the addition procedure may be gained by reading the 

listing for ADD6.PSS, in conjunction with the trace of its execution 

(Addendl.llTI l) • 

By entering the question (MANY BOI'TOM NOW) into STM the user causes 

control, on the next cycle, to be given to Pl3, which activates the add

ition goal (GOAL * ADD). Pl4 activates the goal of retrieving from LTM 

the list containing the results of adding 'n' balls to the 'm' already in the 

bottom jar. Pl5 and Pl5C simulate the entry of those lists to STM. 

Pl6 'reads off' the answer. For example, suppose the bottom jar cont-

ained two balls and the subject sent four more down the tube. Then Pl4 

would activate the goal of retrieving from LTM the relevant list (LIST 2), 

and PlSA would insert the entries (l->3),(2->4),(3->5),(4->6),etc. Pl6 

would select the entry (4->6), and extract from it the answer, 6. 

The remaining productions, P24A to P27 are responsible for hcusekeeping 

functions needed to prepare the model to receive more input. 



A4.3.2 SUBTRACTION. 

An understanding of the subtraction procedure may be gained by reading 

the listing for ADDS.PSS in conjunction with the trace of its execution 

(AddendliDl 4) • 

Productions Pl4 to Pl6 are respcnsible for the subtraction table-look-up 

procedure. They are similar in form to their counterparts in the addit

ion model. Hence, an example should be sufficient to explain their 

function. 

Suppcse the top jar had six balls in it, and then the subject sent three 

balls to the tot tan jar. Pl4 would activate the goal of retrieving (LIST 

6). Pl5A would insert the entries from that list, such as (2->4) ,(3->3), 

etc. Pl6 1vould select the entry (3->3), and 'read-off' the answer, 3. 

A4. 4 DIRECT COUNTING P:ROCE:DURE. 

The addition model, ADDB.PSS, and the subtraction model, ADD4.PSS, use 

direct counting procedures. They are used instead of table-look-up methods 

for simulating the answers to the (MANY BOITCM NCM) and (MANY TOP NOW) 

questions. 
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A4.4.1 ADDITION. 

The direct counting procedure involves the co-ordination of step-by-step 

movement through two sequences, each of which is the number-name-list. 

Items from the first sequence are represented in STM by elements having 

the form (Y <P> Z), and those from the second sequence by (W <P> V). The 

letters Y,Z Wand V imbedded in these elements are of technical signif

icance only. They constitute a method of marking locations in a list. 

The symbol <P> assumes numerical values. 

Pl3 activates the addition goal (GOAL * ADD). It sets the location in the 

first sequence at the point corresponding to the number of balls in the 

bottom jar before the last series of button presses. Pl3 also sets the 

location in the second sequence, just before the first element in the 

number-name-list. Pl4 checks to see if the location in the second sequ

ence is the same as the value in the STM element representing the instruct

ion to send ~n~ balls down the tub. (Essentially, is the value of <P> in 

the element (W <P> V) the same as the value of <P> in the element (SEND <P>) ? ) 

If so, Pl4 fires, and the answer is extracted from the (Y <P> Z) 

element currently in STM. If not, either PlS or Pl6 fires. They control 

the movement through the two sequences. Pl7 to Pl7J carry out the moves 

from place to place in the first sequence. Pl8 to Pl8C perform the same 

function for the second sequence. 

An example may clarify the operation of Pl3 to Pl8C. Suppose that the 

bottom jar had two balls in it, and the subject sent down four more. STM would 

contain the elements (BOITOM 2) and (SEND 4). Pl3 would insert the ele-
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rnents (Y 2 Z) and (W 0 V). On the first cycle after the firing of Pl3, 

Pl4 would not fire because <P> would be set to 0 in (W 0 V) • PlS would 

initiate an entry to the Pl7 to Pl7J group of productions. Specifically, Pl7B 

would fire and insert (Y 3 Z) into STM, and set a goal causing Pl6 to 

fire on the next cycle. Pl6 would then initiate an entry to the PlB to 

PlBC group of productions. Specifically, PlB would fire and insert (W 1 V) 

into STM, and set a goal causing Pl4's conditions to be examined on the 

next cycle. Again, Pl4 would not fire, because <P> would be set to 1 

in (W 1 V). Hence, PlS would fire again, and the PlS to PlBC procedure 

would be re-entered. This pattern would continue until on one cycle Pl4 

found <P> set to 4 in (W 4 V). At that time, the (Y <P> Z) element would 

contain (Y 6 Z) • Pl4 would then extract the answer (6) from that 

element. 

The remaining productions P24A to P27 perform housekeeping functions 

needed to prepare the m:xiel to receive further input. 

A4. 4. 2 SUBTRAcriCN. 

The productions Pl3 to PlBC in the subtraction m:xiel (ADD4.PSS) carryout 

analogous functions. The differences are that:-

Pl3 sets <P> in (Y <P> Z) to equal the number of balls in the top 

jar, initially, 

Pl7 to Pl7J JTOVes down the number-name-list, not up it, as in the 

case of the addition m:xiel (ADDB.PSS). 



A4. 5 M)DIFIED-COUNTING PROCEDURE. 

The addition rrodel ADD3.PSS uses a rrodified-counting procedure. In this 

model, the larger of the two numbers to be added (represented in STM by 

the elements (BOTTOM B) and (SEND C) is found, and used to set the initial 

location in the first sequence. Groen and Parkman (1972) argued that 

this procedure is used by young children, and same adults. 

In this rrodel, productions Pl3 to Pl6 control the finding of the smaller 

and larger of the two addends. Productions Pl7 to Pl7K simulate Jl'Overnent 

through the first sequence. Productions P230 to P230C simulate movement 

through the second sequence. Productions Pl80 to P210 extract the smaller 

and larger. addends and set the initial locations in the two sequences. 

P220 fires when lTOVernent through the two sequences has resulted in the 

answer being held in the (Y <P> Z) STM element. The remaining product

ions simulate either special cases or housekeeping functions. The two 

special cases are:-

equal addends - Pl30A 

one addend of zero - Pl30B 
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APPENDIX 5. 

CCMPARATIVE ANALYSIS OF RESULTS USIN"; ASSESSMENT CRITERIA 

VA.l'Q'I~ IN J::!EGREE OF STRIC'INESS. 

AS.l CORRELATION B1?:'IWEEN NUMBER OF QUESTIONS 

ASKED AND ORDER OF TASK DIFFICUL'I'Y. 

'Ihe analysis in Chapter 10 was based on a strict asses~nt criterion. 

In order to pass a task the child had to answer every question oorrectly 

and, in rrany instances, give a oorrect verbal statel!2nt of the reasoning 

enployed. However 1 every child was also given a nJ.J:I!ber of opportunities 

to reconsider an inoorrect answer. 'Ihe child was prodded with canments 

like: "Are you sure? 'Ihink a.?oot it again. Slowly this til!2, a."ld see if 

you get the same answer." ':rhus, a clinical style of questioning was used 

to assess the child's knowledge. 

An inportant aspect of this approach is that there is substantial variation 

between tasks in the nJ.J:I!ber of questions asked. '!his is because it was 

necessary to relate the mmt>er and type of question asked to the nature of 

the task. Sol!2 tasks (eg. DR-M) required the child to de!ronstrate by 

physical action certain kinds of knowledge. Other tasks required only an 

evaluative answer (eg. "longer" or "shorter") 1 supported by verbal state-

1!2nts of the reasoning enployed. Still other tasks required knowledge of 

m.lll'ber facts within a certain range. 
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In these circumstances, it IIBY be thought that the cbserved orders of 

difficulty of the collections of number and length tasks reported in 

Chapter 10 could reflect sirrply the variation between tasks in the number 

of questions as~ed. A correlation a~alysis was carried out to investigate 

this possibility. 

A5.1.1 NUMBER TASKS 

In the case of the I1Lllll::ler tasks, the number of questions asked ranged from 

2 to 8. The degree of association between the number of questions asked 

and the rank order of difficulty was assessed by computing the Spearman 

rank correlation statistic Rs (corrected for ties), which is .37. This 

is not significant at the .05 level (sample t=l.32, criterion t=l.B at 

alpha= .05 and 11 d.f. for a one tailed test). 

A5.1.2 LENG'!H TASKS 

In the collection of length tasks, the number of questions asked ranged 

from 1 to 10. The relevant Spearman rank correlation coefficient is 

-.42. This is significant at the .05 level (sample t=l.B, criterion 

t=l.75, at alpha=.05 and 15 d.f. for a one tailed test) but the direction 

of association between number of questions and task difficulty is the 

opposite to that which might have been expected. In other words, this 

analysis re'll'eals that the fewer the number of questions the greater the 

difficulty of the task. 

It !!By be concluded, therefore, that the orders of difficulty for the 

number and length task collections do rot reflect sirrply variations .in 

the number of questions asked. 



AS. 2 Eli'l''Et'l' OF VARYIN3 STRIN:;l'lCf OF scmrn:; CRITERION 

ON OP.DER OF TASK DIFFICULTY. 
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This conclusion notwithstanding, it may still be objected that the use 

of a strict assessment criterion in developmental research is inappropriate 

because, as Brainerd (1978) argues, it increases the risk of false neg

atives. By the sarre token, the use of a lax cri~e;.ion increases the risk 

of false positives. As langford (1981) has noted, the fontl!?r is a fairer 

test of hypotheses concerning synchronous development, while the latter 

is oore effective in detecting sequential development. In order to gauge 

the effect of the use of a strict criterion in the present research, the 

data were also scored using "m:lderate• and "weak" criteria. 

AS. 2 .1 MDERATE CRITERION. 

Under the I!Oderate criterion a child was assessed as having passed the 

task if he answered the first evaluative question correctly, and gave 

the correct verbal explanation. Fbr those tasks where verbal explanations 

were not requested the child was re:Juired to answer t.'le first two evaluative 

questions correctly. 

A5.2.2 WEAK CRITERION. 

Under the weak criterion a child was assessed as having passed the task 

if he gave the correct evaluative response to the first question asked. 

AS.2.3 DISTRIBUTION OF 'IOTAL 9XilES, 

The distribution of total scores for all subjects, and of the Tll.lllber of 

subjects passing each task, for both I!Oderate and weak scoring procedures, 
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are depicted in Figures AS.l to A5.4. ~en these distributions are oarpared 

with the corresponding distributions d:>tained under the strict scoring 

regime (given at Figures 10.1 and 10.2, pages 126a and b of the rrein text), 

it is apparent that the minor floor effect evident under the strict criterion 

assessment is exaggerated. For exarrple, under the weak: criterion 64% of the 

subjectc; scored 24 or rore (oot of 34) 1 under the liOderate criterion, 48% 

scored 24 or more; and under the strict criterion, 36% scored 24 or more. 

This out:co!re is, of coorse, predictable, since increasing the prd:>ability 

of false positives increases the prd:>ability of a floor effect. 

A5. 2. 4 ORDER OF 'I7\SK DIFF!CULT'l 

The orders of difficulty d:>tained under each scoring procedure are given 

in Table A5.1 for all tasks, in A5.2 nor the number tasks, in A5.3 for 

the length tasks, and irl A5.4 nor the distance tasks. The general inpre

ssion d:>tained from inspection of these tables is that a similar ranking 

is d:>tained under all three procedures. This inpression is confirmed by 

the Spearrren rank correlation statistics given in Table A5.5. These values 

indicate that nor all tasks taken as one collection, for the collection 

of nUlltler tasks, and fur the collection of length tasks, the rank order

ings d:>tained under the strict, liOderate and weak criteria are not signif

icantly different. The orderings d:>tained under the three scoring proc

edures are significantly (a1pba=.05) different, however, for the collection 

of distance tasks. 

The differences for the distance tasks are due to the snell m.IITber of tasks 

involved. Since the collection contains only four tasks, a reversal of 

order between two adjacently ranked tasks, which nay differ only slightly 

in the nUlltler of subjects passing each, bas the effect of changing 50% 

of the ranks. This effect is d:>vious in the case of OR-M and o-o::t'IS. 
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Under the strict scoring criterion 53 subjects passed the furn:er while 48 

passed the latter, yielding ranks of 1 and 2, respectively. Under the 

rroderate scoring criterion, 53 subjects passed DR-M and 65 passed D--CO'>JS, 

yielding a reversal of order in ranking. 

TABLE AS.l: ALL TASKS: O!IDER OF TASK DIFFICULTY CBI'AINI'D UNDER 'IHE 

STRICT, MJlJERATE AND WEAK SCORIN:; CRI'IERIA. 

TASK STRICT M:DERATE WEAK 

CRITERION CRI'IERION CRI'IERION 

NO.OF Ss. OBSERVED NO.OF Ss. OBSERVED NO OF Ss. OBSERVED 

PASSIN:>* RANK PASSIN:> RANK PASSIN:> RANK 

N-cNT 100 1 100 1 100 1 

N-TI-EO 100 1 100 1 100 1 

LR-TI-EO 100 1 100 1 100 1 

LR-cARD 98 2 98 2 99 2 

LR-BinA 95 3 96 3 97 3 

L-P/W 94 4 94 4 94 4 

N-1to1 86 5 87 7 87 8 

LR-INVAR-

ADD 85 6 92 5 94 4 

N-ADD-V 84 7 85 9 93 5 

LR-GID 82 8 86 8 92 6 

N-SJB-V 81 9 82 10 84 9 

N-000 80 10 79 11 80 12 

L-INVAR-

ADD 80 10 88 6 93 5 
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N-CONS 78 11 79 11 81 11 

LR-INVAR-

Sl? 74 12 77 12 82 10 

I L-CONS 74 12 74 13 76 14 

N-OO!J-V '61 13 70 14 76 14 

N-BAL-V 58 14 58 18 68 151 

N-AOO-NV 5B 14 63 16 77 13 

!J-EST 56 15 66 15 80 12 

!J-UN!T 53 16 53 20 53 18 

DR-M 53 16 53 20 53 18 

!J-UNIT-CH 49 17 54 19 54 17 

LR-TI-cARD 48 18 48 21 87 B 

o-coos 48 18 60 17 62 16 

N-TI-NE 41 19 43 23 77 13 

D-EST 34 20 45 22 81 11 

LR-TI-NE I 29 21 34 24 90 7 

D-M 26 22 26 25 26 20 

N-SUB-NV 21 23 22 26 27 19 

N--CYC-NV 16 24 18 27 18 21 

LR-M-CARD 14 25 14 28 14 22 

!J-M-ADD 13 26 13 29 13 23 

!J-ADD 10 27 10 30 10 24 

NO'l'l!S: *Maxirrum of 100 
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TABLE A5.2: NIJMBER TASKS: ORDER OF 'mSK DIFFIC!J!/1''1" OBTAINED UNDER 

TASK STRICT CRITERION MJDERATE CRITERION WEAK CRITERION 

ID. OF Ss. RANK liD. OF Ss. RANK liD. OF Ss. RANK 

PASSIN:>* PASSIN:> PASSIN:> 

N-CNT 100 1 100 1 100 1 

N-T!-EJ 100 1 100 1 100 1 

N-1to1 86 2 87 2 87 3 

N-ADJ)-V 84 3 85 3 93 2 

N-SJB-V 81 4 82 4 84 4 

N-aiD l 80 5 79 5 80 6 

N-o::R> 78 6 79 5 81 5 
I 

N-OOL-V 61 I 7 70 6 76 8 

N-BI\L-V 58 8 58 8 68 9 

N-ADJ)-NV 58 8 63 7 77 7 

N-T!-NE 41 9 43 9 77 7 

N-SJB-NV 21 10 22 10 27 10 

N-crc-NV 16 11 18 11 18 11 

IDTES: * Maxi!lum of 100. 
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TABLE A5.3: I..ENTIH TASKS: ORDER OF TASK DIFFICUL'IY CBI'AINID tlNDER '!HE 

STRICT, MJOERATE liND WEI\.K SCCJI.IN3 CRITERIA. 

TASK STRICT CRITERION MODERATE CRITERION WEI\.K CRITERION 

00. OF Ss. RANK 00, OF Ss. RANK NCl. OF Ss. RANK 

PASSI!'lj * PASS I!~ PASSIN; 

LR-TI-ll;) 100 1 100 1 100 1 

LR-cARD 98 2 98 2 99 2 

LR-BinA 95 3 96 3 97 3 

L-P/W 94 4 94 4 94 4 

LR-INVAR-

ADD 85 5 92 5 94 4 

LR-<FD 82 6 86 7 92 6 

L-INVAR-

ADD 80 7 88 6 93 5 

LR-INVAR-

SP 74 B 77 8 82 9 

r.--ccm 74 B 74 9 76 11 

L-EST 56 9 66 10 80 10 

L-UNIT 53 I 10 53 12 53 13 

L-UNI'I'-CH 49 11 54 11 54 12 

LR-TI 48 12 48 13 87 8 

LR-TI-NE 29 13 34 14 90 7 

LR-M-CARD 14 14 14 15 14 14 

L-M-ADD l3 15 13 16 13 15 

L-ADD 10 16 10 17 10 16 

IDlES: "'Max inurn of 100. 
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TABLE 115.4: DISJ'A"JCE TASKS: ORDER OF TASK DIFFICULTY OOTAINED UNDER 'rnE 

STRICT, MJDERATE 1\N'D .WFl\1{ SCCRING CRITERIA. 

TASK S'IRICT CRITERION MJDERATE CRITERION WFl\1{ CRITERION 

NO. OF Ss. RANK NO. OF Ss. RANK NO. OF Ss. RANK 

PASSIN:; * PASSIN:> PASSIN:; 

DR-M 53 1 53 2 53 3 

D-COOS 48 2 60 1 62 2 

D-EST 34 ; 3 45 3 81 1 

D-M 26 4 26 4 26 4 

NOTES: * Maxim..!m of 100 

TABLE A5. 5: CG!PARISON OF RANK ORDERINGS OBTAINED UNDER 'lliE STRICT, 

MCJI:>mATE AND WEAK SCCRIN::; CRITERIA. 

TASK COLLEX::TION RANK ORDER:rn:;S CCMPARED 

STRICT WI'Jll MJDERATE STRICT WI'lll WEI\K M)DERATE WITH WEAK 

Rs t p Rs t p Rs t p 

ALL TASKS .989 53.79 <.001 .87 13.38 ~.001 .88 14.30 <.001 

NUMBER TASKS .997 60.34 <.001 .97 18.57 <.001 ,98 21.87 <.001 

Ll!Nl'Jll TASKS .99 49.67 <.001 .90 11.02 <.001 .91 11.67 <.001 

DIS'l'l!NCE TASKS .80 2.53 >.05 .20 .32 >.05 .40 .73 >.05 



A5. 3 EFFEJ:T OF V!\RYTh'G STRTh'Gl':N:Y OF SCORIN::; CRITERION 00' 

SCA!..J\BIL!'IY OF NUMBER AND I.m:;'IH TASK COIL~TIONS. 
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Since it is evident that adopting a less stringent criterion has the 

effect of distorting the distribution of total scores, though without 

altering significantly overall task difficulty ranking, the possibility was 

investigated that the mmber and len:jth task collections ooy not form scaled 

sets under the moderate and weak scoring criteria. The results are sum~~ar

ised in Table AS.6 which sets out the relevant Glttman and J:Devinger indices. 

If rrore weight is accorded the J:Devinger index of h0110geneity than the 

Gutt'll:!n co-efficient of scalability, the effect of adopting a less string

ent criterion is to reduce oorginally overall test hcm.:lgeneity, and to 

increase the incidence of chance level responding. However, as is shown 

in Table A5.6, the nunber and len:jth task collections form scaled sets, 

whether assessment is based upon a strict, moderate or weak criterion. 



307 

TABLE A5.6: SCAL!N;; INDICES Om'AINED FRCM DATI\ DERIVED FRCM STRICT, 

MOOERATE AND WEAK SCQRIN:; CIU'!ERIA. 

TASK CIU'IERION I GOTIMJ\N IDE\IIN;;ER IDE\IIN;;ER IDE\IINJER 

COILB:TION co-EFFICIENT INDEX OF INDEX OF INDEX OF 

OF ~T'i H:J'.t(X;ENEIT'i HCMX;ENEIT'i 

SCAI.IIBILIT'i OF AN ITEM OF AN ITEM 

WI'IH A TEST WITH AN ITEM 

NUMBER STRICT .589 .570 ALL 13 EXCEED 70 OOT OF 78 

• 7 (a) EXCEED .5 (b) 

I 
MODERATE ,568 I .685 ALL 13 EXCEED 69 OOT OF 78 

I 
.7 EXCEED .5 

WEAK ,401 .540 12 OUT OF 13 I 56 OUT OF 78 

• 7 (c) l EXCEED .5 

LENG'IH STRICT .48 .58 14 OUT OF 17 101 OOT OF 

EXCEED .7 136 EXCEED • 5 

MODERATE .455 .563 13 OUT OF 17 93 OOT OF 136 

EXCEED .7 EXCEED .5 

WEAK .431 .539 16 OUT OF 17 98 OOT OF 136 

EXCEED • 7 (d) EXCEED .5. 

NOTES: (a) A perfectly harogeneous item would have a H(it) value of 1 but 

values of • 7 and higher are regarded as acceptable. 

(b) <llance level responding is indicated l:r{ a h(ii) value of .5. 

(c} The H(it) for N-TI-NE : .66. 

(d) The H(it) for LR-TI-NE = .33. 



308 

AS. 4 EFF'ECI' OF VA.RYIJIG STRINJI'NCY OF SCORJ:]Ir, CRITERION ON CONSERVATirnl 

A.'ID 'IRANSITIVIT'{ TASK OIFFICI1tii'Y AANKIN3S. 

Much of the o:mtrClllersy surrounding the use of a strict or weak scoring 

criterion has centred on the classical Piagetian tests for transitivity 

and conservation. Therefore, the effect of varying scoring criterion on 

those tasks was examined separately from the issue of Clllerall task diff

iculty ranking. Table AS. 7 sets out the l'll!l1ber of subjects passing the 

various conservation and transitivity tests under each scoring procedure. 

When the results dbtained under the strict criterion are compared with 

those for the moderate criterion, the same orderings of task difficulty 

and the same differences in task difficulty - with the eKception of ~ 

errerge. In the case of D-CCNS, an analysis of subject protocols revealed 

that the najority of those failing that task had 110st difficulty with the 

second and third variant of the task, rather than in giving verbal accounts 

of the reasoning involved. 

If the orderings of task difficulty cbtained under the weak criterion are 

ccrtpared with those gained under the strict and moderate procedures, large 

differences emerge for the transitivity but not the conservation tasks. 

This is l!Dst evident in the case of LR-TI-NE. Assessed under the strict 

criterion only 29 subjects passed the task, under the moderate criterion 

34 passed, but under the weak criterion 90 passed. This indicates the 

difficulty subjects experienced in giving a verbal account of the reason

ing they errployed in reaching their answers. 
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'ThBLE AS. 7: NUMBER OF SlJBJ1'CTS PASSI!'G cc:tlSERVATION 1\ND TRA."lSITIVITY 

TASKS J\CCO!IDII'l> 'ID s:;am;G CRITERION USED. 

I TASKS NO. OF SlJBJ1'CTS PASSIN:; 

STRICT CRITERION MJDERATE CRITERION WFl\K CRITERION 

N-CCNS 78 79 81 

N-TI-NE 41 43 77 

r,...crns 74 74 76 

LR-TI-cARD 48 48 87 

LR-TI-NE 29 34 90 

D-C(NS 48 60 62 

11.5.5 SU1+!ARY OF EFF'ECTS OF VARYIN:; STRIN:;ENCY' OF SCORIN:; CRITERION 

ON TASK DIFFIQJLTY Rl\NKIN:;S. 

The main findings of the analysis based upon the strict scoring criterion 

are sul'lm3rised at Section 10.11 {pages 152 to 154) of the main report, under 

the headings "Co!rponents of Linear MeasurenEnt" 1 "Order of l)'!veloplrent of 

Linear MeasurenEnt", and "Expected Pattern of Deve:iDpllent. • It will be 

apparent fran the :i.rnn'w:diately preceding discussion of the effects of varying 

scoring criterion, that the conclusions reported in Chapter 10 do not rest 

solely, or even in large neasure, upon the particular scoring approach 

adapted. 
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1\5.6 EF'F'El:T OF VARYING Sl'RINGENCY OF SXRING CRITERION 00 

DEVELOPMENTl\L DELAYS AND DISCONTINUITIES. 

The conclusions reached in Chapter 10 were further examined in Chapter 11. 

This examination focussed, in the nain, on the delay between aoquisition 

of the assumed corrponents of linear rreasurem!!nt and the em!!rgence of an 

understanding of linear rreasurerrent. That examination also highlighted 

the discontinuities in the growth of the mmber and len;~th concept darains. 

The extent to which these findings depend upon the scoring criterion used 

shoold also be examined. 

A5,6.1 DELAY IN ATTAI~T OF LINEAR MEASUR!iMENT. 

Regarding the corrponents of linear rreaSlrerrent, an inspection of Table 

AS.l indicates that the c:aTpOnents listed at Section 11.7 (page 180) of 

the min text (derived from the strict scoring criterion) are the sam= as 

those which would be yielded qy an analysis based on lTOderate criterion. 

If a weak criterion were to be used then "ki'DI'ing how to mke transitive 

inferences of non-equivalence, with respect to len;~th" would have to be 

added to that list. 

Mditionally, as noted at page 163 of the rmin text, under the strict 

scoring criterion it was found that 13 subjects passed all high-order 

corrponent tasks but failed the bio linear m=asurem=nt beochrmrk tasks, 

LR-M-CARD and L-M-ADD. This was interpreted as indicating a delay between 

acquiring the underlying c:aTpOnents and being able to de!l'Onstrate a rmture 

understanding of linear m=aSJrem=nt. The same interpretation could be mde 

under the lTOderate and weak scoring procedures. Usin:] the for~rer, 22 

subjects passed all high-order 001\Xlnents but failed LR-M-Cl\RD and L-M-ADD, 

whilst, using the latter, 29 passed the catpOnent tasks but failed the two 

benchrmrk tasks. 
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A5.6.2 Dis::nmNUITIES IN GRCWTH PATI'EP.NS. 

Regarding the discontinuities in the gro.~th of the ntl1lber and len;~th con

cept domains, Tables AS.B to AS.ll set oot the orders of emergence of tl-)e 

assurred canponents of tl-)e nunber and lengtl-) concepts, assessed under m::xl

erate and ~~reak criteria. These tables s.l-)oold be carpared with Tables 11.1 

(page 167) and 11.3 (page 174) in the rrain text. 

Cbnsidering the ntl1lber concept first, under the strict scoring criterion 

a stepped perforrrance gradient having five levels was detected. Under 

the I!Dderate criterion, as is indicated by the chi-squared values in Table 

A5.8, a stepped perforrrance gradient is also apparent but the five levels 

are reduced to four. Under the ~~reak criterion (Table A5.9), the stepped 

perforrrance gradient is reduced to three levels. 

In the case of the length concept, under the strict criterion four levels 

of a stepped perforrrance gradient ~~rere detected. Under both I!Dderate 

(Table AS.lO) and ~~reak (Table A5.11) scoring criterion the stepped perform

ance gradient is reduced to three levels. 
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TABLE A5.8 !'UMBER TASKS - M::lDI'ru\TE CRITERION: CHI-9;)i.li\RID VAI.OES FOR 

ADJJ'CENTLY RANKED ITEM PAIRS. 

I l ro. oF StJBJ1.'l:TS 
l " 

TASK M:::NEMAR OII -SQUARED P. 
I 

PASSIN:; VAI.OES 

N-CNT 100 
• o.oo NS 

N-TI-EQ 100 
_, 13.90 

I <.001 I N-1to1 87 
' 0.17 NS 

N-JIDD-V 85 
' 0.33 NS 

N-SUB-V 82 _, 
0.29 NS 

N-ORD 79 ' 
o.oo NS 

N-COOS i 79 
' 2.13 NS 

N-SOL-V 70 
\ 

I N-1\DD-NV 
, 1.10 NS 

63 
\ 0.52 NS , 

N-BAL-V 58 
' 4.50 <.05 

N-TI-NE 43 
10.05 <.005 

N-SUB-NV 22 
' , 0.50 NS 

N-CYC-NV 18 
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TABLE A5.9 NtlMBER TASKS -WEAl< CRITERION: CHI-s;)UARED VAWES FOR 

1\DJPCTh'TLY AANKED ITEM PAIRS. 

TASKS NJ. OF SUBJE:TS I M:::Nl'MAR CHI -s:!UA."ill) I p 

PASSIN::l VAWES I 
N-On' ' 100 I 

o.o NS 
N-TI-FJ:l 100 

' 7.25 <.01 
N-ADD-V 93 

' 2.00 NS 
N-lto1 87 

' 0.36 NS 
N-SUB-V 84 

0.31 NS 
N-CCNS 81 

' 0.03 NS 
N-aW 80 

0.27 NS 
N-ADD-NV 77 

' 0.00 NS 
N-TI-NE 77 

' 0.03 NS 
N-OOL-V 76 

' 1.59 NS 
N-BAL-V 68 

'33. 70 <.001 
N-SUB-NV 27 

' 2.32 NS 
N-CYC-NV 16 
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TABLE l\5,10 LEN.m! TASKS - IDDE'RATE CRITERION: CHI-SJOARED VAI.UES FUR 

TASK N:), OF SUBJECTS ~NEMAR CHI-SJOARED p 
PASSIN; VAWES 

LR-TI-.EJ;:! 100 
' 2.02 NS 

LR-cAAD 98 
' 

" 0.69 NS 
LR-BinA 95 . 0.42 NS 
L-P/W 94 

• 0.31 NS 
LR-INVAR-AD! 92 

' '0.89 NS 
L- INVAR-ADD 88 

' , 0.18 NS 
LR-ORD 86 

' 2.69 NS I LR-INVAR-SP 77 
' 0.24 NS 

L--COOS 74 
1.52 NS 

L-EST 66 
. 

• 3.00 NS 
L-UNI'l'-CH 54 

0.02 NS 
L-UNIT 53 

, 0.50 NS 
LR-TI-cARD 48 

4.05 <.05 
LR-TI-NE 34 

• 7 10.96 <.005 
LR-M-C:ARD 14 . 

0.04 NS 
L-M-ADD 13 . 0.44 NS 
L-AOD 10 



315 

TABLE AS.ll LENmi TASKS - wEAK CRITERION: CHI-SQJJARID VAWES FOR 

ADJ/ICFNI'LY RJ\NKID ITEM PAIRS. 

Tk:.'"'K ~. OF SUBJ.l'CTS M::NFMAR CHI-SQUARID VAWES p 

PASSIN> 
' 

LR-TI-EQ 100 
1.01 NS 

LR-cARD 99 
1.02 NS 

LR-BinA 97 I 

1.05 ' NS 
L-P/W 94 

o.oo NS 
LR-INVAR-AOD 94 

L-INVAR-AOD I 0.08 NS 
93 

0.07 I NS 
LR-ORD 92 I 

0.24 NS 
LR-TI-NE 90 

0.44 NS 
LR-TI-cARD 87 

0.95 NS 
LR-INVAR-SP 82 

0.13 NS 
L-FST 80 

0.47 NS 
L-CCNS 76 

10.64 <.005 
L-UNI'II-CH 54 

0.02 NS 
L-UNIT 53 

34.14 <.001 
LR-M-CARD 14 

0.04 NS 
L-M-AOD 13 

0.44 NS 
L-JIDD 10 

A5.6.3 ~ 

In Sllllmary, the two nain conclusions reached in Olapter 11 - delay between 

acg;uisition of assuned c:onponents and attainnent of concept, and discon

tinuities in growth of the lllllltler and length concept dalains - are essent-

• > 
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A5.7 a:N:WSION 

Finally, on the basis of the evidence discussed in this Appendix, it is 

reasonable to o::mclude that the results and findings of the present research 

as presented in Olapters 10 and 11 of the nain otext, do not stem in any 

significant fashion from the use of a strict scoring criterion incorp

orating wide variation between tasks in the nUlltJer and type of question 

asked. 



1\PPENPIX 6. 

Srn::::uu>.TI\'E OUTLINE OF FURTHER WJRK aJ PRODUCTION SYSTEM 

MODELLIN:; OF THE DE\IELOPMlliT OF LTh'EAR MEA&JREMENT. 

A6.1 INTROOOCTION. 
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The production systems described in Cbapter 13 were constructed largely 

as a means of testing a S'IM hypothesis concerning developmmtal discon

tinuities. It was also stated that those systems constituted a beginning 

of a rruch larger project ailred at constructing a production system model 

of t!le developmmt of iterative linear measurement. This AJ::pendix ootlines 

briefly the direction in ~ich such furt..l-)er work coold proceed. 

A production system model of the development of linear measuremmt shoold 

exhibit the developmental patterns observed in this studY. For exanple, 

the model shoold display a capacity to conserve length before it del!On

strates a capacity to 'construct' a unit of langt..l-) for purposes of iter

ation. A separate sub-system would be constructed for each assumed can

ponent of linear measurement. These sub-systems would be state models 

constituting a developmental hierarchy. The major task 'ioQ..Ild then be to 

construct a learning, or transition, model which aocoonted for that hier

archy, and, in particular, for the delay between acquisition of the ass

umed CO!pOI'lents and eventual attainment of iterative linear measurement. 
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A6. 2 TYPES OF STATE MODEL REQUIRED. 

The nature of these state nodels of the assumed ca1p0nents of linear 

measurement requires some elaboration. As indicated in Chapter 2, there 

is a sense in which, for both nurrber and length, conservation inplies 

transitive reasoning, and transitive reasoning inplies conservation. 

Reflecting t.'lat cbservation, a state IIDdel of conservation <n1ld provide 

explicitly for the activation of productions encoding transitive reason

ing rules, and a state model of transitive reasoning <n1ld provide explic

itly for the processing of conservation rules. 

Although such IIDdels might provide an admirable formal specification of 

conservation and transitivity, it is unlikely that they would provide an 

accurate description of the cognitive processes actually invoked by a 

subject in naking a conservation response, or responding correctly to a 

transitive reasoning task. This is because it is oot usually the case 

that the conserving subject, for exarrple, resorts to 'first principles' 

in reaching his decision. Instead, it seems that he relies upon a general 

rule covering a certain class of transformation. First principle state

ments of the kind that are necessary in the formal derivation of, say, 

conservation are only given if the subject is required to justify, post 

hcc, his ans..>er. Piaget and Inhelder (1969) capture this distinction by 

asserting that conservation is a I!Btter of logical necessity rot errpir

ical determination. 
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Hence, for both nu.mer a'ld length, it would seem that, in respect of both 

conservation and transitive reasoning, at least two types of state m:ldel 

are required: one that contains first principle rules~ and one that 

contains only a general rule. The nature of the develop:rental relation

ship between these m:ldels a'lruld be consistent with the errpirical evidence. 

For exanple, for both mmber and length, the first conservation m:xlel 

would incorporate explicit rules concerning transitive processing of equiv

alence relations (because, in this study, the order of appearance was the 

capacity assessed by N-TI-E;J then that assessed by N-CONS; LR-TI-EQ then 

lr-CONS). The second conservation m:ldel wruld not contain these rules. 

In two senses, therefore, the second m:ldel wruld be l!Dre nature: firstly, 

it would appear later in developm:mt; and, secondly, it would have had 

redundant processing - the first principle rules - reooved from it, and, 

to that extent, it would be nore efficient. That greater efficiency 

wruld be expressed behaviourally in llllCh faster response tines. Cbnse

quently, the irrpression would be conveyed that the subject was naking a 

logical assertion, rather than expressing a ponderrusly determined decis

ion concerning an errpirical regularity. It shruld also be noted that the 

first m:xlel - the one concerning the first principle rules - may not be 

exPressed behaviourally before the subject's responses provide evidence 

that the second m:xlel has been constructed. This is so eve."l thoogh the 

for~rer is cast as the developnental precursor of the latter. Indeed, the 

first mxlel may only ever be expressed behaviourally \\hen the subject is 

required to justify his answers. This point will be returned to in later 

paragraphs. 



320 

This speculation concerning the tWCJ"""ilhase develop!rent of conservation is 

also relevant to the developrrent of linear neasurenent, as assessed by 

L.-'<-M-CJI.RD. '\'hen a subject solves the linear neas:.~rerrent problem repres

ented by that task, it is extrenely unlikely that, in the absence of prior, 

detailed and conplete instruction, he "WOUld invoke the conservation and/ 

or transitive reasoning l!Ddels as part of his solution strategy. That is 

to say, the subject would not ordinarily work cut LR-M-CARD from first 

principles. The conservation and transitive reasoning nodels "WOUld only 

be invoked if the subject was required to justify his answer. Thus, as 

with conservation, developnent of linear neasurenent "WOUld proceed through 

two (at least) phases. The developnental relationship between the two 

production system l!Ddels representing each phase should be consistent 

with the en:pirical evidence. That is, the first l!Ddel wculd incorporate 

productions corresponding to conservation and transitivity rules, whilst 

the second nodel wculd not. The latter would be JIDre mature than the 

forner in-so-far as: (a), it would sppear later in developnent: and 

(b), it wculd have had redurrlant processing - the conservation and tran

sitive reasoning rules - rel!OVed from it. To that extent it "WOUld also 

be more efficient, and yield faster solution times. 

1\gain, as was the case with conservation, the first l!Ddel of linear neas

urenent - the one containing the conservation and transitive reasoning 

rules - may only be ex.pressed behaviourally l\ben the subject is required 

to justify his answers. Mditionally, the conservation and transitive 

reasoning capacities incorporated in that nodel would be the JIDre mature, 

later-developing versions of those sub-systems, not the versions which 

incorporate first principle rules. 
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A6. 3 PROFOSED DEVELOJ:MENTM, PROCESS. 

The character of the proposed developmental process will be apparent from 

the above discussion. Development is seen as proceeding through the 

assembly of Lower-level sub-systems into higher-level sub-systems which, 

in turn, are assembled into still higher-level sub-systems. This process 

of vertical integration is also characterised by the prcgressive refine

ment of newly-assembled sub-systems until appropriate levels of efficiency 

have been achieved. This gain in efficiency would be achieved essentially 

by re=al of redurrlant processing, with a concan:itant reduction in sol

ution path step length arrl process supervisor conplexity. 

In addition to this vertical integration, development would also he char

acterised by a horizontal spread of t.l-Je range of objects and events to 

which specific sub-systems can be applied, and a prcgressive different

iation of those cbjects arrl events to which specific sub-systems cannot 

by applied. 

Terrporal discontinuities could be expected to be :nanifested in both the 

vertical arrl horizontal patterns of development. The discontinuities in 

the vertical pattern - such as those reported in the present study -

would be attributed to the processing involved in, firstly, the assembly, 

arrl, secondly, the refine~rent of the constituent sub-systems. 

The proposed c'levelopmental processes are not new in character. They re

flect the same kind of approach that characterises Piaget's ideas regard

ing differentiation and integration of sche~res. They also underlie Gagne's 

notions of CUI!Ulative learning, arrl are at the heart of Pascual-Ieone's 
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view of learnin;J. The other ootable factor all these theoretical form

ulations have in camon is the absence of a detailed description of the 

mechanisms required to give effect to them. However, the longer term 

enterprise of constructin;J a production system llt:ldel of the development 

of linear measurement nust proceed within a theoretical context that 

provides for such rrechanisrns. Since, at the present time, the llDSt de

tailed accoont of these rrechanisrns is that proviced by Klahr and W::lllace 

(1976), their theoretical proposals would appear to offer the llDSt app

ropriate framework within wich to proceed. 

A6. 4 KU'JlR AND WALLI\CE' S MOOEL. 

A6. 4 .1 ORGANISATION OF MEMORY. 

The organisation of Klahr and W::lllaces's (1976} :n:ercory llt:ldel, and the 

flow of information within the llt:ldel, are illustrated in Figure A6.1. 

The followin;J list of features serves to elaborate the schematic inform

ation provided by Figure A6.1: 

(i) All productions are stored in long term rne110ry (L~). 

(ii) The condition elernents of productions are tested against the 

contents of up to two of the short term :n:ercory buffers, and/or 

"echoic" and/or "iconic IIEI!Ory stores". 

(iii) The a::tion elernents of productions are applied to the contents 

of the short term rne110ry buffers or specified parts of L'IM, but 

not to echoic or iconic :n:ercory stores. 

( iv) Different t:iming and capacity parameters apply to each rne110ry 

ccmponent. 
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A6.4 .2 REPRESEN'mTION IN LON:; TERM MEMORY. 

Klahr and WAllace (1976) represent LTM as a "disconnected graph structure". 

Ecch graph consists of a network of nodes. Each node consists of a prod

uction or production system; a description list connecting that node with 

other nodes; and an experience list that provides a trace of the involve

ment of that node in previous processing. The model also makes provision 

for an episodic CO!!pOnent of IITM, called the "Time Line" (TL). Critical 

aspects of discrete processin;~ sequences are stored in the Time Line. 

Essentially, they are the initiatin;~ conditions, the terminating condit

ion, and production and production systems invoked during processin;~. 

Klahr and wallace (1976) propose that IITM is divided into "three tiers", 

with each tier having llllltiple levels. The tiers are searched in sequence 

and, within each tier, the levels are searched sequentially. HOwever, 

within each level, parallel searching is carried out for the next approp

riate production. 

Productions and production systems relating to specific objects, events 

and situations previously encountered are stored at tier 1 of LTM. 

Productions controllin;~ strategic procedures, such as "means-end analysis", 

and "predicate-led fuootionin;~", are stored at tier 2. Productions respon

sible fur learning are held in tier 3. 

A6.4.3 PRO::ESSIN; ECCN:MY PRINCIPLE. 

Klahr and 'wallace (1976) see deveJ.oplrent largely in terms of rule gener

ation and periodic IITM re-organisation. These processes operate in accord

ance with a "processing ecOI'lOil'li" principle". That principle sets out the 
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conditions urrler which "specific situation sequences", encapsulated in 

time line episodic recording, beccme cast as "consistent sequence" product

ions and production S'Jstems. Concanitant with consistent sequence detect

ion, the developing system also searches oot, and eliminates, instances 

of redurrlancy. 

These processes are not modelled by KJ.a.'1r and wallace in the form of 

execut.oble co:tputer prcx:Jrams. Rather, they posit the existence of certain 

innate systemic productions at each tier of IliM, but particularly at tier 

3, which operate in accordance with the general systemic principles of 

consistency detection and redurrlancy elimination. 

A6.5 APPLICATION OF KlAHR AND WA.I.J:.ACE"S MODEL. 

The crnponent of Klahr and wallace~s model that offers particular promise 

to the lon:~er term project referred to earlier is their proposal concern

ing time line recordin]. Together with their proposed innate systemic 

productions, time line recordin] pr017ides a rrechanism that coold give 

effect to developmental processes resultinJ in the kinds of delay and 

discontinuity d:lserved in the present study. 

The followin] exaJTple shoold be sufficient to CO'I"t'ley a general understand

ing of the kin:'! of processing envisaged. Consider the developing system 

that has already constructed general-rule models of conservation and 

transitive reasoning, for nunt>er and len:Jth. 'i!ben faced with a prcblem 

of the kin:'! represented by LR-M-CARD. the system \\OI.lld respcnd firstly 

by searchin] IliM for an appropriate camon consistent sequence production 

system. This search would proceed under the control of a tier 2 innate 
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systemic prcduction. After failing in the search, the initial goal might 

be replaced with a lesser goal, one concerning the length of one of the 

objects. This wo~ld initiate another search of L'IM for a ccmron consist

ent sequence appropriate to that new, lesser goal. If that search is 

also unsuccessful, the current goal would be replaced with one concerned 

with the properties of the length of an ooject. The next search of L'IM 

might locate the prcduction systems concerning the conservation of length 

and the transitive processing of length relations. (In this context, the 

properties of length could be construed as declarative or prc:cedural 

knowledge. For present purposes, hc:Mever, this distinction, and the 

consequences it inplies for differing nemorial representations, can be 

set aside). Though this processing 11.0uld not initially result in a sol

ution to the original proolem, it does have the effect of constructing 

partial solutions. M:lreover, the processing involved is recorded as a 

series of time line episcdes. Further exposure to proolems of the 

LR-M-cARD kind would result in additional time line recording. Subsequent

ly examination of this time line information by the tier 3 innate systemic 

prcductions responsilile for learning I!.OUld identify these partial solut

ions, and recast them as consistent specific prcduction systems that IlOVe 

progressively closer to eventual solutions. 

Additionally, review of time line information in this manner INOUld identify 

redundant processing of the kind represented in the first principle m:xlels 

discussed earlier in connection with conservation and linear neasurenent, 

and INOUld lead to the eventual errergence of the 110re efficient, second 

phase m:xlels. 
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l's Klahr and "Wallace (1976) illustrate, using quantification processes as 

an exarrple, this processing of experience, stored as time-sequenced inform

ation, by innate systemic productions can result in a pattern of develop-

ment marked by temporal discontinuities. The l!Bin difficulty with the 

present proposal is that it could reasonably be expected that there would 

be behavioural evidence of the developing system asserrblirg progressively 

closer approximations to the eventual oolution strategy. That is, there 

should be behavioural evidence of faulty and incanplete execution of sol

ution strategies. That was t."Je case with the quantification evidence cited by 

Klahr and Wallace (1976). However, as far as the present study is concerned 

that was rot the case - those subjects ~o could oot solve LR-M-cARD did 

oot even begin the task, ~ile those who could solve the problem did oo 

perfectly. On the surface this suggests a sudden insightful asserrbly of 

carponents into a solution strategy ~ich is executed perfectly the first 

time it is applied. Intuitively, this seems less likely than the gradual 

- though mrked by discontinuities - process sketched in the abo'le para

graphs. 

How then can the present study's lack of behavioural evidence of partial 

so.lutions be a:::counted for? Currently the most appealirg suggestion is 

that, in the initial stages of the developl!ent of linear ItEasurem:mt, the 

components are still respresented in troM by first principle systems. 

Because these first principle carponent systems would have longer step 

paths than the later-developirg, general rule carponent systems, this would 

mean extended step paths at two (or more) levels. If that were the case, 

the strategy could ir!pose su-pervisory processing denands beyond the 

developed capacity of the system. In that event, breakdCMn could occur 

before a point was reached where ccgnitive processes would be expressed 
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Clearly, these notions are soJre~at irrprecise. Thoogh they carry s:>Jre 

(usually dimly glirrpsed) prospect of accoonting for the develcpJrental 

patterns observed in the present study, they will remain =njectural until 

the'f can be derronstrated in action. The rrost carrpelling derronstration 

would be observation of the behaviour of a production system rrodel of the 

proposed system. A minimum ootcO!JE would be that E}Camination of the trace 

of execution of a rrodel of that kine would prorrpt the construction of 

other information'i?rocessing orientated hypotheses which would be both 

consistent with the behavioural Clata ana aJrenable to being rrodellec as 

executable systems. 
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r,TTU11'!) ( TOF' H·JFl '.'C (f~OTTD;'l Zf::FU"J) (SEnD 2) ~JUNJ< .JUW\ .JUO!< .JUt-H\ jlJ~.l~~ 
) 

r:·<S 

'::;Tii: ( ('f :,~ 71 u;otd. fL',r;:1<) (~J!In 1.) <no;,L C:i lir!T) <GD(>L. :;'3;!: snm 2) (1;o 
I'd .. ).~;.~: (il.lt:.t:D) :,Tilt·:. ·:;;U_ 1)[) ((':;JfiTI~'i ~:E~\0) (:,f-'t.;O ~!) .JLH::< ._J!HJI\ JLHn~ JUU 
10 
r·n 

\ 

4 



. -'· 

Snit ((GO~il. * s.;EtHJ ·2> (Y 2 Z) <Gfh''.L :t;B;J; t!"1TTE~ltl) (TOP T~EL~JE) \?.tOTTm1 
ZE'RO) CBEND 2} .JUNI<: Jl!NK -.lUHK .JUNK JUNK JUNK JlJNf~) 
P2 

~:nrg ( {GJJPtL ;!!: PUSH BUTTON) (~30f1L :t~H SEND 2) {Y 2 Z) (GOr-"!L :~S:t. ATTEHD 
) ~fOP TWELVE) (f>'JTTC>1 :lEt-.:0) \:3:EfHl 2) _IUi'·!.K JUNK 3JW< JUW< JUNK ,JUWO 
P3 

::nM: < (GDt1L ;t: ::1UlHT) \ELM r'"l) <Gt.ML :1<8-~ Sf:N[I 2) ('f 2 1,) (GOAL *S:-l'; t\TTE 
;;n) (TOP 1'WLL1JLJ U30TTCf-i ZERO) \SEND 2) JlJN!{ Jllt·H\ JUflK JUNK .J\JflK) 
P4 

~HH! ( iGIJ:'lL :-t: COUNl) (m3 1) (GOf.L :tS:~ SEfHl 2) (Y 2 ~:1 (GDiiL *Si: ATTEN 
D > ( TGP TLlF.:LVE) \ HOTTOl'1 zEt;:o) U::iDW 2) JUflt< JUNK JU?l\\ JUi'H\ JlJlil\) 
P'3 

nTH! ; <'GCt1t. ;~ Ml"'lf.~!"<) <GOi'd .. C(JUNT) C;);Y!'D 2) (GDtlL :·;::;::r bFND :.>: {!?Ot:L !1'.:-:;::r. 
i'.TTE\ 1\'1) (lOP TVEU.t'E) O?.OTT01~ :ZE;W) ( Sf~i'-!0 ~) JUNK ~J~iW\ JUf!K JliUK ~IUI-Jl< 

l 

r·,~·.A 

~C:H':! (CY 3 Z/ (~W:\L :·1r'1f:'fO (St,J.D ~-~) (;JOe-lL COUNT) (0081. .tS:t ~3Fr1tl 2) {80 
tlL <:~;;: 1'1 f': E/-Jj) J (!OF' n;L:Ll/f.) ( ~oO l TOll ZERO! ( St:i-:_o -~~) JUH!\ ._JU:ll< •. !Ul'H{ .... ·tm 
10 
P7 

CU-I! \ <Y 3 /:':) (0J(J:')L ,_ 
t~: JUNK Jl!Nf~ Jlli>H\ .JUt~::\ 

,1f-'fPH1) C;Qp Tl:l[Lt.'E> <T1!HT!'Jl''i tER;J) (~Jf:::'Ht 2) _JIJi-1 
,JfJ;--fi< .)UIH( JIJl".ll\) 

~:)'!'fi: ~ r;-itili'f r:r)n·c--i :-::::'FOR:'7 ) <nor:!. * r\l'Tn-~:·)) <Y ~;;: 7) <Tor-· n;:::u.~r::, (}1o:JTT 
On ZE.f·:'J) \'H::nL' 2) -JU,'il< Ji_!;-.;r .Jt.JI;:< J1Jilf< ~;~H!K .JJ.:J-H< JU!W) 
F<i 

'-:;TiT ( (':ifX•L -¥ f.'f~t:t·~-L J'-·fJTT!ljj) U:-!:h\! .. <·s:~ ;\1 fEND) <Y ::t Z) \TOP T~·J(l.l)E:) 

fj(lJTOM Z(S~O} (':lEfHJ 2' •. iUi~!\ JUiH< ,J\li\1·:: .JUF;t-.: .J1Jt-JK ,JWJK .:\.':f-1!--~) 

F'1 ·:::: 

5 



/ 

I< .JUNJ'~ ,JI...it-!1"< JtH-11"\ ~Jtnn;; JUfll< ,JUH1"\ JLH-11<) 
F'O 
n-T'UT TO STI1: * ( t--j,-;f/'{ TUf.-:E) 

,, 

STM: CCMnNY TUBE) (GO~L ·k ATTEtiD) <BOTTOM ZERO) <Y 3 Z) CTOP TWELVE> 
<SEND 2) JUNK JUNK JUt!K JLJNK JUNK JIJNK .JlJfiK) 
F'11 

STM! ((GOAL* RE~ALL TUBE) CGOAL tSt nTTftJD) CBOTTOM ZERO) <Y 3 Z> (T 
OP TWELVE) (SEND 2) .JUNK ,JUNK JUtlK JUi1Y JUNK ~JUNK JU~!I~) 

P12 

EH!! 1 (~)DID ;~) (GOAL ;~ ATTEN'O) <BOTTDt-·1 z:::.:RO) (Y 3 Z> CTOF' HJELlJE) JUN 
I< JUNI< JUNr\ JUNJ< JUP1\ Jl.INI-\ JUNt>: ,JUNJO 
F'O 
T NF'UT T(l ~;n1! 

*CMANY BOTTnM NOW) 

STti! ( Uitil'.JY liClTHHl UOI!J) (()l_V,L :t: t,TTEtlfl) (SEND 2) OWTHHi ZEf~O) ('( :~ :Z 
) <TOP TWEI ... VC) ~H.Jin< ~JW;I\ J!Ji!K ,JUi-n~ .JUi'li"\ ~JUNt\ JUNJO 
r·u 

nni! ( (GO(ll~ * .~ii:if:rJ (()0Al.. --~~::;t r'1TTEND) C;TND 2) (J:<OlTni-l z:::::tW) <Y J Z) 
TCIF' THEL. 1

)[·:) JWH\ JUNI< .JUW\ .JUri!< JUI'-!l\ JIJUi\ JUNtO 
F't.l\ 

:3H1! ( ([)0(11. .. t LI::n ?:EPO\ (Ult-'d. :-f'S:-r.: :'10DJ (~HHTOil LCF:O) (GOr.!._, :ts·-r, (.-1TiTN 
)';) <SD-lD ·.·_:) ('( 3 Z> (TDF' T!:JFLt,i[) ~JUf-11\ ,.JIJi'll{ JUNt\ . .J!.If)t< .JUf-!i< J1JNK) 
F' 1 ~-j 

Tfi'·1: ( ( 3 THF::EE ~~) c: Tl-if~! 7 ~ ( f~Ot'IL * 1.. J :n '?TF-:0) U)Oi'lL :~ tdHI) ( t:\DTTDM Z 
r:r:~o:- \GDr'-tl .. t:_;~, ::1 f'TFL'D! (~~;Ei!J:J ·,..') <Y 3 ?) <·rnP TI,.JF:I 1-,~E) Jur.:t-:- .JUi1l< JUNI< J 
! :1-.ll-;:) 

P!.6 

;:;n1 t ( ( ::Jf:l:'-d f>~Jr-: a~-, < ~:.~Ff-!0 ? ' ( 2 TJ..!Ci Z > ( '-;0TTD!'1 '!.ET:O) ( 3 Tl·ir;:EE Z) (GO 
(\1. J~)* t;n·: i.lfl) . ( ~r '?.) (TOF-' T!TLUF) . .JUi!!~ ~!Jf!K _ll_i!l)~ JUI-!1-\ ,J!JI-1!:;) 
f , :-~ ~- i'l 

~:~- 1 h I (f;r•;'•l '.\ £'·!::-·'t-:) (()1__D -:"·· -~! ')::-:TTC!I1 TI-'C~> ( -;·i;r:•r:J: ;'.) if)fl,·~d .. k.::·~ 

... _,!<:·, , r··:··· :,.,-~' r'!:-!·/· _,1.•1· .n.r-~·-, ~·~:··- r_r·:~) 

\ 
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~:)'!'lll ( (C)Q,q, :t: f:'UF't3E) (Ol. 0 Dr:ND 2)· (ftOTTOt1 TIJI)) (·:~ THF\EE z> {GO{IL ::<S* 
/i fTG!D) ( TDP Tt.I[LIJE) ,JUf~lt: .JUf!:< ,.Jt!t~l< ,JUNI'\ ~.!UH\'{ .JUW\ ~JUi'H\) 

P2:_:; 

·;~:Tf:i ((fJ(Iflt_ :t: Pl!F:G£1 (C)tft ~!BHI 7) (ptHfC'/"1 TIMJ) t(!fi;lL 4:.8:+: ilTTENI!) <TOP 
T!.J(LVE! JUN!\ . .lUfll\ ,:UN!\ _JUJ:j:: ,JUW< .J!Jfl!\ .JIJf-li'-: Jl!flt<t 

~;1!1! ( tDLD St-:'f.ifl :}> 0'•8T1'N.t, Th10/ (GO/-.l :f ;:-,TTDlD) CFiP \HELVEJ JlJNK .JUrt 
!\ .JUfJK .JUNt~ Jll!JJ·: JUiJK J!JPf( JUm~ JUftK) 

'3Tf1l < \EDm :i) ltJtli-"il. tflir:?-!ft) (PLJTTOi·\ TI.JD) (TDr:· I!,Jf::L 1.JF:) .Jtnn< JUt!!< .JUH\ 
JUN!-\ ... JlHH'\ JU:·L< J\Jf-!1-~ JUN!"'\ ,_;tn!t-{) 

Pt 

P2 

~iTri! UG(l;;t.. 'it Pljc;q JJUTTi_jNJ Cif:t{,!. ;f::~1:t' sr:nn -~) ry i J:) ~S!J{>.L ;','~_Li: ~~~TTEND 

) Cfi)f; P.IGI . 1..'!~- > Cf:nr:Oi'l TJ.-J(:! <;::-r:·r-:r~ 4) }1.1 :-k~ .!U\lK .JU"ll>: JUNI;: JUN!< ,_!Ul-!K) 
F-''3 

':~Tti! ({GClf1f. :~ f'U~-:T'f) t.t::!.N (,) <i:Ot'L :t::;:~ 

t.lrJ} (TOr·· Tt~r:L\,J;<J <I;OTT\Ji"1 '1\J(J) ~c:rNn .. ~) 
P4 

;:;r::no ,, > ( Y t :t; 
n:l·lf< ,)UW\ ,J!Hil< 

t1lTf: 

--i1: < tGfh~L ~~ n.::n;TJ {c:--:; 1' r•-:;Jr-J ;>::s>;; -~:en·, "',) n ~ ".'f\ {r'c\>.L ·t::·~--"" 1Yf!TN 
;·;; UiJP n;r.L\..'f::J f':·::nT0il n_,::Jt i~:i':-~:'!1) !\) 'U~:;;, _!_!H;< Jl. ,:ULA: ,'.~_.11!10 

PG 

:,;u:· r·n -:-rnr· r:.::T'-'r~ ;-·,·:·l ;-; :··; ;;
P/. 

\ 
. ::·· i\'> il;! 
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' 

I 

P8 

v 

' 

• 
1 

Tt.;c.n 
F'? 

I (GQtJL * Snln 4) ('( :~ Z) (CO.~:L :<~;,~-1: fil'TEJJl)) CTOP "nJELIJE) (DOTTDM 
( fir.t-HI -1) ,.JUfli< Jtn!l·~ -JU!·!\( .Jutn·; ,.JU.'·!I< ,Jutll< Jl:~l!\ 1 

STM~ ( (SOf,L * f'tf':::H B!!TTim) <SCf.iL -r:st Sf::7H:: 4! <Y ~ 7.1 \G!1t~L t'J,l{ ,1-rTEWJ 
) (TOP 'l t>:E.U.JF:! { EtfJ:TTDh Tl~O J C:CEi'lfl ·~ J JUt{!~ o.lUii!\ JUtJr-.. JUflh .. HJN<-< .iUf--Jt-: I 
F'3 

{.;-(;t! \<Fi;Jt\L t ::::1J£:l"t) rrtM ~\J (::;-l}(L :k:~:-1: Sr:f!D 4) \Y 2 Z) <GOtL :r:s;r t~TT£ ~-
:.;;·, > (;or· TUELVE t { POTT"f! l :!C) ( ·::-ci :[I A I ;u;·:•.· .;!_lfll< _J:_;f!:.; _!l_l(Il< ~l!Jpf:--) 

,·;n~: <<GOf.•L * cour:r) (fJ~~ J) (CO•>:.t ~~s:r~ snw 4) \Y? Z) <GotrL :ts:~ (~\TTEN 
D! fTQP TUCU/E) ~i:OTTO?I Tl>,''JJ \:::.r::t';":: .-\) .J!JiH< ,_;Uf-Jf\ ~.tUHl< JIJNl< JLHJ::~ 

F·'~ 

;_,-,-!'>~ f (GOt!!" t t;;~l:·;~; \(.)U:··-,t. t':iV~r;} (S:'1LD ·:-; <nf'ML ·t;St ;:;~:_·rm ---\! \G~)\~.1. :~:::;=;:.':: 

r.·r ~filfl) TIT? ; :,~::: \.'E) C f:GT-;-;::;--j ·;·;.;P) i :--·}-,{;.,..~ --i ;, JUW< "\iJl'<1< Jl .. 1 :l!~ ,JUi<·l~ ._:Ul~l'-: i 
f>/q'\ 

<::-;~· ( fY :5 :n ( ::r::,'-tt t-'L-'dd_._., ··-·-~-T1: -··\ r!:.n:.f. r;i:'l_!NT) (f:OtJ. ;lc-:;·t ;_::Ef-ill 4) <GO 
,·-,! -y~;Yt t'tl-~Etfl)/ (':''"'? Tt-:r·t 1Jt:_) ~I'GrTn;~ Tl"f;) ~--;;:r-Jr; !}l ,J!Ji;K .)iJl-H-:,' J1 . .1<-!t:: ~llti'~K 

' ' notd. :y (')-I'" --~ ) '( ·:; --,-

I !::t' r-:u ,, ) "-:-····· '-"-"'i· ._H_t;,_i;' _1; ___ 1) Jl< 

c.·-·;--:~ •_(l)IJ;~i:!: t·''"'! F'!JTT•-;F· 

··Tf' 1'.-if-:' !)() ''''YTnn f'_.;._:·, 

{; fti; { < :;:-:.".>;! 

1 <·rc:t· :'<'CL'.'t: 

... _._,_ :';' 

I 
I 

\ (G!'l:\t. :t•::* ;:\";'T:--:·!r't) ('F!>:~· TlJFL..'t'!?i ti<lTl0!1 
.,!!;til< H __ tf!!-~ !!Ji'H·~ ,Jt;N!'<) 

1) fY ~ !) rG01\l :kSt ~TTE~D 
;~H1t< .;1! --1: ,;t_;->· _:!!i;l< .l'.'i·;~:! 
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I 
I 
I 
' 
! 
l 
l 
' 

/ 

.; .~ .•_ ,-

~::;·n;; ( ( GOr':d .. :« 1'1:'lf:~·:; (::JOt.! COUl'n; ( 3t\J I) "_t, i ( GOf:L .t·";;lc ~)D-JD -~) ( OO(:l. ::CS:t 
r'tTTEt-~lJ) {'i'OF ruv!,I)E ('r-':;)TT0~-1 'fl,J(l) (~i-t-:N'' -1) .,JU;<.)I'( ,JUf!~~ JIJrJi( ,JUi·-':< JUNi::) 

} ~ '3 

::.·d.,: .:rv A ZJ r'!t):',( M(;f:J~- ··-:.".TTl-, .. :Hh~.i 

t,l_ ::-s;:· ~~~1Tf:Nl:') t·;,:;c· Tt;t·l. 1 )'~:J t:::o-fTl:/·1 TU:"iJ 

!'•'' 

r· 

cc;:J~r<r 1 r ~::-r·r,l" +::::, t- :;r;-u-: • ~ <flO 
C:i;::t1TJ 4) . :;_!,·!j{ ll!lli< .JI ~n-: .. !1H-H; 

~'~ \Y /l ;:") (t-:::,:;~1 ·'·' 

.JUl-'K j;W~ ~:ur,\ . .:ur;l-·' 

0: 
,. 
' ' 'j; :::-!! ;~;;::;,!'; ) { y ·1 ' l ( -~- ' J:•:; it (1 rn:rl "· 

) 

I· 

:f,·- 'CU!; 
.i c 

\ 

"\( 
,,., 
' 

' : .. 

'"' 

' ' 
.,,-

' 

' \ ' 

' 
.,., 

'~;·: 

., l .! -~. " '· 

1<~1 ;\L 

' ) ':_;:-J!< 

( i ' ~--\ ''·l n· '\'"" ' 
''1 ,:;_ ) ' :e: 1 

,j!_ :: if )' 
,. .. " ~;;:< ' 

* •" i' r :.:·.·, l I ')I ·{ ,I __ '. ·~· ;j( 

rt;;;1··· !I ·;- ,, " f ·:- _)I Ji :i-; 

( P('{-1 ~··· r;o:·:!'·' ~I ' , ' ,-_,f) 
\ ., , 

'l' ' '· ''"< >1-- !!y~;\ 

! "! 
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Of'l TWI.!) ·: S~: iH:t -Ci) ...!Ui~l< Jtn::·. _:; __ ~i-~:< .J'.H-!1-\ ._ii.JNi·( 
P9 

BTM: ( ( GOr1L 'i' ··:-~::ct,U .. ~:TfTGI) ( C:iCc",: ___ t•J;~ t;TTU!D) ( Y ::.:; Z) (Tor:· 7\<lt::L t)E) ( 
BOTT011 Tl<JO) (SEND 4 :~ .J'.HL ._;u:--i:~ ,_::_;i'~i·\ J<i:-;i-: Jl.!i"-ii< .. H n1 1:: • .1>..\;j:~ .) 
P10 

STM! CCBDTTOM TWO) tGOAL * ATT~~D) CY 5 Z) (TOP T~lELVE) <SEND 4) 
JUNK JUNK JIJ~K ,JUNK JUJ~K JUNK JUI~K) 

F'O 
HWIJT TO STH! 
t ( f-iP,NY TUBE) 

~Hf1! ( 01Af!Y T\.JI:E) <GOt1L ::!< /',TTENtl) ('BOTTO;·.-; HJO) <Y 5 n \TDF' T',d:"2LIJE 
SEND 4) ~.lUNt< Ji.H!!< .JUNK .JUi'H< JUt-.11-\ .JlH-!K J\Jl!l~) 

F'11 

.- ::;n1t {{C)Ot\L :k r::~:r::tJ .. L n.r::-:f-:) (GOAL :1:3t ATTUJD) (f:nJTTnN Tl.!iJ) c·' ~:; ,:_, (-,-,-1 
F' T1.JEL 1.JE) <SOW -~) .JUNt\ .)UN!< ._:L1?--Jl< JUt!!\ .JUW< JUNt( .JUNt'.) 

-~ 

F'l2 

**~***** <SEND 4) 

EiHit (([)Ef!D 4) (f30t,t._ * ATTEt~T:!) \BOTTOn TUO) ('( 5 Z) <T~:~::· HlCl .. ')C::) •. .l.l.J:·-T; 
,JUN!< Jur.:J< .Junt~ ... 'l .. n.n< JLH·!K LJuu:< .JUfH\) 

F'O 
l f-.TUT TO :=llfi: 
:~{(f'j(,l'IY :COTTOr-1 I'!OIA) 

( HW TWLl.VE) J! IN!< . .!UN!\ JUW{ . .ii..HW ,JUNK JUW=: JUNJ\) 
F'!3 

;:lTf·l: ( (GCJ(ll. :t t1T:1D) (C!Or'!l_ :;~;·)~ (',fTEfi.T.l) (:Jr:Nn ,;.) (f.,OTTfil·~ f!J()) (Y 5 Z) (T 
t1P T!:JELI..'L) JUNl·\ ,.JUI"-11< JUNJ< Jl3W ,.JUNK JUi'H< Jl .. :~n\) 
F'l •\ 

!·:;Tf·i~ ( (GD?•L :-:=· L..t~:T Tl.JO) (r3Dr~,L. :·'<S·t (.:,(liJ) <CDTT(~ti T~JO) (f"~f;t,L. :t~:"):·~ f1TTEND> 
·::·.:i·W ~1! <Y ~:i /..) (l\Jf' T~·JCL'·.·'E) .JIH-11< _.J;_nn< . ..JI,.;;Ji< .Jt.H--1!< ,)1.1!:!< .. JIJP!{) 

F' 1 :':·i~ 

\ 
' 
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i, 

I. 
I 

.• .. ·' 

., 
F16 

STll~ ((GOt1t :; F·Uf\GE} <SEtm .;) (4 SIX Z) Ct.;tffi"mt HIO) (~ Ft'J[ Z) (Gf'lt,L 
BS-~ i\TTC:ND) ( 't 5 ·z) ( TfJF' HJEL 1}E) .JUHh- JU~'!!\ JL!N~~ JU!-!1'~ JUNl<) 

F'241'i 

~lHl! \(GOAL :t PURGE) <DLt:l '='~EffO 1) O';OTTON SIX) (3 FTVE -n \GOAL ·;·s:t A 
TTENi.l} ( Y S Z> \TOP TWLUJC:) JtF-~~: JUNI\ JUi,~l\ JLHH\ ~HJN!\ .Ju:u:: I 
J>2--1: 

nHi': ((SOi-ll l: f'llr·:f:lE) <OLD SE~{:l AJ O:nJTT:J!; :3TX) ('? f1: 1.T Zl (Gf\011~ tf::f fi 
T!ENt:!l ( l Dr> HiCL 1/F) ~tLJI-H\ ,!Ufll< ~JUU!\ JUNh ... :1JfH\ JlH!!"\ ,.JiJfJ10 
P25 

STV,! <U)Ot,L::; F·!Jf~(JE) EDLD Sf::t1t1 4) (f'DTTt!:M ~q;o <hOAl :iS* ATTEtm) (TOf' 
TlhELVE) ,JUNl:~ ~tHfl"\ • .JUll:< .JUHJ:, ,J\JNJ"~ .JUNI'- -.JLI\Jl{ ~JU-NK l 

P27 

HTM! ((DLJ:l sroD 4) (nDTTOH SI.;<) <GOAL l: ATTEfJD) (TOP Tt:t:l_\)[} .JUr.'l:< JUtl 
i\ JUN!\ JUNK JUNI\: .JUNI( .JtJNtZ jUNK JUNK) 
F'l.')('O 

INPUT TO STMl 
t ( 9[/>lD 3 i 

STi1: ( n~;um :n (G\lr\L f.\TTI?.:NTJ) Cf>DITfJ1·l SIX) CiOP HJELVE) JWiK JUI1K JUf<;\ 
,JUNK ,_!UN!'~ ._'.UJ-H\ JLh'"!fZ JUNI\ Jl.!f<K! 

F'l 

~:;Tf1! ((Y 1 Z) (GO(',L :t SEtm :n (GOf",L :t::S7. tHTEND) (";'QP TWL::LVEJ (BOTTOM 
SlX) n.:n:::Nn :0 ,iutll\ .JUN!~ "JUNl\ ... JUW< . .JUl'l~ JUNK .JUN!O 
r:·;;; 

t~TM! ((GOAL * P1JSH nt.lTTON) (G()b1L :tS:t SEND :Y,) (Y 1 Z} \GCML *S* tJTTEtHI 
) <TOF• !'!IJE.LVE) \HO'fHH\ SJX) <SE~W 3) Jl!Nl< .JU!H\ JU1!!\ .,I!WK .1UNI\ JUNK) 
P3 

C:Tn: f\GCcc\L if bUBL) \EU1 •"'!) (GCJtd., .'!'J;j: ~:ENt:1 ;q \Y 1 1:': u:otd .. tS:J' MITE 
ND) (TOF' T\JEL'JEJ (H<]r·rc;f! SIX/ (8£::Hl! ::_':) .Jllf~:\ JUrH>, JUN!~ ,fUN!·< JUNK) 
P4 

:c~ o- 1 ::; 
. i! . .'~-J;;· Jl JNG 

( \~C:i! ·:::·q 
._1: ;~-!1' .JfJ;il(__ j 
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I 
I 

I 
1 

' 
I 

~~nit ( (\!0(.:!. ;t; l'1t.,.r.:ro \GO,~L CUtli17) (8ti1D U \G0(1!" ;~s·~ SEfW 3} (GLl(ll... ;1(S,t, 
P;T"iEf!D) (TOP TUELt)E) <BCTTr:m ~I:;; \S[N~.I 2} .JUi·H< . .JUfH\ JUi~K Jill·:!< .JUN1·\) 

~3TM! ( \ Y 2 Z) ( GOt:1L l'hlf<X} {';:.;(,I(! t) t GD.!\l COI.fl !T) (GOAL ·;.;s:~ SF-:Nn 3) {GO 
r,L lf'~)>Y F>TTEND) (HW HKLVE/ U:OTTCH·~ s:r:o (Sr.tlD 3) JUIH\ JUM< ._:um.: JUfH\ 
) 

F8 

:_,n·-i! ((Ci0t0l * S!::Nl! 3) ('{ 2 :n <GH!+L :;':3:•: iHTr:iiDi CJCJF' TW[L\.}EJ \E:fllT£Hi 
s:r;;) (SEtH! :"~) Jut-.t!< JW-!1< ,Jt.n:!< .JUH!-'\ J!JW< Jtn:~: .JUNK) 
F'" 

ST'1: ((Gf1iil :+:: PUBII Tf\JTTDN! (GJr\l ;!:t.;;;r, :;:::tm :n iY 2 .:) \GOt\L "t(:.;J:: ;lT1EtlD 
) CTOf' T\..JELVE'! ( HDTTOI'i EIX) ( 8Ei'HI 3) .JUNl-~ JWil( .JL:NI\ JUhH< .jilj-J:-~ .JUf!!O 
P3 

S1M: ((GO~L % SUEIT> ~CLM A) <GOAL *S* SCND 3) CY 2 Z) CG04L ~S* ATT~ 
IF)) \TCf.' TWELt.JE) CE:(lTTf)fl s~rX) (SEflr' 3) ._JUN!>: .....:UtJK ... .!J;f!K Jl!fl!< JUf{K) 
f'·~ 

snn ( { Gf.i(JL )f_ COUf-!T) ((}~) 1.} { GrfAt .. ts:.): 2f::t!D 3! ( Y :~ Z) { GOf\L :f::S~ IHTEN 
!n (TCP TVJELI.'~J CBOTl'Oll SI:'<J (SEND 3) JtntK JLHl!\ ~IUi-J!-\ JUUK ,lllfiK) 
f'5 

nT!l! -t(GDAL :t MM~l<) (GDA1 t:'C:UiH) (!:d1ID 2) (GO~~.r .. :r-::;:t SEND 3) (GO/'<L ;~S* 

ATTUif.il (TOP TWEU,lE) U>OTTG!! SrO <Stfil) ~31 JUW\ ~JLW~ JU!'m Jl.HW J:.!fJtO 
P,;,!'i 

~l-il'it {(Y 3 Z/ (COAL ft(-,t-:1~) (~>AlD 2) (00rll .. (;(I:J!J1 '! (~}0;:\L *~;:t; :J£l'Jfl :r) (t>O 
r~t ;t~!:¥. P1TfENli) CHlP nn:::t\1E) UiOTTON SIX) t~lUHI 3) ,HJNK JW-H< '""HJN!~ .JUNf\ 

PD 

GTn; ( (GfltiL :t: Strm 3! ('( :·•; ?J \GCh'.L '~'-:~~: r",TTD'f1) ~ ro:~· n;;:L'H::; tinTfTC!f·l 
'SLO (JFt!D :?) -.IUI!K ~JUn:< Jur-::-; JU\~1-\ ,J!Jil!< JIJ!-Jt< .JW-If'~) 

P:' 

:-::-:-i":: 1 (r~~:;r.t ·* r-u::-;11 rnrrrn.:JJ '"~·>J:o~-L '/<:::~;· 1 :<• . , 3 ~: rn:·l:-11 ;J:.s::: ,~~nr~;;) 
~~-1',:·· "";-~~::L 1-}C:i (:i'f:r!! ,,_:,__ ,1;, :1.) ~HJl-!l( ._:u !L .,;1Jf11 Jl!\'(( JltiH .... HW;<" 

\ 
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'· l ~ 
i 
' 

~TM: ((GOAL t GLJBIT> (ELM A> <GOAl. *S·~ srNn 3) <Y 3 1> CGO~L t8~ ~TTE 
NT)/ <TCJP Tt.lr:L'.T) O::QTTQ;t ::H;(; :~;END 3) .. H.J:Jr~ JUi~l~ ,,JU;~i'\ JIJi'll< -JU~-!i<> 

r·~ 

;_)T!·~! ( < GW1L :t. COUfH) (QS 1 ) { GOt;L *s;r- t~r;·.t:"J 3) ( i 3 7) { GON. :i::3:.k ATTEH 
11) \TOt· TJ.Jrt.l:£:) n·o-non SIX) u::FtJD ~-:s) .J\i\1!~ JUtlf\ J1.:m: ~illf-d< ._tUN!-.) 
p;:-; 

r;r~; ~ u:;r:r-,L * flt,r~:o zno;,; cn:Ji"";T; (::;:<(r:> 31 (nn,._JI __ ~<;:; St?tir: 3) <C:O(,L. :!:3:+: 
<iTTEN::::: ( t:Jr:· TL~q_. 1 ,ll:J (1:;fJTlG:1 ::;,;Lo <~:::-::-;:o 3/ JU:H~ ,;u;·;;, JUdi: "Jl!k. Jt,'f-ilO 

P~<:.B 

H Hl ~ ( ( Y 4 7) ( GCJt,L ti?1fiK) ( '~/-1 J D 3) ( GCt;L CD !JUT) ( Gnt,L ~~~::-« ~:iSND ?. ) (CO 
I~J! .. ::K~);;: ttTIEN£1) (lf)f'• li.JELVE:• (f{OTTQ;-'i SIX: (SEfW Jf J~!i;l( JUN\', .Jtii·W. ~!UfiK 
) 

F? 

rnK! UY 4 7,) (30?.l :}: ATTD:Tn (TO:::· TW~:LV[) ({:OTTO~) JlX) \SC{:; ~3) .JUI'H< 
.JUJH\ .JUt-n~ JUNK JUW< JUN!\ .Jt.l!'~l~ JUUK i 

PO 
H-IF'UT rn STH! 
¥ ( Mt:NY BOTTOM 1;!-:FORt.:) 

STM! ( ( Ml"d'JY Y::f.\TT!)M BE'FfJRE) t: G~!tll ;t ~:TTEN;:;> < Y 4 Z) (To:::· TWC:U-/E) ( HJTT 
Ci1 ::n X) { SIDW 3) ,JUN;< .JU!11\ JUfl~< JL:-Nl< .JU}Jt< JUH!\ Jut{;':;:) 
f'? 

nTt1! UGCh"ll ~~ f·:CCtd.t. I:O'lTCJf·D \Gi.JM. :l'S;J: ,yrTEND) ('( ,~ Z) (TOP TWELVC) ( 
r:;HH_!f'l SIX) C2lr1~D 3/ JUNK JV~-!,< JUt,fi( ,.JL.Hii\ JUNi\ •. HJIH\ .JUNK/ 
F'lO 

STM: ((DOTTOM SlX) CBOAL * ~TlEND) (Y 4 Z) (TOP T 1~ELVEl (SEND 3) JUN~ 
.JU>W -..11JNl< JUill~ J! : B\ .JUW\ Jllu:-c ~lUN!<> 

PO 
H.'T·UT TO STH! 
:!: ( r·iANY TUBE i 
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j 

') 

~HM! ( (GCh\L t f::r::CtiLL n.n:·:E) (Gtlt1L. :\("::"t i:YTTL:t!II) <BOTTCWi SIX> (Y 4 Z> (TO 
F' TLJELtJE) (SEND J) ~JUIH'\ JWtf\ ,JUW\ ~JUII.ll'\ Jl!iH-~ ~JUNJ< JUni\) 
Pl2 

******** CSEND 3) 

BTI-'i! ((SEND 3) <GOM_ * (•TTFND) O:;OTTD!\ ::)IX) (Y .t'! Z) <TOF' HJ[LL)E) JUNI\ 
JUNK JUNK JliNi< Jli~!K JUNK JU11K JUNI() 

f'O 
T ~\:PUT TO STM: 
*<MANY BOT"fOM NOW> 

~:nt1! ( (1'1tlPY nnrrm~ NO~J) (Qr)ril :!-: 1-'\TTEND) <Sf:i'HJ 3) <DDTTDt-1 SIX) (Y 4 Z) 
( TOF' TtJEL'JC} ~IUNK ,J!J(H( JUN!< ~IUUI\ .JUNJ\ ,JUNI\ ,JUi'-ll<) 

Pl3 

~:;TM! ((GOt.'lL :~~ r~I:D) (GOAl. ~~s;~ ATTEt_II!) (~)Ei'!D 3) <BOTTOI'l SIX) (Y 1'\ Z) CT 
or· H!ELt)E) JUf~i( JUI·Il': JUNI·\ .JUW~ JUN!\ .JUi'·W JUNIO 
P14 

;;n1! ( (G0(-JL ;J: LI~~T SIX) (80(!L *~;;~ t1I:DJ n::orrm·i SIX> (GI.h\L :t~J:k t"oTlU~D) 
<SEND 3) (Y 4 Z) (-fOP TWEL')E) JUt~:~; .JUiJI( ,JUNI< JUNi·~ JUnt\ JlJf-H\) 

P15B 

CTM: ( (3 NINE Z) (2 EIGHT 7) (G00iL * LI~n SIX) ((;Ot1L ~f~ f.,J:!:O) (BOTHn~ S 
I>O (GOAL *~1* f.iTTEND) (SEND :n (Y 4 Z) (iOP -pJEV)E) JUf~J:; JI.Hn~ . .JU~~l< JU 
1-JJ<) 
P16 

HT/1! (( GOriL :t P\.1i:::GE) (SENTI 3) < 3 PINE Z) ( pr·nTmi ~;;CO < 2 EIGHT :n (GO 
f."d .. *S* ATTEND) (Y 4 :n CfOF· TI.-Jt::LI)[) JLH-H\ JlJi-11-( J!JW( J\JN!"\ JUN!O 
P24tl 

~:;T!l! ((GO(lL% f'l.H~;c;r_::) <OLD ~)E(!D 3) (BOTT!JII tl'I:NE) <2 F.fCil-lT :n (GCH'·,L t-S* 
I'":)TTUW) (Y 4 Z) !TOP TlJFLtJE) JUN!\ JlHH< ,./Udl< JUI'-!1< ~.1l.HW JUPIO 

p;~--1, 

~:\Ttii < (CJ(H'd .. ~r F!.n;·c::~~) (OLD SF."r!II ;?;) (f~OTTC!i'l fHNF) {2 EFHH Z) (CJDtd" .. t:St 
(,Tn::mn CHH·· Tl-IE:t.t..li:::! .JLJf.!;.: .Jl_nn< JUi-W: .JU)_I::; JUl!l< ,_HJ;·it:: J\.111:0 

F':'c' 

:-~-~ Tl ~ : ( ( COCl f-'1_11 ·~·::r: ( IJL (: 

r·· T'.;! ' t•:·:· ) " n.>:· ,, ,, ~ l " f ;· ~ • '1::,·· i';: ' ' : .- 1 :-," ' ~ ' . ' ' ·. , II t ·. · ' 
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' • 

'::;Tn: C (0Lfl t_:[f,ID ~~) (J)OTTOt·i f~[t·!l::~) CCiOf1L ;~ ,\TTENI!) (TUF' TI!J[I.. 1·}E) .JlJl'-~_f( JU 
1--W .J:.IN~\ JllW\ . )!Ji'-H< .JUN~~ JUf~!< ,.JUIH< ,J\.Jt,_ij<) 
r:·nc-~·· 

l ;.q-.·i .. 1T TO STf1: 
·:~ ( ~:;r:::Nn 1) 

::;TM! ( CSD!D l) (GfhlL t"'ITTFND) (I'{OTHH·i t·1Iflt~) <Tor:· Tt~ELVE) .. llJNI< JUNf\ JUf~ 

l\ JUW\ .l!.Jdl< JUNI~ JUf!i-( JUNi~ JUl!iO 
P! 

~rni! ( ('( l Z) (C;Otd. :t ::;nm 1.) CGo,·l! .. *S~~ ,:,TTU!D) <TC.IF' li.!CL 1..J[) (BC:THli'l 
NINE) ( SDH:l 1) .JUW< JUNI·\ .JUI-~!< _JI !Nf\ JLH<W ... JU~~!\ JUNI\) 
F'2 

~3Tt1! ( CGOt:1L :k PUSH f:!!TTON> (GG?',L ~~S;K :-;;FND :J.) CY 1 Z) (CJ(Jt·,L :i:~);t fiTT•.:-t.fl) 
) <TOP TUELVE) I.I::OTT!.i!~ NINE) (g:_:·tm l) ~JUNi\ JUNf< ~HH;~\ ~.tUf!!"~ JW~l< .JU1 11:) 
P3 

nTH! ((GOAL* SU:BIT) (EU·l ,~,) <G(I{'JL t:S:t SEtHI l) f.Y l Z> ((-;'J(lL :-tS* t,TTE 
t-t(l) (HlP HJELt.JE) ( BDTTCHI NT f·T) ( SE~lD 1) Jtlt·-li\ ~JUi'n~ JLn!l< J\liH< .JIJl~l-~) 

F'4 

nn1! ((GOI"ll .. :¥. COLH!T) (OS :1.) \G()(IL *S# SEPO :1.) ('f 1 7) U:Oi-lL ~~:3:i~ 1'1TlCN 
D> <TOP TtJELV[) <BOTHlil tHt-11:~) (~;Erm 1.) ,J:JUI-~ -.JUfH< JUI"H< Jl.H-~:<: JUin::) 
F'!"'J 

~:;TI'\t <<GOttL * 1'\M~l\:) (G(i!~d._ C(JUflT) (f~~(.''llfl :1.) (GOt\L tS:~<: GLP1) 1) (C;Of.L >FS:* 
.:',TTE?lD) (TOP TtJEU.H.;:) { t·:!HTJli IHf·iE) (~10)]) J.) JUfil~ JUi-Jl< Jt.lill\ ~.iUHJ< ~!Ui··<l< 

) 

P6 

nTH!(('( 2 Z> <GOtd ... t-lr-\t~::;) (:;,~liD l) <CWAI. C'JUf-lT) (GDt•l. tS;~ SEND :1.) (GO 
(.:1! .. *E:t (.':,TTl::N))) ('I'Df' J'I-Ji:;"Ll)E/ <:r:ClTT\li'l r-lJfJ[) (::;Ft!V l) .. JlJN!~ ._IU;!!< .JLJf;t<_ .JUi.,l 
!0 
I''} 

:;·~-lh: (("'( ~.l z-, (hllf.-.1 (,TTU 1"!1) (lUP TL>iF_!_lJl_) ,I:nJTTC1h t-!Ii-:E) ((:Ei'HI :!.) ,iiiiJ 
J< .JIJI'i"' . .JUi··-'t:· ,HJiJ::, -.. Jl.i!J::: ,::_t:·-J:, __ ;!_!!!\· JUi'Ji<) 
F'O 
l?-T·i.ll T,_- :-nn: 
;!:tr;;\!!'( l'_liT"f'tlii fifT·I·;,-;,·::: .l 

. ' .. 
' 
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-··· .· 

',I 

~3Th! ( (f-~t;f-!Y f:~DTHH-i F-:EFCr:~::> (GOt1L ·\: t:TTEf-lD) <Y 2 7.J (Tc;::. Tt.JFLl.!E) (E'fJTT 
011 NINE) (~>EtFO 1) .JI.JI-/i~ JUn:< .J\Ji-.Jt:: JI..!U!\ JUW~ ~HJNi\ ,HJNi·':) 
P9 

HTI•J: ( (GOr'lL * ):;'ECfd_L I:QTTDM) (GC!f:iL ;i'S;'.: t,TTf~ND! ('( 2 :n crnr:· -nJELVL) < 
BOTTCH·i P!It-H:::J (~)EtHl 1) JUi!!< JUNt< JUil7< Jl..li'H\ JU~J:< JUN!\ JUI'-1:<) 
F':tO 

******** (BOTTOM Nlt1E> 

BTi~! { {[;fHTOti fHNE) (G\It,L t t1T"IEND) Cf 2 Z) (TOF' T\.JCLVU <:::~EUD 1) .JUP 
IZ JlHH< .. nna:; .JUtH< .JU/"n\ • .JUf-H .JlJNI< ~!Utll\) 

PO 
I.NPUT TCI STti: 
~< ( f1ANY TUBE) 

~;;n1: ((Mt1NY TUBE} (GOAL* ~~TTDW> <BOTTO.~ NINE) (Y 2 Z) (TOP TUFJ .. '·/E) 
(SEND 1) JlJNK JUNK JUNK JUNK JUtJK JUNK JUNK) 
F'11 

LTnt (<GOAL :t F:ECALL TUBE) <GOr;L *S* (JTTEN[I) (BDTT0!-1 1-Hf-i[) ('( 2 7) <T 
or:· TWELI)[) ( ~;Efm 1) .JUNI( .,JUut\ JUNIZ ~.IUi-H\ JUNI< JUi'H\ ~JUI'11"\) 

P12 

******** <SEND 1) 

;;·n1: ((EEf.!fl 1.) CG0?1L * tHTEND) <BOTTO/-\ NINE) <Y 2 :Z) CHJF' HJU .. l1E) .JUN 
K JUNK JLINK JUr~K JUNK JUNK JUNK JUI~I() 

PO 
InPUT TO STI-1: 
;~ ( tl!'if~Y X~OTTDt1 NDl·J) 

nTi'it ( (fitlflY I~DTTOI·I NOU/ <GOtlL * f'HTEi\ID) (SEND :l) <BOTTD11 N:U~f) <Y 2 Z 
) <HlF' HJEL\JE) .JUNI< JUPI·\ JLHJI\ .JU!-~i( JI.Jf·::< ~IUNt\ JUf,JI-() 
F'l3 

LTM: <<GOtiL :V. ,\()f!) <GOr0L :i<S:k t1TTDl~)) \:~~[i'IO 1) (}~:UTTDl'i r-!JNE) <Y .... Z) ( 
TOP TWEL.I..JE) .JUdi\ JUW:: ~.!lHH\ .JlH-Il< JtH~i\ .JUi-!J\ JIH·1i\) 
Pl-<1 

;~;Tnt ( CGUt,L ;g ! T~lT tHNt::) (f'f'lt:l. ~;:::;:t~ ;':;J::l > n:-:fHTOii ;-![!' :.·) <GtXil... :·~:·:::k (tT"fEN 
rn (~3Ltt\.l .1.) ('{ Z) ("~!::::;::· TU~:.L\,1[) ~JUi·~:< .Ji.h·Ji JUf\i\ )t.:;.l:( ~Ji.li~:~ . .1\.JJJi() 

\ 

1G 



' b'Hi ~ U l lEU Z) (() tUfH2 Z) (GUt!_ ;;: L 1ST iH ti;: J Ulflt1L :t t1fll'!i ctDTTD~I f!I 
J-!E) (GOAL *t\i~ ~:TT~~ifO) (SF: NO l) \ Y :< Z) ( TDf" ltJELVF_) . .JUi'H-': ..JL!HJ( ...'UW~ JU 
111~) 

Pl.6 

STl-1! ((\JOtiL :t: F'URGE) u;EfH; ·1 I 0 TEN ZJ ct:OTTC\l\ r-llf!C.) (0 dl~lE 7) (GGr'l 
L :tS:t ATTf£,'lD} ( Y 2 Z 1 CfOP TUEL 1.}E) JUU!~ .J\Ji~l\ . .JUill( JUNI{ JUtHO 
f>24t:l 

nTM! \HJOAL 1(. F'Uf::Q2.) !OLD SEND 1) U<OTTG~·I TF!>i) ((l fiP~r: 7) (i.}Q{;L XS~ r1 
TTF.:Wn tY 2 l) CTOF-' ThiEL'v1E) ~JLHH< !l!Nf~ ~.!LHJI~ JUW\ JUi~l< JUI-HO 
P24 

Sl?i! ((G\Ji'\L * ~·tfRG[) 1 0Ltr SEtW 1! \l;:OTTO!I T[fJ) (0 tnm: Z; \GOt~'L :¥S~: t1 

TT£N1)) \ lOf:• Tl4EUJE i "JUNt\ .JlH:l< ,JU;·;t< JUW\ . .JUNl"( JUH;>: JU1\h) 
P2~ 

C!Tl1! ( \GOnL t f'Ul<GE) (OLD ~)FflD 1) 0:-lOTTm! TEf!) (l:>(JAL *S* ATiEf'lt:) (TOF' 
-~ TWELVE) JUfiK ~lUfH\ .JUfl("\ . .,;uw; ~:!Jt-H< .. JlH~\<: ..iUf1K ~~u;-n~) 

P2'7 

BH'i~ f (OLD SEND lJ n~OTTOl'i TEN) {81Jt,L # tYilTIHIJ (TOP HJEL1•1£) JUf.Jj~ .J:JN 
f\ .JUNJ\ JUNP, JUNt< ~JUIW .JUNl< JUH!< .JUW\) 
F'()OO 
I ~PUT TO GTri: 

* * >O 

:3Tfl;! (N!L {GHtiC t1TTEND) (ttOTTOr, rl::N) <TOP T!~F_LVF) ,JUfJl~ JUfjj( ,Jut-·H< .JUN\\ 
.JUNK JUNl\ ,JUW\ _lUNJ-( JUNK) 

\ 
' 
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AD!ENDUM 2. 

LISTING AND EXEOJI'IOO TRACE FOR 

N-ADD-NV: CDUNTING-BASED JIETHOD. 

1~ 



p ~~j!l,;) 

( \J:iF\ T t1f:l F~~! 
(fl GE:NC) 
( E: El.-:.Ht:) 
(C CiENG! 
( l'l G::-:NG) 
( f': GU'C) 
<<-X> :;lFOC) 
( <P> Cl:'n-c > 
) 

( F'ROntWTJ DU~>: 
CPOOO <GOAl. I ATTENDl(OLD SEND Cl 

> 
F:EPL ( { got\L * {\TTEfiD) 
DEL<<DLD SEtJD Cl); 
u;'iEf' c l > 
(Pt)O CGO~L * ATTENI!)(QO) 

REPl_C<GQ~L% ATTEND> 
DLL< (80)) 
CPO (GOAL * ATTEN~) 
u::;Er.:<> 

(GO~L + ~TTEND)); 

<GO~L + ~TTEND>); 

<Pl ((lOAL + ATl.END>CTOF' A)(BC"fTOM BJ!SEND C> 

REPLC(GOAL + ATTElJD) 
111~::< <Gth~L :t 3Lt-!rt C)); 
Jl-~;~:;( { y 1 :t)) 

CP2 <GO~L % SEND C) 

F:CF'~ .. ~(f)D/d., >i: ~~EJ!D C) <GOt\1 ... *S~ SEI'Hl C)); 
Il~t~ < (G00:L :f Pt:::iH. 1-JUTTON) > ) 

1\.1~:;( \COAL * ~_;UDIT>) 
CP4 <GO~L ~ SUBIT><ELM A) 

Dt::L. ( ( i:~l .t·t r:1)} 1 
I 1-~:::: r < O'Jt1l *.- COUNT)) 
(!>'~·; \C:iCL:'JL * Ci_,Ut!T) <0'3 1 )(Y <X> Z) 

F:EP!.. ( '1.1Dr\l, :~: t:<:~l.!H·r;: 
I:;[)_ ( (lJ:). .I ) ) t 

I i~~-; r,: ( nni'JL * ntth'l<-; ) 
<:->.;, (J),~J i'it~r::;J<SrllD 1) 

'·' ·> 
REPlf(C>l,;~·,t. 1:: r-;,:,:~'!".) tl;[l;':t + 1-ll-~lr::;;.:)) ~ 
Tl'llH 0 1 3 z, i 
(P68 '.f<t:;'d :c: r,;~·~r·l<) <~;rrn JJ 

r:~!::::·-; : r r: -~:-·:! t f":,·,r:;--:) { c:.:!--lt + fit-,~:.:1·: J >; 
1\:~;( :y 4 Z'> ·, 
(P6C •,-:·:,'! ;-.. ,_~-:.::<><:"-/-~TD -··:. 

) 
Rl::fi..({G0,\1- lt' MAII.!O ( G-O~l + 1'11\I!'K)) i 

1Ba 



' 

i 
I , 
I t' . ' 
L:.. ..... . 

InS\ Ci' ;::;; :Z:}) 

( F'7 \ GO;\L + M•"tf•::<: ( fHH-·1L ·I COUNT) ( GOf1L :t:S:t SEND C) 
<f~t.J.D r) 

lir~-t ( < rr•tl ;;¥SA·. '::>END C I); 
U~L((G:~AL +MARK'); 
nc::L ,-..: C'::,·;~ + co urn>>; 
D~-:::~ ... ·: o:·~·J',J r! C l) r 
r.;r_;:·L( ((~iH;l :~-s* t1TTEND) <G01~L * ATTEND)) ) 

... 

<~·a <G~•:,l .. + HA~·~)<GCAL 4 CDUt!T)(GO~L #S~ SEND C)(SAID D> 
;:;.:;;::·-> 

REFL.<<GOAL *8* ~END Cl 
Ii~Ll(GIJ~l i i1AR1~)); 

n~~~-- ~ I r>·lr,L + ccnnrr)); 
D~:.L.: ·:t;.~,fn In) 

CODAL I SEND Cl)l 

(p-:; tt::~h~1!. :t r.:-~rr::.~HI) <M?lNY £\OTTOtl BEFOE'E} 
:~ -·---
R£.PLrc·;0~L * Al'TEND> I <GOAL *S% AlTENDl)l 
IC~. ( t f1~:C-fJ'f F((JTTDM Tcr~~F(If.:E)); 

lNSt<Gc~·,:. t RL~ALI .. BC~TlOM)) ) 
IP10 CGO~L * REC~LL BOTTOMJCBOTTOM Bl 

l•El tlGfi~l- ~RECALL BOTTOM)); 
t~ .. :·L,-~ tt, 1}t,l .. ~-;,:::;; tTTEf~l::J \GO;",L, t i~TTEND)) 
(~·11 (GC;.L. $ ~TTENJJ)(MANY TUBE) 

Rt:r·I.CCGOAL * ~l'TLND) 
nr i ( \ Ht.t--i'f TUBE) ;. t 

CGOAL *51 ATTENDIII 

::_:~.::;, ([-;Df\L :-:~ T~EfJ;LL TLH~:f::)) 

<~'1~ CGOAL t f~t~CALL TUBE><SEND C) 

t~[~(~Grlt.l_ * nrc~LL TLJBEllJ 
f;"Pi. C cc;u,L *"'' r:iTENDI CGOr,L * ATTEND I l; 
b~'(tCSEND C)) ) 
CPJJ IGO~L * ~TTCNDI(MANY BOTTOii NDWIIDDTTOM B) 

tn::r·L ( :; ~:·;e.\L * t/1 TFi'!'(l J ; ( GOf1L »:S* ATTEND));. 
Dt.":,__ ~' ( fl1:\PY hC•TTOi'-1 !.!OW J) ~ 

Ji,1,) ~~ (/ \.1})? 

1!::~-:-- (';' ':) 'Z!) 

)j: r·ur,·GE :. > * r.!Jl1'tW <£"•> V)CY <X> 2) 

TJ.'::. (; (;~·:r.~. ·t .~4L'('f (lLDHCJ)); 
1'!·.1 t C;FT ~::_"::<T) 

(fj · (08~1- * t:LX1 UP> 

liG· '>TL:-. 1 ''>) 

l ~: i '}. ·' fH:<-'1!.. A· j::_:x·f ?:LONG) { Y :Z:ERO Z) 

<Y onE 7lll 
D~Lt(GC~L * t~f-!1. fll_OI~G))P 

J:.J:;:tr_rl_:.u:~:!., t l'-1r tiPJ) 
r•:;_'":t~ ~:~~:tr\1.. ::~ t 1[71 ALCJI"-l0){Y ONC 2) 

CY TWU :;:~ l ) ; 
fl-:'"'l '·:~L•_t;,· ,_~- rh" ,.! t>LOOG~) j 

n:::-;, <f .. ~,·,;__ l'r:::.T !Jf')) 
"\ c::.~:~L J· t-:l · f,L~·.:.~JCl )_ ~ v ·p_.to 7 'r _ 

I 
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I 
\ / 
I r ·/ 
l. ~-- ·--- ··'·· ; ................ . ~·--·· ·-- --

:. :.:.../ 

F~EFL £_ { \1 ·;·;_!CJ 
n.::.L. (_t:Cth'1L ·". 
I WSUC'·· 
t t:.• ~it:: \ t~ :·1:'-:L 

n. -. · -· cc~:··~:. 
J ! :•. -: r. r, _· 

z ; r 1_ Y THHET 
l'f:/.': M C:i1l') l; 

~-; ;:· :' ~· ) 
'1- !· 1r.;··: T (;L~.,t~G) ( Y 

r}r"·· ·r f•L.Oi.IL:;); 
!'L · ·. u:::·::: > 

TfiHEE Z) 

1'-.:~:_;.:·L.'Cf r~::__;r; !:.) ; ('f Flt.)E ~:};; 

L. L ·: ·- r:~i .. ,___ ? ·r: . '! r\LO!·~G;) ~ 

'f~· '-'r: · u~··) 1 

i"'t~ t'··:· ··- ~ i:JYT P:!.J:t:G> (Y FIVE Z) 

<Y SIX l.) }; 
1:· :: __ c •• c:: ·:i ·t. fT'--· nL(F-'F;) > ;. 
r-!._. :·c-:·::~! ~J!.::"; '.T) :· 
t>1;-F ~:_.,!·:·~~·-~t ·;, 1-:L~<T r.;L.~.-:f-1G)('i S1X Z) 

l::· L 1: '(;(;<._; --;· ~-,:r,;<·-( :';Ll.il i(_:;));: 

:·):_:·' .- ('(:; : .. 'f ,- L ·-,-·T t!P!) 

p··-· - ·: H 1 ;· ; r td ... COG :, ) ~ 

:i >!:::. · -· L(:/·.;. ~- iT:· UF' J) 

(YNHiEZ))f 
1;~-! -· C·f~t ,! . :;c· fE> T r1UJi 1G 1) * 
J.:. :c:~ ___ .,'; : ..... -.. ur'J) 
i:~--;·>'~- \~L't;i :~· t'LXT ~~:!J;fiG'(Y NHlt Z) 

(Y TEl< Zl ) ; 
I'''! .. · -:c;C!t,:. -~ ;-;::>· f t:LD~-101! t 
1 ::::.: 'cv,·-~ :_,, . . ,_. .. : !.J!"'· J J 

f,•;:,:··L(('-f ·r;: .. n ·z; \Y LLLVEN 7)); 
J>EL({fC;<",:.. l~!- __ >"f t.~ .. Ci-Jb'l); 
ltfS-·t~-C-t~ i-T~-:T ur··)) 
{PI8 C&O/Il t. ,.,C,:T !J~·: 1.\, o Vl 
.. ·> 
ll£l'L((Iil 0 Vl ; c W l. Vl i; 
PI<L (("-'At. 11- II EJI.T uP} ) i 
l<i.P L {(GcAI. !IS¥ ,At>l>) ; '[iOAL :~e c>DD' l 
(J> l81> CG<>.!l.t.. 11 t•LX> ur· :, w 1 v > 

··> 
R.~rl WV I V) (W 2 V)); 
l)ltll(GOP.l J1. loiE)I.T UP))) 
F~EPL t(Go,.I.L li-S!!' }.l>l>) ) < C'C>At, 1: A!':l>)) 
<PlSB (E;OAI>L <1. ltEXf" Uf>)(',./ :: Vl 

HEF'L( <W 2 V) } 4f;!. V)); 
Dr:L. < < GOf;L ll' Mfl(T' UP) H 
RF.PL< <GOAL J!.SJt At>l>) I h%L :!< ilDD)) 
(F'1BC (GOAL :l lie:tT UPJ(I<Y 3 1/) 

F:Ef'L< ( W 3 V, l (t( 4 V) )· j 
N:L«GOAL 11: flfltr Uf')):i 

) 

) 

'l<f.TL < <GOAL .it-S*' Al:>l>) ~ (GOAl !l A.H• I l l 

' • 
1 

{F'24A (GOAL .~. r·ur-:r;~:-, !y ---v:, ~~) ~f-~ftTTOH f.I)\SLND C) 

~- --··---~-· ~~· .,--.~~·· 
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F;:ETL \ f.;Cfi'Tt:ll't B) 
f':FI'L ! ~)EIID C) 

I ( BbTTill'l .::X>)) ; 
{ 01-D .SE.MD C))'; 

J)EL( Y <><> ;:,; ) 
(~24 (GIJ(,L * FlJRGC. 

vr::t ( < 't <X> L > ) 
CP2~ (GOAL I PURGE) 

DEl ( Cl! <P> V)) 

STOP) 

DEl.<<GOAL ~PURGE>~! 
REPl.((GO~L tS~ ATT~ ;~: 
) 

(PitLI£;TSt 
< 1~--Id)l:::·-til.J? 
P9 P11. f'l3 
f>O()t) POO PO 
f'l P2 P3 P4 P~ P6 

r:-::1 p(:i F'lO P12 
P:t::: Pl·~ t>J.~:; PJ..-5 
p:::-~ ?\ 
p::_'4 f·'2~'! P2!; P27 

.. 1'' \_' 

F:'17 P17~ Pl7B Pt7C P1"'0 r!:·~

Pl?G Pl7'H f''PI F'17.J 
) 

IS ITPUP 
> fj18 PlUA P1BB P18C 

) 

;; ,, ,, 

:: 

( IlFF! 
*~1£1-f::fiD 
:-~FILE 

fEHir· TL Filtd 
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I 
I 
l 
' ! 

RU~! Dr::o:ns 

( (GOAL * ATTEND) { Tt:P nJFL \.IE) ( rn:nTmi Zl:fW) \SEND 2) .J:... 
UH!\ .JUNt:. .JUPH< .Jl.li'·ll'~ JUW\ JUNIO 
pi) 

*-<GO) 

",1 

SH'i! <(GO': (GDt•L :r (tTTtfH) ~Tt)P HJf.L\Jf} (f'GTTCJM :-TJ:;;J) CSErJ;) :~·, ~.' 

UPl< .!UW~ JWH~ Jlml< .JtH-~1: .JUNK JUiil'<) 
FOO 

Slfi! ( \GO(Jt r~TTCfWJ CfOF' T!J)Z,:L0....1[) (f:DTTDf~ :Zff-:1)) <SEfJf,l ::) .)lJt-ll'; JUNi\ J!H! 
l{ JUt-H\ JUNJ< Jlmt-; .JUlJt\ _JUiJf~ JU;J;~) 

P1 

iHM! f(Y 1 Z) \GOr\L i>: ~3£~W 2) tGOi:L :t:S't: ATTnJTI) OOP n;:..::L 1.JCJ ([:UTHHI 
Zf.R:::J) ( SLU! 2 I .• JUW"'-.. JU!JF: JUP!I'. JUl-;f:, JlJt!i-': .JUf.!i\ JUi./t·;) 
F'2 

~~Ttl; ((C\\Jr':,L :~ F'USll I:_:!JTTOl:J) (GC.;L *:::t !3END 21 \Y :1. l) U30(d __ t~:;:;; fHTfND 
} (TOP TUECVEJ \BOTiDH ?EPO) (S.E<'m ::;:J ,,YJNI< .JUNY. JUt!~\ Jl!t-t:\ JUfll< .JUf-1:<) 
P3 

~~'n1! ( (IJf!F:L ;{~ HOD1TJ CFLh tr) \GI):lL :1<'3* SEHD 2> (Y 1 7,") (GIJM ... *8::¥ f'U'Tt 
Nl:l; <TO I~' -;-LJELV[) < :t~CTTC'I'; :~Lt~:D) \ :)tr-!D ::: l ,}UfJl\ "tlJHi<: JUNl< -JUP:-;; ~U;i!<) 
P4 

rnt1! ( HJOtL ;f: COUi'-J!) un 1 I (G-Oi':,t ;¥;::;:;: SDHI 2) IY 1 Z) UJiJ{,L .-:-:St f'1TTEfl 
lit CTOt-' HJEL'.'~:: -~ O:>OTTCil Z0Td.n t f::nw 2) .JUIJ!< J!Jf-W JUtH\ '"lUL~!=: Ju;-~:~) 
p;; 

rnn; ((GClt1L * fhlf'-'l<> t.c;nt,t cntr·n• \S<"\f!J 1) rp!J,~1L ,;-~:::::: s:::r1ro .-,: (DO:';~-- .;-s:r. 
r~-rn:mcJ ('ttJF' l&J~~L.'--'t:> .:r:.-:rr~k; z~::·;;i (~<>E:!iD ·,:) .F:;-n, JUi·if:, ,t:::-il~ .JUi·;~~ JUt-';.· 

1-1! r ( y '":' '1 ( :_:;c:t~~- ''---::: :. ~-; ·,: : HJ,~·.: r;:-\' nrf > ( f_.=:Jt:L :ct ~-;-

r. :t::'.::r .-YrTtl"i''J! ; F.1r· T<1EL'.'C J < J-AI i"'!t :: :-J::f'C' t ( bEi'J;) ~~ :' J!J:-!1-_ 
l, 

22 



nnit ( (C\OftL. ;J: SD-Hl 2! <Y :? ;~; .:GClr'!L ;!o'~;:~ tlTTUii:t) <TOF' H.JFL'}F) .:;·:nTH!/~ 

ZEf\:0) ( t-EI>!D 2) JUI~i:: ,JUPi~ .JUi'-liO: JW-11< ._!l.H~i~ JU: 11< JUW\ J 
F''' 

~Hl"·l! ( <GOt~lL :>!< r·usr1 I:UTTr:tf-!) (GDfd .. ts·t fiDID 2) CY 2 Z) (GCl;~d. ;)'"S;~: /';TTFtW 
) .:TCJF' Tl,.l[:t__t)[) (f.:OTTU-1 -;:::::-r.;U) ( 1:lEHD ::~) .JUH< JU!-1:\ ~J\.Hif\ JUi-~l< JUt-~!·;· )tHH<) 
F?-

~:;Tf"l~ ( CGf.h'll l SU"f.:IT) (ELh (,) ((irJt;L JF;~ :':iDJD 2) ('{ 2 Z) (!Jflf,!. ~:~:::::·:~ r1TTE 
Wn <TOF' !'UEL(.Jl:::> (f:OTTOi-'1 ~~UW> (:_/U-tD 2) .Jl.if.ti( JLHH< JUf.!l< .Jl!!-;i'" ~;1 .. .1:-W) 
F·~~ 

~:;Tl!! ( ( OOt\l. :;: CUUIH) ( C:3 1.) ( GC:1L ~;~:-r ~~Om ? ) C Y 2 ? ) ( Fif:(,L. .{ ::·:? (."fTDl 
:O) (TOF' HJU_<}E) (BDTTOi'l ZE"f::O) (SEfHI .7) JUI!I< JUNl< JUNI'\ ,iU(1i< .lUi!;<) 
F':::i 

STM! <<GOAt_ *MARK> <GOAL CGUNT) fS~tD 2) C~OAL :kS:~ S~tJD 2) iGO~L *S* 
f·,TTENfl) (HJF' HJCU./E) (f.:ilT"TOf.'l ZEF:Oi LLDW :2) JU:'J\ ,J!WI\ ~!UW;; .Ju::i< JUi'~l< 

~:~nl: ( (Y 3 Z> (C\Clt1L MM~L) (:3;!~Hi.2) (GfJ1~,L CCHJi'H) (Gntd_ ~~~;;.: ~;;:::t~n ..... ) (GO 
t;L *S* ttTlTi-Et) <TOf' T~,.)[LlJE) (T;;:OTTLH'i ?~:RO) <SFf-Fl 2) J!Jr~l< ,Jt.n.:i< ,;Ui·n·~ JU!i 
!0 
F'? 

:;:;n1: ( <Y 3 Z) CGOtll._ ;t: f.\TTFf!I"t) <TflF' 1"Lj[L')E) <:DOTTG!-1 ZCFW! (~:Ft~;:i ;_:) Jllf.l 
!( .JUNI< .. JLHH\ JUf-1!"\ JUtH< ,_li ___ tj.Ji< ,JUW< ,.JUl'W J 
F"O 

~:;Tii! ( (i1;-:l~-!Y }';;:lTHll1 BFFC;n::) ~C!Ot1L ;·j: t"1Il::::fm) (Y 3 Z) <TOP THi::L\;L) (~·!OTT 

OH ZEF\0~ ('_~TfUJ ~~) . .JUni< ~·\--" _iUIW .jtl!.':· Y.!!J: J\.ltn:: ... il.J~-J~·\) 
P'? 

~:;Tti! (I CC;t.L. ·.:: ;:_·::::c:,:d_ I. -l~cr:·~;;-; > ,-- G(i;'d. f,T"fF:.!D) •: '/ :·~ i ( F'F' 'fi-T! '}::~) r 
BOTTO!'\ z::r:.:C;) c;~::pp 2) J~i;.;1:; ,_ll:rw J~ :1>. ,!i_: !1'.' ~~!(.!J-·: ,.:Pr-'1\ ,ll _ _!i-~;<) 
F'lO 
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' : 

./ 

~-:'fi"i! ((HOTTOI-1 ~~[1(:_.:. \f~U:'!!... :irfEt!!:i) ·~·r 

I< .JlH-H\ ~JlH-H\ . ..JUtJI< JUN!·( .JUiJ::; .JUf~l< ..IUfJI< 
F'O 
INPUT TO Sfti! * ( l-it'HJY Tln:~L) 

' . .)I .li-1 

~3Tt·1l < (fitii!Y ·rum.:~) CGOr:,L * ATTEND! rp:JTT::Jl\ ZFri:O) CY 3 Z) (ltJF· TUFJ..t)[) 
c:::ENLI 2) .JUilK ,...tiJ!H~ JUt~!< JUNK ~lUIH~ JUi'!l\ JUi-•:< J 

Pl 1 

~:;rn: ( CGOtiL t F'EC1:Ji ... L TUf:[~) (GOttL :~St flTTf:TT•) P:OTTi.ltl ~:Er-:0) ('{ ~5 :1.) Cf 
C!F' HJEU)EI (~lEIHt 2) JUU!': .JUHK JU!~h. .JUi-11\ Jlli'H: ,J~Ul< .JUI\!1-';) 
F'12 

SH1! ( (SE:ffD ~) (GOAL ~;; ATTEND) (E{OTTmi ZEtW) <Y 3 Z) <Tor· TUEL 1)[) JUU 
K JUNK JUI~K JUNK JUNK JUNK JUr4i( JUNK) 
PO 
TNPUT TO STH! 
t(MANY BOTTOM NOW) 

SH1t ( UiMlY I:OTTOti t!Ol.-J) (t;;_oM_ :~ tlTTEND) <SEND 2) (f.>QTTOfl Z[t\0) <Y 3 Z 
) CTOP TWELVE> JUNK JUt~K JUNK JUNK JUN!< JUNK JUNK) 
F'13 

STM: CCY ZERO Z> (W 0 V> (GOAL t ~DO) <GOAL *S* ATTEND) <BOTTOM ZFf~O> 
( ~;Er~J:! :n < 'f 3 Z > (lOP T\JELVE) JUNl< .JUNK JUNI\: .JUtJf\ JUNIO 

P15 

STM! CCGO~L t tJEXT ALONG) CGOAL tS* ADDl (W 0 V> (Y Z~RO /) <GOAL tS* 
ATTEtlD> CDOTTOM ZERO) <SEND 2) (Y 3 Z) ClOP TtJE:LVE> JUNK JUNI< JUNK J 

UUK) 
F'17 

l3TM! ( CC!Ot!L i: W~XT UF·) CY f)f)E 7) (C(If':il. :r.S* p,J:!J)) ChJ 0 \)) <GO(.·d_ *:_:_;t t1TT 
[(1[1) C:C:OTTOil ZEi>:l)) <SEND 2) CY 3 ZJ CTf:!r• Hif::LIH:~) JUi-ll< .JUi-H\ JUt-n: ~-!Uf-H'\) 

P16 

':;Ti·1! ((C\Otd ::· /"JLXT LT·) ('( Ol'H: 2) (fi\1,"1L. :~~:t l':lf"ifl/ (1.-J 0 1)) (CC,\1 .. ;~;.;:+:(ITT 

EHD> CBDTTClfl ZE:r..:O> c~·:LtlD 2> CY 3 2) CTOF' TUEL'-..'[) ,JUl-~!\ JLJI-ll< JUPl< JUW\) 
P18 

::>ni: < <W 1 ''" \Y one ?J ([3Cr,L t r~:-,-r · :(~!·:·,L ·-;::-::- .--,-rTFr!o> (I"UT"I"CHl znw.l 
('_·;un·l ?> :_y :::: ~:; 1. rcH:o T!,..:'::L.\.1:-:> -!!...il!i-· .Ju~:·· .;!.!i!:: Jl:.·;· Ji.l;!;-:) 
!'_1_". 

\ 
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.. ,' 

!:ro;; Ut!C;;~t_ '?. Nf:'XT AL0?1G) ~GCAL :t~~\~ ;',)"!!;) ~W 1 ~n (Y cn"J[ Z> U!0,.'1L t::->i. 
fl'lT:::~W~ (~:rrrrDJ-j ::U\0) (8Ef~tl ~;J {Y 3 :2:) (TOf-' Tl>il:LI)t;:;. JUi''i< ,Ji..\;f; Jilfn~ .}U 

Pi }r~ 

~?-Tfi! { (GOiiL i' W:XT UP) <Y TUn Z) U~:Jr1L :7:~1;!': t,r;fl) <\J 1 t)) ((>J~;L ii'':1:i P.TT 
Fh1fl) CPDlTUM ZEf\1)) nJFNLl 2) <Y 3 ~:1 \ HW H;";:J))[) J!Jm~ Jt,n::: .. ii.Jfi!~ ~:lHH<t 

F'l6 

~;Tt~l (UJU:1L :1~ tH::XY Uf:•) <Y TUO Zl U-/C!(iL .-!:';:::;: r::,r•t·> U! 1. l}} (Gn(-.1 ·J;S;t ?1TT 
n-;n! < DOTTOi1. ZEf·:tn ( ~3END 2 > < Y 3 Z i Cf\1~' n:-~.l U[) . .JU~ll< ,JL-·-n·. vJUf.;;-: .JUN10 
f't (; ,') 

~:;Tr·~: {(\! 2 UJ (Y ~-!rJO 2) (801ll ~~ ?·d)£1) (;~(](,L ;~·;,( f1TfFrlrJJ (f:<-JTit!ii zr::rd~) 

\SEtHI ::;':) ('( 3 2:) <TOP TtJELlJl<) Jl.JN~~ JU!il\ JUN:\ JUrn: .JU;{::;) 
P14 , 

STii: ((130/l:L :{: r·u,::tJz::> \U 2 V) (f.~:NiJ ,() ~y n.;o 7:) <GOf\: .. ;~S.t :YfTEfU)) cr-{n 
r:mJ ZEf\0) Cl 3 Z> <TOF· TWf:L'JE) JUW\ .JUt!l( '"}UHJ< J 1 J!-~l< ,JU1HO 
F':?:-4{\ 

TrM! ( UJ(h'!L :t F·tJF.;GE) ( ~>OT'l 01\ TUO) UF.J) St:~fl;:t 2) OJ 2 1-J) ( Gf:t,L 
Nfl) Cf 3 Z) (TflF' TJ,.;L::l.IJC) JUN!< ,JUHi:: J!JfH~ -JUi~:< ...:u:;::: JUtl!O 

~:;ni! \(G(I(-·,L * PUt\GL) (BOTTON P.JO) f.OL[J m-:rm ;:::') Ul 2 !J) (G()t~L itS* ATTE 
l·n:t) { lGP HJFL'.'E) JUNJ~ ~iUM\ .JWH\ -..!!Jf.;l>; .... fUN!'~ ... HJNK JUlHO 
F·2~1 

rJ.T~: ( {G\.hiL X. FLmGE) (t<DTTO!i TWO) {CLD S[NL! 2) <GO.-~L :;;~;·t tlTTO!!I! (TQf"· 
T\JE:t. IJL) kJUfit( ~l!Jrll< JtHH\ JUr!l< .JUN>: J!~tli\ JUtJl~ .JIJN!<; 

F'27 

HTil: ( (J:i:J"fTCJM TllDJ \OLD ~-TND :?) (G!Jr\L :!·. (,rfENDI (TOr· T:·H~L\.!£} .3UN;·: , __ lUi~ 
1\ .J!H-~K JU;ll< .J\Jtll< .JUNlc, ,J!Ji~i< JUNI-\ JUtn-; I 
~·ovo 

!rsr<Jn -'l'l 

' \ 

\UCt,! 
Ji1;1i:. 

td n::r1r: _, 03C<TlOf! 
JUdi~ ~'~li 1::; J 
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r' 

~3Tfi: 

Tl·JO) 
F'2 

·; 

') 

( (Y l Z) (CO;'iL l ~T:'!D 4> <GOr:'lL *S·t: t1TTCfHt) <TOP HJEL 1)[) <BOTTC':-J 
( EEND 4) JUW~ Jlli'H\ JUN!< JUNI\ JUUK JUr1f\ JUNI\) 

STM! ((GOAL* PlJSI~ BUTTOIJ) CGO~l *S* SEND 4) <Y 1 Z) CGO~L *S:k AfTEND 
) (TOP fl-JEI..')E) <BLHHJI.I HJO) (t>ENII 4) JUNI\ .JUN\\ .JUi)J< .JlHH\ JUPI< J!Jf)!\) 
P3 

ElM! <<GOt\L t SUBIT> (FUi t'l) (C!f)f-i!_ ~·';;:+: SUHI -~) (Y 1 Z) CGOt.1L *S* t1TTE 
HD) <TOr:· HIELVE) < tiOTTOI--1 TUO) ( EEND 4 ~ ,JUl-n:; J!.H-1!\ JtJNI< JUUI\ .Ju;·H~) 

f'4 

:nti! ( (()()1"1l ;~: COUP"f) co::;-; 1) (GOi·iL ;}(S:{; Sn!l:l 4.\ <Y 1 :Z:) (t~Ot"-IL J;S* t1TTEO 
D) CTUP T~IELVE> <BOTTOM TWO> <SEND 4) JUNi( JUNK JUNK JUNK .JUt1K) 
r-"3 

f!Hi: ((G0?1L :t t1f1F\I-\) <GOAL COUNT> (S:~liD 1) CGCV1L ;f:S;f SENl:l .,;,) (GOr~L *St 
(ITTUHI) (TOP TWELI.JE) (F.:OTTOi·l HJO) (SEND 4> .JWJ!< JUW~ .. H.INK ..J\J/"11'\ JUW<) 

Po 

STMi (('( 2 Z) (GO,~L. tlM\1\) <Sti!D 1) <GO(iL COUUT> <GOfil. *S:l: SOlD 4) (GO 
t;l~ *B* ~lTTl:tlD) (TOP HJELVE) <BUTTCH\ TlJO) (SEf!D 4) .JUUi< JUI-il< .JUW\ J~il~!< 
) 

F'8 

Sl·M: (CGO~L * SE~1D 4) CY 2 Z> CGOAL. *S* ATTEND> CTOP ·rwELVE> CBOTTOK 
TWO> CSEND 4) JUNi~ JU~!K JUNK JiJNK JUNK JUtJK JUNK> 
F'2 

:;:;n-1! ( ( GOt1L * F'Ll'::;H f-HJTTON} C CJl}r-':JL t:J.t !:::;DHJ A) ( Y 2 7.) ( GCh')L *:?Lt t1TTU·lD 
) C TOF' -1 UL1. 1.-'E) ( DUTTOi·l TWO) ( ·:;Er~n 4) ~!LJI·!K ,JI.li-!1< JUfJ!< JUN!< JUNL .JUt!i<) 
p:; 

::n--tii C UJD(',L. ;J:. ~;UI:IT) CCLM 1"1) (fJC1,-JL. ~;~:.:·.~~ ~iFl--H:I ~) U '? Z> (Gflr"JL ;-:-~::-;::< 01TTF 
HI!) <TOr· lU::::L '-)F J ( f;OTTDi·i TWO) ( SLI-!!:1 -\ ;r JLH-~1~ J\ !f.il( Jl.JUi;; ~JUdi< JtHii<) 
p,-~, 

~:~Th! c CfHl/ol. -r I":'Ol.lfJTI (P~.; 1) (r::rhtt ;J:fl:·~ r~nJ') .1\ (Y :~ /) <GOtli .. :t:::.,, r.TTL;·_I 
D> (lOP ii,_J:·:L 1•1F'! (~'(.!"'ilut~ T~hJj •:-:L:HJ -'.-) JUi'-':·· ~~~!i't': .!Ui::-~ .JU:-'i·: . .!\!i'i 
l'c'.< 
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t;nq \\Ci.Jt;:. ~ l11~.r:·!~Y (:,:;ut,L COUP!') i"Se'.I~: ;n (C;:::YL ~:~)'J ::.Tt-~:n .-~-) :c,n('tL "-"'""~ 

r,-rn::ml; ZT!)F' ·n:r.~Ll.Jt-:J zr:;_-irroM -:~JlJ) c::r::~n~ -t: "n.n-·Jf:: .JUNJ< .w;g·: .JUi!:;: Jur~i<J 
F·.;:,,; 

bT'l! ( ry 3 1..,.) \GfJ;~d. I'1;~,Hl-:J t;)t<fD ;~:) ([JL'1t C!J:Ji'IT': (f;fi;~d. ;!<S~-: SE'f~!:t --~) {Gi} 
A! ::,~;;~ rYl TUW) C:-i!P Tt-irL 1.JE '; \ f:(\ t TfJ!·i n·-; l (~;.2~:f.,)) A 1 ,JlJi·Ij; .JUI"il~ "JUf-.Jl< .._:thi\: 
) 

r·s 

'JTt!; <·:LOt).:!' SEfiD L,) \Y :3 :n <GC.:1L ;~::=-~ :!1Tn·:Nfn n~_!F' Tl-1CL 1-JF) n'.Crro;; 
TWD i H>Fflf.t -'1) JU;' II\ . ..f(}l--.'t< •. :lJ(H: JU:~;: . • :~)l-_<-; llJjJI'~ .)~Jtll~) 

r·~: 

S));;i Z(\)~.H\L ~ P!.lStl :BUTTO!tl <HiJ:~L. -~:~:;;.;; ?t"<fm -4) ~y 3 7J (!JOrlL "'-~:;~;;. i'.TTC~!:::: 
) (lCF' lU.:L 1Jt:) ~;:~fnTun TWO) <sF;!JJ ~1; _il;~ ~~ .JUNJ~~ ~:urn< ,JWII< JUlH~ Juw-;; 
P3 

; .. :f;1! ((CC't~1L ;i; ;~u;.n.-;-)- ([U'i !.t) (G':l,·.L ~Si SDH~ i{) ('( 
0

) /) {8(~t~L :~s:r .'lTT~ 

~nq i, TDF' -H::; L\'[;. O.>OTT(ld TU()) ; ;: C:i·'D -l:: )!JfH'\ J~lfil< .,__n ;n;:; .JU:-a\ .JUW~ I 
r-··.~ 

~:;-1r1! ((Ci'Ji~L :t (~(ll..~f1T) (flS 1) {Qi':)f\L '\S:-~ SF:;>Jn ,i) ~y ~~ ZJ (:;o::L :7\>f rHTU! 
D; ( rGF -ru~-LVE) (no fTCl:i HlO-, ( :~.!;_~r,<!; ~) •. ~'.!:·1l\ ,JL1!Ji< JUNt\ ~.IU£-l!~ ,JUt--~~~;. 
1---3 

~:~·n;; -( <GOfiL ~ rtAf;-t<) \(iU.~:L CUJiH: u;;';Tf! ·.:o \f~{}:~d ... ts·-~- s:::;-.;:_: -p 1CfJi;L *:;:r...; 
r:nT1;11 > f Tcr· ll·.lELVF C':HJYH11; lhi[;) <fiE Pi) 4) ..:u;~i\ ...!\}!!;'\ JL'1·.!L JU~J:< .JUfi~-;! 

Pf:D 

~"t~; ((Y -·-1 ·n C:::~O;:,L t-!r,~:;j·:::. \S:'-J'D ~-:·, U3Dt.L CCi...!tn: \>-::O:oL :f":·-r ~Ei-~D ;.) CSO 
td r;:H:¥ ;:\nT:·Jr:) <:TC:··· !Lli:·L' 1E' (BL'1·:·cn; ·n_~·.;J ~:;;um -1! .. ;. __ 1;-Jl"\ .. H.~H< _y_;;;?·: .JUN;: 
) 

j-·~-l 

( I (;f•t>l 

I ~;~ rm ' 
.r 
'• 

' ' 

~~£::JD 

._!U,;J~ 

,, ) ' ' .JUI'-':·, 
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C:~·;i·1: (·:t-:_r(-,t -i: ~-U~-:L"I) ([L,I--; ;:";) zt·t·t,! -~--~·-· :~:~::):' ·'L' t':' .-~ 'Y) i\::h•,L ·-:';;· {',-U; 

kf,p <TtW I:.Jr:tt)L) ;ftUTJfll! 'llJU) <.~TfYI! -~-· JUill .IL':tl: JUfH< ,JlH'!< .llJHl<i 

~;li'i: i\tJ:i:~_. ~- Ci"UU;! •.!;~t : J •J:<!'it'.: ;y~;t f:!E:~O -}) :_y J. ·z; u·.(:·!:\L t'~-y r'1TTUJ 
t;:· <'itJt· Yl_.:;:_-Ld::) \. C! ff):~ ·;!,-~!;) ( -·::·; (: -';) Jl.i.~:-, Jt;;-;:-: .JllJ·:I~ ,_!U(.i;~ .Jl'f-1!~) 

F ;, 

F'l:.:: 

t:~·t:+:: ((Y -::: /1 ([;;y)L fif,F·;-:; ~ 42AHt .-n ((.iL';( CfJL!fl'\') (CiH;L :t::}.'c EEfH' -~) (l!'J 

1:.i ;;.E:::~. tliH·-r;;'!) (\\}:·· H!L-~_tJF.~ O::Q'i'lUH i':-_:> ('X>-'~! A! Y.'ili< _.!t__!;W -~1.':::: JU;,,; 

::;·1~;: (('{ ':;) Z> (GI);>-L ~r r:Tr~f!D) (;r;;~' 1L;E' 'iS) t.T<:rnm T',lU) (:-;;:r:·i~D ;; ,)LJ,:'~ 

~P :1<!~ ,_l'Jr~_;-: '":;;m: ~Jtt~*: .;Ui-J!c, ~·Ufl(, -..l\.'i·;< f 

;nr·;~ ( (i'(t,NY t~GTTCf\ nt:Fnt=:~::;:;c \GC'tiL ;~ :Yfl[!-;D~ (Y 5 :':) (TOP fUEL'}E) U'-~iTT 

Ot'l TWO! <:S:::lW 'L' JUfW. ~!U:~!=: ~JUI~i'- .JUt\'l\ Jl.li-H~ .LlNt~ JU\~1<) 

F'9 

SH'i! ( (GQt,L :t: r·:FC?;LL :;;n::;·~·l:)il! {t·fi(,l ~:~~t t':TTFm:; (Y ~'; 7.) CfOF' TL-lE:L 1}C:) 

!-.~OT"fOH "fl,JQ) \SENI.! 4:: ;:Jiil~ JUiil\ ,)i!l-Ji·: JUi;:~ .JUNI~ JUllr~ ,_HJ11~~) 

f'10 

SHt: ( \BOTTOll H;D) (i3DAl. :¥. t-1TTEf 1 ::~; (Y :; Z? f. TOP HJ:;·: __ y;:;; t,SEt-!fl i\) J1 __ <·-H\ 
.JUNI< .JUW~ JUI4t< ~!W~K JW~l\ ..iUNf-~ .JU:--H\} 

PO 
lNF'LJT TO STH! 
::' ( t·h'\f-1Y -;- .UJ:'L) 

(~j'}:"iL :~: :"'.TTEt-JiJ) (l<}fTOi; TllO) 
Jl __ il-!!< ,_;:Jf_~;:: .JU:~!\. JU;Ih ,_!UP!~) 
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F' ·~ L.lEL 1.tE J .: nnm ~; .JUN!~ .)Ui-li\ • .!litH:; ...,H,;w:: .JuN:< ,Jur~:~ .;w.;-
r·t::.; 

t:TI<i \ U:H":}~J) .<1) ZGDAL ~ ~~TTF:i'H)) UtCTnm HID) <Y s Z) (T,-~1·' f',_'U~ 1 }:=::> ,JiJr~;·· 

.)UH:\ .JUt./!-\ JLHq~<:; JUHi-:.: jUNl"< .JUNI< JUi-ii<) 
PO 

STf-i; < (tl,~;i'JY i->OTTOn NOt.J) (G!Jt1L :¥ ttTTENO) (SE:J'O 4) (HOTTOM HL)) ('( ':;: 7': 
(TOP TU[Ll.J£) .JUNl< _lUNl~ JUf-W, JlJlW JUW\ ~!UW\ JUN!O 

F'13 

:::Hfi~ «Y TWC Z) OJ I) V> \GOt-<L t: {IDin H!OF,L :r:;J: ,!;TTE!~II) CBOTTOli HJO) ( 
f::t:UD 4) <Y ~} 2> (TOF' nJELI.'E) ,.)Ut~!( JUil!\ .JUUJ\ Jura\ JU>!I~/ 
F'15 

SiN! ( \GOt,L :<: NEXT Ai..ONGJ UJ.Ot:L ,;,c::...:- ;"1DDJ U.! 0 I_}) ~y TUG :Z) (GDP!L :~s:~ 

1'\TIEND) O:lOl"fD!-1 TWO) \St::tW 4> (Y 5 Z) (TLW T~ELVE) J\JIH\ J~JNt< JUIH\ JUI.t 
!0 
r>17Lt 

iHl~: ( (GOAL # flEXT ur·) Cf THREE Z) Ui>Jr~L ;rs;~ ADJ:t I ( U 0 V f \ V0?1L .i:S:l: A 
TTEf.JD) (l:JOTTUl''\ H-JO) (SENti ·P (Y. 5 Z) (TOP Tl<.!fl!~!f~) JlJfll( .JUW\ JUNl<: Jlll,H< 
) 

P16 

'))Hi: (\GoAL* rKXT UP> <Y THF:G:E £.) <Grh~;L :.;:s:t fi!Y01 OJ·) V) (DOfiL ·,ts.~ A 
TlEi,ln) OtC:lTOii 1'\.JO) \Sl:ND -1) Cf 5 Z) <TCP TWELI;t~) ,JlH!i\ JUNI< JlH!K .JUf':K 

f''lB 

~:~TM~ ((W 1 t)) ('{ THf([f:: Z) \S(:t,L * f>DD) (SIJ!clL *-S¥ i;TTCt'm) Cf::OTT\)H Tf.,JO) 
<SUm 4) ( Y 5 Z J (. TOF' T~iEU,.Il~ J ,JUNl< JtJW~ JUH!{ JUtJ;( .JU~~I<) 

Pl5 

<.rn-~: { (80{\l. :i; f;c~:<T t1LO!J/'~'l (G:Jt:L :t.S:t t1DD} UJ 1 U) \Y THPEE l) COCV,L :i:S 
;?; t-.TTEt.JI:t) <DDTTCii'·'i T'.J!J) <S:L.'r!D "'t) tY ::1 Z) \fOP TUCL'}C/ JWi~< JUfW ~H-'U::: ~1 

Pl/C 

~:ni.~ ( UJDtiL :~: tk>~l UP) (\' f'~.l\11' 7; <rnt:L :-!:<\:1· 1'r"~)J)) ill '.!> (G('II\i. J;(_:;;;; :11· 
1Ti'\t) <oorr:H-i ·ru•J• z::;::·:,r~ ·'!! \'t;; ZJ :'T(Jf T\J~L~T" n_u.,:;: ,:uuc< JU;!~~ . .Jlli-Ji;J 
;;·;6 

\ 
' 
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nTM: ( CCWAL * 11EXT UP) (Y FOW( Z> <Gf'HL *::;t MJ.D) \I.J :t. t..n <!HiM. #S:t: f:tT 
TF.:IH!) (I:QTTOM "JI.-JO) (SEND 4) (Y ;:=; Z) <TO:::· T~JEL')[) JUUI< JWJI< JUili< .JUH!O 
F'18A 

~:lTl1! ( (l.J 2 V> <Y FOUf\ 7) (C;Oi·'lL :r r\))D) n~nr.1L :t~\;.1:: i~TlFJilt) (I:DT"fOl'! H.JO) 
<nU~.O 4) ('( 5 f:) <TOF' l:<~ELVE) JUNI\ JIHH< ~JUUi< JUf~K .. J!INI"\) 
F'15 

~!H\! ( (GOr'!L :1: HEXT fiLOflG) (GOr~L :;:s::: til)f.!) (\J 2 V) (Y FOUf( Z) (GD(IL ;-fS:t 
iYTTENDJ (l::OTTON "PJO) <SEtW 4) <Y 5 Z) CTOP f\J[LI)[) JUIH\ .JIJNI< ~lUll!< JU 

~~I() 

F'17D 

sn~: < < oor.L * NEXT UP> (Y FIVE Z> (GOAL ;;:sc;: ~~tiL:) Ill 2 \)) (GOr,L ·t:::~--1: ~T 

TEh!D) < norror1 TWO) <SEr-lD 4) ('( 5 Z) (T()f-' Hl[Ll.JE) ... !Ui-ih JUNK JUN~; Jlllll•:) 
F'16 

STN! ( (GOAL * NEXT UF·) (Y FI 1K~ Z) ( GO~il :):8:.¥ ~~riD) ( l) 2 1}) ( LJOf'\L tS:{: 1'1T 
TF~N[I) <BOTTON TWO) <~~nm 4) ('( 5 Z) ( TOF' TWELt)E) Jur~r\ JUNI( JUl•lt: JUUI<) 
F'18B 

BH1! < (l.J 3 V) <Y FII..JE :2> (G0(1L * (1[1[1) CGO(il.. t~i;k tlTTEfHI) CBOTTOii TUO) 
<SEND 4) (Y !::! Z} <TOr· HJELVE) JUi'cH\ JUi--lJ( ~IUl'-H\ ,JUfH\ JUf-Jl"() 
F'15 

Sl"M! ((GOAL* NEXT AI_ONG) (GOAL *St ADD> (W 3 Vl <Y FIVE Zl (GOAL ~S* 
t1TTUH1l <Ia:JTTOli TWOl (~;Etm 4) (Y 5 :Z) <TOP HJEL.tJE) .J\JNl< ..JUNt~ -lUflf( JU 

jH-() 

P17E 

~:nM t ( ( GOM .. * NFXT UP) ( Y SIX Z) ( GQM_ J!;S:t (.;DI! l (t.J 3 V) (GOAL :I:S* ;tTT 
E:Nfll CI:UTTOI1 TLJO) <SEND 4) (Y ::'i Z) <TOP TWELVE) JUNt\ -JU~H\ JUNl< JUfiK) 
P16 

;:)TM: ((t;O(lL t. UEXT UP) (Y SIX Zl CG0<'1L ;n;;·.;~ t'"l(!_tl) (U :.=. t.l) {Gf"lf-1L :-:(:-3>1: r1-fT 
END) <BOl'l-OM TW0l CSEND 4) (Y 5 Zl <TOP TWELVl) JUNI< JU~K .JUNK ~lUtlK) 

F'l8C 

~:;Tt-1! {(lei 4 t.,J) <Y SIX Z> (CiO{d __ ))~ ~tDI!> (Gr:l/1L :r.s~+: nTTUW> ([!QTTUI\ TUOJ ( 
~:E/-Hl -1) (Y ;i Z) (TDP ·rtcJ: L. 1,'i;:} JUNi\ JUlJl< .J!Ii-ll\ ,.JUI!I{ .J\!f!l-\) 
F':t4 
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; 

.1 

~:!TI'i! ( (GCJ(,l_ t F'UIW[~) (l,J 4 t)} <SEtHI 1\) ('( ':1IX Z) {lji_lt'd. ;~~::}:F (',T"rErW> (£10 
TTU11 TUO) ( Y 5 Z) (TOP T\~JELVC) ~JLH~l"\ JUNK .JLHH\ .JUU!< JUNK) 
F'24A 

~:::'HI! ((t/IJAL ~t: PLJf;·GE) (:f:lOTT0!-1 ~ll':() (()Lfl ~lENLI i) (I.:J -'1- t)) <GOAL t:S* rnn:: 
H'O) <Y 5 Z> (TOP H~[i_!)[) .JUN\( ,JUI-11< JUUl\ ~JUNi\ ,JUW\ .JUWO 
f'24 

!_:;n-1t ~ (GOf1L ;t: PURGE) (t;OTTOI-1 SJ:X) <OLn SEND -1) OJ 4 t)) (G\Jf'll i;S:t riTTE 
t--J.n) (TOP TWEL')E) Jl!f-11< JUn!< JUI-H\ JUN!\ JlJNI'\ ~JUW~ JUNK) 
P25 

nTri: ((GDr1L ;~ F'lmGE) ((lOTlOf>·i ::nX> (DLLI SEND 4) (G()t'\L ~:=;-* 1HTEfJD) <Tor:· 
Tl,JC.LVE! JUW< JUtn\ ~lUl-l!( .JUNi-\ JUW\ JUf-1;-( ~HHil"i: JlJr-H\) 

F'2'7 

STH:. ( O:OllFfUil 31.'0 <OLD SEND 4) U::.OAL i: tnTENfJ) <TOP HJEL~![) JU~H\ JWJ 
1\ JUf!l< JUI'H< JiJf~!< JUI·!l\ JtJN!·( ~JUtH~ JU!lK) 
POOO 
INPUT TO ETM! 
*<bFUD 3) 

~HH! ((SEtHI J) <GOAL ATTE~ND> ([:OTTLWi SIX> <TOP TWELt)E) JUf11\ ~JIJN1< ,JUUJ< 
,JIJNK JUNI"~ ,.JtHW ,JUt-H-( JUt./K JUUI() 

F'l 

STM! ((Y 1 Z> CGOAL *SEND 3) (GOAl_ tS* ATTEND> (TOP TWELVE) (BOTTOM 
giX> <SEND 3) JUNK JUNK JUNK ~IUtJK JUNK JUNI< JUNK> 
F'2 

~nM! ( (GO ttL * PU::;H IilJTi"ON) (GOt!~._ :tS";\\ SEt!D 3) ( Y 1. Z) (GOAL :R~-J"~l~. rYfTUHI 
) <TOP Tl·JELl.IE) <BDTT01·i SIX) (SEND 3) JUNl\ JUN1\ JI . .INI': Jlli'li"\ JUi"l!\ JUU!O 
F"3 

STMl (CGO~l * SUDIT) CELf1 A> <GO~L *S~ SEND 3) <Y 1 Z> (GOAL *S~ ATTE 
l·nn CTOP TWEL\...T) (F.:orrot·\ ~)IX) (SLfHI 3) JUNt{ ._!LHJ!< Jl.L)I"\ JUtH< ,JU~ll<) 

P4 

::·;ni: (((;0(ll.. i~ CCJUlH) <(}~) 1) <GC:f':il ;f:.{n ;Ji·:.?!U :z,) (Y l :'.) (i;O~;L ·y_c::\; i'lfTUJ 
DJ (Tr:JF' T\~LL. 1JE) (E:OTTC!f"i SIX) (f=.::Um 3) ,.JUN!~ ~i!..li'H~ .JUiH\ JUI"Jl< JlllH\) 

~:;Tn~ ! (r;or"1l '" n.-.~:'l'") ccn:.L c•:,,_: :T) ,~~ .. ,: .. ;·· 

\ 
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;.,fTEf-~j)} ("J'CW T:.JEL</E) (l:;C1TTD1! r~:; (.SEPO 3/ ,JUiJi-; ":!Ji:L •. !Ui:l< J!J(;i( .JIJ,-J:<J 

F' -~-

;:nN~ ( !.Y 1 1.) ((;Ct!L Mf.lf\1<) \~-)AID l) <J:)O-;:\L COU1>/T) (GCI.~i! .. r-:?_;:t. ~:!;~-m 3) f\JO 
(:,:ID :t:S:t- /, n r:rWJ CfDf.· Ti,JCl..J.,.IfZ) {f;(l)'l DH ~-~ 1 X) ( 8ENI1 3) ~;UN:\ "H!r~J:. SJ!li< .Jl Jftf; 
) 

F:l 

!311it ( (G(li~L :t. SEW} ::n (Y 2 '?.) (G();\L :t<;:; (JTTFNn/ (TGJ:· TWEL 1,1[/ (HOTTIJi'i 
·3TX) (SEf~lJ 3) JUNl'\ JUi'!l< ,.)IJNI< JUU:< ,JU!'~t\ JUill\ _l!lt;!O 
f'~ 

:~n~i1 (<Gnt.t_ ;~ P!JS!l rn.rrrcn; <Gf1(4l J.o.:-=:::r sr:rr;_~ 3) ty 2 7! ;r;no._ t0:~ r'l'lF!H) 
) \ TQP TtJ[L 1

¥
1F! n·orrott SLO C3FND :.n J!JPh -JWW ... llH!f: JUUl< lUW< Ji)f!l<;) 

f'~ 

:nrt~ ( <G[ltlL ~1: SUFliT/ {f:LM r\/ (t}(1AL 't-S·t :?D;f'l :3> 0' :::0 7} t!Jiir\L t:S? 1'lTTE 
1-a:; <TOP '1l![Lt.,IE) l[:t'tTTOl'l SIX) <SUm 31 ,Jlln:l< ,,lttt-!i< -...lU!tl·,· ,JUflh ~HJUi<J 

F'·4 

GTM! <<COAL. t COllllT) <nS 1) <GOA!. *8~ St~JD 3) tY 2 Z) (G00L ~S* ~1-TEt• 

5.:1 (TOP H!ELVE'I (E:OTTOI·; 81X:• \~)~:?~!:~ 3) JU!W: ~!Ui>~l< JUPi< .Jtr:~!< JUNi\l 
r·~:. 

;;nt!! ( ((-;>JtoL :t tit~F:i<) (GOr'.L CDUlJl! (S;:,H: 2!' <G!lr:':JL .tp.t .SFHfJ ::;) ({;l!(:L :i'C:"t 
?:TTEND) CHIP TV.n:U}E) ( I;OTTDtl S -:~0 \ SE.\If! 3) ~!!. 1 fil\ JUr;:< JtW!\ ~lLii"'Jl< .JUf<l--;;; 

f".!+l 

~;-rn: ({'(:;; Zl (G0(1L f·l,'\f,·i~) tS.:·,1£1 :2) {GOi\l COUNT) U3r:i<".L ::t:!-'::~'- SEND 3) (GiJ 
,:O;L. ~f;S;~: ,~,TH-:fm) (TOI> TtJ[LVf:J (B(;TTOi-! SJXJ (:~:~;:t~V 31 ,;:Jill'. -.ltOt.t;-; .J1.!Nl·~ .JUr~J·:.: 

) 

PB 

S1·M: C<tOAl. ~ SCND ~) <Y 3 Z) ~GO~t! ~S~ ~TTE~J~) (TUP Tll~LVE> C80TTDH 
~~TX/ (bf':"T!;J ::<; Jl!i1i'\ ,.1UHi~ ,JUNi< .__fUn; JUNt< .!l!W-: JUi"i!~) 

P2 

~3Tti! ( i_ld.i{\l. t. F'U'?il r::.rrru;<; (fit::.~.~" -:·;.,-· s~-::"!:1::' \\ ry .5 .. ; !.fH.l/<1.. ··~~3·? :"'-<'f1T;·J"ft 
) CfC)f" ·t:JFL 1/[) (p(_;l"j c;··~ :)CO C~[~ 1 \.! ."5) ~!'Ji-li< .. ltHd"< .)i_1rii· .Jl:~':~ .. iUIJl< ._H.!lH<) 
r-;; 

-, i'~ ; ( ( . ' 

\ 
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·.• 

;:;fll: ((Ci()t;L W COUfJT) (f?•::J :1.) (Gi)t,t.. :rs--:~ ~~L::,it:~ :Y.J \Y ~~- Z) \f:CO·-~L ;ft~·,; i'1TTCN 
D> <TriP f1Jl.':L1,:::;) i'bUTlOi\ STX) (::_:,[;)-J"[i ;'.) .JUiJt\ ~JUt~:-: .Jili,~!~- ,.IW-~::: ..JI.II~i<'! 

r-~3 

~,-;;-:;; ( \OOf:L ~" :Vd~;O::;!~J (GQ,'";L (·mJp·n (~:";If! :q (11!\:\L f;;<";V<, >:;[Nr: :~-> (C(;~·JL :~:S:t: 

f,'fTEfiil) {'t1JP :i-Jn.V[! <r·DT70!l ~;LO ~;,;:::;n• :::; J;J:!l< J!Jf:i< ";t,~;q; Jutn:: ~iUJ:J;() 

~:-1n; {(Y -1 :;1 •r~o:.t. !~t'>r-:t<) tS!tl~J ::.' ':r•n,~,!, cnu;rrr !'r:nt1L -~:·;:t: :;u~r: ::; c;o 
,.,_:1-St t1rn:rw: ("f{y:• T'Al~UJE) O:>CT-:C:I L'.i.<) ,:,,f_(!J .'.\J ._>•:;q< JU:-H~ .!U;:i, ~lt!:JJ( 

F'7 

r:.-i)-j! (<Y .) /:) <ODf'>t. * .~TTtND) <TC'f;• T 1.-:::J.. 1)[) ~t:OTfOM r.:.IX) (S[Pf' 3) JUf:!< 
-..H.~>H< JUNl< .JUi'H\ Jt!:'JK JUrW Jl_!iJr~ .1:_:;-;l:: ~ 

STMt ((MA?iY BOTTOM BEFO~f) <GOAL * ATTEND) CY 4 Z) (TOP TWELVC> CBOIT 
ON SIXJ \SEND 3t JUUh: ""!U:H< ..JUl-f!:: .JW..!;\ . .JUHl: JUf'H< JUN;\J 
P9 

~nMt ( \O~lAL W t:[Ct:U. BGTTD~D (GOt=-IL ~~~_;:;: t\TTEf.,'DJ (Y 4 :u TDP HJt::LVE:i { 
J::DTTGP! SIX) t~~::_:r;o 0! JW.:i< .Jl't~!:._ JiHd< ~P;!Jl< ~Jtnt:\ .JU~~;'( .JUNf<J 
f-'j 0 

~~TH! ( (f:OTTOi1 SIX) {-(}G?'oL ;~ i\TIEi'-a:t) (Y 4 ZJ <TDF' T\lELVE) (ELl'lD 1) J!Jf~~~ 
,JUt~!< Jllfli\ Jt.:;;;:, ~J!.:t~l< ~iUili~ ..JUiJl< J~Ji-~(<) 

f'~) 

I n:·ur ro s rr'.; 
*: ( fi,''~NY rurn:: J 

EP1i ( <f-i(Jl\fY T\!r } rc:;,:;t,L_ -~' ,-",l\!:i-;IJ) (t;f:TTt:'<l flO {'/ 
Sl£i>HJ 3) ,JUW\ ,JUNl:. JUNf{ _J:J'; ";Uh:< __ !!_:~·;< JiH-!10 
f·H 

nnit < (G<:ll:tt * r~cr:t~u ·rur~:,~) ;_:~.,--_·,· 

r· H!EL\J[) C3EU!) 3) .JUiH~ _:: __ t:·W ~

p 1 :~ 

\ 
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HH!! ~C"TNT! 3) (('~0-f•L:!:: AT'fEND) (f;fHTC!i Sl-~1 Ct.-::: Zi \'"fOP TtJ\:L 1J:::t Jt.H"H~ 

JU>!I~ J!JW< ~.'W"·H< Jt!t!l~ JUt-W ~lUNI~ J!JN!\) 
F'O 
HWUT TO STM! 

STH: ((;J;ii'-tY ncnrm·; ND!..Ji (GOAL;¥ ATTt;f:t!) (£)L-,W 3) O::OTTON 81::\/ (Y /} Z) 
(TOP TMEL Vi~) .JI.Jl~i:, .J!Jt..;f< ,JUf !!<; JUf"H< . .JlJNI< JUf~i'\ Jt lNK ) 

P13 

UTM! t(Y SlX Z) (U 0 \)) (GOr1L * i'l:Ol'J) U:J(I,.c;l_ :~';):'! tJT'fUH.I) <BOlTOJi SlX) ( 
SE.ND 3} '(Y 4 Z) CfDf' f';JLLVE) ..Jl:i!t~ JUt~!< ~JUi'Jl( JUNK .JUm\) 
P15 

~:TM! C\GO?'d_ '+NEXT r•LO!iG) \GtML *S;~· ~,DD) (1.:1 0 VI <Y SlX Z) (iJOAL :tcs·.t: 
1~'!lrND) O::OTTOH SLO (8LND 3} \Y 4 Z) tTOP HJELV£) JUi'H~ JUUI< JlltiK .JlH~ 

JO 
P17f 

~JTM! ( (GJJ::L * NEXT G7') (Y SEVE'N Z) {{}0?'1L *Si~ r~~l.l.)) u.r 0 ')) <GOAL tS!I: A 
TTEND) (BtJTTOH SI>O <BEND 3) <Y 4 Z) (TOP TWELVE) .JUNi\ JUf-.il\ .JUrH\ .JutH< 
i 
F'\6 

~:lTM! { \GOtiL t NEXT UP) \Y SEI)EN Z) (GO~L ~-S:t tj:.HI} lW 0 1./) (GDtiL :t:Si: (f 

TTEtm> OlCHTOI'i ~3IX> (SD-lD ::0 <Y 4 :n (l0F' TWfU..-lE_) ~JtHJK -...IUNI< JUW\ JL'Ni\ 
) 

P18 

~rrM: ((W 1 iJ) fY St:Vr::N Zl <GOAL :t A[lfl) \GO{il *-~):$: A1TEni)) C8flTT0l'i SIX) 
<SEND 31 <Y 4 2.) <TOP i'WD.VE) JUl4J:: .JUW~ JliNi"\ -JUI\'K ~JUNK) 

P1S 

~)Tf-1: ((GOAL 1': !-!EXT f"LONG) (GD/'iL i:S-i< ADD) (W t \J) (Y HEVEN 'Z) (GOAL *S 
'i~ .~: nEHD) U,:Crfl'ot'l SIX) U3ECW 3 i ( Y 4 Z) C TOP T01£L 1)E) JlHll\ JtJfn\ JUNt\ ,J 
UH!O 
F'17G 

;;~TJ-i! ( -:CD•~:'. ~~ f~FXT L!f') ("( EIGHT Zi (Gfl:)l j:S.~ 0.!";(!) OJ 1 \,n {Of)f.,L J:i;::S:f ~ 

Tff3-fi)) C8(1,Tt;•-l SIX! !;:;n~Jt 3) !Y 4 J (Tf!~:· Hl[i)Jf::i JL'Nl\ JUNl\ .JUtlf\ JW:i< 
) 

f:'1 (: 

\ 
' 
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,, 
~;;rn: C CGDfd .. :t ~!EXT UF') (Y EHIHT 7..) U~Dtd .. :~:_}:i; f1lH1) (l,J :1. t.,.l) \GDfll.. :tS;t.. 1"1 
rrnlfl) CBOTHHi SIX) <SUW 3) CY ·1 Z) (TOP ll-.il~Lt)[) JW-W JUNi< JUNi~ ,JUH!\ 
) 

P18A 

nTt',! ( <i·J 2 1.,.,1 ) ('( EIGHT Z> (GOAL :f nr:q)) (G!lt"d ... -~:s:t tdT::::ND) (l:OTHHi SIX) 
0: SEND 3) ( Y A Z) < HlF' TL4EL1JE J JUNI\ .. JUNi< .Jill,!:< ~.!UUt-~: JUN1<) 

F'15 

~:JH1! l.CGOP1L *NEXT Al..otm/ CGOAL ;)::S;t M![!) (U 2 IJ) (Y E1GHT Z) (GO:~lL t:S 
>:< t"'TTEt·.W) <I:OTTm) SIX> (SEflft 3) CY II Z> (TOF' HJEL'Jf::) .JUUK ~JUW\ ,.JUNK ._I 
UU!\) 
1"'17H 

STtl! ((GOAL* NEXT UP> CY NINE Z) CGO~L *S~ ADD> CW 2 Vl (GO~L *StAT 
Tt_"Nl.l) (E<OTHJM SJX) (UJ·W 3) <Y 4 Z> <TOP HJCUJ[) JlHW ~JUNt< JUNi~ JUIIK) 
F'16 

~:;Ttl~ ( CGOrtL t ?!EXT UP> \Y NIUE Z) <GOt1L *S* r1It1n <tct 2 tn <GOf'1L :ri:.;;t (Jl 
TFHD) (IlOTHHi SIX) (SEND 3) <Y 4 Z> <TOF' HJELVE) ~IU:-H< ,JLHn\ JUl-n\ ,JUfHO 
F'l8f: 

:~;T?1: ((l,J 3 1)) (Y NPW Z) <GOf.ll_ t tllH!) (Q[if!lL :t~::>:t ATTEND) <E'OTTUf1 SIX) 
<SEND 3) (Y 4 Z) <TOP HJ[LVE) JUi-!1< .JUNI~ JIJNt< .JUi!!\ JU1~!0 
P14 

nTH! ((GD~'iL t· F'UF:GE) (lJ 3 \,1 ) (SEND 3) (Y /'JI:· 1E ;!.) (GDtlL *3* f.lTTEtlD) (B 

CJ"fT~-,N SJX) <Y 4 Z> ("TOF' HJELVE) ~lUi-ll< .JIJI.H\ JUi'll\ JI.H-11'< .. H.JNt\) 
r·;:-1r.1 

~;TN! ( (GOt1L :~: PUl'WF) (T-:!OI'TOM J"IJf.l[) (OLD SEND 3) (tJ 3 I)) ([!(){'1l_, tS>~ t1TT 
E1·1fi} <Y 4 2'.) <TOP Tl-JFL 1v'f:.) ,JUW< ~H.H--!1< Jlll·ll\ .JU1-H~ .JUIH\ .JUi-HO 
p;~ ·1 

~:;TH: ( ( GDrd 1: F''UFiGE) ( J::l'!'! TOi-l tlTt-lF) (OLD ~/END 3) ( !·J 3 1.)) < CCJ(-il... :t:~;:t: A f'f 
EUD) (TOr:· TH::t .. 1.JE) ,JI.JNI< ___ !Uri:'; ,JUfJt:; _.JLJ!-!1~ ,!Uf~l< J!.HW .JLHW) 
r·2:.i 

~:)Ti"-1! (([i('l(\! '~ r-'IJPCT) \F:i_lTf(HI t-IH.W) (!]Ll'l ~;Um 3) (Cii'l(d :+:~3~- iYTTEf!D) ('fO 
F· T~~EL')[) •. Hhn~ .JtH-!:< ,JLW:·: ... 'Ufli< ,!I..J:-1! .. JI.lil:< .Jl.Jill:: .JU;-q::) 
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I 

f•(;(;<", 

IN!:·;r; TO ~:TM! 

*'uci·m l) 

'} 

~:;·rri~ ((SFND l) U~(~t'.L ATT~:l':D) niOTlD!i t!INE:) (fOP 1h![LVE) ,UJflK JlJNl\- JUf1 
t< JUNK ~!Ufi!: JU1H< ,Ju;-';~ JW!!< JIJU!\) 
f'l 

STM: (('f 1 Z) (Q(),~,L :l' St:f-JJ) 1) <GCL\L ~-s;r t~·rn:::rnn n-op T!_,J::l))E) (f.:fJTTOH 
Nli"[) (SCHD 1) ,JL;Nl< .JUilh' ,Jl5!!l< ~.!UPi'\ .JL:W .lUt!l\ .JIJNfd 
F'2 

~~It~! < ( GClr:;L * f'Uf;H f:>iJlTOI-i/ (GOAL t:;:;:f. :::;nU.! 1 J ( Y 1 ; J WOAL :-rS:f tt TTEi/D 
) (TOF' TrlEl.VE) (}{0TTOL t.IHil?.! (t:,END 1) JUPI< .. n.:Nl: . ..JUIH< .JUl-1:-:: JlJIH\ JUf!IO 
F'3 

STM: ((00~L * SUBIT) CEI.M A) <GO~L tS~ S~ND 1) (Y t ~l CGOAL ~S% ~TTE 
lW) <TCP HTFLVE) <BOfTO!\ n:::r~E) ts;;::;-m 1) ,_lUU~\ ,J:J:-,t{ ,JW-11< JUl'-11~ ,_;Vf-!1:;) 
P4 

STM! >: CGOAL t CO\H!TJ (OS 1) {GOi'lt ·;;::;* SCt!D 1) ('{ 1 2) <Gflt:IL :¥~3:1' tlTTEt1 
Dl \TOP TWU. 1.)[) n:·::JffO<·-; NH:E) (S?·rm 1) JUrH< .JUrn< ~!t.1t-:~~ ,.JL!t~i~ .JUPI<} 
F'3 

~;Tt1! ((GfJtiL :~ Nf.il-::l\) '-GCt'\L CD!Ji-rf) \Cir'11D 1) \(,t:M .. 'l-'8:-t. SENV 1 J <GDt~L '*8:11 
t:TTE?fl!) (TOP TWEL')[) (L,iJTT~Ji·J t1H~S:> (~·:-:::t!tl ! : JUUi\ ,J!JI'JI< .JUrlh ,JUI~i( ~JUn: 

) 

F·6 

~·HH! ( ( Y 2 ? ) ( Gth"::L fif';io-'F. ': ( Sr't:f.!: l) ( GCli"1l r::~~J.ltH i ( GO<"lL if:S* ::.:[\l:l t) (GO 
~d :YS* (d'TL'fHI) { u::w ft·CLV(:.J tncn F!i'\ NUH::::' \SE:JD 1} ,JUnK J!J\Jl< Jl.iftl~ JUN 
10 
P7 

~Hti: UY ~! '?) (G00L ,c,'(TEfWJ 'fOP TU[i_!.JE) <e:o:·Toh J-.J:U\E) (~TtW lf ,JUN 
~; ,J\HH\ .HH-11\ ,J1Jt-W: JlJU!-: ... n ii"!f~ . lUNL ,Jt::1i\; 
P•) 
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::::n-i~ ((!~o,:,L ,;,- F\ECc~1U BOTTf.J!i) -(GQt,L ~:::-~, t\TT~:tml (Y;: ~)(fOP T0t~LVE? 
tmTHlM t·!H1E) Uif'HO 1.! JUW< ,JLJt-ll< .JUt~l< J;JW\ ~lU>"-lJ\ J:.H;:< ~lUliK) 
P\0 

sn-;: ((BOTTOM fiTHEI <GC!:L :k td·n::i'-JD) (Y :2 Z) CTor· HJEL1JE) (·:~UHI 1) JUr-f 
l\ Jl:'H< JUi'li<; JUiii\ .JLn1;-;; ... ;;,Jll;:, ,.JUi-H\ ~'lJI)I() 
p(l 

INPUT TO STM! 
»: ( ';-!i~Ji"!Y TtHHZ) 

STHi ( UiMH TL!J:·f) <GOt\L * ?'.TTEND) U:OTTIJH tUNE} (Y 2 Z) \TOP TW::7.L 1.1EJ 
(SEfiD 1) JUN!\ ,;~JNK ._lUt:t,: ,JUJ.JI\ JUNl\ .JUI~!\ JUNK) 
F'll 

G;Hit {(CJO;\L * REC?·,LL TUBE! (GOAL ;t:r.;~~ t.Tn:r:n; (B.'JTTOI'i HlNE> (Y :'} Z) \T 
DP TWELVE:) (SOil) 1) ,J!Ji.!t~ .JUi~l< JU!-E\ JUi'~i~ JW-~K %JU!'-H~ .JLJNIO 
P12 

*******·*- (SEND l) 

STI-i: ((SEND :1.! (GOAL* (lTTEtiD) n::nrron NINE! (Y :< Z> (TUP TLJELVE) ,J!Jf.! 
K .J:Jl'il'< ~EJNf< J\H-B< ~JUW\ Jl..HW J!JtiK JUWO 
PO 
TNr·UT TO STl1~ 

;?: \ l>h~NY DOT!L!H NrJht) 

~}TN! (\HONY I:GTTOf-i WJ!;S) (GO,\L * ~YfTEIJ[!) (S(:':tW 1) \BIJTrm; NINE:) ('f 2 Z 
) (Tm' T';JEL!.JC) JLHJK .JUW~ .JUti!~ .JUf-{1( _ _J!!':ll\ JUIW,: ,J~JN~O 

P13 

~lTM~ {(Y NINE' 2) <W 0 \!) (ODtlL ;t; f',D:n t..':<O!il. :$:S;t. rifn~;·m) (~;rJTTON NH~t::) 

( -sr:ND 1 l ( "{ 2 Z > (TOP H!EL ')E J JUNK .JU?!i< .. .JUNJ\ . .JUf"Jit; ~JUW\) 
f:·ts 

UlM! ((Gli<~lL ;f ;>Jt:XT ALON!J) {t;C;;\l. ·-?s·;; i1f.!?"') (;J 0 ;,n ,_·y NH·H::: ::; iU('f;,L ~~:3¥ 

r'1TlTNDJ \hHTOi1 NINLJ (~1fHf.! tJ \Y 2 ·:1 <J"OP HJ:'IOE) .JI.nn .... 1UN:< .itH1!< J 
Ul-ll\) 
F'17I 

;:~H\; (((JQ,'d .. ·;; r>:-:Y.T 1Ji·'/ (Y 'i'I·:"H ZJ UF~t;l. :yf--ic M:i!) C-1 0 u; c::Cl.~.L ~'':;·r (\TT 
~::l·if;) (IoQTTUf\ i!J.J·.:C) 'Bf::lD 1.) 0 ::-: ?:J CTi:H· n;~~L\1 EJ ;~_!;!~( .. J\JN~< ~illi'ii., ,i!li"Ji<'l 
F' J f.. 
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,. 

::;nli ~ (GOtiL * NEXT UF') (Y TEl-l Z) (00."1L ;;:;:,;-;c t:l:lft) (•,J 0 t)) CGOt1L. :i'.S~~ nTT 
E!-lft) (BOTTOM NHlE) (SEND 1) Cf 2 Z> CTOP HJEL.VE> JUtll< ,iW-!l\ . .Jiir-H<; J\.H-!1<) 
F'J8 

~:lTMi ( (LJ 1 V) <Y lD-l Z) <GO!iL t (..;1)1"!) ((-)0/il .. ;~S:l: ttTTL'!D) <DOTT01·; l'H~IE) 

<SE:llD 1) <Y 2 :n (TOP HJEL'.-'::::) JutW; .JUNJ< .JUNi< JUi·ll\ ._!Uf-H\) 
F'l4 

~nt"'i: ( ccor!L -~ PUF-:GE) <J.J 1 •J) <s~:-~rm u Cf Tt::~J z> (Gor:-:.L t.s:.~~ ~~-TTEND> <:t:o 
TTOh NTUE) <Y 2 Z> <TOP HJEL 1JE) JUI-!1\ .JUf-H< .JUNI< .JlJ!-W JUdf~) 

F'2-M 

~:\Ti~! < U30tlL *- F'URGF) <BOTHli1 TFfJ) (OLD SEl"-lD 1) (W 1 V) <GDt1L t.S:t ."-JTTE 
t·lJ)) ('( 2 Z) (TOP ll·IELtJE) JU~W ~HH-JJ< ~JUUK ~.I!JNI< ~JUNl< .JUWO 
P24 

LTiit <<GOf'!L :t f'lmCC) Cf:OTTOfi TO!) (f!l_)) SEt~T! j) (l,J 1 i)) (GOt.L ¥Sl tLTTE 
1-n)) (TOF' TtJEL 1...'E) .H_H.!f\ ,.JlHW\ JU~J1-\ JUUl< ,Jl)i~l< ,HJi!i( JUNI<) 
r·:._;5 

STM! ((COAL* PURGE) CBOTT0l1 TEN) <OLD SEtln 1> tGDAL *S$ ~TTEND> CTOP 
TWELVE> JUNK JUNi< JUt~K JUt~!~ Jl!NIC JUi~K JUNI< JUNK> 

Pn 

~Hh: .( <t~~JTT0/1 TEN) (()Lfl SEND 1) (GOf1L * t~TTFt-lD) <TOP TI.JEL.W.::> JUNK JUN 
K JUfH\ ..JLH!I\ ~JlH·H\ JlHii< JUNK -JUf-ll< JUtll<) 
F'OOO 

~:n:l! (~!IL CGOAL f.lTTC/Il) <BOTTOI·I TFfl) (TOP TI .. )El!}f) ,.lUW\ .. HJI~l\ ~JW·JI\ JUNl< 
JUi\~t< JUNl< JUfW JUin< JUNl-() 

FN:O OF RUN 

\ 
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AlXENOOM 3. 

LISTING AND EXECUI'ICN TRACE FOR 

N-ADD-NV: IDDIFIED COONTING METHOD. 

3j 



(,,·., \~lt:i·JC) 

( iJ ::~FNG) 

( C (,}3!L > 
c n G:.:Nc, 
( E' I.)L;\'C J 
<<X> ::;;:;-oc> 
(<P> ~~EGCl 

( r-r:•ODUCT I O~.f~; t 
(PUOO (tiDAl.* Al'l'f:ND)CGLD S£ND C> 

F:ETL<<GOr\L ;K f-tTTEND> (00(\L + r.YfTE~-WJJ? 
r~r:L ((OLD BEND C)) 1 
USt::f::() 
CPOO CGOAL * ATTEND)CGOJ 

REPL((GO~L %ATTEND) (GOAL t ATTEND)); 
DFL( (GD> J ) 
CPO (G!JAL * ATTE:ND) 

(Pt CGOAL + ATTEND>(TCP A)(BJTTOM B>CSEND Cl 

REPLC(GOAL t ATTENDI 
INSt(80AL. * SSND C)); 
Ii~S<<Y ONE 7>> ) 
<F·'2 <GOAL * SEND C) 

f,'EFL( ((3(h~1L ::~ ~JENit C) ; (GO:c\L >:~S:t SEND C)); 
H"!~-;Z (i30t'1L ))\ r·u~:H I'UTTON)) ) 
<P3 (GO~l- * PllSti BUTTON) 
··--· :.· -~. 

1Nb((FL~·l 1'1))1 

IrJS((OOAI. * S!.IBIT)) 
(P4 <GOAL * SUDIT)<ELM ~) 
r .•• ;::.::.o:> 

J!";;;( (U:J l )) ;, 
I•EL' CFLh 1'.' l; 

F:LJ··t. ( < f)C;{lL t COUNT) 
D::J .. ( H~~; 1 l) ~ 

( Gf]r;L t COUf~T)) 1 

REF·L(('( ,·v, 7) (SAID <X>)); 
:rw·; ( (CD I';:_ it: f~!'!f{l~ J) ) 
<F·.) ·:GOt;L * Lf'JF~·l<; (f;~(,.ID OUf::) 

REPL<<VQ{:l_ *MARK) 
lNS<CY 'l'tJn Z}) > 

,,-,;: ~ ·'. 

J l-:;:." ( 't ·11 :r::r:r -<-. ~, t 
(~·-·:-B (CC(·>t :t iV1I;~l<J •:::~f-lltl 1'HF:EE> 

F:LT' 1 .. ( ( C:"':'\L t :·i:'J::l< 7 
Ii.::; •: ( f r -:·:!P ! "~ 

'(P6C t·>··,--\L ::· <;(:~::;<> r~:_;r:·~ti) r:o:.:r~; 

:> 
itEPI. C(IJ;o..,L Jr. Mf.£K) 1 'GUcd I 1\t.:-·:-;; >' 
!ijS((Y FlVE l)) ) 
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• (P7 t({r,l 

{:~11) C) 
..... ·> 
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Rf:PL ( ( GC/.J .. ik~; ~- f~PfiF·r:fiC) < C('!(lL :;-; CW·I('~,f~())-; 

lN~~< <Y r p·-~r:: ::) > ' 
(F'17C \~::•C'f',L .,- f1t,F;i.) (f-lUilf;[f.: FGur:~; 

Rf:PL ( ( G\:Jr.~.. * P/:1"!·') ; i GDf1l :tS:t: Mt:f.:?l:) ) t 
F:Ff'L ( ( Gc.:.L_ }j:'S "-: C8f':F't:.r-:E J ; ( GCt:L * COf!F'AF\t) ) t 
InS<(Y rj.',1t;: :::-> 
<P17D tGOAl ~ M~RKl<tJUHBER FIVE) 
(;,::;:,> 

f~[PLt(G[t;,L% HAnt~> (GOAL tS* MARK)); 
RfPL((DG~~. *St CO~~~ARE) CGU~l. * COI4PARE)); 
1 i-!8 ( z y ;,.-: 1 ·:; 7.) > 
( F-· 1 '?f. ,( C:.l .. ;t~L ._,_ dt;F:;'\ J ( i"--iUHBEf\ Sl: X) 

f;:Ef-'L ( ( GtW.~" 't h;·~~:>l<) < GOr'lL if.S~' Nt\f.:l<)}; 
F:Er'L( tGiJt.L *-Sf. cet~rt:lf:E) (GCltlL t: COtif'~~r\E)); 

Il~~;< {Y :~~:-:.'-Tr-~ ,: ·, > ) 

f;:J::r·t.. ( < GU-·>L 7,·. t':tli'HC: ( G\Jl1L :{:8~ i'"1t;r\l:)); 
F:Li··L ( ( GCJ;:,t._ :f-t::~ CCi'iPt!\r::E) ( GfX;L ::f: COllF';'\f\E)}; 
I?J3((Y L!f~11· -·) 

HEJ'L(\G''.-,:. t: fY1f>}·:) tGOt:"tL ~<.:·t: tit:Rl\)); 
PE.t'L((GO(.:!_ ;J:t~~~- CC~·if't::f":E) (CUf':.L It" CDNf'f>RE)); 
ll.£~1( <Y i<fl·J[ z:) 
(P17H ([:'"""."~!.. ~~ M:-:',F:\) CdUMBER fH1'4E; 

r::~:F'Li.CG~Jr·-!- 11· fit;f:1<; , \GDf"1L :t'.~)-t Mt.!F~l<>>t 
p;:;r·L ( (GOt~! .. :~:~'Pi C~J;"iF'ftF~C:) ( GOr\L *· COMPflf<E l) ~ 
It.tS< <Y 1L:·f :Zl :- ) 
<P171 \C~Al_ M~RK)<NUMDER TEN) 

}(Er·t..CCGC"~- * t~~RX) <GOAL *S~ MA~K)); 
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<~GOAL T ;.'iTH::i-Wf (TOf' Th'EL.\!CJ O:>(HTOij 7Ef::D/ n3D~Li ', ,;! 
~JUNt~ JUrH~ .JU!-.11··: ~J:.m:< ~H.li"tr~ ~!tlf{!\ JUW~ JlJW:: ,JUIH'\) 

PO 
1. t-WUT TO STM! 
:1:\ GO> 

,, 

STM: (<GO) (G:Jj':•L * f!TTENi)) crnr.- Tt.J~~Ll,l[i U)fJTTllM ;:Ef-'f)) <SDW ·;w.J ·w:;~;, 

JUNt:: ,JutH\ .JutlK ,JUNK .JUHl: JU\H~: ,JUnK .JLl(·J}\ J1H~f( J:JWO 
r-oo 

f:\H~! ( tCDt\L ATTEUD} (TOP Tt-JE::Lt.l£) ('[{fJTTC:i'l zrJ,:Q) (SEHD TWO) .JUt.Jl< ,JU[l;( J 
UnK JUNK Jt!Nt< ..!UNK .JUi·i!{ JUNK -JUW< Ju;w: ~J~JNI\ JLHll\) 
Pl 

~ BTM~ ( <Y onE Z) (GOf-iL :~ SEtHI TWO) \GOriL .:l:S~~ t;TT!::fHt) (TOP 1l-lfJ.1)f} n~OT 

101'! ZERDJ (S£HI:! TWO) JlJ:iK JUNK .JUNl< ,.ll;;JK .JUN<< JUPlC .JUNK JUNK JUNK JtW 
lO 
F'2 

:::;TMt ( (0r}td_ :~ t'l1riH t:Urrorn (GOAL t:S;t SF:rfD THO> (Y ONE :Z) (CDi'1L :iS'~ /11' 
l'El!J)) <TOP Ttdi:-L 1JE J { :SOTTOM ZFF:f,J) ( :3EfW ·-iw) JU~~f< Jt!Nl< JUN:< JUNK .JUN~~ 
JUH!\ J_UW~ .Jut~J{ .JUNJO 

11 P3 
il ,, 
i, 

~3Tt1! ({~'i(Jt;!_ :1~ !.:;l.JD!Tl tEUi ~")) <GO;oCtL :J:S:t SF.P!D TIAn) ('( CPC Z) <11\h)L *B* 
!:'rlTC:fJI'tJ ! rnr· TllFLVE) (f::OTTDI-\ ZFtD) (~)El'-W TWO> JUNK JUNt~ ,JUNK J!Ji'·iK JUN 
!-\ ~JUNt\ JlJr!K J~Jt:t·~) 
P~', 

';:rft-1! ((G:'it,t :j; COUifT) ens l) (i3Ci/\L :t:S:t ;3END TWC:J ('f \JNE 7} (GDt<L :tS* i'-1 

l'l F.:l-!D! ( ret· T~::.~_l.'..'t: l 0.-0"! WI'< :ZU~C)) < SFJ-~D Tl.:tl) ,_;um:: JWH< JUf~l< ,JU!it\ JUNK: 
.J~JNI\ ,JUfW ~lUN!<) 

P5 

ST11i ( (f.1:1A~- :t i"-'';Af;;i<) (C;Jt,L r;OUNT) (•.-;;.r;T\! \J:i\:1 ((10,.·';!~ :i'H;~ SEND Tl·H1'i (GOI\L 
$~>:: (',TTL;;:";l ZITW T;r,~t_UE_} \~HJrTm; JTF;:J'• ~~-~n~D TU!Ji ,JUPi< ,;iJI>-!!-'. JI.J?-W: JUN 

1: Jum~ ~Ju~~~~ ,Jl_l: w .J! m:~: l 
f'' 

:·:;;,·; (('( T'J'\ '".:' u;r-.;,:, !-"!.f''l<-; (.-::.::-.~V n:·F;:; {:.:-1i·' c"'r:';-•T' ({\();"',t~ ":'~?. ,·.·- '1 ·r·.: 

\ 
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SF'i! ((GOAL --1' SZ::;JD TWf'l.)" CY TitHJ Z) \Oth''d"' :tS:f l\T"fc:iWJ OOP H!CLVE:J (f:~JT 
TfW\ ;Tr\0) CJ:[IID T~·JO) JUN!c. ,.IUNK !UNI{ .JUt"';~ JL1t1J-:: .HJlll\' ";ll(tt< J!Jti\'~ -itH:J< ~JLHl 

10 
1~'2 

~]"P-1! ( lG£h'-1L t f'U:;}! f-:UTT(•f-P (G0:"';L 1\S.¥ flOW Tt/0/ ('f 7t-!0 :.n <GOr'll. IYS"t 1\T 
n hiD/ (TOP Ttl~~L 1)FJ (f·t:TTON z~:r:;O) (£:n;;) T\-W: JU~~l< JUtE< .J\HJJ:: :JUrH~ .JW-H< 

rnM: (\G(l{\L :f: :~;:F:T.T) <ELM f.1) <:G:)f>L ~.c;~ SrNtl HlfJ) (y HJO Zl (::;f~t-.L .tS:-l: 
(',"f fFr!ft) < TCif' TUl:L ll[ ( Hr(i TOfl 7ERC) ( ::··nm HlC) ~JlJW:: Ji_rl0}~ JUNK Jl Ji'J~~ ~.!!HI 

~:;P":! ((GOM. '? C;1U~H) (O:?c i) <GDt.•t *S~; ~T;J;:1 1UD) (Y T',.liJ 7,) (Gl!t.,L :;;::;"~:~ ,'.'J 

f'fLWJ) ('Jf.W TLJt~L 1}Ef (BU1'TCM ::r:::fWi \tiLt!D 'fWfJ) _H_:LH~ J~li'.!!~ JUNr~ ~JU:~r JUilK 
.JU1 W ..l!HH\ ,JLH<:<) 

~FI1: { (GO~d ... 'T i''t<F-'1\) (('.JtJL COUPTl (Sf:H! l~J!Jl <co~;,;. :ts-r: ::;CND TWOJ {GOr.L 
:'f;S :· 1'~1 TEfEI > \ FF' TldEL \.'E') \ }:;01 HH'I ZCf<J) \ ~:'Ei'HJ THC!) .HJi~1< .JUN!-~ JU~Jf~ • .!UfJ 

~~ .:uw'~ JUh'!·~ .Jun;-, ,..:UN!<> 
r·t.t: 

()'Y~j; {(Y TH?F.:E. ! <tW1-tL t-~t.f\1\) (~}(]TD Tl~(l,l ((l~h!JL C!"1t1NT.\ tGCJ(';L. :r~:;;x SE.ND 
T\·iO! (00f'IL :H~:r ;Y:JTNDJ ZTOF TPt-:L 1, 1[) (£f']TT0h ZEfW) tS::-fW THC') .. JUi--Jl-'~ ~JUU 

!< .JUfH< JJfil\ .HlfH-:: ,JtJtH\ .JU\1!~) 
F'7 

:i;Tf"ii ( \Y Tllfi'LE Z) (GOP,!_. t Pd f:7tJin \TC:f· '!'UEL ,1f) n:nTTi'J?~ ~!Ef·:D> (SOlD TW 
OJ JUW< ~HJi,ll( ,,1\Jl''l< JU!ll< -.~Ui'l!< .. JU:i:.< ,Jtfi-H~ Jt!i'~!; lllfW J'Jrif;' .. 1\.JHl<:.) 

f;T,-'ii (t_MMJ~· ~::f.HTf:t ~::f.:TCt:r:·; ~CC•i.!. K' >'+T'!E!-;;_:; ('( T~-4~---:.T ::> (HJf"· TU::L\)Fl ( 
BO'i'iDf·i ;:::t:IJ) :~~~: :-!;": -;-~\[\) -~~~;:;;· JU!H~ .JU!J," ,Jl 1t:·-- .. ,I' __ ;N!< ,)~_;:·• ,PJi:\ .. II!~ .J:JnY 
~1Uf-JL) 

P'/ 
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:;nl! ( ( uu,~,L . ···u,LL '''-'; TCii' 
E) CBClTTOM ZERO) (~ENlt TWU) 
\.W!\ .Jtn-lt\) 
P10 

******** <BOTTOM ZERO) 

(y THi:~!.:·:: "/) (Y"CJj> T!l~:!.') 

Jt..li--11:: ,.JU!-.1!·:: ~HJ(H:, ~lUi'.!!< . ! 

STM! ((BOTTOM ZtRO) <GOAL* ATTEIJD) CY T~1REE Z> CTOP Tl-l[l_U~) <SEND TW 
0) JLHW,: JUNK ~JUt-H\ -JUNK JUI-H< JUI~!\ JUH!~ JUi';_::: JUf-l:< ~!U~F~ Jl !~-!1<) 
F'O 
JNF'UT TD SIM: 
i't ( 1-lflNY TUBE) 

Ln1: ( 01(-lf!Y TUBE) CGOf.1L * (lTTENJ:!) n:-:DTTOV! zr::~·;:c.' ('( TH:~;;:::::~ :~) ( l"Cl!~· T!JCI. 
VE) (~)END HJO) JUfH< JUUi\ ~iUW\ JUlH~ ~JUHJ< JUUI< JUW\ J!WI\ ,)l..J:~l< Ju;·;:<) 
Pll 

STH! ( (G()(,t_ t F~EC(1Ll TUBE) (GDt1L :¥.3* f1TTEND) (f:Orfotl zr::r:·r)) (Y "rliG:[[ Z 
) (TQF' TWELI)F.:) ('3Er-lf.l H/0) JUI'i!\ JUU!\ .JUNI\ ~.iUNl"\ JUNI< JUU1·: JUiH< JUi'!l< JlJi\! 
1\ JUNK) 
P12 

******** <SEND TWO) 

STM! <<SEND TWO) CGCAL * ATl"END) CBOTTOM ZERO> (Y THREE Z) <TOP TWCL'J 
E> JUNK JUNK JUNK JUtiK JUNK JUNi\ JU~!I\ JUNK ~JUNK JUNK JUNK) 
PO 
TNPUT TO STH: 
*IMANY BOTTOM NOWI 

STMi ( CMAUY I:OTHH1 tlO~J) <GOAL t tiTTDW) <SEND HJQ) ()30TTCJ:-I ZEr\0) <Y T 
HREE Z) (TOP HJFLVC > JUNK JUNK JUUK JLJ!·-H\ JUf.ll"\ JUN!\ ~JUNI< JUNK JW-1!\ JUN 
10 
F'13 

STM: C(Y Ot!E Z) CGOAL *S* ADD) !GOAL *St COMPARE> <GOAL tS~ HARK> CGO 
A!. *S* 110VE) <COAt. * SMALL) (Gfl~L *S* ATTFND) <SEtlD TI~O> CDOTTOM ZERO 
) (Y T!lf\EE Z) CTOF' T!rJ[LVE) ,JUNl< J\J/-1!\ ~1\Jf'H\ JUPl< JUNIO 
F'130fl 

STM! CCGOAL t PURGE> <BOTTOM l"WO> (OLD SEND fWD) CY O~IE Z> <GOAL *S* 
tJTTUli'Il <Y Tl-;t;:CE :/:) (TOF' TI.-JFLI.J[) JUNl\ ,JUI~!-:: JlJl"H~ ~lUNl< JUUt< .JUNt~ ~JU!lt< J 
Ul·ll{ J!.H~!<) 

P:~4 
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rHREE Z) (TI_JP Tir!El.t..Jf:) Jl.INK ._fU~ll\ JUW< JUHI'\ ,J!JW\ ,JUNl< Jui--J~~ JUiH\ ~JUi'!!'~ J 
Ui~l() 

f'24 

EHM: ({GGrCIL * f·U:WE> <DOTTOi -n,HJ) ~OLD SEr!D TUO) <GO:;L -~::J;t !'llT7l'i£1) (T 
OP HJELVE I JWH\ .JUW\ JUNK JUW\ JiJrU\ .JUN!\ JUNi~ .JUM\ JUi'a-: JUN!\ JUfi!O 
f='27 

(nM: ( (It!)TTCf~ HJO) (0L"D Stl'JD Tl.Jf)! \GOAL * f!TTEtW) <TOf' 7Wf::L.t,JE) JlHil\ J 
UP!< JUNI~ JUW\ JL!t"K ~lUN~\ ~IUnK JUNK JUNl<; JU\lK JUfn\ JUN!O 
Ff>OO 
INPUT TC SHU 
*<dD~n FCWO 

inM: ( ~Sl':tHI r'OUfO f,f!Oi'JL ATTDW) {BOlTON TUrn (TI)f· Hlt:Lt)[) JUHf< ~JUNK J 
UN!< JUNt~ JUNK ,JWJI< .JlL~l< .JUNK Jt!nl\. JUNI'\: JUN!\ JUNK I 
Pl 

STM! ({Y ONE Z) CGOAL *SEND FOUR> <GOAL *S* ATTEND) <TOP TWELVE> CBO 
rt 011 l<,!Q) ( SErH! t7 0UH) JUfi}:, JUHi'( JUNK JUN!< JUIH\ -llJNl\: ,JLJr~rC JUHI< ~.IUi.JK JU 
N!\) 
f•2 

STM t ( ( GOt~L * f'USH Ht:TTON) (GOAL -t3;:}: SEND FO!Jf::) < Y ONE Z) ( GOfiL lf.S:t: A 
TrENDi <TOP H-JELVE) {l~OfHm I'Wt)) (SEfW FOUFd JUW< JUW< JLH.fi\ .JUfiK .JUNK 

.. JUNK •. HJf.J~~ JUHl< JUf~K) 
P:\ 

STM! ((COr~L% SUB1T) \ELM A> \GL'riL :~S:tr St:ND FOUf~) \YON( Z) (GOf•L *-S* 
f.,TTENI)} {TOP TUZLVE) CEi.OTTOi) TWO) \SLN!J FOUf.;) ,JUN!\ JU/>1!.;; JUNK JUNI\ JU 

fJF, .JlJNK JliNK JutJ~<) 
p,~ 

fl.TM! { ( C:HJ,?JL :!: COWJT) ( o::) 1) < GOt1L X;St SDiD r: OllfO ( Y .OHE Z) ( GOf•L :fSA: 
ATTEi'-ltJ) Ci'Of· HlELtJE) (:f:~OTTOI'I TLJC) (S[fEI FDUH) JUNI< ,JUNK ~!UNr: JUNK ,..JUN 
K JUNK JUNK JUNK) 

:::l"lii; <(iJO,~•L :+: tV~fd::; \G!'ir\L 'COU>ff) \S?1I1'1 LH!f:) {C:};"d~ :s'-S·-~ ;)f)l:{! FOU!<! (GOii 
L ;f:B:~; ~~.r:EtfC!) \TOF' TLJELI/E) (BIHTtH; HHJ) (~,£HD f!JURJ JUNP-: _JlJN:K JUNf( .JU 
NK ,JL~fH< .__JI ll·.'f~ ~JLHH~ ,)tJi·Jl~) 

f'6 

::;1r1~ ((Y ·t•.tq -:1 ? t:f<•c\1 i<\;";::;J:} \S;\Jfi r;;;c'~ ([:!Jt,t 1:.'1". ::;n (;Jr:;,,L ·:-.:s:·;, SP!ff FO 
'!!'' (: ut:t. r>;-,TL·~.~ {":\;.;· Tl.-- ;. .. -~- · ( , .. -.·!"rr;;~ ·;_·_ ·:r;-.n·; r·c1:_:··· '1 11·:·- :pr··· 
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I 

1 
I 

' • 

y 1 :-JJ~ Jtm;:· __ :urn< ,JUJH< JUi\F.> 
F'S 

!=:.Ti'1: ((GOtiL t SEI'.r::; FDl.!in {Y TWO 7) ~Onf<l :1'S:t {"\TTt.~J])) CfL'P n,;EL!JE) <BO 
·i Tl:\'1 nnn ( SCfiD I"'QUh' J .JlJi-!!-\ ~"ml< . .i'JfH~ ,JUtll< J!JII:'~ JU;'l1; .Jlh'll\ JLH:K JUf-lK JU 
NKJ 
P2 

f;TMr { (;i01"1L 1: PUSH '{{lj'/TOil) (GJt~L ·.tS:oj( sr::i'W FGUl\:) ('!' TWO l) U30ilL :t.S* t~ 

l fG-W _; ere::· HlCL 1Jf) ( E:UT TO(i n-J() J ( ~:rtJi..' F.:JU;n .JUP;:_ .JUW< JUW< ,J:JtJt: .JUNI< 
.JU~~!'\ .J\.!t-H( J!J(H\ .JUtfL) 

PJ 

f:)'fM t U G_Jt1L * SUL:T T) ( CU1 A} ( Gf:h\L ;t.S~~ SEf.\~1 FOU;·::; ( Y Hlt1 :n ( ()01-',L *S:~ 

Pl TTEUO) <TOP 'nJi:t_')[) \ t1JTTCI11 TWJ) ( fTt~r:r reu;~) JliHf~ ~HJPl< ~lUf-.!f\ ._JUNK ,jlJ 
l!h _J\Ji-H\ JUm~ JUW~) 
P•l 

SlM! ( \GOt1L t CC-~HHI ~Of ::.) \GOtil,. ;~:~~'¥ SENO FOIJt::J \Y TWtJ X> UlDI1L ~!'-S* 

j:..TTDH!J (HlP CWEl 1
y

1[) ([-:urfDrl TUO) (':-nm FCiJf<) Ji .. IW~ JUin( ,JUfH:: ,J!Jr.JK ~Hm 
1\ ,JU!tl< ,JUIH< "JltN!\') 
p~:; 

:3Hii < (Q()(\1 :r t·;:,PI<J \O:J,<:,L COUNT) U~td~:l T!Ai.)) ((;G~>L :tS¥ SEND FOUin (Gf:A 
L M~:>t t1lTf:~ti£! t ( ·; CIF' Tt.:n.r.,.•t) < t:OI T.c:r; -: i_,!(l J ( :·;r:Nf.t FDlm) JUi~i< JUN!·; .!Ul·!t\ JU 
01\ JUf{!< ~iU;·n~ JUf-1!'~ JUNl\) 

<:~'!tit ( (Y 1?if;[E -!) (GCJ/,!. f1t;f:l<J \Sriifl T 1A(JJ <nOt;L CCUf1TJ \GOr1L :;;St. ::;nm 
F~!t'f:-:) \Gr;..:l! ... ·t:3'; 1.',Tl"Ef.:l!': CTL1f' T\Jt::!.~t.Tf ([.1_1TTdil fW'JJ zsr::m: t-"(iUFU .JU>U\ JU 
t;l< JLH·H-~ "JI_;;-n< ~JUf-H< ..JUNI\ .. .JLH-!i<) 
t·~t 

;·nM: (((';(~f-~L '¥ (·:T:i·l)l f'GUF.') ty THfUif·: Z'l :::;fi{•l~ :::::;-t: t;TH-:I-W) ncH> HJE1_'.,1C) ( 
fWTFHi n::J) (~;E]':£1 FUUfn .JlH:l~ Jl.HW -.ltl!"!l~ ,:Unr; Jl!,'H< J!JI.~I:; JUtW ,JI.H;J< .. JI.HJI< 

~-:::·;,,; ((C!'1 .. 1 !-·ry::;!i l:!_;'f'iCI:':> (G()(1L ·~-~·,-:*: ~'b-~1) tr)\1-;-_:) ·~':' T;mu·-: /) <0 :](!. :?~~.~ 

;:':fi'El'-~DJ c;·u;: hi!·_:_. 1)LJ ,r,·•:!T'Ii'Ji-1 Tl,~DJ zt,Li'!D FC?.~:\j ,JU;J;< .JW~> .. JUi1:\ :Ud\ JU 
H;, Jt!l-!~\ ~!lR.;!( Jl HH~ ,;urn::) 
F-· :~ 

': t , .. ,, '', ':L 
.- .,, 

,,,-, 
\ 
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~:;Ti·~: ( ( C:(i{,l l: CCn.:c-:T) ( G~ 1) ( GOr:'iL ·~:~;::;- ~:;::~Ufl Ff1U~~) ( Y n-tr::EL 7) ( SOf.1L lS * r'lTlTTI.I i ( -~ C\f" l 1,.J[Ll)[) ( \":l.HTGI'i Tt~O) ( ~;E:I~D FOlJf() JU;'11< .. 11.1,'-!1< ,_!IH~I: ~W~W ~J 
Ut!!( JUNK JUNK ~liNK> 

******** THf(EE 

;JH'i: ( <GOflL 't t'iAf(K) (i.'~i.l:'d .. CC!.F-!T) ru-dfi Tllf(tT) (GrJt.t.. t::;:t t.Tf-iD r·oi.W.:' (G 
Ot1l_ :f~3f: (,TTEflD) <TUP '"fL'[L'-.:[;. rz.()lTC'n 'i\-/D) (~)Li~D f'C!Ui~~) ,JUI'll< J_Uf~:< Jt.nJl< 
JUUI\ JLJm:; JUt·it'~ JUNt:; ..J!J;-Jt() 
F',~. B 

~:;TM! < \Y rmJR Z) (G!~td. M?lf:::<) (Stdii THf..:EE) (GOt,L COUnT) (G()t,L :.~s~;:: ~Om 

FOUf\) (GrJf"'L ;~~:* ATTCt.lfl) <Tor:· T~·JEL'.JEJ zi.,iJTrOi-l T\·!0) (E;END FDU;-~> -JUi•lJ-:; J 
U!-n~ JLHH< JWir~ ~IUtH:.: JUJ!l( ~JUW\) 

P8 

~l.n1: ( <GlJtlL ;r, ~::END ~-uu:·n CY FDUf\ ;.:) CGG:'+L t:3t r~TTF-:f!n) CfOf-· rwr_::Lt-'E) <B 
OTTOH TlJO) (SEND FOiif<) JUI!l< JUi·!i\ JUfJL JUJ.ii:: .JUI~l-( ~JUi'T; JUNr .JL;m~ JI.HJt~ J 
UUJ\) 
f''J 

STM: ((GOAL* PUSH DUT7D~J) (GOA!_ *S~ SFND FOUR) CY rouR Z> (GO~L tS% 
ATTEND) (TOr:· TI-!FL 1.'E) ( T--CJTTDi1 ftJO) ( :;:::::~H: FDUl\) JUl"lr: ,Jtii'-H< .JUHi~ ..JIJi·n< ,.i\Jr1 
V JUPK JUW\ .Jurn:; SJNt~) 
F·~~ 

i>IM! ( (GC1t-1L * ~li_H:>J.T) (F:Ui r-'1) (iJOt<L t:~:-~ ~)Li'~.O FOLJr~) (Y i'fJUF' 2) (l)fJ:-'iL ;~t1 
:-~ f.:TTFND) no;:• 'f\JFL~I[) •::::~UTTQil HJD) :.£T1'li.i FOUtn JUNI< . .J\Ji'~l·( Jl.H-!!-\ JUI"n< J 
u;-n;,: ~JUW< Jln-11': JlHH\) 
f'4 

f;Ti'-i: ( ( GOtd ... * COIJ?-!T) (()3 t J u:;ct1L ;I::;·~- ~;!:::i'n:t FDUFn ( Y r•JUI~ l J ( GO,:JL ·,f'~q:: 

i\TTFNII) (TOP TUE:LlJ[) i1 OTTOil lUD) CSFNU FOI.J::;:) JW-:1:: JUW-\ .JU!-11< Jlli'-ll< JU 

fl;i~*---f.tt**- FtJUf~ 

~;lt;: (((.)Ot!L. # f·i,~lPl<) (t:_;:··-,L_ CJU~~;'> <':;;:,n:: rc:.J:\') (GO:\!" l::;::· i~ULCI rc;~;;;! (GfJ 
r.: .. :!:S~~ r,rfFi-!'0) ( i'OP Tt.;r:·i ... \. 1 ~:_; •::~<JTTCil ·:!.JQ) (~_;[ ·!l'l Ff.lu:·:; .)Ul!l< ,!UP!< _lUi-{1< J 
IJ;~V _JLJNl\ .JU(_q-; JUUi< ,JU: 
f-',',i'' 

;:r··I)L: :1 : 1 :r\· t 
i 

·.-:·rl :·,,;:r·· .:C:ii:\: __ C(!: __ :;;: · rr:;;;;:,L •. :-:: ~ ! :.~ ,., 
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I 

! 

/ 

Hl: ~::;N!\ ,jU(i!~ JU?-:;< J~JI-.11~ .,.:tiW~:· 

F'7 

'I 

r)rH! HY Fl\.112 l) (G;Jt;;__ ·1· t.fT':!n)) no:~- H:LUT.) Ct!OTF'•il HJ\~~) (U;'f:!} fOl.;.; 
; • __ 1 U;\t~ J!HH' .JUi·-1:< .Jurw· H nr~ ..:tt;·::, .;ut-H< .)u:--:~~ ~.:: __ :;-a·; .Jt:i!l~ .)L!l-!:<) 

:u·~-~-'T T\1 ::;nH 
:1:U;t;<d nnrnw r-:::roRC) 

STI1~ ~(f\fd~Y I:OTTC•11 !_;EFCF:E/ z·~~~-'-r1L i: r,rtE:'-W) ('r F'! 1)[ Z> (Ti)f.· 1:,JJ:V.T> (\'1 

OTTOM TJ)Q) (~~CfHI FJJI.l;"~) JUf~i< ,_!\1::;· Jt:·,<;~ "'L,;;,;: .. HJ~~t~ JUn\~ Jt!l·:~·: ,JlJI!l~ ...':UW~ ~J 

UN I<) 

nTH! ((GOAL I FEC~LL DDTTOI~) <GO~L ~S* ATT~~JDl fY FIVE Z) (TOF· TJ~~I.VE 
) (f;OTT01i TWO) (SEtHI FOUR> ,JUUI\ ,JU:-lJ: . ...:Wit·; ~JUUK JUH?< .JUI-l~< _;~Jttr.: ,JUJ·;·:· ~HJ 

N!< JUN!'O 
P10 

*~****** { BDTTQt'i HJO} 

ST?1~ (([;OTTOM n:o> (G0f>L :t flTTFt!tl) (Y F!VE ~:) <TOP Tt:JEU/1;:) \SFJ<lD r:uur:, 
) -JUi'!K JUNK ~!UfH( .JCNI< .JUNJ< JUNl< JUN!\ .JUW~ -.lUI-·!:~ JUfi!~ ..JlJl!iO 
PO 
INPUT TO -SIM t 
#(MANY TUUC) 

f:\TH! {\MAf!Y TUEn:n (GOf:L * ;lTTEfl[l) HmTT0!-1 TWO> \Y FJlJE 1'.) ("rQP T!,JELVC: 
) \SENl) FOUR) -JUN~~ JUNK JUNI< JUNI\ .JUf-lK Jut-H\ JLHH\ JUHK JUfF( .JUl-HO 
Pll 

HTM! ( ((304L ;~ RECI-1LL TUDE) (GOf--L *S~~ l~TTHWJ O::O'!Tctl HJQ) ty I="IVE Z> 
(TOP TWEL 1.)E) ~ SEJ-H) FGUK') JUNl< ,.!UN!\ -JUNI\ ,JUHl< JUNK .JUNK .. IUW< JUW-\ .JUfJ!-( 

,JUNi\) 
P12 

STN1 (\SFrm FoUro <GOAL* f4TTEt-tn) (f:Orrn;-~ HllJ) <Y FIVE :ZJ flDF' TlJELVE 
) -J~H-~1\ .)UNf\ JtH-ll< ~lUlil< .JUNI·\ -JUW< ,_!UHK .JtHJ!< ~JiJ\-!h; -JL!flK .JUd:\) 
PO 
TNPHT TO SIMi 
*.: t1tit:Y .ecrrTOM Nml; 

'~Tfl~ <\ih-"\~·~Y }::(:"i""[(l!'i ?1\/W: (G(•>-l. 0~·- ,',j'"fi::;-;:!J ('·'i-:~:n FCH.If<) \PiJTTOn TtJO) ('! f' 

"f 'v'L: Z J ( TOP "Yl-:t:::._l ';-:: 1 JUPI< JU>-q:; JUi·-;i\ JU>\;~ JtJ:r-: JUi<:~ J:.f~.~~' . :1 !t'( .. 1\ _CJL: .;u-;-n: 
) 

\ 
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]" 

-~ 

F-'13 

~;TM: ((Y ONE Z> CGO~L *St ~DD) <GOAL *S* COMPARE) <GOAL %St MARK) <GO 
(it. *St t-iCJV[) <GO(-iL * St-;t~LL.) (GUM .. :l~S* ~~TTEND) cq:::-w FDt!f::) (liOTTOI-1 TWO 
) CY n:t•E :n <TOP HJELV::::> JUW\ • .'l.Ji·.li·:: .JUt~l\ JUN!< ~I'JflJ<) 

f'14 

~HI'l t ( ( GOf"•L ~·s:t m-lf1LL) ( Y OW~ l) ( OO;;L :nn tml)) < l:iO(lL t~;;~ COhF'M\E) ( G 
0~1l ::1-:f)l ft:(iF~l'-:) CC!OtiL * t10\'[) CGOf.iL "i;:".):;: t,TTEi''-Jfl) (\~f.::Nil FOUii:) (J:::OTTOh HJO 
) < Y F I l)E Z) (HlP HJEL '-.IE) JUi'!l\ JUI'-1!< JUUi< JUHl"\ JUfW;) 
F'l.6 

f.)H\! ( (GO?ll ;¥\:__~:~-: !'\0\lE) (t-1\.Jfl::::,fT: Oi-~t) (tif}t;t_ :f:St Sl~t•l .. t.) CGOtit .. :r:~~~ .-\t:D) (0 
o.~.L :t~n: COfiP(-d~:E) < G0~1L ;·~ fl(<F:t<) ((;Of'Jl. ;1('3:¥. (:,TTU!D) < snm i.--OU::n ( B!HTDH 
TWO> <Y ·riVE Z) (TOP TUEl_VE> JUN!~ JUtiK JUN:( J!Jl~K JUNK) 
F'17 

~;TM t < ( '( HJO Z) ( GCJf.ll. ;;;;-:;* 1-h~lf.:l\) ( 1·-!\JI-I:l::E~: OHE) ( I_~C\"d_ t3:t f'iQl)[) (GOAL #S 
:~ S!it"1L.L) \GC!!'1L *~3t i'1Dl)) (GOAL :t CO!lf.'c~~r.:E) (GOtlL i~S;J; ?1TTEND) (SEtHI FOUF·! 
) <r:OTTOJ-1 T\.10) <Y FIVE :Z.) (TOF' T\.!EL 1-JE) JUNK JUiH\ JUNi\ .JUNIO 
F'210A 

STf-1! 

" 1-1 ••• * ) (Y 

P16 

STlit 
( GOtd ... 
T\.JO) 
F'17A 

( (GOAL ;;:;};~ COi--IF'.:'-.F:E) (GOAL ;~;3;~ t•D!:I) ( Y TWO Z) ( G01~L ·.t:S:-1: f'·\fiFd\) (GO 
f-!Q!..,If;~) <GOt:L *s-.:: ~::t-V\l .. _L) (G()t,l.. :tS:t P:TTFIJI:l) \SEt-![1 FOUF\J (~·:OTTOtl HJO 
FIIJE Z) (TOP TlJELI)E) JUiJJ( JU~ll\ .Jllf-!t< J!Jf-H< JUI'!1'~) 

( ( GOtd __ *S:~ N0 1)[) ( Nt.n1BEH Tl~O) ( GO!':L *S:I': COf~f't1P[) ( GIJt.L. :t::;:t f.tDD) 
:;- Mr'JR!-\) < f30tlL *S"~ ::;H1iLL) < GOt1L :;:s:~ 1YrlTt-l:O) ( ·:;::~m FOUR) < I:OTTml 

('( Fil'E Z) (TOP H![Lt}E) JUNK ,Jl.H-.!h Jllt·H\ ... HH-11\ Jl.JNIO 

~:nt·1! C ( Y Ti·IF\n: :Z) ( GO(-iL :¥:~)~ t1Af::l<) ( f--'Ui'WEF\ HJD) ( GC!AL. :r.S* liOVE) ( GO(lL 

* COMPARE) (GOAL *S~ ADD) (GOAL ~St SMALL) CGOAL *~* ATTL~D) <SEND FO 
!JR> <BOTTOM fWO> <Y FIVE Z) (TOP TWELVE> ~UN!< JU;!K JUI!~ JIJI1K) 
F'130 

f:lMt ((GOAL *S* COMP~rRE) (GOAL *St L~RGE> CBQ1'TOM l'WO> CSM~LLER TWO> 
<Y THREE Z) COOAL *S~ MARK> <GOAL ~ MnV[) (QQ~L :~3* ~DD) <G8~L tSt AT 
TEl-Hi) (!:lEnD HJUr::) ('{ Fil1[ l.) <TOP Tt·JU .. t,JE) JUi\.11'; JUi'W ~!l.ll'!l\ .JUNi"\) 
F' 1.1:, 

~:lTl-1: ( (f!(lf;l... ;J:S:l< ff:!Jt.-'[) (1-~iHH:Ffi' Tl-·!F'FT") rc;GtiL ;j;~:;;;< cun:·;\f'~E) (f:;;_"J('d_ 'f,·<:;:l: Ulf~ 

G[) (HOTTDfi TL~O) (~)f"',t~d __ )._[f~ HJO) ((30/-d .. t t-lriRI;.) (f;Otd. :):··:;::~ t\UU) (f,UciL *:~;;~ 

t'HTFfn:t) (~)["t!ll ::·ou:;:J \Y FI\n.:: :Z) (TGt-· T\.d~~L.t)E:) ...JLJ,-1:·:; ,JU!Ji'( Jt:;·-::-; ,,.!;_!:-:;-:;) 
t:·1 :;•p 
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nT!-ii < (Y f-CU!-\ Z) ((,;fJt'>L !~f1F~fO OiiJlHH.:f\ THEf:E) UH!tlL *S:t ;•l[:'.J[) UlOAL 
;f. CD~iFt,r::t:; (('Orll. :!~S~ I (JWTTD?>l rLJDJ (~:-l'1r~LLFH TG!;)) (GUi\L :<:>:+' ?'1l)tt 

) <GD{lL :l'S:-t i'fflP!DJ {:SUHJ FOU!n (Y f"J1Jr::: :Z> erne r:,JCV-.JE) JIJ>!!< ,JUt!:\ Jtm 
lO 
P210A 

t;T,'i! ( CGOAL :tS>r CfHlF':'lf.:E) (GONL '/f:S;t: {4DDJ <Y FOUf~ Z! <:J;Jt1l. #S:¥ Hi;f\KJ UJ 
Ot":L :¥ MC:'/E! UJO/d., t:;q· Lf!:f::.:Cf:-:) Cl:OTTCN Tl:lf)) (Sl1(1LLU~ HiO) (G(h\L ikfl*- AT"f 
fi-JDJ. (~~iG-Hi FOUfO ('{ Fl\lE :n (TCP HJELVE> JUW\ JUNK JUHK JUNIO 
Pi,£. 

;:~Til; < (BOiiL *~~: flOVtn U~UH!:!E!-~ FDL'F\1 UJO~.~- *~l>k CiJ:iP1\R[) (GOM._ *r::t.:. (';I\tlJ 
C GDML t i'~f:F\1-~) (GOAL :ts·~ -~t~id-:::;:: J ( I:CTTm\ H.'!) I ( Sf1tdJ. Ef;; fWO) < rJUriL i:S'# 

l'1TTENDJ \F>.~rm F!1L'f:J ('{ FP..Jt: :21 CfCJF-' ~~-:r::,_t_'t:; ~~:.J1-J:< ,JUt'~{:; _ll • .HH< ~;'.H-~l~) 

P:17C 

SH1: ( ( Y F ItJE Z) ( GOt<L *S:~ Mt,T:f<} ( Nut-H:E:;· FCIUR) \ G\h1l :ts·t t101~1 C) \ GDf1L 
l'.< COf1F't1l\E l ( GOr--,L :f:S* All[!) \ GGC'1L :t.S* Lti!;:GE} c~:-:cn Tell TWO) ( S"'\M. LEF< fWO) 

( COf''\L *S:t: f:'.TTDW) ( :JEND FOUR J < '( F l\-1f: l) (TOP HIEL 1)!:) JUfll< YJI'Il< JUNl\ 

P210 

:JTii.! < .-:tJ rnE ~n <GOf<'1L :1:sn:: cot;PAfU:) u;nm FDUR) (l..r .. ::cEr< rour:; (y ::-pJr: 
ZJ (-GGhL :KS:I: !·lt;F:i<J <DOftL :-ts·-t: f'iG'i[} (GfML :-t: t1£!IJ) CBUTTOt1 TWO) <Sf1i\LL~:f\ 

TWOJ U30f\L :f.:~~:l: i1r1Erlf.!) <Y f.~l\,1 E z; (HW H!LLVEJ ,JUi'-H\ JUNK ~JUUJO 
C'230 

l~Tf1~ ((GOt'L '#S:-t~ ,~;lt[t) (W HJO V) CDOt1l. *;31: Cl)i'\P()RJ2) <SEiW FCliHO (U\F-:Gt:f-! 
Ff:UEJ ('( 1-'lVE ZJ (GC.lr~L :t'S:lt M/1Rl\) <GOf.1L :-;:- NOV!::) OWTTGfi TWCD (f)11i'>LU?:R 
Thl'Oi (GlJrlL *;):'f. ATTEND) <Y FlVE Z! CfDP HH.::U}fl JLH~I< c.:tJNK JUf!Y~} 

F'16 

~]TM! ((GOt-!!. :rs:;: M[)tJ[) (N!JM:BER FII.l[) {{)titlL ~:S:t t'1[1I!} (SJ TWO V) (G0!-1L *S * COt-'-P'tlf'([) ( :~t:t!fl Four{) \LARGER nJUf~) ( StJ!>,L :t: Milf\K) \ f;OTTOH Tl-tJn) ( t;MnL 
LEF; i!:.JO) (rJOAL %'_:>:~ ;YflE~Hn> \Y FIVE 1! CfOP TWELVE> JUNK JUNK JUUI<) 
F'170 

STM: t(Y SIX Z) CGO~L tSt M~~l(l <NUMDER FIVEl (GOAl. *S~ MOV~> <GO~L 3 
E;l: t,fi'DJ n-J 'i!-lil <J1 (Go~;L * CDilPt:,r:E) {SEt,:n rouro (~.1"1F:cr:r~ rourn <r"OTTOll 
'l:.JO) \r:it--1{;LLI~J: fl;JI)) <GOAL ·kr:io!' t;TT[t-ift) lY FJ: 1,}E Z) C!Of' HIE:LVt> JL!fli< ~.fUN 

10 
p~.l;tf) 

;;Tn:- z:G1'iL. :-!"::-_:·:: cr~i'!PA F 11_;1 TtJD t,.l~ y n~_:< "l) {G:Jr\i :¥~_:·~ t;f:.'Ki C(l,~.,L ws-
·;.: ;,,'J 1JF! (~(.)t-!i :t" "·'<i"!l.l) ·~~ i'JD r:.!I.JF>) {i. f~:r:'L:f,' F·~1 Uh'l (Y;(i"l"fO?! Uf_ll ( M<-,U .. [I:: 
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~:;T/1: ( (Gf),-'lL ;;:- P!_..lf(C~[) <Y SIX :n u:;Ei'-!D r~ourn (DOTTOI1 HID) <G01~1L. *:3* fiTT 
Enf!) (Y FI\.1 !~. :Z) (TC1F' H1ELt)l:::) .J!JNJ\ JUNl{ .. JlHJI< .JUU!'\ ,JIIf~l\ JLHW .JUNI< .JUNI\ 
,JUH!\) 
F'24f~ 

~:;ni~ ( (GOt\L * f"•IJf::GF) O::OTTfHI f:)L() (()i__fl SD!l) FOUl::> <GOtd ... f:::;:~ t;TTDHl) ( 
'!' FT 1.,JE :n CTOF' TV.J[LliEJ ~Jllf-11~ JUUI< ,JUI-Il< ,JLH!i< .l!JNI\ .JU;H\ JlJW\ Jlntl\ . .!1.11·!1\ J 
Ui-.!l\) 
r-;!4 

~:;Tii! ( ( GOt~L :¥. F'I.Jr:Gt::) ("f;fH fOil SLO (OLD ~)[1·-~·o F"fJUin t (")11M_ ;~\)t td'TU-HI) 
~-Of' TtJlL 1)E) JUNl< JUI-!1\ . .JUUi·' ~JIJf-)!-:: .)Ui~!< .JtJ:·-W .. li._li'!l\ .JUt1\ .. 1:_11~:;· .JUHL JIJfii\) 
f•?7 

STM: <CE:OTTOtl SIX> COLD SEND FJllJR) <GOAL t Al"TEND) <Tl)P TWEL 1JE) JUI~K 

~JLIW\ ... JUNI"\ JUNf:: JUNK JUNI< JUIH\ .JI . .lnl"\ JU~~~~ JU1~1~ JUW~ .JUHI"\) 
F'OOO 
INF'!.JT TO STt1: * (~)I~: NO THfU::E:) 

STM! ((SEf-ID Ttmf.T) (GO~~~l r~TTEND) (t::rnTOi1 S!X) (HJF' Tt-J[L 1.JE) JUlH< JUilt-: 
,JUt~K ~JUNK Jl.HW . .JUNI< JUUI~: JUtH< ._!UI-!i< JUi11< ,JUU:--; .JUW\) 
F'l 

r;TM: ( <Y ONE Z) !.GIJ(ll :t ~)Fi·HI THPEE) <GDt:;L *S;~ ~~~TTf~!D) CTC!F' ft,J[LIJ[) (El 

OTT/JM SIX) <SEW) THPEE) .JU!-H\ JU~1!~ JU!W.: ._!UNI< .JUI-!1~ JUiW ~HJN!\ JUPI< JUI'it~ 

r-:"2 

()H·lt ( (00f~L # F'LJ~;H F:UTTCHn (GCJc';L *3:-t ~ll::t-lD Tl--!f;'[E) <Y OW~ l~ (Cin~~L *~}:~< 

t1TTEND) ( TOF' HJ[l.t.JE) ( E:fHTCHi GIX) ( SDH! THf\EE) JIJNt·;; ,!l_:~.q:: JUf11< .JIJNI< .JU 
HI\ jl.Ji"1K JlJI"·!K JUW\ JUN!O 
f'3 

sn·;: ( < GOr)L * G! !DJ. T) ( F.LM ~~) ( I.JO?\L ;-t~~* ~3U·!D "'( !-n:_·[[) ( Y (1~.![ Z) ( (301-iL *~l 
;~ I':TfEi·ltl) (TOP Tt·..:::~t~t}r::) <BOTTOt-1 SI><) (~;END Tt-:f~LE) JUN;:; ~JUNK JUNI\ JUfll< 
JUN!< J~.HH;: JUU:< J!Jf~IO 

F'4 

nHi1 (([;Qr\L ~; CC!I.Jl~T)-((lS 1; (l)Ot,L ·jr~~:-!<. ~:Ei'/[1 TH:U~E) ('( Oi-IE :n (GCh"\1 ... 'J:Ln 
t.TlTfLD: ( TDf' TljLI.. 1)f.:) ( l_lLiTfCf; ~n;; _; ( SEiH.I Hl:-~LL > ,JUiW .JUNh ~JUr-!i; ,Jlll·..ll·;; J 

Llf--11< ~.!UI'f' . .JUW~ JUf·o~r;) 
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::n1-1: <(GOAL :t !'ltlr-:1<) <GG,_":L C01J1~T) (S!1i!! Q:-,j[) (GO::;t. ~~31: SCI"·'f' THHEE) tGO 
n: .. ;f:.t)t (-1TTEtHJJ <TDI-' TlJELV£) CBCTT0/1 S:tXJ \SEN.\:1 HH\Ff::) JWH-:: _J!Ji~l< JUNl'\ 
.J\Ii{K ~HJNl{ .itli'-!K •. IU!W ~IUfilO 

P6 

':ntlt ({Y TVJO :Z) (GOM. Mr'1f\lO (S(\lD J:4€) ((';.(JAL COU!JT) tGC!.:JL %t;;J; SEN!l HI 
t':FT/ (GC/td,_ :tSt ~~rrT:f-lfl) ~TOP l\.J~:Ll)E) ~I:tHTOh SJX) <:::ow Ti-lR'::t:) J!JNi< ,JU 
tH< JlJNtc: Jl.nH·: ~!UfH< .JUW\ .JUtlt\ I 
P8 

;n~1: ( (GC'AL 't SHW TlifiJ::E) CY TtJI] :Z) tGOF:L ~r;~~ t'!TITf!D) (TCP n-:C. 1JE) <I< 
OTTOi1 SJX) {SEJI!) THF(EE} JI-PI\ .JUI-JI{ JUN!(. ,JljN!< .JUf·JI< Jl!iir: "lilW< -.ii.Ji·W JUN'K 

nTM! ~ (Gf)f,t * F'U~-~H r:UITON) <GGf':!L *S:-!f SG!B nmFF~) (Y TlAO Z) <GiJill. *S:f: 
~.TTD-!fl) \TOF' TUFL\.'L:) (f\CTTOh S1X) <SD·:D Tl!f;t;:E) JUill;; ,JUNV; .. HHJi< .JUW~ ~!U 

W\ ~lUNi\ ~tUl'Jt~ JUHK J~H-H<) 

P3 

:·:ni! \({30t-!t '!! '3LIF:IT) \CUi A) (GOAL tSJ:' SUW T!lf(LF) (y HJC Z) ((;QP,L ;;;s 
):< ?-TTEf~Il) ( ft:f· TL![L.t)[) (£HJTTO!t S!XJ (::fW:t Tl-lf::IS.I::') Jt:f-l;\ .JUfl[\ .JUIH< JU:!K 
• .!~!0lt~: ~JUUK .JUNK .JUW"\) 
F'4 

~1Hi! { \GO:"-;L_ * Ct:Uf!T) CQS 1) <DC;?d __ :t'S~Y :;;END THF'I~i:) ~y TlAO z; ((iCI'lL *S* 
1"1TTDHn t l Of-· lt.JFL 1/E J ( t:1JTTOfl ::::lX) (G~:NlJ THF:CE) ,IUNI\ JW!f( JUt{!\ JUNK "; 

U:l1·: J1Jf~i-( . .JIJNb: JUfHO 
1>!3 

~~l111~ ( (GOtrl.. '-~ Nr~PJ-:) <GO(lL COUNT> (SrtJD H!O) U~(YJ! -~;:;* Sf.r!t: n!l~EE) (GO 
~.L :!:S* ,\:-TCf!!.:) ZTOP HIEL 1~1 f::) ('f>OfTOil SIX) (SEND -l:;f?f::[) JUr!!~ .JlJW"-: .JUNl< 

STf1i ( ('-! T:lr~·::·r: :ZI (GC::~iL nr--,P~O (S/Ir::-1 Tt./0) (G0!1L [_'(i!Jtlli (Q(It,t :1:8:\-: SGW 
11·,PfTJ U3Ur\t ·rs;;:: :\llFr:~·~) (T'W ·;~:EJ.t)t;:) <l::OTlU 1·1 :;:,}.>') (~~CPII yq::'i"F J JlH!l< 
,JU;-.:!< .JW1\{ ~nlf<'i:: JUl-1!-~ JU;Jl< • .\Ul-1!\) 

'::Tt~1 ru:'"Jtd .. :f: firf''"' rHF:_Tl (':' T!!f<:T: ~~\ -t(';(Jf,t ;:-~:J ;-':'TTI~·r:rn \"'{lf' HiCL.U[) 
r :;f}"jf(:fi -;:-:·; i;~;;:;;·; jj;7,·;·i~ ,J;J;:;", J~H·:; .. l~'r·ll< ,)1,!).:;: .H<U, .JI.;i.~;-: :l_\Jl< ,}iW:' .)I_Hl 
!; ,Jt':i:\) 
I''' 
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(_;·ri''; ( ZC('{,l t r·:.I<CH };!.JT'fl.Hl) (GtJ(,L ·;:s~~- :~U!\:1 liif~L:f':) ty Tfif'>E!~ 7) \f;Ot;L ;t;S 
;;; ~-\TlU~fll <"COl"' 'iUC:Lt}i"'i (f~OTTOI-~ ::;IX) (~~UUi Ti~i":iiTl JUI!l~ Jl!l·n: .JU!!l\ .JUNK 

1: :;1:·. ~.H.il-'L' .llJIJi< jl_l1Jt< JlHll<) 
r·_, 

"::"-~r-;; (~G8f.IL 1- f_;lJt.TTJ ~LLM ?•> (C!~i/ll. :t'.':t ~-~:t~D Tl~<\EEJ \Y T;!P~:L 1) •:Gi)i'l:.. 
;~~--;.- !!iTClfl) tTDl' "n!L:L 1}[~) C:;DTTCI"i ~;LO t::=-~r::tl!J n;l;~E;_;) .!U:4!":' .Y.ml·\ .JUW.;: )llt'.! 
h JU>H, ,Jl ·r;t~ JL'?JI:' ~il:?-11< J 
P~-

~;n-:: ( (GlJt;L ·t f:'OlHlTl (t18 1 I <GOt\L :tS;; SFfiD H!;:r:r:; {V nmr:t: l} CG00L ¥ 
S-1: ;;y ,-~:tnn (T\:-r· TWFL!lk:J <"!"JOTTlnl .;;:;TXJ <:~Tft:::t l"::f\V(') JlJ:W J'JIJI< !l)Pl< •. lUi·H~ 

. .;: !\!!; .~UJJr: JU"1 ~~ ~Jt:~w; 

r:~Ti·l: ( <;C.(llq,. * j'it,f::!O::I u::f::f'.,l_ COLHff) (Sf'; III THr::t:L! UiOAl. :i'-S:-1< :~Ftiff THFTE) ( 
CC\(,l.. ;~~;J (,TlTi'Jit) (TOP lt:H .. 'JE) (!-:CTTOII ST;<; !;~[tr'::~ Tlmt:~~) ,_,•u;-n:; .l!Ji)l< JUH 

:_'.n;: <<Y r:_':1Jr· "{_) (iJnt.L t{f.,R1-\J (:;P;Tf! T!i?:F~:J <~::>t:-"-L C:J!!NT; ((:~Jtd ;-«;f SEr-if! 
TH~~[T 1 : t)C'fd. ·r::.Li( :-.'!"' r-~;'T l n·or-· TUf-:L i.T J r 30"~ n:·i~ ~;.;:xI t ~[HI: T!lf>'r_;;:! ~!UW< 

~;l_UK ~iUNl\ .JW-H\ .JUffl\ ~Ulil< ... ttJif!\:) 
P'l 

tni·:~ ~ ('t ~C:L!l\ ::) tC•r'1'-'L t t~TTC:r,\li) •:Tr:i• T\JELI)E) CU:!TH111 ::;I:O ('S[fitt THf:E 
t:- ~JUf-.,:;< )lyil!··: JUilK ,JI.;i~'\'; ,_iUH:-~ JUti!< ~JUUl~ ~lt!l..'t( ,JU:H: -.!UW< JUUI~; 

J:Nf·UT TO STM: * \ "·U-:NY DGTTnt< Bl'::FGF;J;:) 

;:::Tt'i! \(\\;·~.'!Y f'i)'UiJII ::~!::r<q:y) ~G1J(lL :~ .~;rn:?H!) (1 FOUF~ 7) (T()-:c• ·rtJFi.'J[) (P 
OTTOi"i SJ:>:; \~.li:~r-m T!-i::.:t:::J .JUW: ,Jl.JU~~ ,_~!_:i1!': X:JNi< ,.Jl_L'!!< ,J1J;v~ .JUJ-JI< l!!i:K JUNK 
,JlnHZ) 
P9 

Uh!i\ ,JUN!\) 
f·'JO 

::Ti·i : ( ( ,,~ ,_d rr ur; 
c ' ,.iUOi·: "i! 1,'1!': 
f>i'; 
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' 

,- J:J.-: . ) i r~ ... , i ' •I~ 1 ,, 
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Ji,:~:·ur rn ~.,rrt! * ( ~L~drr TUHF) 

n;·r!: (fi'il~•i)Y 'fU?:::::'' -:G1Jt .. d_ '·1t c~:i'i"fl1'CJ; (;-·)TTOM :JTX) ('.' ;-c~m ;:; '-TGF'· Tt.:r:L'.T 
! (SEfHl fHh'LE) JtHlK JL'l!i:: .JV!·;;-:; .JUl'ii< Jl;i<;~ .Jt!ril~ JUNf< -F.~:-Il< .JUNI< _;-u;J:,_; 
F'll 

Sf?i! ((GOC:,L :k t(EC,:,LL .:-::~:1 U'.~f:!'\L :~.S'1 :~,·nnlPJ (J>\1TTC'!1 :~IX/ (Y Few::~ ?i 
(TOP TWEL\.'[/ \8DHI n;r;Cr.:J .JUlH\ ~!~; ;;:: ~!Lr;~;:: ~Ui'-il( .JWH< J~!IH~ Ji!ii}~ .J;Ji-'l~ -1Uti 
K ~lUHK) 

P12 

Srti! ((~:;r·Htl THt::t::~:) ((:(j;JL :t A-rfE:Hli) (;::fn-Tcg·; t.~7:v! ('f t.'!JlJf.'. Zl <Tc:c- ··py:_LV 
E) JUNK Jl1NK JUN:< . .JU~n\ -JUNt< JUI~i( JUI~~~ .JU!.tl< JUh!l< JU1H~ Jl_;·;;-;) 
PO 
:UJPUT TO STM: 
;~ (t-it; NY BOTT\J~1 NO'oJ) 

nTH: ( O~f~Ni J:;(rfTCl>'i nOt<!> <GCt-d_ X f.\TTC-Hn (SF:rifl THr::t::C) (f:C:T'fOI-1 :::r:o Cf 
FOUR Z) \TOP TiJELVE; JUi!l< ...::J?U< .JW-1!~ ..J!lNI~ , .. HJPt< Jln~:~ JUIH~ JUNI\ JUNK Jut~ 

10 
P13 

fl:TMt ( (Y OUE Z> \C)OAL YS;t: (!DII) (GiJciL ;;:~::rt CCFiP~1i<"f:l \f:JOAL W:S# ti~i!\'10 <GO 
r,L 1:8-t: MG\1[) <GOAL * SWiLL) \GOt,L :t~~;f t~"TIU-~[1'! (~~E?ll:l -IHf\LE} (f:Q1TQi'l SI 
X> (Y FOUF~ Z) \TOP TNEL 1JE) JUN!\ JlffJi~ JUfil~ "'rUW\ JilNK) 
F"\"1 

n-n·l! ( ( GO~L ;~S* SMi'1LL) < Y ONE Z) ( GflM_ ;~S:t r~.PD) ( ::aJtJL tS;¥ COtlF'(lr.:E) ( G 
Or\L ~~s:;: MtJf'\10 ( GOr\L :t. MOVE) ( GGt\L :f:S:-~ f"':-,TTEND) ( SL:ND TW\CF > <l:'OTFJM SI 
)~) (Y FOUf~ 7.:) (HJF" HJE'UlE) JUUI< jlJN!>: .JUNK Jl.Jt.jl\ JUNlO 
P16 

nTH: { (GOAL lf:Sil< MOVE) < i'.'UliHEf~ fJNF) ( f;;J{"l.~ ~:s:t: ;:n;_.t.L~) ( GCf1l ~:s·,-;:: Atr::t) { G 
Ot:L :it'S:-¥ f,;ut;~:·r~i<E) <GOP1L ;« M;;;;:J'\) \G01iL :-r:;:;::: :t1TTENftf (:;;t:t!O ·trE n:J (f.>CT'fi1H 
S:O~) <Y t':(_nm !) (TDP TI:J(L!)f/ .}lJNi~ ~1Ul'li~ .Jl.mr~ ,Jllt-lh JUtll'O 

P17 

~3"T1·1! ( (Y ThJO )() \G0r.1L :«S~ Mt,S:KJ U~u;;;~-D~ n:;() <GOf.!l_ :¥S:t-: f\01}E (GOc~lL *S 
~;o: ~;iiP.U.) ((')!:L :H;:r t~.t\l,:F) ((:!},-".~-- .,. cm:r··r·,r:E) (GOr,:_ ~~::;;::: t,TT~JHJ) SOW HiRE 
[-) (J3~JTft•fi ::;t:<J ('( FOUH ::J (TOF T;,J£:.\.·£:1 ~JUN!< ~JUfH< .JU.Ii( JU!"l~:. 
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f.;1l :~c f-HJ'-)f:; ( t.iOrl.l., ·:.:;3:1' ~-;t-l~~,LL) ( CO/tL X<S::K 1\TTEr~J)) C3C::tW -~:mEr:) < r~o·r fO>i ~a 

t;~lM! l(GOAL 1<B:l: I!CVF.) U!WH:t::n HJO) (GO:\L ·xs:;: CC.l!f-'/,f~EJ {Gf!.~L :.1::8*- (l,f!OJ 
<C.Q{;L titiFt~ J U~iJt1L ¥S:~: ~:-;111-"·U __ 1 \ 13:1f1L ;¥~::1~ t,TTENifi ( GC:l~!.l THF:EE) ( }J(I'flt:JM 
OHX/ <Y FOlH\ Z1 (TDf' HJr.::L\!E) JlJ!iK ~!UN.l< JU~~}~ JIH-W. JUfHO 

r·t?r, 

~)Hl! UY Tt-:F:£E 7.) (ti(1f·L *S:t: MMd<) CHtJ:\BEf.; TL/0) (Q():IL :f'S:t MCI 1)E) (GOP\L 
;;: COf-IF'i~iF\E=:;. u;ot1L *S* 14J.;I1) tGDf',L *8:+' Sflr\LL) (30(lL %S;f; 1'11 rPm) <SLfn:J HI 
E'EE) (BOTTOM Sl;() \Y FOUF~ 1) (TOF' T\JE'_'i£:1 JU;H~ JUNl< JUf-!1< JU;~i<> 

f':iHiA 

~3Tii~ < 1 (H!tJL ~~S;{: CJiWAF:EJ CGOtil *S* r,tll)) <Y THf\fE ZJ {GOr\jL ~s;;: i'i(lf.::l<} ( 
GO~.·L t fiO!JE) CGCJi~ll :tS:t; S:M~\LL) (GOt;L i.S~: t.nOml (~~ff-}£1 Ttif~tf) {t;C!TTC!r1 
STX> <Y fOUP: £) (TOF' Tl:ELVE) .JUNK "JUfli< "Jt.::4t< JLH--H< JlHiiO 
Pl6 

f-~TM! { (GOAL *~n:: fWt)El ( NIJfHlG~ fHr~Ef::) \ nnt;L ·-itS* CDI\Pf'mC~ i ( GOl\L 'l(S;X {1DD 
) (GOAL * MAF;t<) <GOt':tL *~~* ~;M~·,u_> OJQ,t'\L ~~;S:t: ATTG::n (Sf:::r-;:; T!ll\!::::C) <f!OTT 
!m SI:O (Y FOUr\: 'Z) \TOP TWEL'..JEJ JUH:\ JUN!\ J!Jf'.P\ ~;Uf-ilZ J\JNtO 
F'17!1 

ST11! ( ('( FOUR Zl (GOf'iL *-B*- 1it'1•.:f0 (NIJt-lBEf\ THH'EE) \UCAL iS:f i'HJI..1[} (~Wi'>L 
:;~ cmlF'Anr::) ( GC\l\L i":S:t fd)fl.) ( GOf-tL *S·t S:itiLL 1 ( GOr'iL ;f0x tt1-:-END) ( .SGW 1 

HF:EE) <BOTTOM '3LO Cf FOUl\ Z> FfOF' Tl!JEUJ:-,:) Jllil!\ JUi;tc: Jut-U< JUNK) 
f·J90 

::;rH! !\GO!;!L *~);~ CO{)f'?lf.:EJ (GCt,t. !!S:t U':-.F·E:::) <-~3E:'U! nm;::c; (Sl~?"d_.Lf"!( T:-!F'EE 
) (Y FOu;-~ Zi (G(H,L :t::;:¥ Mr,t~:tO (t;(_1r1L :1: i-109E) (CQ,:;L .t~J:;: ··~r.~fJ) <GD/ll ;l;;J-lr, ~~ 
TTDHO 0:{\HTOM ::_,l'L<) (Y Ffll.lR Z} C'rOF' 11,JEL\.~;_~) JUNK JIJi'-fK J\.lNl< . ..Jtlt1K) 
F'16 

~::n1! ((GOAL ~-<B;f_ f'j(jl}[) 0\Ufii":FR FOUf() <D0:'-"1L ;f;;;::;f Cot<Pttt~tl <GO(<L 4:2:,:f: L.?11{G 
£) ( SD·f::) TfmCt.) { s:t'\f'1Ll.F.R ·1 fiF:E2! \ GOflL. *- i~t'~f~!< J ( G(ML ){:~::t r-1ItD) \ UC~\L :~~.:; 

:'t. ;"-,TTEND) O.:Qf'li)fi SIX) 0' FOUR ::n (TOP TtJELVEJ -JUNl'-: .JUi-lK JUW\ JU;·-!10 
F':!./'C 

!3YM t ( ( Y F J.\JE 1) ( (ii.Jr1i,. *S:t: 1-~!~f;:;o U~UllBSR: FG~Jf\) ( GDt1L :.;:;·,;:~ f)(')\,1[) { GGf1L 
·:-: COf'\Pt~m-::J ~GOi-tl .. ;~_:_;·.r Lf,:;:GE! \'.:-\-:.im H·i~·~:·s:: (Sfit::...L.Er< 1'H:::F\J (G.~),~,L :t:::;x :'-ill 
fl) (tnt1L *=S~~ t;TTE;-:J); (f-:D·;rol'i SX;--:;") (Y f'.:JUL: ~~) 1'TOF' 'n~t-:L\)Et J~JN:< .. Jl..li.J!:; J 
01'-ll() 

F'210A 
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I 

' 

57 



/ 

C'l6 

::nM! ( ( G:),JL :f'S:+· WJ 1H~! ( NUi·il:Er\ F IVF :0 ( Gflt>L ;j:;)t co;:p,~lfd-:: I I GQ(.d_, V:3:»: HDD) 
(GOAL "!: 1-hiFZi<) ( GOf"'·L :;;:;::J: L\S'tiF.) \FEilD TH::;r:F! ( :::;;v,LLCf\ ·nmc~) \GOt\L :t"S * rYrTENtl I < BDTHH-i S.l:X I ( '{ FOU?i: Z} \ TDF T1JJCL'~J!.::) J;Jl:l:. jl_}f!l\ .JUi'f\ JW;;·:) 

P17D 

~;nru ( (Y SIX ;~) ((;O(.:L :tS:t f'lAF:!O CNUl·lHEf\ FH!E) (Gfl,!\1_ ·;:s:-£ HfltJ[~) (Gf},:-!L :f. 
CD;)Pi'lRE} ( W:J1~L *;q: r:,DD) ( G0~1t. *-S't L:\!>SE > lSE~~l) ntr:D::: I ( Si·1:-,LU.:n THFFE 

) (GCJML *S:t !"1TTDH:l) CBOTT!Jfi BIXJ Ct FOUr:; ~:) {TOf' TL::.::L 1/CJ -JUi;i( Jli."'W JU 
l-lK> 
F'210A 

STH: ((GOAL *S* COMPARF) CGOAL ~S* ADD> <Y SIX Z> C30AL *S* MARK) CGO 
til. -i tW\'E) (G8(lL :rst: Lt\f\CJE) {;iFNI! TI-:REE:) CSf-i,~~L:.r:.F\ -:-l!FCI;:) <0-0t;l, ,{::::;* t'T 
TEHf•) CH1.HTOi'i S:X) (Y FOUF: :u \TOP TWf:::L\.1£) ,JUNl< JUN\\: ,.JI_!W~ JUfl~O 

P16 

nTH! (\GOf;l :k.S:i: f-iOt,n;:> \NUh:t,EF: :-;IX) (80M. :-'~S:i: CfJH~>r,fd:! \00}':L ~S:~~ ;\fi\)) 
< CO!!L :t: r;;if\tO ( GOriL YSt Lr::~r::C•E) \SEN:) TH?EE) { Sfif,LLEF niF:F:f: I ( COt;L :~S:'l:: 

~~TTENDl <BOTTOl1 S!X} (Y fC•IJf\ Z) (TOF' rtJEi...l,1[) JUNt\ JtHH'; JUW:.. ,JUNlO 
P17E 

~3Hi! ( (Y SEVf2:1J 7.) <GO?;L *S* i'Jr,r..:~·;) O!!J(DEF\ S1XJ (GOr~L +::J::J:: MD'.)C:) (fH){\L * C01~h',f.;E) ( GO~ll :.f:S* .~fi(l J ( GlHtL ;f:S!f: LAf.:G::;:) (~!END Tf-if~C::~) C3Mt~LLER Tf·ir\E 
£) {GGAL ik~l* ATTt:Nl"l) O::fJTTot-1 SIX) (Y FOUF~ Z) CfCP TUEVJE) JlliH\ .JU!It': J 
U/~1\) 

P200 

~;TM! (C.J D?iE V) tGOf.<L *S* Cf.lfJF"f,f~E) n::OTTlll~ SIX) (l.Af\OEP SIX') ~y ::;-EIJCN 
41 (L'O?"rt. *S* ~it':i~:ln (GO~H. :tScf- M~':')[) <C~fi,~lL "4: 1iOl1) (~~E"'--'J l"'H2EE~ (S:/1-'ll..U:: 

R THf\~E) UJ0iiL *S:t ~',TTEtJin ('{ FGtm l) (TOP TiJ[LIJE) JutH--: JUNl< -JUNt<> 
P230 

~;nli < (f:;Ct1L t.S:f: t.DDi ;\.JJ llJ-JO t)} (GDt:L >Rn~~ c:;gPAF:EJ t.!!OTTC!i SIX) \U'-1f.:GE 
R SIXJ (Y Sfl.'Ef-l 2/ <GCf>L -;(S* {1/tf::f~) (Gflf,t ~k t1f)1)[) n: .. nm THl::.:LE) (~)/HiLlY 

r..: 1 Hr{£[ J ( GO;;L ;f;S·."-g 1i T H\ND; < Y ;:''OUf\ Z) ( TDP 'f\IEL\.JE) ~i!HH< Jtlf~l~ JlH!lO 
P16 

STI1t (IGDAL *8* ~10VE) NUMBEI~ SEUE~l CGO~L *S~ ADDl (W 1"WO V) <Cor,L t 
S~ cnr~F'N:E) \ BtJT"ffitl .s I ) { Lt'iF:G~- ;;: ;_. :,_ ~~) \ I;()J;l, :t :·~t::\f( i (EFNfl nm~:_r:~! \ :~~~(, 
LU_:T' ll·;r::EL) \ GOt1L ;;:~.;.::. rrc:e) ( i F()Uf\ ::; J { TCW HJEV-,.1'·; ,J\J:-~1-~ ,JtJ:~r>; JW~?- ! 
F'l7F 

ET!l ((Y CE'HT 7) (i~~iA (rf(J:j'"H::~: 

L ;; r~l:':ifi) {L; "! \}) ( (",LF J ~ :,:-;1 r 
iT :·::) ( S~i1\LU>: TH!d:T r-';rT;:;''GJ : 

\ 
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Bni: (\GO(>~L :f~);'f: CDfli;'Af\E) Ul TWO'.)) ('( E:!G!!T 7.1 (130.~1L -ts:t f'\t\RK) \Gil~~L 

tzS$ MOVE) (GOAL* ()I\D) (BOT:IJH SlXJ (UlfHi!:~F; SIX? (~)[}![! Ti1l·J::t:) (S1·1:~!LLE 

P: 1'!:i:CE) <GO/!L "l:St 1\TTENU! {Y r:m:;.: Z} CfOF· l"IAt~LVEJ .JWll~ ,JUfd-.:: .• HJl-1!<) 
P230A 

~;Tiit ( C:/Ohl *-~>; t!lH1) (W THE:E:C t)i (GOAl :¥S'~ CU~-TM~[) ('( (!GriT Zi \GOt'lt~ 
:\:S:r: MAf\1.) \GtJ(lL ~~ "'\Qt)f:) {'F:OfTOtl SIX) (lJY:GER SIX) \Sf:f!I! TH;:;Ef:.) 1~'1ir~t. 

LER TkRf::E) <:3!Jt•L :f:S* ;'iTTOiD) <Y f"t1Uf\ Z) lTiJP Th!f:Lt)[) ,J;Jl1K JUN!< JUN10 

F·'16 

.STM! ( :tH1t:L :gs_t ~~:_H-1E) o:~_!,;E:Ff\: r::.m1n (CCii'lL 'i'S:t ~~DIO (!.J THREC 1.1} (GOflL 
:~{:";:): CDMPAf\E) {(;()(;!_ !: {1{;rd0:) (E;i.HTCII S[X) \lt•f·:GEf,~ zitX) \SUW THF:CC! {$ 

Nf;l LER nmCEi (GOr.:,L t:S¥ A'iT[f!f!) (Y FOL:R Z> {TOP HJEL\.'E) ,jUW< ,JIJ\!1\ ,JUN 
!0 
P17G 

~:;rMt ({'{NINE 21 {GOttL ;~8:t Mf,F:!~) tNU?:BER FIGHT) (GOi'lL ;!'S;¥ Mrl\..'E/ (GOAL 
.¥.:£;~~ t\DD/ \W 1'Hf\'fE 'J) tGOilL :~>, CC:Wd-":'0lF:t;:) {BDTTOtl SI:O (Ud:;GER :ilXi (GLN 

:D THf~Ef:) <SMALLCP THPE:r::; \GOM_ a::s* ~~'7TENtn u FOUl\ J.) crrw TILJi?:Ll!!~> JlJ 
Nl\ J\JNK) 
F':21i0 

SHt! ( ( GOt1L *S:t C'JHP?X.::E) ((J THH~E V) \ Y NTN'S :Z J ( GOl<L >:,s~~- Nt;f{K} ( GOf.IL 
11C:~; M01.JE) (G!J0iL :iC ADrl) U:rOTTOr\ S!XJ (Uit::GEf\' STX) c~u::r'rl THF:LE) (SJl(,LL 

F.:l\ Tf1F:Ef.\) (GOAL :1:£::* t1TIEND> \'( FOUR ZJ (TOP 'fi.JELVF.:) JUNI< JUN!'\ JWit;) 
F'220 

s1·M: (CGOAL * PURO£) <Y tliNE Z> (90TTOM SJX) ~SEND THl~EE> CGOAL *9* A 
TiCJW) CY fD\Jf\ :n (TOP TVlEL\iE) JLH~i\ JUNK ,JUi!l< .JU!H\ ,.l!Jflf:; JU:-n~: JUW~ ,JUN 

snn '- U~Dr\L l pu~;:GJ;:) n:-:OTT(J)I NHJr: J \ OLfl SElF!) THREE) W!JtoL h"S:t ATTEfW) 
(Y FflUE' :n \TOP lWELtJE) JU!-H\ ,J'J!~l-\ ,JIJN!< JU~il\ ,_1Ui'H': ,JUr~:< J!.Jilf'\ .JUNK ,Jl)N!-\ 
,JUNl\! 

P24 

~:;n-i! ((G().C)L ;f f' 1)F:i3E) (B8THH1 ?J:C;;r::) (JI.U ~if::p:-: T!-lfd~t:J u:;)t-il. :f~~:t (\TTF:-n)) 
(TO!" Tl-.'FLVC) .IUNl"\ .J~i·ll( ,JUU!\ ~lUf.4l< JUiJK .JUI'li~ ~!UNt~ JUl<!.l\ .)t.~,'W ,JUlH\ ,!U/11~) 

f'27 

~:;'!'tit ( t.(·(JTT!:H·j ~·!:.~::;:; (il _ff ::::~.,~Ill n--:;;~:t-::1 <GDi'\1 :-;c ,·\'!'TL::n:~: ''fi:Jf·' TWE1_VE~ .JUi'J 
I{ ._n;,·\!-:. .JU;•-il\ ... ru;:;< JU;.:J· .. !JJtiK .H.'I~:·· . .!Ui-':: ~~lJ:·;~·: )iJ;-!l'~ -.HPH~ ~.:\•;;;:: 

\ 
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:~Nf'Uf TO ;1HI; * ( ;;uw ONE) 

;:;;1·1! ( ( St:f!D ONE) < Gf:Jf,L t1TTCNI:r) ( :HJTTQ;~ NINE) (Tf1? Tt<J[L.VF) Jut~i\ ~HJi·~K J 
UH!\ JU!·!Y: JLH-!K JUHI\ JUJ<l\ .JU~W ~JUf,;{ JUNt:: JU1·>Jl< .JUNlO 
r·:t 

~:;Tt1: ((y ONE 2) (GOI.,L ?R ~)FNO Qt-JE) (GQf,L %~1-'i: A7TEN!J) (TOP TWtLVC) (f:(lT 
TOii IHNE) (SEND ONE:) ~!UNl\ JVtll( J!Ji'J!\ JU!.JH: ~JUNl\ ~JUUK ,JUW\ JtHH\ ,JUNt:; ._,_!!ffl 
u 
P2 

~::Tf';! <<G-Dr0L :t F·IJ.?,i-1 t:UTTOl!) (FOAl. *S* SEND o:-~E) (Y DIIE ZJ \GO()L :t-S:t t1T 
TFfiD) { l(Jr:· TI,.!'.C:L 1}t:') ((~OTTO!·~ flif~E) <SEND GNf J "'Utll< JUH\<: ,Jllf-lf~ ~JUNI< ,JUNl'\ 
. Jll~4l~ J:Jfll< .JU/'11~ JUW() 
f' :; 

(~Tl-i! ( \GOt1L :t SUBfT) \C:U1 t'\) <GCt;l tS:t SEND 01-i!::J CY 01/E 71 (G(;t~L ;~S-~ 
(;TTEt!fil <TOP rur:un:~; 1(-::JTTOfi NJNE:) <:S£:ND CJUE;t ~IUNK -JUN!< jiJfJ;< JUN:\ Jllfi 

P4 

~:~nit ( (Gf1tiL * C:OlHH) (f!::~ 1) (G01""L .tS¥ S:ENl) OPE) ('( OfH-: Z) (GOAL tS:~ A 
r1 E:;ro! \ T!Jf:> TW~LV~:;:) ( l-iOlTU/1 l!1NE) \ Sr.tW otJ:t;:> ,/Ul'll< .Jl!W~ .JUN!~ ~.lUPt< JU!Jt\ 

... H lNi( ._!! nw: JUfH<) 
F'5 

t)I'J·ii (t():Jt•!. :-+: f',~lf::t;.:> ((!(;(1!. CDUH1) \Sri![! Ol~f.) (80/:L :-H);;~ ::;r;~t?t! OHC) (GOAL 
:i-::3:> t~TlUWJ \TIW HIE~ UL) <:~crrTOI-i NTNEI u:~nm OW::) ,JUfff:' ,JlJI,!l< JUHi\ JU/.1 

1\ JUI'lt': ~I'.Jfn':; JUfJi< .JUNJ<) 
,.6 

~:;"fnt ( \Y ·ndQ :~; ((;CJt:,L ilf,f(l\) (~?r-"11::0 !li!E) tl)Cf\L C'OUUT/ \GO(.,L :t~::'i( ::::Dm OH 
[) (G0t-\l :J·::;J~ (!TlTU:n C7'0f-' rm:t t;E) C:;(JTTDit r;TNF.) <SEND DlfE) JUt~Y.; .Jtlf-H:; 
,JUl.!!'; ,.>UI;'!-:: J!.lNt-: ,JliN!\ ,JU~-Jt\) 

f-'7 

;:;Jt~~ <<'t Hlf~ 7_/ lil'!t:i_. ·;: llT'fEJEt) \Tf;F-· HiF~ .. \'1;; <NJT'r(Jil l'JUlE) (Sf'i'JD OiKI 
,JU;-1;~ .!Ui-!1': ,HJ'·il': JL';·Ii< "1:A:tJJ-. "itF!i·-; ,,!t;j'g . .JU; II·. JJ),· W ._lU!!f". .WI-I:<) 

T;:<]"'(:''f) <f-l· 
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1 
rTo;:; illfH~"' ~-;L:(L~) D!J;:::) JU:1i\ JIJIJ::; .;:JUl\ .JlJl'H< ,_lUri!\ ~lUflK c_!UH·; ,J!J(;J< ,JUll!< ,Jll 
NK) 
P-9 

SHl! { (CCJ,\L ·:; r::E:-:'"'U, hOTTD!:) (C\,Jc\L 'f''~:-;.: t,T"fEfW! (Y HJO :::1 Cl'OP T1 J'c:i_ 1)[) 

Cf:OTTO!--i Hl:t-1[) (·"a~;-r~:t nil[> .. W:J·H\ "Ji}l!i< ,HJtH~ ,JUW< ";UW< JIJW\ .HJnr: J:_h'!l< ,!UN 
1-~ .JUfJfO 
1''10 

BTI"ii ((f::OTTOM rtti-<2:) ((\Q;.-,t -~ f\117.JitJ) c·-; T':_!O Z! (J'!J~·· T:JC:L'·.'E) tSCi'Jl:i OHt:J 
,JiJHi~ JLIUt< JUNI\ J:J;.t;~,: . .)L.ifil< .iU?lK JW!J< JlJNl-~ JU\1!~ .Jt'f~t~ ,Jl.Jf!l<:• 

PO 
IUP:JT TO STM! 
:f(h('.i>!Y T\!FiE\)-',)(' .• ) 

f)TN! ( Oitd!Y Tltf!l:) <GCtiL :·~ I~TTE~;D) ("":n:'1Df1 UHH~) ('t H40 7) <TOP· Tlit::LtJE 
) (SEND Of!E) ~lUN!{ JUi!l~ iUHF' JlHl!< .JUf-!i~· -_HJr;l< ~!tJJB< .JLL'lV. JtJ:.!l< Jl_lr(!q 
Pll 

ElHii (\GOt'!L t r.:Et>;LL TUF:E) <Gllf'iL :f:S:k t~TTEH:OJ (f'llfTQM NTHFJ ('{ T\·lfl Z! 
(TOP TWELVE) ( SEHD OHE) ._!UNK ,JUt-!K .JUl'Jl\ ~lUNJ< ,iUM-.. ,LI\JI; JUNV JlHJ1" Jlf\.'1\ 
,H/1;10 
F"12 

~*****~* <SEND ONE) 

S-;"J'ii ((SEND Dr~E) (GOAL * r~T"T"EN!t) ~BOTTfl11 f--1H-i'E) 0' HW Zl {TOP Tt.!EL\Jf::) 
.J!Jl~K .JtH.if\ ~llft>!l< JUNK Jl!N~-:- JUiil\ J!JNi\ JLiftK ~.lUi'~:\ JUN:'\ JU1H<) 

F'() 

UWUT TO snn 
q:_ \ i'·ltrNY r:~orroH NOVJ > 

HTNi (0-h'!NY t:Cli"HH! f~fiJ) (lJOt-<L * t_,TTEHD! CSENI! ONC:) <£<OTTOt1 lHfJE) (Y T 
WD Z) \ TDf' 1'1.dLL 1)() .JU,-H:: .JUI-if·: JUHI\ .fU:-H< JU;w; JUNJ\ .JU~)l< JUhJ\ JUl11\ JUNK) 
F'i3 

STM: ( \Y m-n: 7) (0-0f:d .. 't.B:': Al)!f! ([i:(ti''-L :rt:·-f r::nt~P(lF:F> (GOAl rs:;; MM:::t\) (GO 
td k.:S.t' 1-iQ',H;:) ( Q!Jt'.L * m-;:ru.; ( GOf'iL -l~S~~ t, T TEND) ( ~;Ef-J1) DilE} (I;JJTTQl-\ r..r::;:E 
) (Y HJD :n (TfJF' T!tiU .. l..!EJ ~~Lin!, ..J"JNi:; .IUiH\ ..JUW\: ..;UI-;1-\! 
PH 

~.;TJ\i ((G8i\t ~_;4~ :::;f'l,'~~LL} ('f tll-lr: :U (G{Jf'\L 't.'3:r ?1DlJ) U:<>J:'1: -+::;~¥ G:H11'!I!,:E) OJ 
ntrl~ -;tc;+_ nt1E;-;; (l_;or;L :r r:o~~:~:> l\30~1t i:s:~: i':7rnm> \PF>m u''·; <r::Jrmn iHnE 
J c-r TWJ :i:) l~)f· TWt~LIJE) Jt;li~ .JUW-: Jli;f!: . .._;:J\li{ J!H;;o 

t:'16 
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EHf! ( (GOt1L :+.:St f·i0 1JE) (tWt-!B[f~ Ot·!E) (CJCltlL :~.s:.;.: SM(\U .. ) (GOt1L ~~s~· fil)(l) (G 
OAL *S* COMI~AREl (GQ~L * MARK> <GOAL t3* ~TTEND> <SfND ONE) <BOTTOM N 
If"E::) <Y Tl<JO Z> <TOP T\JEI.'.JE) ,JIJUI~ .JUW( JUW\ ,_HJPl\ .JUt·!\\) 
P17 

E)Tfii ( CY HJO Z> <GO{il. >t:~~:-:: ~it:r,·i~) <nur;:~iEf\ OW.::> <GOr1L :t:S~c !H)t)[) (Q('I(.,L ;~3 

:1-: Si-itlLL) (GOAL ~:~};~ MID) ( GO(:,L_ * CCJI-IF(lf~E) ( Gllt:L :tS:t t1 TTE/'Hl) (SOW OUL) 
<EOTTOI1 NINE> ('( TtJO Z) (T\X' HJLL 1.1E) ~JUHL JUt--!~\ Jtll··H-\ )Uf.H'\) 

r"190 

~:;n·\! ( <GOf.iL %St. CotiPARE) <GOAL :~S* L(;F:GEJ <SH/tl OI!E) (SM(d .• LEI~ ONI:~) <Y 
HJO 7.) <GCitiL t~.=>;r f-j(~f'"\1\) U01;L J!:: i'1tV.JE) (GOi~tL :f.SJ.; t1I!t1) (GIJAL :ts;:( (lTTD--!D 

) (£:OTTOi'l NINE>('( HJO Z) ('fCW HJEL 1._.![) .JUili~ JtJI'll\ .JUri!< .JUNI'\) 
f'l.o 

;:;TM r ( \ GOt1L :t:Sl t'iD~)E) 01UH!~EF: TWO) ( G!Jt1l. *S:Y, CotiPP1I\E) ( GO(iL :tSJ; L.flF:GE 
) <SEND ONE) <SMALLER ONE> <GO~L * M~RK> (GOAL *S* ~DD) <GOAL *S* ATT 
E1-Wl (BOTTl)li UIUE) <Y Tl·JO Z) (TClF' TliELt.JE/ JUNJ\ JUW\ ,JUNK JUNJO 
f'17A 

l:)TM: ( <Y H!P:Er: Z) <GOr;L :tS:t flf',l\10 <NU/lDtT: TWO) <GOt.l. :~St MO\J[) <GOI--iL 
:>[. COt'tF'Am~) ( G0?\1 __ :t:.s:~ L Af\GE) ( SEt!D Qi·,1E) ( St·li~d .. LEF\ Ol'C) ( GOftL ;;-:-s:~ tdH!) ( 
GDtlL ::t:S;t r"-lTTCf!D) ( DOTTOH f-1H!E) ( '( TWO Z) ( TOF' T(JEL I)[) Juw·: ~JU;·!I\ JUNK) 
f!21.0(\ 

fiHi! ( CGC)(:\l. tS:-~ COI"Wi-lf:.'[) (GO;.',L :f~LK Afif.t) (Y THREE 7) <GO~,L *S;J: Mr1P~n { 
GOAL t MOVE) (GO~L *S* LAPOE) <SEND OI~E) (SMALLER ONE) <GOAL tS* ATTE 
ND) <BOTTOM tiiNE) (Y TWO Z) CTOP TW[LVE) JUNK JUNK JUN!( JUNK> 
F'16 

SIM! ((GOAt_ ~S* MOVE) <NUMPER THREE> (GOAL *S* CO~iPARE> CGO~L tSt ADD 
) CGOAL * JiARK> <GOAL *S* LnRGE) CSEND ONE) CSM~LLER Ot~E) <GO~L *S:k A 
TTEND) <BOTTCHl t-1INE) <Y T!.JO ?.> (TOP Tt,JFL\)[) JUi~l\ ,JUNK JUNK -.JUN!<) 
f'17!1 

STM! ((Y FOUR 7) CGOAL *S* M~RK) CNUtiPER TJfREE) CGO~L tS~ MOVE) CGOAL * Cot'iF'fiRE) (f.JO(lL *S:·r r.,f!D) (C!(Jttt.. *~l:f: !. (\f::fW) <SEi'-11) 01"--!f~) (Sf1M_U:.r;: OUE> 
(GO~IL ;J::~;;¥. i'HTU-1D) <BOTTO!\ t"lll·iE) (Y TUO Z) (l()P nJEL\)E:> JUW{ JLHH\ JUUK 
) 

F'21 OA 

;-;TH: ( <GCJ(iL .+;':-;·-~ Cnhf~·~;r.:C) <G /1t. :~St (',!)'!)) ('( FrJUP 7) ~ f1(1L :i::S:!: titiF:I<) (G 
[l,~,L. ;]' f1Q1.iE) (h\1:'11 :r,;;~:: L•~lr,,_-r::.r:· (~~END UHf) (;:;1 1til .. I..Ef': n:·-T lf·_i(lf'ol_ ·-;,;_:;::~ (llTFtl 
D) ("£-:!)TTUM IHf'IC/ (·y· Ttc!O Z) TIJF' Tl,·l[l..!)[) ~H.Ji'-i!( J!H·H< ,_II_! n< -.JUNi<) 
F"l{; 
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~:-:n~ ~ ( ( GO(JI .. ;;:s:k liD')[) ( ~!UrH;[::f\ FOI.JF) ( G0;'1L ~f<S:~ CC!l!Ft,r:;E) \ C/0(';1,_ t~;:·y tilHI) 
.: llOr,L * tit• I? I'<) ( f~CI(rl. *2.:~: Lf.lf-03[) ( t;Um mu·~) ( ~;~it•L I.TT ONE) ( f30td .. *-~):t,; (\T 

TFNDJ (f:OTTOfl UIU~~) (Y TWO Z) (T(JF' TI·JFL 1JE) JtHH< JUi!l"\ JUiH\ JUdi\) 
Pl?C 

ETM! ( ( Y F Hi[ Z) < GDt'lL *S:J: litli.:l<) ( HLJiiBFR FOUR> ( GOt,L lS:-t' t10VE) ( Gr:JtrL * CDf1F'ARE) CGOtlL tS~~ l;DD> (GU(iL. *~~:,;; l.{lr;:GL) (~)EtHI OPE) <SI"!;"!Ll .. Ff·: en~'-:) ( 
GDf:rL *St f'lTTC/'H:) O:·:OTTOM NINE) CY Tl.<iO 1.) (HlP HJELV[) JUt-H\ JtJNI< ,JUNI<> 
F'210A 

f:lHi! ( (GO(rL ;t:St: CUMF'f."rf\E) (G(h\L. :tS:t t1DD> ('( FI\,JF Z) <GOtrL :tS:.t.: lh'd:::l<> ((; 
OtrL Jt: MOVC> (G0J~11 .. *S* l.{)F'GE) (SUlT.! OPE) (~;tltiL.LEfl OfJF) I.GOri!. ;r.:s:~ tHTEN 
D> CDOTTOM NINE) (Y TWO Z> ClOP l"WELVEl JUNK JUNK JU1J~ JUtiK) 
P16 

nn1: ( (GOf.1L il\S't MO'-.IE) OlUi"H>EF~ FIVE> (GOt1L :-?::S~{ C01-~F'M~F) <GO(;L *St f.'\Ilfl) 

( C01~L ;~ M~~~;·:<) ( :3Ch\L *-~lt Ltii;:fJi:) ( ~;F.ND OUE) ( Shf1LL! .. :T\ Ol·!E) ( l10t,L :t':n AT 
TEN£1) <BDTTOi'~ tiirH::> <Y Tl.dO Z> ("fOP T\JELVE) Jl.HH\ JUNK JUHt\ ,JUiH~) 

F'17D 

;:)TM~ ( <Y SIX Z) UJO(:L *S*"- ~11-'lF-:t<> UH.H-'iBEF\ f-J\.![) <GOf.d .. ;:,~~;:* t1f)VE) CG0?1L * 
CmiF'r\F\E) (f_'JD(..d_ ;f.S:t. I1IID) (l~Ot•L *St LM':GE) (~)CUD OUE) (Sf1t,LLCF~ OUE) (G 

OAL *S* ATTEND> <DOTl"OK tlltiE) (Y l"WO Z> (TOP TWELVE) JUNK J!JtiK JUNK> 
f'21.0A 

E>Hi! (<GOAL tSt: CCH-\PAF:E) (G0:'1L :7::3;~ AIL!)) ~y SIX Z) <COM_ tS* Ht1r::10 (GO 
i~L :f: 1-'Jm!E) <GOf:L .-,.,:),, LAF'GE) (3D-!l:l 0/4E) (Sli!\LLER om:> <GOM. ;t.S:t (HTDJD 
) (£-:OTTOM l'HNE) ('( T\.cJO Z) (TOP T\JELVE) ~JUW< ,.JUW( JUNt< JUN!{) 
P16 

~:;TH! ( (f30(Jl. i/:'S:t- 1"10~_1[) <~IUMBfT< ~3IX) ((;o~~L *S:~ COi"\F'1\F'E) (GOAl. *S* f.d)D) 
<r:G!;L. * tif\F'l<> <GO(\! ... ~!:S:t t.J,tWE) (~iENT.! 0/H:::) <~:Mr~LLEr\ Dl'lE) <GCit-lL *~;;t ATT 
EiHJ) <I:OTTOli t·!J?JE) ('{ H.JO Z) <TDF' TIAC:L\}[) ~!UNJ-\ Jut-!1"\ .JI.JPi< JUNK) 
F'l7E 

r:;TMt ((Y ~)F!JEil 7.) <CfJr!lL :f.S;~ t'1;~r.:l<> (!'!!.H-li~[;·~ SIX) (GDt"d_ ;-~s:-t hCll)[) (CiOt)L 
~~ CCH1r'td::E) (GQ,,',L. J~:>t {if)D) tG(I;':JL lS*- L(IF·:r;[J (:J[Nl) ow:::) (~:·:i'itd. U~F: DUF) ( 
GDtd. ¥3:f t~T"TU-lft) (f;CJTTO!-l t-!JNE) <Y ·nm Z) <TOr· T!..lt:~:_ 1)[) •. HJi-1!·~ JUNl< .JUNK) 
F'?10A 

;;;Tilt ( (Cnt.L. :tb"K r'iJljf:•(,F;F) ((;f'!t,L ~::S;f: /1f!fl) ('-( ~;[!)f::rl 7) ((~D:.iL. ;};~J;~ ]"'j(,F:!<) ( 
CCh\1 ::: iiD')E J ( GCt,L '!;~;-::p Lr'.V:'CF) < ~)Ft!D U:--1~:~) ( SMt,l..i .. EI~' nu:-:·) ( C!Of:L ;tS~;~ 1YfTF 
1-JJ:l) (l::OTlOt'i Nii'.JI:) ('f H!O :::> (TOP H~EL.l,iE) ~!I_Ji','l:.' JUl~l< .Jt.li.,il\ JUPI\) 
F' 1 t, 

r.;Tr·,: 
·: (;l_] 

T rn:~-~ 

<C (,1__ .-:~::·~ 

11; :f: t:: 
~Tni·1 ?' r·r- (Y T~_,.--. ___,, 

\ 

' 

f.. ;!.r~;j; Cf:)i"-if"(,(.'[· 

(::::hM! u:· :·,;,;: 
JJ!l;;: ~.:: ·: T , , 

r.u;\1. ~;:~' ,] l)l'i 
( ()(1,,-. ~\ 

,J I .1? ' . 
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_, 

~:~rr1: <(Y fTGHT Z.J CUlN_ :i:S# t-~t,Rr:_) 1 HIJ1-1I'i:f:~ Sl:t.,: t-:\ t()ru·;~'" ·rs:~· pj\WE) (i?Dt\ 
L % COflf.'ilf:E> (f3Ut\L :t:1:t. ,<)£1!1) (CCJ,11. *~;:~-: l.td:::;_-T! ::;n--'[1 .DiJ;_;:; (S;·),-\LLU~ (HH:) 

<GOAL ·r:s:r t:rn::titl-,1 Ct;OTT~1H IHf;t) (Y TWO Zl \T P TWr::.t.JE) .. JUlW JUt1!\ ,JUt~ 
K) 
p;~iOA 

~:n~·~: f(GDi1L *-St ClJfl:-·r;f.:E)- (GOi"-1L :t:S.i: i'itl\)) Cr r::J:GHT Z} tGOt:,L :t-S·,~ f'\f';,f,·iO ( 
GO(il. ;)~ MOVCJ (GOr\L *:;;:t; L?;F:(:>t:} <St::t-lD Dl-1£::) \S11fiLL.J:r.: Qf:L~J UiOf~L ts·~ ArT!: 
Hl:) U<OTTOI'i Nif.lE) <Y TWD ZJ (TQP n1EL'.lE) ,i!Jrir\ .JUNK ,JUNK Jur-;;o 
pjt, 

~1T11! { <G~JM. :fS* H0 1)f::) 0'--/UNt:tf: EIGHT) (GOt".L ;f:S:i: COi'if'ti~'f) (G0!'1L *S:t: r~VD 
J (GO/lL ,J; 11~11·-:l<) \G(lAL *S* L,:,r.•GE/ <SEND mr::J U3M:..LLt~;; OW?/ \GOf1L *S;f A 
rrcrnn {flOTTCH-1 NlNEJ (Y TWO l) <TOP HJELlJ[) JUHY~ J:JN!\ JUNl\ JW1i0 
Pl7G 

GTM! !(Y NHlf Z) UJf!f~L :t:S% Nt,RiO (NUi!:l)[F'{ E!GI!T/ <G.Oi"l ;~S=< MOUE) (GO~\L 

il< CDflPf.1RE) ( G0(1l 'tS:A; ADD) t GDf:1L :1-S:t lt\r-\GE) ( '~JEND Ol!C:) ( EH11;LlER Ufi£) 
(GOr~L :t:St ATTEHtr) O:;QTTOfi fHNE) <Y TWO Z) (TOP HIELI)[) ,,.JUN!\ JUNK .JUNK 
) 

P210A 

~).Tfll ((i30AL ;t:S:k COI'\f'(.!f':;E) \GOf1L :¥"S:~ tiDD) !Y f-lH-HE Z) \Gth~L *S:t t-it.,f\K) .CG 
O·~L * (iQ\)[) ( GOt1L ;;;:::;:." Lt1RGE) ( s~-~1t~ Ol~t:) ( SMt'tLU2R Ol~E) ( GlML :tS41 AT TEN 
t1} Ui!JTTC.H~ rt!t~E) (Y TWO :Z) <TOP·n;;:~U/E) .JUi·iK JUN!~ JUI-1!< .JUNf\) 
f'l6 

STf;! ( ( GOt~L *5~ tWVE; n~UI'iflEr.: 1Hl-H~) ( GO{)L /J::SZ COI-1f"f.,r\F) ( Gth~,L ;tS;t: t\WJ) 
(GOAL * f'1Af\Y~) <GfJt1L :tS:?. Lt1f\C}C:) \S'EfD tiNE) ;;::;np,L,L~:!\ OHE) {;}(l.'\L *S* AT 

TENIIJ \BOTTON HHlEl (Y TWO Z) (TOP TWELVCJ ,JUNK "JUNK ,Jl1rli\ .JUNIO 
P17H 

f:~Hi~ ( \Y TEN Z) (GtlrlL *S* H:~,r::tO tNU!·H:Ef.~ tftNE) (Gt:h:\.L :t:S-;5- t10 1
y
1[) \GOAL * 

co:-IF·r·lRE:) ( GOr1L ~:-.s~;( 1'"\Dl)) ( GOt\L *::)>}' l .. rif-:f:!E J ~ SFND ON£) { SMA~LEF: o;~F:) ( G 
OttL fi:.r* t~r"rt:tHt) O>JT'fDtl Nli'-!E) (Y TWO 2:) <TOP 10t:LVf::) ... :urn:. JUN!< JutJK) 
P200 

UTfU <n~ O?H~ V) UH:lt~lL ::fS:t: COi-iF'?~PF:) (B!JTT(Jii NH~£) {Lr'lf\l~!t::f.;; ~lifH~) (Y r;;:Jt 
:Z) \SG;';L :t.3~r !!td\f~) (SU~iL ;t,~~~ MT:VEJ (GDr':1L ::C ?1Dfi) ISl?t{.lt GNC1 \Sf-if;LLEI\ 

Ol,!L) ((JO::.L -*S* tl TTUii_; J Cf H){) Z! ( hW ··nJt:LVE I .JUNI\ -~Uta~ JUl,W, J 
P220 

F_f !fi) 

l ( r:n,~,~_ 
('; 'Tl-'il 

:t. H.Jr::;·~r-:i 1 '( 1Pi ~ {~:f)TTf:!tl tHf' (c;:.r:t!~: onFl ~Gf:ril,· ys-i:: :,;-r 
-:1 cr:·H-- y·,F! 1)F/ _;u;11: _HI;:·.- _ _~~_,;:;; H,_,.. ~~:!1,::-: ,H_1 i-~i= •!.W: Yn··· 1 
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lJNI</ 
P'24A 

., 

STfi! ({GOf1L * f'UHGE) (BO-TTOfl TFfD (Dtf.! SEf!D DUE:) <GO(\L :t.S:t (lTTtYfl) <Y 
H·IO 7.) \TOP T~-!::-~LVE) .JUNt\ .JUtJt:: .. Jt:f1X JUW\ JUi'll\ -J~Nt~ .JU!-H( .JUt-;;'\ .. !UN!< ,JUN 

f'24 

GH-1! ((GOAL 1f' F'UF!GE} (HOTTot\ TEf-!> (OLD StfW Oi'i:::·) (GOt,L *B-i:. (!TTEflf!) Cf 
C:f' TWEL\-=[) ,JUf:f\ JUNi< JUNK JUNl\ JUt.!!< JUN!( .WHK JU:~;( .JUt-jf'' .JUU!\ .JU!'H\) 
F'27 

;;;Tfi: {(iWTT:Jii H::I'D <OLJ:t SEfiD Of~[) <GOt"•L ;t ~~T"ff.f-U/) \1UP T~!CL\![J J!JtW J 
UNI< JUNK JUN!\ .JUU!-:.; JUlll\ ~!!JW< ,.JUNI\ .JU!il\ JlJl'H\ JUNK ,JUNV\) 
F'OOO 
INF'UT TG SH1: 
* () 

~HNt (NIL <GDf\L ATTEHD) <BOT"!Ol-1 Tan {TOr· TW(l_t;;::} .JUNK JlJNl\ JU/.!l\ JUW'\ 
.JU~~\ Jur~r:; . .!UNK JUHI< JIJN!< JUi'H\ JtJI·ll\ Ji.HW:) 

EHD OF f~UU 

NlJNtH::I-~ Or Pf.:JDUCT!OifS FIEEH : 276 

NUNBER OF GF'Ef\ATJOf{S I?XECUT(D :-1161 

Nl .. ll'JBER OF f'f\ODUr:::TlONS lTHED t 5661 

135141 

SIMULATED TIME ! 0 

COHF'UTEf~ Tlf1£i 652045 M2ECS 

N\Jt·H::ER OF cm.:S-O~·'EF~ATIOftS ~ 1521701 
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ADlENDUM 4. 

LISTING AND EXEct11'ICN TRACE FOR 

N-BlJB-,NV': TABLE-LOOK-UP~. 
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I 

"" ~soo 
r l,i t-,1:.: 1: t1 1:-:L r:s : 
U'l GD!C :t 
<f:: C·CI'{C} 
( C GLNf~) 

< 0 GEf.!C) 
<E GENC) 
( <::-<> 1:~:FOC) 

<<P> SLC-lC) 
) 

( r-r::nnuc·-~ x Ot-tr:; 1 
IPOOO CGUnL S ATTENDliOLD SEND Cl 

REf'L<<GDAt. * ATl'~ND> (GOAL+ ATTEND>>; 
DrL.C<OLD fiEND C)); 
! JEE.f\ ( ) 
CPOO IGOAL t ATTENDJCGOl 

REPL(CGOAL * ATTEt~tl) CGOAL + ATTEND))f 
:OEL<<GOJ) ) 
CPO ([lOAL * ATTEN[I) 

(f~l (GOAL+ AT"rEND><TOP A)CBOTTOti B>CSEND C) 
:::J. 

fd:TL ( ( GDt"iL t fYfTEND) 
Il!:J( CGOP:L :t: S[ND C)); 
H~S\ CY l "!.)) 

CP2 CGUAL t SEHD C> 

CGOAL. :~S* ATTEND)); 

f-~~~:F'L((::~fV>.L * ~;;r::rm C) $ (GOr~L ~:<"S:;~ SEND C)); 
H,!~~( <CWt;L ?< PU~~H ~:::UTTOf..;)) ) 
( P::S ~ GiVl! .. ::r: F'U:·~~H F::UTTON I 

JJ_t:;_::( ((;(]f.JL * ~~U:f:'!:Tl) 
CP4 (000l. * SUDIT>CELM A) 

v::::L .- (ELM {: J ) ~ 

T; :~~ r ( C:iDr:'J'" ~ COUNT)) 
!P~ CGOML I CCUNTI!CS l)(Y <X> Zl 

r:E:PL \ z c:.nt1L * c:eurrr) 
m·:1 ,: (o;:; ~,_ >) 1 

(GOAL t COUNT)); 

(SAID <'X))) S 
f.:\.!~3( U~il1°1L t h;\h'l<)) ) 
(P~ {f,(l~l- ~ t~~ftX)(SAID 1) 

n: ;:; ( < Y 2 z ) ) 
<~~~ (GQ{l. % M~RKlCS~ID 2) 

F-:::::1-i .. \ ((';tli\L. * f'],-~d:~j·') 

l'-<> (V :'l /)) 

h~-:;:-1 ~ r: .,':C·tl, ;f· i·it:{;•!() 

J; -::· i ( \' ·::· J .J 

1-:~.--~ itt;•·(!_ "· h'·F:\ 
tHsa-1 5 Z?} ) 
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' / 
L: .. 

(C:l-\l[l C) 

•. 

DLI.I(GDAL *SS SEND Clll 
D~l~(GO~L + t1r,RKJ)i 
DEL r C COt:L + CUUdT)); 
PfL'.\~.,(1JP C)); 

·,. 

f<f.I>L( (()t;(,L :;cs:;; (1TTHIDI I I GOAL * ATTEND) I ) 

.. 

crs <GO~l t MARK)(GOAL + COUNl)CGOAL *S* SEND C)<SAID D> 

f~EPL ~ ( GOt1L #S;~ £.£HD C) 
lliJ ( { GCi(lL + Mf1l'~l< J J ; 
VEL< ( GfJC;L + CDUUT)); 
PC!> 1~) Df) 

!GOAL * SEND Clll 

IP9 * ATTENDlCMANY TOP BEFOREI 

R~~LIIG061. * ATlENDl I !GOAL ZSI ATTENDIII 
nr·L ( (fir\1-!Y TOP I~LFO}~E)); 

lNS~CGOAL * REC(;LL TOP)) 
IP10 !GOAL t RECALL TOPICTOP AI 

f~r>"l\(TO~· /\))1 
DELIIGDAL I RECALl. TOPIII 
f.~!'"F'L~<GD·~lL *(;~~ ~''~TTEfHIJ ; (GOt1t *ATTEND)) 
tPl1 CG(;,;L ~ ~TTlrJD)tMANY TUBE) 

REr~L((G0:,L * ~·TTEND) 
n:-L( <M:t.~-i'f TUB£)); 

!GOAL *B* ATTENDIII 

llJSt(GO~!. * R(C~LL TUBE)) ) 
0'12 (GO.~L * F\ECf\LL TUBE) (BEt~D C) 

DEL((GO~L * rEC~LL TUBE>); 
RFPL.<<GOAL tS* ATTEND> 
Sr~~lCSrN!• C)) .) 

(Gtlr.L. :t ATTEND l H 

(Pl3 (GOAL * ATlEIIDlCMANY TOP NOWI 
::.::.·-:.:> 

H~~;-:·l .. < (G0t-L ?¥ t:'~TTCUD/ 

rc: { ( t·i(lf-jY TOP i·{O~..J) ) t 
:c:;;, ( [)lJ(iL * :::UHT!"~t~CT)) 

( GDAL :+:S* ATTEND)) I 

<~t~ (t:O(;L * SlJB-ff~AC1)(TOP A)<ABS CGOAL *LIST A)) 

F:L:t·L ( < ,_ ~-'1;-\l. % ~~:~1 :r:·rFttC1! 

Jr_·:~;(r:on:~1L :t LTST t1)) ) 
(f>-~~5 ((:,t~.1 {;L ~; LI~5 .. 1. lt!PEt> 

1 j,~~.J ( :~ O~H: 7.)) 

n-·;~:dt \f?OtiL ·-t- L.:!ST SIX) 

11";::.: c:; l:if\·t:E 7.); ) 
l0~Sb rG~~AL. * l_lsT TtN) 

( GOM l!:S* SUBTRACT J) I 

CGCJAL * SLIBTRf•CTl) I--

l:{:::r·t o: { G .·.·':L Jt·r;:~ SLlf(Yf,'ACT} ( G0?1L if: SUBTf~r1CT)) f 
1 i-~::~ ( C~ ~~W'JEH Z} J ~ 
li·!S((A ~!X Z)l ) 
CFt~C 'Ga~l. t LIST 1-WELVE) 

'(GOAL * SUBTRACT l l I 

lJ-i:--.; \ :·· "ll "i'J l) '; 
{Pt4l '.'JUM. t F'UPH:ACT)(SFIITI CHC <X:o ZHTOP AI 

""'> 
I SAYl<:X?'}L __ - I. 

J 
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p,:y;,_~·: f-c,~-- PO 
r-· :. ;>:::~ P:.~: 1···1 p:::.; Pl· 
f /•(, F'r!.).; P-:<,\C 

t·:_:!: f>·:~ rt 1j Pt..::.• 
t· 1 :.l-, f>J:·.<·b F'1':5C· 

• 

.. 

·1':·:·o "·:"•(C·Ci!.l. .. f ?JTTD-!D)(TOP TWELVE)(I<OTTOM ZEf::Q)(SEND 2))) 

,;, r· m' '" 
''_. L. 
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,, 

( <G0:\1... :t ?;l'TE:f-if.l) (TUf-" TW:LVE) O::;GTTOf-1 7:ER8} (::?Cfiii 2: ._:~!;1;: !:1;::.: 'i; ::< J 
l.nuc .JU1H..: ,JUt~;-~ ,JL' !!< ... 'UW< ~JUt!l<) 

F'O 
JNFUT TO STM: 
4:(80) 

:::nl1! <<GO) -!GOM, :of: :=ITTENJ"i) CfCJP TWEL 1)f.:) C:HHTOfi ZEi\0} {S:.::;r· :,;; J 
UH::~ ~!UN!'~ JUNJ\ JUNi'\ JUNl\ Jura~ .J!JfH\) 
roo 

f:~T-t-it ( WOt1L ?!TTEJJ::)) crtf' 1!,..;LUlf::) <T>DTTmt ZE:R'J) (SEI'W 2) JUfli< ... JUUi. 
K _JIJNJ< ,_i:.JN;< .JLHJf< JUlll< ~HJ,N\", JlH~l~ J 
P1 

raM: (('f J 2) ((:l_VtL * 5Et-JD ::') ~GO?d __ :Y.S¥ (lTH::Nt)) CTOf' TWC:LU!:~) o;;o;·.wc· 
ZET<O) ~~Eil!! 2! ~.lUNt\ ~ll!N!~ JUW\ .JUW\ .JUfil\ ,JUNl< .JUWO 
F'2 

'::!nil \ (l]l_)i'lL % PW3ii !::=~J1TON) \GOt1l. ;t:S#- SEND 21 ('( 1 Z) (GOt1L c~S:J: nn··· :·1 
> (TOF' TliELI)E) (h!J not< LF.RO) <Sfl!D 2) ~l:JHl"\ JUrli< JUHf\ ,JlJPK'tJUi·H< .Ju;·!'-' 
F'3 

nnn \(GIJt:L * £tn:nr; (t:U1 Al <Gtlt'll~ 1.~s* cnw :;n <Y :t Z) o:,0~1L :t·s:r ~-,·;· 

Iff!/ <TOF' Tl.JEU.Jf: :, (E;!JTTU:'i t.cr::t;} (Sr~~tm 2) ~lU/il': JUNI\ JUNK ,JUl-JI'\ ... HJi~K) 
P4 

STN: ( ( DfL0:L /~ cmnrr) ( Q~l 1) ( GUf1L *S;J.: SEPt'! 2) { Y 1 Z! \ GOf1L :tS* P..TT ·r~ 
Tl; ( TUP TLJEU.JE) o::::n fU>I ZFf{f:Jf ( ~;;:::rm 2) ,;!JtJI\ Jli).!!\ ,JLJt~l\. ~ll.::n< JUNIO 
f·'5 

~3TH! (<G0;\1 '4 Hi':r~l</ (I.Jl"h'lC cou:r;) (:Jr\ID :l) <GLh\t .. ~:::.~:t sr:.rw :~) <Gi1f1L 
l::T1Tf1(i) ( fi:lF' T~-1Fi_ 1)~-) (}!OT"lCf'i xu::q; \~·;:~:;a: :2) JlH-H< _!tJ!~I-~ .. !1Jfll< JUi!l< ''·; · 

'::Tii! 2 :;"~) C:':'!;,'.J. fj,'.,t>l-;) ~~-~~:.rn 1:• r~:>ih~,l .. c;:Oli~Hi (i"':Otd_ ·.!:<:; ':;r:n::! ;-') 
rd. 1:~>- i·H-·t>j)~l) nr:·:;• T<::.Tt.'b".'J ( ;l";'[iJ; ;:r:r;:,)) t'<t::;n:: :n .HJHi' .!UNl< 

I< ) 
F ·;:; 
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! 
-' 

~~Tf1! \ (GfJf.it :;; f\Fi'JD 2) ~y 2 Z) UIO(d" :t:s::z {\TlT~HI) (TOP T~FLVE) O::CJTTCi: 
-;-:Lr\o) < St-:rrn :n JU:-1r:: ~nw;; .JU:-W ..tt.:i'il': ..JUHl~ J;Jw< .Jl !Ni<) 
p;: 

~i'-"':t ( (COt.lL :~ PUSH BUrrOH/ \C<l,\L 'l<S* SFt{r! ·.;:! \Y '2 Z) {f)(l!d __ ~S:f !'-1TT;"i 
) ~Tor Tt~::LI)E) (F<lTTOH zr:tW) \bl:JiD 2J ,JUNl{ ,!UN!\ ,;UiH\ JUit~: JUNK ,;UF: 
P3 

~-~1-rl: t(Gtlt;L * S1_;fC[T) (n.li f'l) tCC0l. -t'-~3:~ ::ln.JD :2) (Y 2 z; {CQ;1L *~'~f t:. 
IW) {'fCir· -n-lFLVE) ffdJTTO!'- 2Cf::QJ \i3fND :~; .JUNK JU\.!1\ JUNK JlJJ.W ;J!JfJK) 
P-4 

~~!TM: (((;f);::L :f Cti!_!-;·IT) (IJ::', 1) (iJCt~L ·ts·'f SFfrfi ;::.-) (Y 2 7) (r:i)td .. 'Y?:t {;r::: 
li) <TOr' .lL!FL 1JE) (f<.il!TOl"i :Tr~•J) \~.<CNf.1 ~>} JU:ii< JiJ.NJ:: JtHJt< ,Jur;l<; .JU:J.lt.l 

~--:·p;; ( Z lWf,,l __ , :t: Mt:,r:r:! U~DM .. COt'I'T) \SA HI ~n ( GOt;l :ts_,~ St.: f.!:) 2 J ( CD:-"1L 
(TTEf!!)) (TOt-' TWCL')E) O:<JTH)ti :~OW) (S[i'l~! :u JUt!;.;: .Jl11'W, ,JUP!< JU!J.:< •. Jl.'' 

) 

P6t:1 

f''Pl t ( Cf ::5 Z) C30:'',l fit•t~·1-:·! { ';f;, HI 2) ~ GOP:l COUNT) WOt•L t,:S:t: SFND .2) C . 
f.;L ;f,S:Y: (.)TTEND) >;TiJP T\.1~-:l.VEJ {[..'lHTUi'l z;:·:;r'!l \t-:t:ND ~~) .._HJW< ,!!JUK JlJNI\ ~~ 

l ~ j 

F'7 

r;Tn! (\Y 3 2) (C}(Jt'L ·J· ~lT7Efi!'!) (lOP n;;;_L'-JEJ tl"!OTTCJfl ZF.F:C) <SCI'{!! 2) 
1:.: .• :urn...: .J!JN>:_ ,_:m~f\ -. .iUi-:~-=: JUflK Jl.!fll< Ju;-no 
F'O 
TH:"l1T TO SYfH 
:;: ( >~t;NY "i'C!l' DEr'Of:F 

fnh~ (Jf·i)\\)Y TCJP 'S::rT:..;ru:::; (;;":Or'd. 4: t1TTEN:'•) (Y::;; Z) tTOP TtJEL.!Jt:) (t<OTTCli'l 
ZFG:O) \SUEJ ) J~.l!J::: .JUfH< JUUI< ,J!i1-!t\ JUNi< -J 1Ji"-!i\ .J:JfH'O 
F'9 

!-Hfll ( (!JOtJL ::f Rt:t·· ('f_";;-:·; il:\CJ:";L (d in't'li <'' ·:.;; ~ :(,;~ TLIL' .. 1![) {f<(':T 
T\lH ZLYO) {SEii!J 2) ~JUNf\ .• :u;~i\ JiJf!l'~ .;:.nJL ___ n;;-q-;· Ju;;;: ,J\.Ji.ii<;) 
F'lO 

:i 7 ;·;; ·: (1::•P TUF::.\;~~} (L:il{;! "5 ~·,;--1[[1:)) fY ·:: --:• :"T:<if"·nn .;:;_:en r··~r·-rr-· 1':': 

\ 

70 



_! 

' !: 

I< JL.Ii'JI< JUI-ll< JUW\ ,JlJI !l< JtJfn:; JUNi-~ ,JlJiHO 
PO 
I t!F'UT TD SH'\ • 
:1'- < f1•1NY TUBE) 

~:;n~1: ((i''iMU TLJI:[) (130M.~~ iYrTEfH!) <HlP TIJFL.l..JE) <Y 3 Z) (E:IJTTOH ~:Fi;:O) 

( !3END 2) JUW\ ~IU>H;_ ,JUW\ JlH-1!\ ~JUW\ JUNK Jl.H--!i<) 
1"'11 

:Tfh! ( <GO;;L * G:t:c:ni..L lUfl[) (GOAL *:3* ATrErJD) <HJP TWELt...1E) <Y 3 Z) (I{O 
TTm-1 ZEF\0) < ED!D 2) JUNK JUNl\ JUN!\: JIJf.li< JUUI\ JLHH\ ,JUUI·:;) 
F'12 

;:)Hi: ( ( ~)Ef-HI 2) ( CWr'lL * ATTD!D) ( TDf· TUELi.JC) ( Y :3 Z) ( bDTTfHi ZEfi'O) JUfl 
1< ,JLHH< JUfli< JLHH\ JUW\ JUi'H( JLHH-\ JUNK) 
F'O 
I ~-lF'UT TO STM! * ( t"h".NY HlP NDtJ) 

BHi~ ( (Mf-ltlY TOP UO:,J) (GOAL. * ~~TTE:n:n U)El'lit 2) <TOF' HJELVE) ('( 3 Z> (B 
!lTTOM ZCRO) JUNK .JUNK JUNK JUNK JUill( JUiJ!( JUNK) 
F'13 

f.)H1l ( (GO(.d __ ;¥. SUBTfMCl) (GOP;L ::fS* ATTCNJ)) (;:-;EtHI 2) (TOP n,JELI)(} <l 3 
Z> (BQTTOii ZERO> JUNK JUNK JUi~K JUtlK JUNK JUtiK .JUNK> 
F'14 

STM! CCGO~L *LIST TWELVE> (GOAL ~S* SUBTRACT) CTOP l'~IELVE) <GOAL *S* 
ATl'END> CSEtlD 2) <Y 3 Z> <BOTTO~\ ZERO) JUNK JUNK JUNK JUNK JUNI< JUt11( 

) 

P15C 

STMt !(2 TEN Z) Cl E!_EVEN Z> CGOAL t LIST T'0ELVE> CGO~l-% SIJDl'RACl') ( 
TOP lWELVE> <GOAL tS~ ATTEND> <SEND 2) CY 3 Z> (BOTTOM ZCRD) JUNK JUt! 
I\ JUNK ,JUW\) 
P:l.S 

ST11: ( (GDt:l. t F'UF:iJt::)- (SF:'f 1D :n (~ TF~-l Z) (HiP Tl..i[LI)[) Cl. LL.C 1.1Et-l Z) <GO 
r''iL :.;.s::i f-1 TTEfH.!) ( '( :.; 1:) ( ::u fTCHl :z.:::-;::;1}) . ._llli"ll\ JUt.:i-: Jl :;-n< -JL.':!l< • 1: .!:.n\) 
F''J.,-1{1 
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:n_:_;-r;:;) ( Y 3 Z) ( tiOTTOH 7:CRO) ,J!Jf\l< ,_liJf!i~ ~H!i'ii\ JUNK _;>Ji-H{ ,_11.1{!1~) 

F'~!4 

SHU ((GOAL "A f''H\GE) {OLD ;-:;E/'U! 2) (l(lP TFN! (1 0:1..!'::'-JDi t:J (fJ(lt-tL *S;t: rn 
-r:= 1<f•) cnorlfH1 ?G<'O) ,JIINi< Jlli·--.,.- .JUNK .JUi~1; ,JiJNl,- ,JUNK .JUi-!K! 
p::::_:; 

;;n11: ((Gf),~~L # PHPG~~) <Olrt ::;t'flfl 2) (l'()f" TFfl) ~GO(.:.! .. :¥8'~ ;'1TH::tHI/ o::OTTDM 
7EfWJ ~JUNI.;; ,JuNr~ "JUUK .. H.IdK .J;;p:-~ ~HHH< ,JUH!~ JUHK) 

p;:;7 

S"f{i: ((fJL(! SEND~~) CftiP !EN/ ((J[)f;IL%. >-!T'H:llt:) (BOTiOf; Zfl\rt) .JIHH< ,JUNK 
J!irYF: JUfl1< .JUNl< ~HHtK ~JUIW JUNt\ JUN!O 

I ! STH! ((Y 1 Z) (CU!~.L t. SEND .:p (G\F1L :\:S:K ::qTTEND) <TOP TEN> ZBOTTOf'\ ZEh: 
CD iSt:Ntl 4) .J'JN!'; JUN!\ .JLHH\ ,JUtll\ J~JHI\ JUf~K JUPi<) 

i P?. 

'{ 
! 
j BTl1! ( ( Gklf~,L ;): FWJ:H E:UTT0:1! \ GCVlL :~(S* Bt?:;'{f! 4) ( Y 1 :.:) (GOAL :t:s·,;; ATTt:ND 

) \TJP TOO \HOTTm'i ZEF:C)) (;;l:EIH:.> 4) JUH!\ .JUl'Ji< JUNt>: JiH!!< JUNK ,JUtliO 
P3 

nTMi (((;)fJiiL :t surnT) _ (EU·l :'U (SfH1L 1:~;:1:: :~Ef.t'U 4) ('( 1 7.1 (G!Jr0L ;:;;3;+: 1iTfE 
Pf:l) (TOP Ti.::tl) \ (:Orfm1 Z"CI\0 J ( ~3CiW :} ) J!JN!\ JUNK JUW\ .JllrH< .JUNK) 
r'4 

;;nt·-it \(GOF;L:.!: CfJIJI'!T) (0:3 ~} (Cift1L )1>:8:¥: :1Fi'JJJ 4) (Y l Z) \GfJtjl. ;tH;;: fi!TEN 
n: <·loP· Ttff) .:r:orron ZGWJ <S~::ND -4! .JOi·;l( ,;l_L'n{ ,JUW< .JUHl< J:.J!U\) 
p;j 

'31li: ( CGGAL ;t :-;.~,:-,~--;) (GC·.~rl Ct_>UilT) 
t-iT'lUH:l) (TnF· TE;l) ,'ftf)TTn.; -,~[;-.:OJ 

f' ,~, 

•' )'1·1 : ( ·--- ' I : ' ·~-(.:(:1__ r:I~;L'f ( ':~-"': ' n 
F ' 

., ( •T f~ ' ' 1 r·::·-, n I ' ' ., ,-, 

( ;::;A IT: 
( E-r::r-;r: 

t ) ( ' " ?r"f ,-) 

1 ) ( C'Ot-,L ;~~>:t :~Ei'!n •1 ) ( f.30(iL ~~ :;;~ 

.( ) JUt-1!\ JlH'i{ -'UiH~ .)Ut--H< JU;·~i<J 

;\l ('(•' I! r \ ( !_\•:';~1 . ';··· s:r::;-; (! ) ' r fl 
' .:; ' i) ): IL'I ; ~ ;" rt •;· 
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~;Tfil (((;~AL X ~jdd) -<i:' (Y '2 £) (!31)f.ll ?S.f (:;TTEPJ:!) \'TDF' 1E;i; (BDrfC:fi ZEF: 
0) (SEND 4) ~IJW< JUNl\ JUW~ JUN!< JUf'E JU!ii\ JUi\i·() 
r·:) 

HlM! < \EUt1L * PlH;H BL!T)'t:1 ~-1) (\18/;L ~::::t t~[U7i 4) t'( ? '!) U3tJt,t :F>>: rHn::rm 
J <TOP n:rn (f:IJT'TOH lEP(·> (~;;:::r~Il ~) JUi·J!~ JUI-H~ .JU-H< ...JUiJt< ,J;Jj;;< ,!t:rll~) 
p:; 

S'l-M! ((GO~L% SUB!T) t[L!1 ~) (~GGL tSt SEtlD 4) (Y 2) (GO~! t~~ ATT~ 

1\1.1> <Tor-· n~n) <F:or:nt~ zu~:o; c;:~:::m .q ".>Ji·i:< JUNi< J'~Jtll< Junl< .Ji_n:;;-.-) 
F., 

BTfi: \ U3Ci~L, ;,: CDU~lT) (Q:;;~ 1) tC:J::;L c:;s:~ :;:-:Ef.JJ) .ct; C' ~~ 7) (GO(o,i_ J.::~it fY'~"TU1 

:l)J (lCJF' n_::;o (llOTTOI-1 :zu;·r;n \CEil)) /j) JH<;< ,i!J/!1< ~.tl.JJ,li\ .JU;-;t~ JU!;i·,) 
f<:J 

~-;;H! ( (G001L ::¥ f110f.:l<J (GO,~.L CO~i;·lTl (3r\J"[t ':!J \GC\'\L ;f_S:'!' ~,Et~;:; -11 t(:(J\L *S:-}: 
r'-.TTEND) (TOF' TEH1 (BOnD!·i 7tF·o:. <~::EfE! ,1:' .,Jt))Ji~ "t\.H!l~ ,JUUi~ )lJi;i, JL1i"-!l<> 

P6i'1 

£!Ttl! (tY Z z; (Cfh'1L ti,"lf::l:} <S.~;Ifl 21 \(;Qt1L LOUUT) (:Jf){iL ;~S:t :~Gl!) -1) n:m 
ttl .. :t·st ;'(IT END) CfUf·' TErn \f\C!T"'Pli L!J;O I \ SUlf.1 4 J .!L.~i~!·,- ,J\Hil< ~JU1 1 f\ ~1Ul<Jt~) 

PB 

ST~Il ((GO~L. * SEI1D 4) CY 3 Z> tt~~L tS~ ~TTEND) ('fUP TENJ ~£0TTQti ZLR 
!)) \SFtlD 4) JtH)}~ ,;UUI< ._i!_;N!< ~JU!Ji·'.: ..!Ui-JI·; .:Ui:1< .JUHIO 
r·:> 

blf'it {(D(1t\t :t F·:.r2H tdJTT;!;I! \i:!Ord :t.s-.r: ~;~:n: f}) \Y 3 ):) i.CiO(iL ·~;S.t. t,rff.2i'JD 
1 {TOP 't Fli J 1. r:•OTlOii -z:.TD) ( ~.~:: .. ;-:~! ~: ~ur;:-: ,.!UNo< .JlJW< "~u;·n< .Ju:w: .JUflL' t 
F'3 

;:;rP,! ( (()(1·\1 ;.,~ '.::.l_f~<J'T) O:.l h td (C:.!V1L o-·~;.< S.>JD /',) (Y .~ f) (G''V)L -~'3'1\ rHTL: 
fn:) ( 1 OP T::H) ( C:DTTOP zt. :· 1. ;;;r:·;-HJ o"l. ·, ;:JnL . ._'Ui!i=: J'.!i-: JUJ~j~ )U, :-~~I 

\ 
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'·' 

nTh! ( ~CCrt:t :t Hr:rm-,; (l~~·I(·.! COUiTi) <~:'(rlJ:! 3) \(:1-~HL :f~:;:;:: ~:;F;j~> '\) (~;rJ(;L >I'Si: 
r,fTEN':.!) ('i'OF' f'l'W; (f;lfl'IOi-·i z::::r::r.:~ (~;:::NT! 'i) JL.:nl'~ Jl.!iW ,)U:il• ,Jt;;H~ ,_our-.~!<) 

r· .~. :-:: 

~;;·(,,! ((\' 4 7.:) (GQt.t f1rJ-·l<J ISt,lt~ :2") .::-~(~,'.1_ C:(;Ui!T) \GOtf;L 
Al. ;t;S:.T. ,";TTEf!ri) t; Tut-· Tl:34:- <?-:>::nTf'il -;_::,:_o:l"!) ,~~;CI{') 4/ JLH!!< 
f"' 

.-;! (OJ 

._:'Jr n::;. 

:..;1r1; «cuM ·t SFi'H) 4> cr A t.) "r::iJt- 1• 'f::_;:;· rru:n crcr· TE:i!J <t::rnc,;; 2t:r: 
C! < ~:[f~;J -i J JUW< )1Jfii~ )i !(._:j:; Jl!11J;_· ,}:J;·.:J;' JUi'-.i!~ JUi d~) 
r<· 

~:_;Tr-1! ( u:or\1. :t F'U~;l! t:UT"~C-;i) (C;Dt-~ ~:'3* '::E(D :)) ('( A ?) ((>Ct;!_ :·:3Y tT~Er;J.; 
J (:·or· 1~1!'~ (f:Orrt:li: ::Ef·:C•J \Sr::-;l: --1) ~'UiE:: . 1 U?'f~ ..JUW~ .. dJf~l~ .'Ui'.'f:" .JI..li!;··.-; 
v;: 

r;n1t (\GOtd .. :.t S!J'hlf) (E\ n ,~~j ((;('ld . .-'<::·-' ~·--r~rm ·1) (Y A Z) (:JCJf'.,L ·f·s_~·;~ rYrrE 
W_:) {lOF· ":T:f1) <I':t:T"fGi'i ;::;-;;:~-)/ rsr::;-;-:) ·I) Y,i'if'-: -Hif-:t~ .. )UW ~!U;lJ\ JU:!:',) 

'' P4 

BTM~ <<~·;nt;t -~ CDI.HHJ {Q~J 1! (i_:o;:,L '¥.~'-~ ?FNP "':"1 '\' /' :ZJ {f~~·;:L ·"'·--}-: ~::!TT"~:p 

D i (Tor· nJ·iJ O::G"fTD!-1 :?.EPQ) ( SE!.ii; ~i J ~:u:~r:. JLJl·1!\ .JUf;l~ ~l\.Jli!'; .._.!Udt~) 

P5 

' 
;1 *******,? ·1 

·~ni'!t { (GC•;:\L :+: rtt-~F:\1 (GOA~- C~JUtE) c::t:Ft 4) \GCU:i.. SEfiD 4) (t;C:\L :of:s·s 
~.TT£!.![1) \TCJP t0:l'i) <BOT-~ 1Ji! Zf::r-::;-, ~----:a~:: -~; _1 t:;q~ .. ~1.:i-H\ .. 'ur.;c; JL'i\'h jJfE<) 

F'6C 

::lTMt ( (Y 5 Z) '.'JfY•L !~t,:-~r<! <St!ln 4-) ((':)Q,~:L CCiUiH) (G():lL i,:S:~ sr~~~.f~i 4) (H.} 

AL ;t.H* ,'1r:T/'J:tJ) ·~TCJe T~'fl) \BOTTO!\ ZFF.;O) ~::;:[;~~~ -'!) .;Ui'll"~ ~JUNJ< • .!W-li'( . ._!ij>H·;) 
P7 

~:;TtH < (Y ;:, z) (:.~r_;,:~L :t r'" nc:mn crc;r· n: rn \ ccr·:·n -1 ;~[:r:n 1 ( ~::-P~n -'n .Jt:lli< .J 
UHK JUW\ .JlJNi< JUffl\ .!Uf'\1\ ,__:;J;-.:1'-: Ju;-n-;: ~· 
f'O 
J NPUT TO :3TM i 
'-- ~: i'l:!ii-~Y ; fW f:FFilf(E) 

F"9 
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~;)TM: < ( Gnt;L J F:CCt1LL ror· > < c:tOtit.. ;t.S:J: ATTFND > < Y ~; z) cror· -(~::u 1 cc:rr;··rm; 
ZET\0) (~)EN II 4) JUf-lK .JU~H\ JUr.q;: JUNi\ JUN!\ jlH'!I\ JUNi{) 

F'10 

~**~***~ <TOP TEN) 

nTi~; ((TOP TUn <Gi)!".il ;;J; tJ'TTEND) <Y 5 Z> (f\OTHl!-1 ·zu..:O) <SEtHI 4) . .JUdl< J 
UUK JUNK JLH~K .JlH-H\ JUN!\ JUtH\ ,jU~~l\) 
F'() 

I tWUT TO ~!Tli: 

:,'< ( lir~I--!Y TUT:lE) 

~:;Hi! ( (f~tlfiY TUE:E) (GOtd_ :t f-1TTEND) {TOP TEN> (Y 5 Z) <HOTTCH ZEf\0) <SE 
1--!D 4) JUNI\ _JIJi)f\ ... H.!lH\ ,JUNJ\ JUrH\ JUN.!\ JUNl'\) 
F'tl 

LTJit ( (GO(iL :~ REC;d .. L TUE:F:) (GOt'1L .t;S* IHlTND) <TOP Tn-D <Y 5 Z) <PnTTO 
h ZEF::O) ( SH::rm 4) ~!UN1\ J!JNl< JUNK JUNl'\ JUfH~ JUNI< JUNK) 
F':l.2 

******** (SEND 4) 

~-~T/·1: <<SEND 4) (f30t1l * ;HTEUD) <HlF' TEf!) Cf 5 Z) <BOTTOn ZERO> JUW\ J 
UI~K JUNK JUNK JUNK JUtiK JUNK JU~iK) 

PO 
INPUT TO STf1! 
:l<: ( Mt.NY TOP t-!OH) 

3TH! ( Uit1t!Y HW tlOU) (GOtll * ATTENl!) <SEND 4) <TOF' TErn (Y 5 2) O':.rJTT 
OH ZEfW) JU/'lf( JUNi< .JUI-ll< ,JUN!-{ ~JUUK ,.JIJili< JUNI\) 
F'B 

STM: <(GOAL~ SUBTRACT> CGOA[_ *S:~ ATTE~D> <SEND 4) <TOP TEN) <Y 5 Z) 
<BOTTOM ZERO) JUNK JUNK ~JUNK JUN!< JUNK JUNK JUNK) 
F'14 

~:;TH t ( ( GOf'IL * LIST TD~) ( GOf.1L :i<S:K ~;uE-:n-;:tlCT) (TOP TEN) ( C1Df':-1L ifS;~ (\ TTEN 
It) (SEND 4) < Y ~J Z) ( BDTTCH-1 LEF:O) JUNI\ .JUt~K JUW\ JUUi< .JUi··-~K JUI·HO 
F'l:.:iB 

;:nM: ((4 ~)IX Z) (3 SE'.)Ei'-! £) (GQ(:-,L :Y, LIST TD-D U!OtlL ;-j· SUI:TF:O:T) (HiP 
rF1'-!) (GOt:L :;·:E:i~ ,yrn__:wn (~TtW ·1) ('( ~; ;~) (IiOTTOii 7E!d)) ,!!_lfi~\ ~-ltHl\ _Jl.lr{i< 
Jut-u-o 
P_l6 

! 
\ 
• 
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•. 

' -, 
I 
! 

., 

STM! ((GOAL.« PUI{GE) (SEND 4) (4 SIX Z> (TOP TEN> (3 SEVEN Z> CGDAL * 
S.!~ cYfTFND) \ Y 5 L) < I;OTTCJI·l ZERO) JUN'< Jut-;i< ""'UNK JUW~ JUN!\) 
P2A(i 

ST~I: ((GO~l * PliRGE> <OLD SEND ~) CTOP SlX) (3 SFV~N Z) ~SOAL *S:t ATT 
EN£;) {Y ~j :0 0:<\JTlOM ZEfW) ~lUUK ~lUNI'\ JUrJl\ .JUNK JUW< JUNK) 
F'2t1 

tlTfl: ( (GGAL A< PURSE) I OLD ~)f::tHI 4) (TOP JJ;O C3 St:UFH Zl (GC;\L ·;:~~#. t!TT 
EHD) (l:iO!TGi'i ZEfW) JtH-H\ ,JUt-JI< JUNK .JiJdlC .JUIH-'\ JUmz JUNK) 
P2::; 

STH! (<GOAL 1: F·ur.:OE) (tlU) SEtHI 4) (J()P SilO ~·3Dt<L *S·,y tlTH::l'JI!> C80fTOfi 
:,::EF:O) ,JLHH\ ,JUNK .JUW\ Jl!IH"; JUflK JUNl<' JUlll\ JtlfflO 

P27 

~3":M! ((OLD SOW 4) {TC)f.' SIX) (t;Qt1L ;i!. t.\TTENtl} U<OTTCM :ZE:HO) JUNK JUW~ 
~JUNI~ J-UNK ,Jl'}!l< JUNK .JWH~ JiJNl'\ ,JWHO 
F'OOO 
lHf>tlT TO STN~ 

*:nwrm :.n 

::n'1'\! ( (St::ND 3) (GDA~ t;TTEUO) (TOP SIX) ZBOTTOfi ZEF'Qi JUfW JUJ,1K ,JlJi4K .J 
UHi{ ~H.JNK JUNf:: .!UNI'\ JUIH\ JUi~lO 

F'l 

~3TM! ( (Y l :0 \GOtiL * SEJl!'t 73) \Gl)tlL *~;n: /\TTENrn (TDP S~:o PJOTTON ZEf\ 
CD (SEND 3/ JUfH·;.: JUNI< ~lUfm .JUfH-\ JUNK J\INl< ~'UHIO 
p~: 

STI1! {(GOAt t F'USH liUTTDJJ) (0f1i;L ;J::t;;-:; SC:ND ~p {Y 1 7) (00til :*S% f>TTErW 
) <Hlf' SLO \tiilTTUfl ZCf.:O/ \SCnr1 :-0 ,JUHl~ JUU:.< Jt.JN;·~ .JtHJK JUN!·;; JUNl<) 
P3 

SlH: ((GOAL.~ SUDIT) <~l.H A) (GO~L ~S* SEND 3) <Y 1 Zl <GO~L ~G% ATTE 
Ill)) (T(if-' !'\T/J <f:f!Ti'Oh ;:,~:PO) (~)[tiD 3) ,J!.Ji,'L ,ltJt~!-\ Jl~Pi\ ,_IUNi"~ ,JlJf!l<> 
f'"\ 

s·;·r1: { < GOtd :r. en: ~~rr > ~( u;: :1 ) < C(Jt-:'\l ::s:7 ~:H:.r .. 'tr 3) r y t z' ( ~;ntd.. !:~::::- t~ >TEN 
1::: CfOF :·)'Uf} r'fc.)T)()l", . .-..- ·, C~;HJ'.f1 ~;) ,l;Jrt;: JLit.;i-;_ .JUi-!:{ .JUi'J:< ~fU!·!!O 

f'5 

\ 
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( .Stl1: ('1 1 ) { ::;fJt,L ~:,•: \ ~3DW 
-, ) ( GO~d" *S:·~ ' nn1: \(CO?'d~ :~ ~1MH..:) (t:C·M_ cc:.nrn 

tl'!T~:t-m> ,-:-r)P :~11X) <tnJ.lTCt'i zr::<·u> 
F'6 

( SCU:t1 3 ) ,Ju;w JUf:i\ _JLJ\ll< ~JiJW·\ ~JUJ n-: 

~)Hit {(Y 2 1 (!JQ,tl!. 1if,::::t<J t':~t1:I!t t) ZGnr,L C:H_I,'!T) \FOr:L :;.::;:\:. rlEPD ~0 (GO 
f1L ;JSt tlTTtJ_'fL[l) (TfJI:. ;lJ/1 \BDT"Hm :ZU\01 <SENI' :::; HhH\ ,JlJ!-W; ~Wl'JK ... !Ur!l<) 
F'8 

:3TH! \ U1CL'l1 .• :¥ ~\F.ifD 3) <Y 2 /) {GCAL :t~3:;: ;-,r;nm> (TOP St:O \DOT10h :Z[f\ 
0) { ~;t:j1l) 3 I )UN!'\ JUNK .JLH!I( c.II .. F-W JWJ!::: ,J!JfJi:; ,Jlil~:\ J 
f'-"') 

;:n M; ( UJI)t\L 
) \TOP '3L() 
f<~ 

t. F'U~~H PU''If:lN) ( 8C)t,L. '¥.3lf ":::F/.'f.i 3 i 
\ t:Ol :·01'1 ZEF<O) { EJ:?f:_;J 3 J JUIJK ,.l!JW< 

iY 2 
~ttJNI<: 

ZJ <hC:'!L ::(::;:-r. i~TTEt.JD 

,;UNt~ JtJHK JUUJ< i 

f:TK! <U!(Jr:L;}: :JUt>!T:t ([LM t'1! O:JOiiL ;t::::-r .Srtlt! :!i ~y 2 Z> <GOrit :l:SJ: 01TTE 
('[II nor:· SJ:X) (t{(l'f'l'Dil Z!·T:Q) ~~~HID 3) JL1 i·H-~ ,J!Jd!\ .JtHlY~ JUf.H;: JUti!O 
P4 

~i_;Tfi! \(CPt,L if CCH.1i'H) \i:h} 11 (G()r'\<. .. :tS:t<: ;:;i;J-!)) 3) CY 2 Z) \GOt1L . .t.S* r~rr:::N 
D) (HJF' SIX) (}:;OTTO!\ :/.Ef{;J) c:.:r.:;-.fl) :n .JU;~t:· .;um~. JUI·.ll\ JUNK ,JUf.JiO 
P5 

~:)Hit { u;:ot\l. * MAE'!<) <GOAL CDUUT) u·;.-;In ;D (GOid._ :rs·-t: SEtHI 3/ \CDr-d ... ~S:t: 

·o=tiTf::I~J:i) < ·1 Of· StX) { I,;iJTTON ZEI~:O J- ( ~~EtHJ :~; .JUJ,;t\ ,JUi-il'\ ... lUNt\ JUNi\ JUtli~ I 
F' ,-;:,;:, 

rnM: (lY 3 :n \DGU, f1,:"1F'IO q;;;HD 2) tGLl·~.L r:ot!!Hi ((:;t.itJ ... :-iS:t: S~O::i'W 3) \GO 
t-,!. *-E:~;. (,l'TLfltl} (lOP ~·lX> ('f-:Q'i'TtJ!l ?.Ff'\0) (W::'.JJI; 3/ .JUiH\ JLJ!·;t; JUw--: ,_1\JNf\) 
f'8 

'::;HH (\Gf.if,f.. :1: ~;UW 3) ('f ::; iJ (bDf'1L 1'~~' tii"TI]f:'t! \fOr· STX> p:nETGM ?:Er~ 
P \ ( ss;.g:J. 3: ,;Lif!J·~ ,J!.JiH;, JlH,:i< ,!0!-!]; ,_;! . .:i"~K JUN:< .. Jth'-li::) 
F'') 

;::n·P , u_;fltJ ;:" ;·ir:~it :;l.rrr(~-!• u::::.•..:r.L 3;-:~·{ b-.·!Li ~::) , .. , ::s > t\.fjr:.L :t::c.,. r"l·nTrl!.l 
) (Y\)P SJ.::"() <l"iUTHld L~::r::O) <~;i:i\'tJ "0 -Jt.!i'iJ·i ....;~:ur-. .It:,,.:;: ,Jll,!L .JUf.lt{ JLHll<;• 

l 
I 
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;:;Tf-1: ( <GOtlL ~~ CULii'-!T) (QS !. ) U·!Ut;L :~::.;:~ GFr-m 3) ('{ 3 7.1 \f3Ct)L 'l:~:;c~ (;TTU~ 

;n (TfW ~II/) (l_:orrLiil ZF"!W) <:.::EI-rD 3> JLHH~ JUUI< JUI-!1< JLH!f\ ,_iUl-ll'<) 
F· ~; 

;-:>Hit C ( GCt•l- ~

t:TTEt!i:l) <YDF' 
r·.:)I::: 

!it,r::L 
s l X ) 

) 

( 
'c \.1f_ll'il. CCUiJT ) ( ,:_,,, I !) 

hO r··:-nr-; ZET:O ) ( C;CtJU 

--, ) ( c;uf;l :;-:;):t ~;[(Jft ::;: ) ( Gf)t!L :r::;:;: ._, 
:~ ) .J ! __ : r-:: ~ . JIJi-JI< ..JIJi 'I< Jt.lf.11·< 'Jt.Ji il :; 

~:::-rri! ( C\' 4 ;~) U!Dt,L Mt.r:l~) (:.):,·!.D J) (GfJrd_ C[il.ll-~r;. (f.)fjtd. :*'~·~ ~>':tm 3) (iJO 
~-,_ :-::f~:o:: !',r·oT:fJD) ( rur' ~ii:<> <r:urrt:J:", ::u:;:~JJ (~<JFr 3> • .Jt_!i'1!~ J1 .. 11·-!l< ,J,.Jt-~1< ,!l.li':JO::) 
f-' '? 

~:::Tfii ((Y '1 Z) (CL.\(L :t r,-UFi"!:O) (TUf' ':.;JX) (f10TTCI-! ~-'FFD) (~~\Ef/D 3) J\JHi< J 
UHI\ ~JUi'lf: jl_li')!":; ~lUW< JUfW ,JUI ii"\ JUdi{) 

li'.F"'LIT TD ~?Ti'\! 

~;1T!1: ((fi(4t1Y TDF' E'Er·o;::;E) (130:'.L. .;:: t'tTT[~f:l)i ('f •1 ;:J (-~-ur· 3IX) ([;f.)TTlJ/'"1 ZES: 
0) ( ~)DH! 3 J ... HJl-11\ ,.JUi'il< JU/'-~1;: JI...!Oi·\ JUiH\ JUNi\ JUNl<) 
P9 

bTM! ~ ( GO(.;l. :1: f':[Cr!\U_ T!JF') ( GOt-;L ,;·.~:;:;:.-!' XfTEfll)) ( Y :i Z) <TOP 3L~) U-:orrDI1 
ZF-:fW) (~lEND 3) JUNK . .Jtn-l:( Jl..lf~l< JUi~1< JLUI~ ,JLH"J!-~ .JLHH<) 

F'10 

;:;nq ((TOP ::DX) (GOf.lt. * ,-;TTEND) (Y A ~'.) (BOTTOi·i ZE:T~O) CSEI-lD :n ,.JUfJi:: J 
LH-H< ... JUNf\ ..JUt-lK ,JUNI< JUf~l< JUW( JUill\) 

J l~f'LJT TO STfl t 
:J:(~ir-'if.lY TUBL) 

nn1: c (;·v,rn TIJBE> <GCh\L ;J~ rYrTEtJD) .:-ccr· ~~I:::J {Y /~. '-. (I:C)fTCJi-l ~TF;n' c:.1.~ 

l·ln 3) J!,.!;·H( JW·H~ JL!i·H< .JUW\ ~JUi/1': J! .. H-:1< .Jt i-!l::) 
r:· 1 1 

;·::·1~·1! ((GDtil. ·,;,- l~:;::cM .. l.. TUf:-:t::) t_lif)t;L -~.:;;;:- i\TTF;-:::·> ·~T;X :~-:·T>:.) (V ·i /.) (J:.::o·'i"TO 
h 2'TF:D) (;:;:·;·m 3J ,JUi!L ,_iUt~;-: ..._JUnl< ,llliJL !Ur~~~ Jtl?!i·: JUUI<> 
f' :\ ~:: 

' ' 
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·; 
.. . :' 

~3TH! ( <EEi'HI 3) <GOr"lL * ?\TTENTI) (TOP SIX) <Y 4 Z) <BOTT!lii /CI..:C)~ ._ll.li'l:< J 
! lUI\ ,JUNf\ Jl.Ji'H< JUW~ ~JUf-!t:; JUfH\ JUUl\) 
PO 
T l'>TUT TO ETM! 
::: ( !1r\NY TOP H(Jkl) 

hH1! ( (f-~tli'(Y Tor·-· W:Hn ((~().~~!.. ;t; (.,TTEf.W) (FiD·ID J) (HIP SL() ("'( A 7) (;·:nrf 
Oi-'i zEr;·o) JLH-11< .JUw:; .JUN!< .J\HW ~IW-!1\ JUnl\ JUP!O 
F'l3 

~:~nn ( (Gfir\1.. :~ SUI:TF-:ACT) (GOtiL :r.~;),: t,TTOJ[I) (~;nm 3) <Tor· SLO ('( "1 Z) 
( E:OTTOh ZEFW) JUill"\ .JU!'li'\ ,JtHH\ JU/H( JUU1\ ,_Jl.JU:'\ ,.JUUK) 
F'14 

SHi! < <GOt1L t LIST :3IX) (GOtd .. *S:'~ ·:-UI>H..:r-'1CT) (TOF· -~T.X) IOOt\1.. *~n (,TYU~ 
(1) ( SEUD 3) ( Y A Z) ( l~OTTCH\ ZEf::O) .JUNt( JUW\ JUfJL JUW\ -!Ut.W: ~JUrn::) 

Pl3i'1 

STM! ((3 THREE Z) C2 FOUR Z) <GOAL* 1_161. SIX) CGO~l. ~ SUBTR~CT) (l"OP 
SIX) (GCJf.,L :¥8:1:" ATTEND) <SENI:t 3) <Y 4 Z) <E10TTOfl ZEhO) .. H.HH< JUNi< Jl.Ji"-ll< 
,.JUHf\) 

f''16 

~:::HI! ( ( GOriL * PLHWE) ( ~)UID 3) ( 3 THf~EE Z) (T()F' ::::ro (? FDUt~ 2'.) u:;ot,L 
?t:Sl~ t1TTEND) <Y 4 l) 03lHTOf'i ZEfW) .JUN!\ JUU!\ JUl'!i\ JUI~!< JI.HHO 
F'21t.l 

;;;Tt1i ( (!JOtlL * PLJf:;GE) (OLD SEND 3) (TOP THf-~EE) (~"') FOUl:;: :Z) (GOtJL :'!"~~:~ i'1T 
TEND) <Y ~ Z> CBOTT0!1 ZERO> JUI~I( JUN!< JUI~K JUNK J!JlJI' .JUNK) 
F'::>t 

GTM! ( <GOt:L ;t; F'l.H"WE) <OLD SD11:1 3) <TOF' T:·IF-:E:F) (2 FOUF·: 7) <GOtlL :t3* t1T 
Tf.TD) ( BDTTCH1 ZFfW) ..JlH-11': ~.!UNI:: ..JIJW~ .Jt<l·!!< Ji.k!!"Z JUi-1i·\ .. H.It:L) 

~:;·n\; ( (CCJtJ! ;i'. r:·!;r:~u:·:) (OLD '·Ti'JI! 3) (Tn:·:· ru::;:EJ (f"~i.)(.it_ ;:<;::: .~YrTCU]"!) ('{::_HT 
011 ZfT\0) Jl.n!i"\ JUNt< .. H.H-!~\ JUdi< Ji.Ji1!< JUNi': •. :uu;.: ~Jl.li~l\) 

P27 

~Hi·~! (((ILl:! SFNJ:I ~~) ·~ro:-:· Tl-1:-:;::c) tJ:;;D::I. 
!< .1\J,'.l!'- .J!..il'i\ Jlii-11< .HH'::: ii.Ui: .li.JI!:~ ,.IUiii' 

73 



j 

I 
l 
i 
I 
-! 

l ;·.;r-·trf TO ":n'tl! 
:;: ( Si:'"h'l) :1, } 

P2 

:;tH~ ((GU/tt. ~k ~··u;:;.d !::UTT!)n~ U~n;·:d~ t:S.{: ~::~::1-;n U ('t i .~; t\?.fJ,~t :{'S;« t,rrnm 
} CfOF' TE'\[E) ~D(fT"iUH ZEI<iJ) (SEND 1) JUH~\ JUHl< JUi·iK ,;tHtt< .JUHJ'; .;IJiHO 
f'3 

~:nM: ((GOAL >k SIJI::lT} (EUi t-1) lGO(..;L :~S:¥ SEf1lJ t) (Y 1 ;:) (tJOAt. :¥";1:):: ATTE 
f-..! f./) \TOF' rJir·~f?E:> (H1TH1ll Zl::FO) (~::_TrW 1) JLH~I( ..,Jut;!< JUl-{!< JUUI< ~!UfH\) 

H 

'3¥~'M! t(GDf1L ;k f:Ctlff'l) (Q'E-: 1) {G(){~L *-S--:~ Sf!'H) 11 (1 1 £) <GDt~L =*:S:<:. t·TTEf.f 
rn (TOP THt\L'£) CfifHTOn ZEf.:D> (;::;[Nl:! tJ )UHI~ .JI.JfH\ JUlJ!~ JUhW JUNtO 
P5 

EHi~ { \G8t>:l. :~ h~if;J.;) \fiOf'1L C(;UPT) (Sf'tiD J ~ (G\JAL :tS:+c SEfiD i) (GD~'il i:S:-:< 
f1 rTUW l {TOP Ttmt:E) (BOT TOE ZEf.:O) ( SEf~:t 1! .JUiil~ Jl.1tJ:< JUN:~ .. lUI-~ X .JUNl-t: I ,.,, 

Tnit ((Y 2 'l! U3~Jt·,L f1(·1F'i<) (~-::tdD 1.) (C)(h~L COUt·H) 030ttL )J:S';f SF~Ht 1) (GO 
t.l .. i~:s·~: r.~rTLPIJ) (TOP nmt-:r:; (1:!0lTCH'i lEI::~()) fSf::ND 1) JIJHI< ~HHJf:: ,J!.HJ!< _!Uf~l< 

F/ 

C17i~ ((Y :: Z) WOr,L :1: flTTCfl[!) (TOP Tl-H:;([) O:l!JTil)l! :,~t::~·oJ (Srctm 1! JUW>-: 
JJ.g:·!( Jl1HI< ...Jl li'il\ Jl !i ;1"~ .. :UI41< JUi·\K JiJt-:K J 

PO 
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/ 

:, -·-;-· 

::iTi'i! (((}()(,:._ ~:; f~t.:Crt~.l. HW) \::;;').~.L l:·,~, ,,-·;·-rGr:··;) (Y :~ ;::) (-~·c;::· T!--:r::F.t::) (UI.:n·-~ 

n;·; ZFr::O) (SEND 1.) .J\.HH~ .J!Jl'H\ JtHii\ ,JUi·i;:~ ~:UW\ .H!!~\ .. Filli"() 
F'10 

SH-1! ((TOF' n-mr:t-:) (GOf::rL "~ ,'lfTGnn (Y 2 7) (f:fJTTOd D:TW) (~iUlD 1.) ,!1 . .11!1< 
,JlJNf( ~JUNF .JUt<! I': .JUfll< ~!tJNi< JUtll< ~JUNJ<) 

F'O 
TllPUT TO ~)TM! * ( t'iriNY TUDE) 

l3Hi! ( O·lM~Y TUBE) ((-i01~L * .-nTFr-nn (TOF· THF.::::T) (y 2 Z) (f:OTT0!-1 zc:.:iJ) 
:;:'..[!JD 1) JUfH< JUU!< JUt!!:: Jt!i'!l< .. _!Ui·H:: JlJi'-!1< JUf !I<) 
F'll 

STt1! < ( GCML * f<'ECr"il"L TUBE) ( GOi:',L :tS* t,TTEN'C<) ( TOF' TfmEE) ( Y 2 Z) ( f~OT 
TO!·I ZEF:D) (~)END l) JLH!i\ JUI-!K JI_H'I< JUW\ J\JNI< JUN!"i.: ,JUiH~) 
F'12 

~nl-ii ( U-3EUD 1) (GOr.d .• n:: ,~ITTD!D) <TOP n-mFE) (Y 2 ZJ <BOTTOM ZEPO) JU!"-!l< 
,.lUNI< .JlJW( JUW\ .JUfl!< JUNK .JUUl< JlJI-HO 

F'O 
INPUT fi1 STfl! 
:t ( i'Jt;dY Tm:· 1'-!0I·J) 

~:;n·1i < (hftNY TOF' flC'l.J) U~Otd_ :.t ·"lTTEUD) <SEl'W :t) <TClF' THf~EE) (Y 2 :n <BtJ 
TTON ZEfW) .JUW< ~.!l.Hll< . .JU~~:·;: ..JUNi< .JUi·W .JUNi< ,..HJW{) 
f'1.3 

bTh! ( ( GCI,~d ... fl.' S!.JE:T:::,-'lCT) ( DOt1L ·;:-s·!: ~~ TTEf·!D! ( f,END 1) ( TilF' Tl !f':[l?.) ( Y 2 Z 
) < F{(iTTOM ZEf::D) ~.!Uf.li< ,JlJI·W JUNi< J!.HW JUNf:: ~J\.H:l< JUNI<) 
P14 

nTti i ( (GOAL ~~ 1 ... H)T THF:EE! ( GO;\L ;;;·:)* ;::;I.JPTF:M':T! (TOr:· 'fHr;·~:E) ( GOt1L *S:J.> (t 

TTEND) ( :3F.f·!D l) < Y 2 Z) ( EiOTTUll ~TTW J i\H!l< JIINI< ,JUi.Jt~ JUI·!l< JUPl< JIH~V) 
Pt5 

:::.:n1: < (2 CH~E 7) <:!. ·n.tf) 7) U~U,,\L ;)' LlJT T!!F::::C') q~,:Jt1l... ·:< S\.J:C{n::t~CT) no:~· 
T~·l?Ei::) (i">r)(,L -*;:;~'~ iY"i·;·r.:-tiri) (Sf::tJfl 1.) (v ':l :?.) (\ii.)""f'TC:i·; :T:·\'; .. 1 / Jl.!I!J:." ~I!_H;:-:: .!~Ji! 

P16 

l 
I 
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., 

~:;n~: ( fGGr'<L ~: r~tJF:St:J n~n-m 1) (1 TU~ Z> (TOf' ·n-:H!:.FJ (2 OW~ i:) {00ill_ * 
;::;t,c ~~TTEtlll/ (Y 2 Z) (f:(lTTOI-i ZE!W) ,_!!Ji~!< ,.!Ut:~~ ._.IUN;\ JUNK ~lUi·!f~) 

P'?At1 

;:~Ti~i~ ( ~GOP•L :7: V't1 r::C~~) <OU'! ~::CND 1) \TCF' Tt;;D) \2 GilL: ?) tGOAL :~:S:t ?:TTEtl 
fj) ( Y ? 2) o::OT'fC~i 7et::o J .!Ufll\ JUfW ~.1UIV\\ JUNl'; __)I IW\ _JlJN10 
F'24 

<;:Th! ({GOAL :>: r·Uti'CH£) (OLD <::TN~l :1.) OOP ftlfD ( 2 ']i1F 7 J { SC~L ;tB:~ f'-T TEfJ 
D> ~ t:(JTTDfi :Z:ERCJ .JUNI< ~~·JN~: JUW( .JL!/W; JUfll< ,JUfJ{: JUWO 
P2~ 

<.;;;;: {fQi.D ~-SEtr(l 1) !Tor:• T\JO:) \GOAL * f1T-:-:rrrn (:,:orron ZttW) ,JlRW ,/IH·H< 
~ll.HH~ J\Jf-!1\ .J! lflK . HJW~ ,JUHl~ JL);',JK ~JWil<) 

F'OOO 

~3TY.! O!ll_ \GDf.4L f~TTtNl)) \TOP PA!O) n::OTTOM. ZtTW) • .IUW~ JHNK ~fUNK: .ll~f!l-( J 
UNI\ ,.JUNI< .JUNI< .}l_Wl': JfHHO 

l::]JD OF FdJN 

SIMULATED TIME 0 

,. 
"' 

\ 

52047 
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ADIENDUM 5. 

LISTING AND EXEOJI'ICN TRACE FOR 

N-6UB-NV: Cl:lUNI'!NG-£ASED M!:TOOD. 



r-' ~:~no 
( lH1r:: J •\tLCS: 
({l '.:TPC) 

· ( f:: t?LI!C J 

(D CT~ 1 f:) 

<E GF~-lC) 
(:.:X> :;EC:C) 
(<f·> ~-~LOC) 

Rf(PL<<GQAL_ Y ATTCND> 
Dr:'.L ( (OLD ~lEiiD C)) 1 

(CO~L t ATTEND))' 

<F'OO (GO~l- * ATTEt~D><GO) 
:~ .. _-,:~) 
1;-:~::F·L ( ( GO.'::L t f'1 TTr.::!-!1:!) 
Dl~L,({GiJ))) 

<PO CGDAL. :~ ~TlEt~D) 

U~)El( ( ) 
<F't \nOtiL + tiTTFf-!D) ("i"GP ()) (I\CJTTOit f::) (SEfiD C) 

F:t:TL < ~DO tiL + rYfTEr--m) 
f ;;_~; ~ _( i~fh'iL ~-: '1Ef-!D C)) ; 
:tn:::t:\Y t 'Z)) > 

r:~cr·t < < ;::;,·c;t,: __ tl\ ::i~:h!D r) ( BCh~L :~S* SENft C) ) 1 
:[!~:){ (CJO;l.L :;: PLL::·H ;-::!.!! Tt!i'D) ) 
(p::_< (GC:t;L ;;· f'U:~~}J ~-:<t.:TTOfl) 

1)EL ( < Cf:',t<!. ;;: PW::H . DUTTON l) 1 
T:-lt~( <Lt h (~J); 
TtL;\( ((Jfjf,l. ;¥ ::;UP fT)) 
<P4 (GQt;l_ * SUJ~!Tl(ELM A) 

l)EL<(G0~L * Sl.tDI'f)); 
:ru:;<(w:; :IJ!~ 

DEl.< f~~L {--; f't1l) f 
Ji<S(~GO~L t COLJPJT)) 
0-'~_::; f r;(J(lL :t C~1UnT! U-lS 1) ( Y <X> 2) 

(GOAL+ COUNT>); 

F~F:r·L < < Y <''C- Z) ( ;:;r,ID <X>)) i-
n-_;,~; I (C-;Of;L ;~--- h;'1f:!<) ) ) 

.,> 
r : -,. -: 
lll'S(('/ 5" 2)) 
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,.-·-

r·; .- r ,·;', ·• ': " ~~ ~_.' j)', .--- ., 

)_i '{[;,<! /i,-!:<"))) 
T'!:: <(Ci"L: c~::·:.Lrn:;. 

J; r·:.(,J:' c:i? 
r:i: FL ( ~: n :.~.:-t ::-:~3::: t)T :T:ri:u :-
< P8 < \: ::;·,L t ;<,>r:;-: j ·: ::iC';'d ... 

HEPI .. ( \GOt.~-- :f: r'lTTFN·;:-!· 
DFL ( < t·iAr-~·t rc~~::. -~·:;:::n~:r>::~;; ; 

DEl.((MAtJY lUBE>.; 
IHS< IGCJ·:,!.. F:CC:(:LL TU:i:::E) > 

1 i'~Dr\L ::' f1 fTEfiJ:!)) 
CCUi~T) (UIJ:'.L -~'-~;.,. :::;~:::PD C) (S;:·;J:D D) 

<F·i2 {GOAL* ~=C~L_L TUBE)(SEND C) 

DEL ( < t~Ot;L. 

J :-!:;;; ( ( Gn~~\L. >:~ s~t: ;:! ;·;:·..:1cT) ; 1 
.u;<;'" OJ r,. rn} j 
I 1-' ~; ,- <: ~- t, Z J :-

(F'14 (GCAI. * ~~UBTRACT)tW <P) V)(SE~D /:P>)CY <~> Z> 
,~_,, '-> 

'-!·:;:: \ < i_;ti)/d ... ·.;: F>: __ ::;·1.-:· .. ; :: 
(~J~ !~~U~L * ~Jr-;R~Cl')(W <P> V><Y <X> 7> 
........... 

F~F!·'L ( ( 1:-lnt~t. 

1!~:::( (GUtlL 

;·.> 

'j ',.-. ; ;:: 

L-' .t''! '. ,' ( 

~~! __ !:c-. T F't CT) 

r":· ;- c:: ) ' 



I 
I 

I 
I 

I 
' 
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!<!~ f·'L ( C Y t.:r.;c. ~-· ~ < Y EIGHT 'l)) Y 

l',:_·L ( \ GC:td.. :.l~ f!FXl ))i)lJi-1)); 
J::::~~-( (GDflL ;:J• NL<T UP/)· ) 
(~'17D CG81:L * tJLX~ DOWi~)(Y tiGHT Z> 

REPL((Y ~IGH1 - <Y SEVEN l)); 
D::·:t r ( GDtJ .. ·+· Ji~-.:X:T POlHD); 
:Li\;ar,<GD·:~t :i r;~~·:.-;··i Uf·)) ) 
( !<l 7E u:·:·:?-:L ·,;~ PEYT DC:Wn; ( Y Sf::l,.JEN Z) 
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f·tB 

STM! CCW 1 V> (Y FIVE Z> (GOAL * SUBTR~CT) (GQnL tSt tTTE~D) (TOP SIX 
J ( SEi'itl 3) ~ Y 4 Z) ( :F!.OT'fCJN 0 i ,JIJC·!!< .)U!~!K .JUNK ... IUfH< ... JUUK) 
F'1S 

~rT1·!: (\GOt':L. :~NEXT L'OWtD (GO;\L tS:t SUBIR'_<iCT) (W 1 Vi (Y F7f,)£ ?) (GO~d
'1:;;;:¥: AlTfJ·fD) (TOP SIX/ (!£;:OW 3) {Y A :Z> (l1QTTGM 0! JUPI-\ "'~ur~l\ .JUn!< JUI~ 

10 
P/.70 

iCTiit ( (Go~··,L * rH:XT UP) ("{ FOUR Z) (G<JP1L l}'S:f f;UIHti'•iCT) (l;J 1 \)) <GQAL ;J;: 

S't: t~TTEND/ CfOP SJXJ (S[NU :·:q (Y !', Z.J (}}DT:'Of; 0) JIJi{!< .JtnJI\ JUi·ll< JlUJK) 
P16 

~-:;TM! ( U30t!L ~~. t:F\T UP) {Y Ff)U::, Zl (f~f"i;';l .. 1:0;.·. '"";Ln::ll\'"t~~f) (bl i. l}J tGt;tt!_ :f.: 
;_;;t; AlTEfH!) {TCW ~EX) UlF.i·Hi :.0 <Y ·-1- "/) \DOTTDi'i 0/ ,1\n!!\ J!JN:\ ,,!Jli!\ JLH~;() 

P:l f:-:1\ 

~:;;71; ((t! -:; u·1 ty fi}Uf\ l.) \G!J.f\t. '>¥ ~~!JlH~<¢>CT) (f1frt,! :J<;.y r-;·rrF}'fl) P'Of· DIY 
. '::r::m:; 3) \ Y ;; Z j ( t>DTTfH~ G' _!U:,'i-'; "J!_If,!;.; Jl.ifl:,· .J1n.+ . ..)1.1(~\' 

l 

\ 



l 

::;n .. ~; ~ \C:•Ot:L :+: ?1E:XT DOh!l-l) <GOt"1L ;)':SJK 5t!BTt:;M~TJ (H 2 !)) CY FOUf< 2l <GOi~L 
·;:;:::: cYT1Tn:n \Tor:· 13!:0 C5::J;f! 3) (Y 4 .:.. .. · (l:cnTDh 0) JUi'l!< JUNK ~JUr-m ,J!_Hi 

10 

STMt (!GO(L t!EXT UP> (Y T~REE Z) CGO~L *St SUBTRACT) (U 2 V> (88AL 
~-s·.;: t•Trt:i-!fl) 0: rn;> s;>~1 (SEI-.J 3) (Y 4 Z> (BOTT('M OJ .;ut~l< ~iUW< .)1_JNK: ,JUfW 

l,, 1 t 
A• ~) 

;THi! r <GOrl!..._.·!~ i!t:>:r IJP/ Cf THf:rt: :n (Gfjt,l_ ''''":·1· SUr::Tr:-~CT) CH :? VJ (GOr,t_ 
::~:~;;;· t·,TTFi'Wt fTOP S?.X) (f;E:f1D 3) CiA 7:' t··;ro[lf),'i 0! ~-i.!i'i< ,:l_!dF' ~tt:Pl~ .P'fn:: 

P18B 

cnn: <<~ 3 \ • .') <Y n::~:::~r: Z> u;nr:i_ t :~urfJT:r~rT; (i;Ot-.L ;.:s:r. rYT!Tft~)) era::·· sr 
>O (3Ef·Ft ~1) ("(' -~ z; CEiUTTeti i)) JUL'!·; ,):_;;.:;:~ )Uilf~ JU.'H< JtJ;"-n·;) 
F'i-1 

-::ntr~ C <f~Ot1L * PlJRSE:) \:.J 3 tn ~SE?!n 31 ('( THt-:r:t: ZJ ti30(\l_ tS:t 1-HTEi-iD) ( 
TOP S:I:<: t < \' ~i Z J ( LiOTTOfl OJ _JIJH!< JLflW: _JlJW·: JU!H"": ,JUJ./10 

j ;:nrl: <<GCh.~L :¥ F·UfWEJ (Tc::· TH:.:t:::;:) <CLD SENti 3! UJ 3 :)) <GO(;L :tS:.¥. (-!TTEN 
D) ( Y 4 :0 OJOTTDll ? ) ,_1\JiW JU!H< JUNl< J!Jl-.f1Z JUi'il\ .JUNlO 
F.·2·1 

~Hr-lt { UiCtd c?: PIHHJE) CfQP THt~:E~~) U}Lf! SEtHI :n OJ 3 ~)'J {GOf:I!.... :tS:t: {1TTEN 
J)) n;:OTTCl'i ()) .!U:'H~ JU!~l~ JUNl: ,.JUiH< ,JUW< .)UU;< ,JUN!\) 

~nt1: ( (•_;;(hlL :K f>ur::tlf:') (""OF' T!-1:·-:-r.:r_:; UJ1 D snm :Cl ZGQ~;L ~:3:-t flTTLtHI! O::!JTT 
Oh 0) JlJr!i~ JUi'-::-:.: JUW\ .,Jt.JnJ\ JU·I~i~ ~JlJll:~ JlJi:J{ .:UUK} 
O")"' 
' ,t_ I 

Ti)r·!JT Tf' :nH! 
*' < ·:; :.:~m J ; 

\ 

lOU 



•. 
\ 

i~i< "IUi·-11< JlHH~ .JUi·li~ J:Jilt< ~H:\.;j: 
r· 1 

~;rn-q ( (Y 1 :~:~ ((;t){;L :~ sr:r;:r,; ! f cc;f:?:~L ·.;::--.:;;:,; t'tTT;:::H£1) (TiJF' THf\'EEI Uc)TTGil i) 

) (t\EI!IJ 1) ~iUf11< JUUl"\ ,JtH!i\ .JU(.JJ< .JUiH\ JU;.•;;; JUr~!'.) 
p-? 

GTM: ((G[ir'll :['PUSH BUTTOl!) (GDe~t ~o::::;·.+: SF:n\) jf (Y 1 7) ti)(I;';L ~·n~ tTT~~fH! 

) cror· 'fHS:EC) CBnlTNl 0) <SE;Ht 1) J!J?·n': ,.J 1JW~ ,JlJHl:: ,JUNL JUfH:: JUllt~) ,., ' ., 

STt1! CCGDAL ~ SUBJT) (ELM A) CRCnL tS* S~~ID 1) CY 1 Z) CCO~l :tS.t ATTE 
lJn) ('f:JF' TW\EF.I (I11JTTClrl 0) (~·~:u,·i 1} ~ilJH:\ '";t:rw; JUU!~ JWli< Jlll+l:;) 
f '·C 

;l-Hlt l (GO~·rL *- COU~>tf) ~GS 1) <GO~lL *S·t SF:1Yf.! l) (y 1 'Z) (00/it. :!:S::S ,.-,·nr.N 
D) (TOP TH'\'f~E.) \ LiOTTOil 0) <SFi'lD 1) JUi>(l\ JUNi\ )U!J;'; JlJr!K JUflt;;) 
F'3 

;;nNl ((DO;lL i' i1t.r::l<) \GO;;L CCUfJT) (S;'\JD 1/ tGDf',L :tS:(. ~Tt:ll J.l (00t-!l .. '!':~~* 

1:;TJ:2"'NDJ {"!Qf' llmn:; U:'OTTOi~ OJ (SZ\Jn 1! JUW~ .JLHn\ JUW< JU1'1K Jt.H;f:;) 
F'6 

r:;'fi-l: ((Y 2 z;. tCO?!l 1~:'\R!',) (St1ID 1) <GO?JL Cf)l!:"~T) (f=iOiiL ~S:t S-Etl!) i) \GO 
(lL ~s-:: r."\T7ElHlJ .:10P TEF:ECJ ~bDT'rDn 0! (~:;::~I~D i) JU;~~~ JUi-H< JUI--ll< JiJfl(\) 
F'7 

;:np;~ (('( 2 ZJ <GDt1L :t ,~T7G-r::J \TOP THh'f:C) <P0TT01'l ;)) <SEtU! 1) _Jtlf!l"\ ~U 

tJ!< ,.PJtl:\ .JIJl-l!~ JU:Jl\ .!! 1l-!K JUo'-!1< Jl.)J-.11(; 

Hnn c tfi.ti!!'f T')? ;-:r:.cmc; (!~Ctil"' ;:: t,rr:-:nrn ('t 2 :zJ nor THr:J::t:> csn·~·Tci-i o 
1 {f.;fJlD 1) ~!Ul-H< . .!Hi-'1··: ,_'U!·lt~ ,.JlL!!\ .H..m:\ J!JUI\ ,JU/.,iiO 
F'9 

' \ 
l 
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•-;n;t f(Tf_if> 'fltr:n:; {GiJt,l. :r, l!:T1~:;;;:n Cf 
f·{l\ .JUNt; ~.nJi'n-c •. ;unt-:: ~JUi"K "Jum~ ,Jui·\lO 
F'O 
n-a:·tJT T'J STtH 
:}: ( Ht~f-!Y TUBE I 

F;:Tfit ((i'it:NY T!J!.•E) <GUt;L :l: ATTfTl:i) \TO::• nu:·c;::) (\' 2 Z) (r;QTfUf.i 0! ~SD-i 

D 1) JUNj·:; JUtli~ Ji.!l!;',: ,JUIH< JUNl( ,JL;l~~"\ ,J\JN!Z) 
F' 11 

H"fMi ((G01~!L ·t f::(ft:LL TUI;!;J \GDtJ .. ·.r;~):t t.TT£J!r1) no:::- THR;::~} <Y 2 l) Cf;f)T 
TOl-l 0) < SCr-!D 1 I )l!fi~: .JL!!-!1\ JUrn< "'!lU;~-: JUUi< ,J;_'f-f: __ . J~HH\) 

F'12 

nHI! <t'JE!!l~ 1) (80;':1_ :t. f•TT£f1DJ (TrJ:> THF:£Ll (Y •. _ 2) (t;:(:THli'i 0) JUW< JU 
t~l\ JUt-11\: -JLJNt\ .J'.Hlt~ ~HH<l·~ .JOPK .Jt!l-ll< I 
F'O 
i:fif''UT TG STM! 

, :+:<Ji;\t+Y rc,p tHJtJ) 

' ~:; 

STMt ( UiPtNY TOP NotD (GOAL A:' f!TTHH.t) \SS:t!I) U CfDf' THr;:FE) <Y 2 Z) <!>0 
T"Y m1 C) JUNK JUNK .J!Ji-!i\ JUt~t\ JUl:K .i1JNt: -JUW\) 
F'l3 

STt~! UY THREE 'Z) OJ r) V) (GOAL :t; SUt;TRi':i:TJ (GCt-lL :tS:k ,1TTEtHJ) (Tf"W "IH 
r\EE! (SEtHI 11 (Y 2--Z) CBOTTOI! 0) JUN!~ JU:~;~ ,Jtl1~K JU:--1!:, "l,JfHO 
F':l3 

STM! ( ~GGt'iL :1: HF>:T D!JhiN) U3Ht1L -·rS:t. SUltTf~f.,c--:-) O.J C !}) \Y H!r\EE ZJ \GOA 
L ·:<St f1"iTZ'~fH!) c;·op THF:EE! (SEN:D 1) \Y 2 'Z) CBtnTON 0) JUNK ..,!!Jill\ J!Jt--H< 
JlH-4K) 
F'17I 

s·r11: (Cf30nL t NEXY liP) CY TWO 
¥ t:!'J(l'DJ (TOf' T;H\:EEJ (SEND l/ 

) <GC11it. 'f:·~;:;: =~:u:rnK·:\(;r! (Ll l)) c:;;:on! :t'S 
(Y ~: L) (i>IJrJOI~ OJ JUN!< JUW'\ .JUI-iK .JUiJK 

:::;T?':~ :ff>dt..L k ~-n:·<Mr u~·) (Y ·n::eJ :·; (:_;r•r;~~ ;.--~:.,::: ·~t':-:n;:\r:·n (LI <> 1,'1 \~}l~Jt,L ~( 

4 (1TTEI~D/ Cl'Oi. TH~:.;fT) \SEtHI t) ('f :'2 ;,;:) U!OTlOi--; 0! ,Hn~~·; ,!IJf-!l~ J!_l;-n-~ ,/Ui1:\ 

f'lii 

'}'1 f-/ T 1:i, -~:'. 

\ 

102 



Ef \Z:DHJ 1) \'l 2 Zl {t:OTYO;--; ()) j!__!j:;-~ ~JU>-T: ,Ji._'i'Jl\ Jlli:1< J•Jf;j:') 

?'l•'l 

t~"J'!'i! ((GC!¢,L * f'l!f::GE) (iJ 1 IJ) (SEND 1} ('( TLtll "Z'! (Gf.h'd. #:S~~ r~TTFNfl) cro 
e nm~.r:; < y '=' z; < :(;DT ror; o 1 ,..:uJ~:< .Jl!r~t;: Ju:-H< ~~~ tNn: ._:u:·w: 1 
f'24~1 

FlM: ((GOt-,;_* PUF:3l~l CfGF' TJ:JO) (Q~.D SE"f{Ct :l I \W l t}) (fSO(<L :-::S:f /1TTCW} 
<'t' 2 ZJ \BiJTTC!'i 0) JtH!l\ J~Ji\'i< 0UlH\ JUf-'i< Jl_;YlK .jUNJO 

P24 

fHti! ( (:30/-d~ ;+: PUf\f3f:) (TOP Hltn \GLL1 !i.EJ:l! 1! 04 1 I)) (CG~.L :!<':'~:1: hT'ffi'J~l) 

( J:;::rr·;rJH 0 I JUi'HC JG>!I< JUW\ JlJN!\ ._qHW ,JU!-Jt< .JUi',!l<) 
F'?';J 

STMr ((GOAL% PURGE) CTOP TWO) (OLD SEND !) CGOAL tS* ATTEND) CDOTT0M 
0 I ..!W:!-\ ,)Uj\'1\ ~lUJ'i!:-\ JUNt\ ~lUW .• JUNK ..:Ui~K JUrH<J 

F'27 

r:·ooo 
JNF'\JT TO STI1: 
i:O 

STM: UHL <GOt1L tiTTfND} <TOF' TWO) (E:OTHH-1 !)) .JU/-1!\ .JUi,J!<' JW;I'\ JUW\ JtH!I\ 
,JUt,'!< .JUl'H~ Jl.JH!\ Jll:·.n-;; 1 

END OF t\UN 

SIIIUL!TU.! TlHL t 0 
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LISTING AND EXEalTICN TRACE FOR 

N-Cl'C-NV: TABLE-LOOK-uP Mli:l'WD. 
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~c: /0 
Ct 

.EDIT KVADD?.PSS 

< i~, GENC) 
(f; GFNCl 
!C GENC:l 

.'_[ GENCl 
• <>:> SEQC l 
( <F'_> ~>[CJC! 

( PROl'!Ul __ :T I ON~;:! 
(P000 !GOAL I ATTENDICOLD SEND Cl 
;~ ;; ;: ,, 

CGOAL t ATTENDlll 

(f'J0 (G()~L $ ATTENDl(GO) 

REPLI<GUAL I ATTEND! (GOAL + ATTENDlll 

CPO !GOAL * ATTENDl 

+ ATTENDlCTOP AlCBOTTOM Bl!SEND Cl 

~EPL((GOAL t ATTEND! 
JNS!(GQAL * SEN[r C)); 
J!,!S( (Y 1 Z)) ) 
CP2 <GClAL * SENf! C) 

• • !GOAL *S* ATTENDlll 

REPLICGOAL a SEND CJ !GOAL *S* SEND Clll 
I H'i) ( I GOF'L I F'USH BUTT OlD l l 
CP3 !GOAL * PUSH BUTTON) 

DEL!CGOAL *PUSH BUTTONlll 
H!SCIELM p,)); 
INS(CGOAL * SUBJ1)) ) 
!P4 <GOAL * SUD!Tl<ELM AJ 
;; :;.:·:> 

DELC(GOAt. * SUBIT>>; 

DEL( <ELM A)); 
INS((GDAL * COUNTll ) 
!P5 !GOAL I COUNTliQS llCY <X> Zl 

REPLI!GDAL * COUNTl (GOAL+ COUNTlll 
D['L{ <l~S 1.)); 
ntil' c <><·:: J; 
RFPLC•Y <X> Zl I !SAID <X>lll 
INSIIGOAL * MARKll l 
(P6 !GOAL I MARKliSAID 1) 

REPLCIGOAL * MARKI i !GOAL+ MARK)); 
1 f~S ( ( Y 2 Z J I 1 
IP6A (GOAL* MARKICSAID 21 
;,~. ;; :;.· ·" 
REPLIIGOAL *MARK) !GOAL+ MARKIII 
r u::; c o: :; z 1 1 

,((."i(i(\J.. ,\t,tlflE!$) I st,ID,~L, 



;,;.• !:.:) 

REPLC!GOAL * HARKl C GOAL i MAP\K) l ; 
IU~)((Y4'l))) 

CP6C CGOA~ I MARKlCSAID 4) 
';,:~.;.:;..) 

::P7 (GOAL+ ~ARv)(GOAL + COUNTlCGOAL lSI SEND Cl 

.:·:::.J. ( ( GO!JL *~;;¥ S!:~fll) C >}; 
:n. ·". ( ;: u,:.Jr.'~". + i'·1r~:: ::; '1; 
,,, .. , (. t· ~ ',··,'. + cc:x·:-r ~ >; 

_,_!: .. -.\if' I))) 

: <GOAL I ATTEND)) I 
+ COUNTliGOAL lSI SEND ClCSAID Dl 

; CGOAL I SEND Clll 

<: ··; · •. * tTfErD i ( MtiliY BOTTON BEFORE l 

fGOAL *S* ATTENDlll 

·L~' ; ~: · ·. '* ::::E ,:,; ... L 1\0TTOf"i)) ) 
.. 1.) <:;::ot:,L * ::::·::~~t-;l .. L BOTTON) {f.~DTTOl~ B) 

:::!Lc. ( · ... _"'t:L. ·*· h:E~···.~-!: · F:".,TTOM)); 
··.·L • · ,.,,, or~'i:: ': .. ;Tkil) ; <GOAL * l'oTTENDl l 

( f'l I :'JOt,: ... ; ;HTEND l C MANY TUBE) 
::·:.:_·-·· 

;;;Cf''!((c>C:>.: * ?lTENDl i <GOAL lSI ATTENDIH 
DEL((MANY TUBE)); 
INSCCOOAL I RECALL TUBEII 
(f12 !GOAL I RECALL TUBEICSEND Cl 

DELCCGOAL I RECALL TUBElll 
REPLCCGOAL *8* ATTEND! ; !GOAL* ATTENDlll 
sr,yc csnm C! l 1 
CP1~ CGOAL * ATTENDICMANY BOTTOM NOW) 
.. ··.·· 
REPL\CGOAL *ATTEND) I IGOAL lSI ATTENDlll 
DCLICMANY BOTTOM NOWIII 
JNSIIGOAL I ADDll I 
IP14 !GOAL * ADDICBOTTOM BICABS !GOAL* LIST Bll 

;;;,;..:,:: .. >-
REPLICGOAL * ADDl I IGOAL *S* ADDill 
IliS•IGOAL I LIST Bll l 
IP15 !GOAL* LIST ZEROICGOAL *SI ADDl 

:.:. ·~.:·.:.> 

REPLIIGOAL *S* ADDl I CGOAL * ADDIII 
INS ( ( 2 TWO Z l I ; 
INSCI3 THREE Zll l 
CP15A !GOAL I LIST TWOIIGOAL IS* ADDl 

REfLCCGOAL 151 ADDI ; !GOAL* ADDill 
INS1(3 FIIJE Zlll 
J:NSCI4SIXZll ) 
IP15B CGOAL *LIST BIXICGOAL *BI ADDI 

REPLICGOAL *SI ADDl ; CGOAL I ADDlll 
INSIC2 EIGHT Zlll 
INSIC3 NINE Zll I 

... (f'1;1C ..... <.GOAL I J..ISLNINElCGOAL.*S* ADill., 

/05 



kEPLCCGOAL *S* ADDl I !GOAL* ADDllf 
INS!CO NINE Zlll 
:wnr <I TEn Zl > > 
(P16 !GOAL* ADDliSEND CliC <X> ZlCBOTTOM B) 

Sf1Y <<X>) t 
DELIIGOAL * ADDlll 
!tEL• \GOL\:., * LIST Bl) I 
; r!S i l;[;;,!,, ;r UPDATE l) l 
·~·24A CGOAL • UPDATElCSEND Cl(C <X> ZliBOTTOM Bl 

!~LPL(IBOTTOM Bl I !BOTTOM <X>lll 
D~i_CCGOAL .. * UPTIATE))8 
.[NS<<GCl~L * F)URG£)); 
_:)[L t ( G <X> 2:) ) 
•P24 <GOAL* PURGEliY <X> Zl 

Li~ .. i_.· (Y <X> Z)} 

~; ·::_:·;.; ( GO~~·~L * ~>UF\GE) ( C <P> Z) 

:_;:::.L( (C <P> Z)) ) 
··2b tGD~L * P~Jf~SC><BOTlOM 12) 

;J[L. ( < Gn~~-.:" * r-ur::sE 1 ) ; 
kLPLIIGOAL *Si ATTENDl !GOAL* ATTENDll ) 
(I~? !GPAL * ATTENDlCMANY TOP BEFORE> 
.... ·-,> 
:-~--~~·L((G(~~t- * ATTErJD) 
r;::~.<<M~~y TOP BE ·aREJ>J 
;0s:~G~}~~ ~ REC4~.l" TOP)) ) 
, '·:u () (C!(:h~L ·~ ''cc:,CAL.L TOP)( TOP A) 

i< :Yl. 1.::'~'":L ~S:f rirTEtWl I GOAL * ATTEND I l l 
1 ','.Cil3 IGCltJL * ATTEND I CMf.>NY TOP NOW I 

REPLC(GOAL I ATTENDl ; !GOAL *S* ATTEND)); 
DCLIIMANY TOP NOWlll 
INSCCGOAL • SUBTRACT)) ) 
CPA14 !GOAL I SUBTRACTliTOP AICABS !GOAL* LIST All 

REPLC!GOAL *SUBTRACT! I <GOAL *S* SUBTRACTill 
INSCCGOAL *LIST All I 
CPA15 IGOAL *LIST THREEICGOAL *S* SUBTRACT) 

REPL(CGOAL *B* SUBTRACT) CGOAL * SUBTRACTIII 
WS((l TWO Zl J; 
INSIC2 ONE Zll I 
CPA15A (GOAL * LIST SIXICGOAL *S* SUBTRACT) 
!.~.!:.;-_·> 

REPLICGOAL *S* SUBTRACT> I CGOAL * SUBTRACT)ll 
INSC!2 FOUR Z)Ji 
INSI!3 THREE Zll I 
CPA15B !GOAL * LIST TENICGOAL *S* SUBTRACT) 

REPLICGOAL *S* SUBTRACT) ·; CGOAL *SUBTRACT)); 
INSCC3 SEVEN Zlll 
INSCI4 SIX Zll l 
IPA15C CGOAL * LIST TWELVEIIGOAL *S* SUBTRACT) 
:.-;,:;;.;:.~ .> 

; 
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-"'~~-~,_:,.,_ ~w.-.. -->.~ ,,,,- -~, . , ,. _ -···•--~- ~-~--·~·-"'' ·~-4~'"'"' -"-' __ ,,._,_,._,, '""~'·~•=-•""""'~"""'~"'-~"--~·-•~·"'·' ,_.,_,.,_ '*", . -~ ~~-· ,· "~~---·"··~~ .- __ 

' INS!Cl ELEVEN Zlll 
H.JS I < 2 TEN Z l I I 
CP~16 CGOAL * SUBTRACTICSEND CIIC <X> ZliTOP AI 

Sf~Y(<X>); 
DlL'IGOAL * SUBTRACTl)l 
D~L'IGOAL *LIST Alii 
tNS 1 1GO~L. * PURGEII I 
IP~24A (GOAL* PURGEl(SEND Cl(C <X> ZliTOP AI 

REPL(ITOP Al I !TOP <X>lll 
R~PLICS~ND Cl I COLD SEND Clll 
lJ .. ~.frC <X> Zll ) 

(F'DL.ISTS:. 

~9 PA9 P11 P13 PA13 
r 'G\) :t f"()0 PO 
l''T f'';> P:.> P4 Pc'i P6 
' 'c':..'\ P -~-.":.l: F' 6C 
:<·-· F'8' r·1:0 F'A1.0 P12 

1 ~~ F'l4 P:t6 P15 
! ·:: ::J.; P1:~;I> F·'15C 

Pi~ 14 1---~~.16 ~:·A 15 
;·-r~:l75.~l ! .. 'r-::t 51: PtJ:!.~5C 

) 

> 

t 
' l 

. _ _/ 
..,_ 

CDE~: STMiiGOAL * ATTENDIITOP TWELVEIIBOTTOM ZEROJCSEND 2lll 



HUN 
UNDEFINED FUNCTION 
:BACKTRACE 
'1'-*EVAL 

*IRUNl N-CYC-NVl STM 15 5001 

RUN BEGINS : 
, 

(, 
/ 

10'8 

CCGOAL *ATTEND) ClOP TWELVE! <BOTTOM ZEROI <SEND 21 JUNK JUNK JUNK 
UNK JUNK JUNK JUNK JUNK JUNK) 
PO 
INPUT TO STMl 
:nGOl. 

STMI CCGOl CGOAL *ATTEND) CTOP TWELVE! !BOTTOM ZERO) CSEND 21 JUNK 
UNK JUNK JUNK JUNK JUNK JUNK JUNKl 
POO 

STMI CCGOAL ATTEND) ClOP TWELVE! !BOTTOM ZEROI CSEND 21 JUNK JUNK Jl 
K JUNK JUNK JUNK JUNK JUNK JUNK) 
Pl 

STMI CCY 1 Zl CGOAL *SEND 21 CGOAL IS* ATTEND) ClOP TWELVE! <BOTTO~ 
ZEROI CSEND 21 JUNK JUNK JUNK JUNK ~UNK JUNK JUNKl 
P2 

STMI CCGOAL I PUSH BUTTON) CGOAL lSI SEND 21 CY 1 Zl <GOAL lSI ATTEN 
I CTOP TWELVE! CBOTTOM ZEROl (SEND 21 JUNK JUNK JUNK JUNK JUNK JUNKl 
P3 

STMI CCGOAL * SUBITI CELM AI CGOAL *SI SEND 21 IY 1 Zl CGOAL IS* ATT 
NDI CTOP TWELVE! <BOTTOM ZEROI <SEND 21 JUNK JUNK JUNK JUNK JUNKl 
P4 

SH'i: CCGOAL I COUNT! CQS 11 CGOAL *Sll< SEND 21 CY 1 Zl CGOAL *S* ATTEi 
Dl CTOP TWELVE! <BOTTOM ZEROl CSEND 2l JUNK JUNK JUNK JUNK JUNK) 
F'~l 

******** 1 

STMI CCGOAL *MARK> CGOAL COUNT> CSAID 11 <GOAL *SI SEND 21 CGOAL *S' 
ATTEND! CTOP TWELVE> (BOTTOM ZEROl <SEND 2l JUNK JUNK JUNK JUNK JUNI 

) 

F-6 



STMl ( IY 2 Zl IGOAL Mf'of\10 <SAID 1) (GOAL COUNT) I GOAL lf;S* SEND 21 <GO 
AL *SI ATTEND! ClOP TWELVE) <BOTTOM ZEROI !SEND 2J JUNK JUNK JUNK JUN 
10 
F's /OS 

~)Tt\: (I GOAL * SE:ND 21 CY 2 Zl IGOelL *S* ATTEND I <TOP 
ZERO) CSEND 2l JUNK JUNK JUNK JUNK JUNI( JUNK JUNKl 
F'? 

/ 
TWELVtJ 

> , C BOTTOM 

STMI CCGOAL·I PUSH BUTTONJ CGOAL tSI SEND 21 IY 2 Zl !GOAL *S* ATTEND 
J (TOP TWELVE! <BOTTOM ZEROl CSEND 21 JUNK JUNK JUNK JUNK JUNK JUNKl 
f"3 

~HM: C <GOAL ll!, E>LJBIT) CEL.M AI I GOAL *B* SEND 21 CY ;::; Zl (GOAL :tS"il: t,TTE 
NDl ClOP TWELVE) (BOTTOM ZERO) <SEND 21 JUNK JUNK JUNK JUNK JUNK) 
p~ 

STMI ((GOAL* COUNT! IQS 11 CGOAL *S* SEND 21 CY 2 Zl CGOAL *B* ATTEN 
Dl (TOP TWELVE) !BOTTOM ZEROl ISEND 2) JUNK JUNK JUNI( JUNK JUNKl 
P!5 

STMI ICGOAL I MARK) <GOAL COUNT) CSAID 21 CGOAL lSI SEND 21 CODAL IS* 
ATTEND) CTOP TWELVE) CBOTTOM ZERO) <SEND 21 JUNK JUNK JUNK JUNK JUNK 

) 

STK; ICY 3 Zl (GOAL MARK) ISAID 21 CGOAL COUNT! !GOAL lSI SEND 21 CGO 
r,L :tSI ;HlTND l <TOP TWELVE l (BOTTOM ZERO> I SEND 2 l JUNK ,JUr<l\ JUN!\ JUN 
I'\) 

P7 

S1M: ( CY 3 Zl I GOAL. * r~TTENDl <TOP TWELVE I CBOTTOti ZEFWl !SEND 21 JUN 
K JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
PO 
INF"UT TO STM: 
ICMANY BOTTOM BEFORE> 

STM: ( ( Mr!NY BOTTOM BEFORE l (GOAL * ATTEND) ( Y 3 Z l IT OF' TWELVE) ( BOTT 
OM ZERO) ISEND 2l JUNK JUNK JUNK JUNI( JUNK JUNK JUNK! 
F'9 

STMI IIGOAL. *RECALL BOTTOM) CGOAL *S* ATTEND) CY 3 Zl CTOP TWELVE) < 
BOTTOM ZERO) <SEND 2) JUNK JUNK. JUNK JUNK JUNK JUNK JUNK) 
F'10 



******** <BOTTOM ZEROI 

STMI C U<OTTm1 ZERO I \GOAL * c;TTENDI CY 
K JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
PO 
INPUT TO STMI 
*<MANY TUBE:l 

/10 

3 Z) <TOP TWELVE l I SEND 2 l JUN 

STMI ((MANY TUBEI CGOAL * ATTEND! !BOTTOM ZEROl CY 3 Zl (TOP TWELVE) 
CSEND 21 JUNK JUNK JUNK JUNK JUNK JUNK JUNKI 
P11 

STMI ( IGOAL * RECALL TUBE) CGOAL :+;S* ATTEND I CBOTTOM ZEt<OI (Y 3 Zl <T 
OP TWELVEI CSEND 21 JUNK JUNI( JUNK JUNK JUNK JUNK JUNKI 
P12 

******** ISEND 21 

STMI ICSEND 21 CGOAL *ATTEND) CBOTTOM ZERO) CY 3 Zl (TOP TWELVE) JUN 
K JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
PO 
INPUT TO STMI 
*!MANY TOP BEFORE> 

STMI (CMANY TOP BEFOREI CGOAL *ATTEND) CSEND 21 <BOTTOM ZEROI CY 3 Z 
l !TOP TWELVEl JUNK JUNK JUNK JUNK JUNK JUNK JUNK) -
PA9 

STMI ((GOAL *RECALL TOPI CGOAL *S* ATTEND) CSEND 21 CBOTTOK ZERO) CY 
3 Zl CTOP TWELVE) JUNK JUNI( JUNI( JUNK JUNK JUNK JUNK> 

PAlO 

******** <TOP TWELVE! 

STM: CCTOP TWELVE) (GOAL I ATTEND! ISEND 21 CBOTTOK ZERO) CY 3 Zl JUN 
K JUNK JUNK JUNK JUNK JUNK JUNK JUNKI 
F'O 
INPUT TO STMl 
ICMANY BOTTOM NOWl 

STMI (!MANY BOTTOM NOWI CGOAL *ATTEND! CTOP TWELVE! CSEND 21 CBOTTOM 
ZEROl CY 3 Zl JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 

P13 



ROI CY 3 Zl JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
Pl4 

STMI CCGOAL I LIST ZERO> !GOAL lSI ADDl <BOTTOM ZEROJ CGOA~ lSI 
Dl CTOP TWELVE! !SEND 21 <Y 3 Zl JUNK JUNK JUNK JUNK JUNK 4UNKl 

r 

J , 

Ill 

ATTEN 

nn;: 1(3 THREE Zl 12 TWO Zl !GOAL I LIST ZEROJ CGOAL I A£1Dl <BOTTO!'\ Z 
ERO) CGOAL lSI ATTEND! (TOP TWELVEJ !SEND 2l CY 3 Zl JUNK JUNK JUNK J 
UNKJ 

I"' 1 "' 

******** TWO 

STf1: (I GOAL I UPDATE) !SEND 2) 12 TWO Zl I BOTTOM ZEF:Ol 13 THREE Zl (G 

Q,!;L IS* ATTEND! <TOF' TWELVE> IY 3 Zl JUNI\ JUNK JUN!\ JUNt{ JUNK) 
F'24A 

STMI CCGOAL I PURGE! <SEND 21 <BOTTOM TWOI 13 THREE Zl <GOAL lSI ATTE 
NDI (TOP TWELVE) CY 3 Zl JUNK JUNK JUNK JUNK JUNK JUNK) 
p;;4 

STM: C CGOfiL * F'Uf\GEJ !SEND 2) CEIOTTDI'! Tl40J 13 THREE 2) CGOAL IS* AlTE 
NDl CTOP TWELVE! JUNI< JUNK JUNI< JUNK JUNK JUNK JUNKl 
F' ?.3 

SlMI CIGOAL * PURGEl <SEND 21 CBOTTOM TWOI CGOAL *S* ATTEND) CTOP TWE 
LVE) JUNI\ JUNI"( JUNI< JUNI( _IUf<t{ JUHI\ JUNt\ JUNK) 
F'::>7 

STMI ICSEND 2) <BOTTOM TWOl CGOAL S ATTEND) !TOP TWELVE) JUNK JUNK JU 
Nl< JUNK JUNK JUNK JUNK JUNK JUNKl 
PO 
INF'UT TO STM l * ( M,<,NY TOF' NOl-l I 

STM! CCMANY TOP NDWI !GOAL I ATTEND) CSEND 21 !BOTTOM TWOI CTOP TWELV 
El JUNK JUNK JUNK JUNK JUNK JUNK JUNI\ JUNKI 
F'AlJ 

STMI CCGOAL * SUBTRACT) CGOAL *SS"ATTENDI <SEND 2l <BOTTOM TWOl CTOP 
TWELVE l JUNK JUNK JUNI< JUNt; JUNI\ JLJNI\ JUNK JUNK) 
PA14 

STML (((.JOAL I LIST J:WEL'JEl CGOM. )f:.S.* SUBTRt;CT) (TOP _Tl.IEL'JEl (GOALlli§:*. _ 



,_ •••• ,_ -· • '" ---~-" ,. -· - --·· -- • • - -~ -· - - " •• "' '" .- • - -~ •• -~~----·---~~~- _____ .. _,_ •• ~ ...... -------·-··· •• ~ "'>•" -- ••• -~ .. --·-- -·-. 

ATTEND! <SEND 21 <BOTTOM TWO) JUNK JUNK JUNK JUNK JUNK JUNK JUNr 
F'A15C 

STM: I 12 TEN Zl 11 ELEVEN Zl I GOAL ll: LIST TWELlJEl CGOM .. ll: 
TOP TWELVE l I GOAL *S* ATTEND l I SEND 2 l I BOTTOM TWO l JUNK 
NK JUNKl 
F"A16 

******** TEN 

JUNJ\ JUNI< JU 
' :./ 
I 

/ .. 

STI1! I CGO(il * PURGE I <SEND 21 12 TEN Zl <TOP TWELVE I Cl. ELEVEN Zl CGO 
AI_ *S* ATTEND! <BOTTOM TWOl JUNK JUNI\ JUNI\ JUNK JUNK JUNK> 
PA24A 

STM! I <GOAL * .f'URGEl COLD SEND 21 <TOP TEN I 11 ELEVEN Zl CGOM .. *S* t,T 
TEND) <BOTTOM TWOl JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
F'::!5 

STh! I CGOI'1L * F'UF:GEl COLD SDW 21 <TOP TENl I GOAL *S* ATTEND I (I<()'\'101-1 
TWOl JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 

P27 

STM: I I OLD SEND 2 l <TOP TEN l (GOAL ll: ATTEND l I BOTTOM TWO l JUNI< JUhi: J 
UNK JUNK JUNK JUNK JUNK JUNK JUNKl 
F'OOO 
INPUT TO STM: 
*<SEND 41 

STM! I <SEND 41 I GOAL ATTEND I <TOP TEN I <BOTTO~! TWO I JUNK JUNr; JUNI< JU 
NK JUNK JUNK JUNK JUNK JUNKl 
F'l 

STM: ( ( Y 1 Z l I GOAL * SEND 4 l I GOAL *S* ATTEND l (TOP TEN l ( BOTTDri TWO 
l (SEND 41 JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
F'2 

STM! ( (GOAL * PUSH BUTTON l (GOAL li:S* SEND 4 l I Y 1 Z l CGOf.1L li:S* ATTEND 
l (TOP TENl <BOTTOM TWOl <SEND 41 JUNK JUNK JUNK JUNK JUNK JUNKl 
F'3 

STM! ((GOAL * SUBITl I ELM AI <GOAL *S* SEND 41 CY 1 Zl <GOAL *S* ATTE 
NDl <TOP TEN) <BOTTOM TWOl (SEND 4) JUNK JUNK JUNK JUNK JUNKl 
P4 

BTM: ( (GOAL * .. COUNT l (OS .1 l (GOAL *S* SEND.~> . ( Y 1 . Z l (GOAL *S* .ATU:N.. .. 



Dl CTOP TENl <BOTTOM TWDI !SEND 41 JUNK JUNK JUNK JUNK JUNKl 

/13 
******** 1 

..: 
STMI IIGOAL *MARK) <GOAL COUNTI CBAID 11 IGOAL *B* SEND 4i !GOAL *S* 

A TTENrt l OOF' TEN I I BOT TOM TWO) (SEND 4 l JUNK JUNK JUNK -U-lNK JUNIO 
P6 

STM: I <Y 2 Z l I GOAL MARK) (SA 1 D 1) (GOAL COUNT) I GOAL tSI SEND 4 l I GO 
AI_ lSI ATTEND) ITOP TENl <BOTTOM TWO) !SEND 41 JUNK JUNK JUNK JUNK) 
P8 

STMI I <GOAL * Sf;:ND 41 IY 2 Zl <GOAL *S* ATTEND) <TOP TENl IBOTTON TWO 
l ISEND 41 JU~K JUNK JUNK JUNK JUNK JUNK JUNKl 
F"2 

BTMI IIGOAL *PUSH BUTTON) IGOAL *S* SEND 41 IY 2 Zl (GOAL *SI ATTEND 
l !TOP TENl !BOTTOM TWOl ISEND 41 JUNK JUNK JUNK JUNK JUNK JUNKl 
F'3 

STM! I IGOt-,L * SUBlTl I ELM AI <GOAL *B* SEND 41 (Y 2 Zl I GOAL *S* ATTE 
NDl ITOP TENl <BOTTOM TWOJ 0SEND 41 JUNK JUNK JUNK JUNK JUNKl 
P4 

STMI IIGOAL *COUNT) IQS 11 !GOAL *B* SEND 41 IY 2 Zl !GOAL tSa ATTEN 
Dl <TOP TEN) !BOTTOM TWO) !SEND 4) JUNK JUNK JUNK JUNK JUNK> 
F'5 

******** 2 

STMI IIGOAL *MARK> !GOAL COUNT> !SAID 2) !GOAL *S* SEND 41 !GOAL IS* 
ATTEND) !TOP TEN> !BOTTOM TWOI ISEND 41 JUNK JUNK JUNK JUNK JUNKI 

F'6A 

SHi: I IY 3 ZJ <GOAL MAFWl I SAID 21 I GOAL COUNT) I GOAL IS* SEND 4l <GO 
AI. *B* ATTEND> !TOP TENl (BOTTOM TWO) <BEND 4) JUNK JUNI\ JUNK JUNKI 
F'8 

STMI ((GOAL *SEND 4) IY 3 Zl !GOAL IS* ATTEND) <TOP TENl (BOTTOM TWO 
l !SEND 4) JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
F'? 

!3TM: I (GOAL 
l IT OF' TEN l 

.J:3. ·- . 

* PUSH BUTTON) CGOAL *S* SEND 4) IY 3 Zl !GOAL *S* ATTEND 
!BOTTOM TWOl !SEND 4) JUNIZ JUNK JUNK JUNK JUNK JUNK> 



114 
~>Tti: ( ( GOc>L * SUB IT l (ELM A l ( GCl(->L *S* SEND 4 l <Y 3 Z) ( G0?1l: *S* t1TTE 
1Hll <TCiF' TENl <E<DTTOf.l TWO) (SEND 4) JUNI\ ,.IUt~l\ JUNI\ JUNI\ JUNIO 
F'4 

/ 
:,; 

/1 
SHi: ( ( GO?li_. * COUNT) C QS 1 l <GOM .. *E* SEN [I ·1 l <Y 3 Z) <GO.~L *S* t-1TTEN 
[I) <TOP TENl (BOTTOM TWOl (SEND 4) JUNK JUNK JUNK JUNK JUNK! 
F'3 

*~'****** 3 

bTi1! C (GQ{c:L * M?>f.:iO (GD?d_ COUI'lTl <S?ilV 3) (GOAL :t.S:t. SEND 4) <COM_ *~~* 
ATTENDl <TOP TEN) (BOTTOM TWO) (SEND 4l JUNK JUNK JUNK JUNK JUNK) 

F' f.·, I: 

sn;: ( ('( 4 Z) ( GCJ(.,L ~·;r.,F:IO C S>'!I D 3) ( GO(.,,L, COUNT) ( GOf.cd .. *S* SEND .1 l (GO 
f'd .. >H)* f'oTTENDl <TOF' TENl CBOTT011 TWO) (SEND 4l JUNI\ ~IUNl\ ,JUNI•: ,IUiHO 
F'f·: 

~:nM; C CGD?,L ll: SEr,I• 4) (Y 4 Zl CGO?d ... *f:;* ~,TTENDJ <TOP TEN) CE<DTTC)i; HJD 
l C SEND 4 l JUNI\ .JUNI\ JLHW JUNI•\ JUNI\ JUNI•: JUHI\ l 
!"'? 

bTMI !<GOAL* PUSH BUTTON) (GOAL :t.S* SEND 41 CY 4 Zl <GOAL *S* ATTEND 
) <TOP TEN) ( f:OTTDi1 TWO J (SEND 4 l JUNI< JUN!( ~IUNI\ JUNK .. ,.!UN!\ .JUW<) 
F'3 

E>H1: ( ( CiDc;l. * SUB IT l ( EU\ A) ( CiOf.>l.. *"* SEND 4) Pf 4 Z> ( CiOf.;L *S* f.< TIE 
I·H)) ( TOF' TEN) ( BDTTO?i TWO l (SEND 4) JUNI\ ,JUNK ,JUNI\ JUNI< JUNI<) 
H 

!3TH: ( (CiCl:'-lL * CDUNT> (QS 1 l (GOAL *S* SE:ND 4) (Y 4 -n CCiDAl.. *S* ATTEN 
D) (TOP TEN I ( BOTTOf.l TWO) (SEND 4 l JUN!< JUI'<t:; JUt<t\ JUNt\ JUN::;) 
F' !'; 

4 

f)H\! ( <GOcJI... * MAF;K) <GDi'oL COUi.JT) (S,'liD 4l <GOAL *S* SEND 4) <GOt.>L *S* 
!HlEND l <TOP TEN) (BOTTON TWO) <SEND 4) ~IUNt\ JUNI\ JUNJ·:; JUNI< JUNIO 

r·t.c 

f)H\l ((Y 5 Z) (Gllr>L. MAf':tO (Sr..III 4) (GO,'-lL CDUIH) (GOAL *S* SEND 4) <GD 
AI.. *S* f<lTEND l <TOF' TEN l <BOT TOil TWO i <SEND 4 l JUNK JUNt•; JUN!; JUNIO 
f"7 



GTt;: (I Y :'i Z) ( DDF;L 1\: ?>TTUH< l (TOP TEN) 
t'i\ JUt<!\ c!LH!!\ JUNI< ,JUW\ JU"I; JU1l!'; l 
f(' 
INF'UT TO STMi 
*IMkNY ~OlTON BEFORE) 

!BOTTOM TWO! CSEND 41 JUNK JU 

, 

' ' 
';' 

l 

/15 

ETI·;: < (MliNY BOTTOM BEFIJF:;[) (fJQ;iL * f.t"':TE.i'~D) (Y 5 Z) (TOP TEN> <BOTTOH 
TWO) (SEND 4) JU;•J.IZ: JUNi:: ,.HJNI< ,.JUNi~ JUI,n< JUf~l< JUNt<) 
F'9 

BTM: <<GOAL* RECALL BOTTOM) !GOAL *S* ATTENDl CY 5 Zl !TOP TEN! !BOT 
TON TWO l (SEND 4 i JUW; JLHH< .JUN!\ JU;JI< JUt;!'; JUi'll< JUNI< l 
Pl.O 

******** <BOTTO~ TWO) 

ST!1: ( (BOTTON T~,LJ) ( GOfiL ;¥ t;TTEND) ('I" 5 2) (TOP TEhD ( SEI'H) .<l) .JLH-~i( ,JU 
Nl\ JUNK JUNI-\ .. JUht:=: JU\\f!< -..!UN!-.:.: JLHJ!<) 
PO 
INPUT TO STMI 
IIMANY TOP BEFOREl 

STMI CCMANY TOF' BEFORE) (GGAL *ATTEND) !BOTTOM TWGl (Y 5 Z' !TOP TEN 
) (SEND 4) JUNK JUNI< JUN:: JUNI< JUH\\ JUNK ,JUNI":) 
F'A9 

STMI CIGOAL *RECALL TOF'l CGO~L IS* ATTENDl IFOTTOM TWO) CY 5 Zl ITOP 
TENl <SEND 41 JUNK JUNK JUNK JUNK JUNK JUNI< JUNK) 

p(",l 0 

******** CTOP TENI 

STI1: «TOP TEN> CGOAL *ATTEND> CBOTTCW TWOl IY :; 7) <SEND 4> JUW< JU 
NK JUNK JUNK JUNK JUNK JUNK JUNKl 
F'O 
INF'UT TO STM l 
*<MANY TUBE> 

STMl <<MANY TUB£) CGOAL *ATTEND> CTOF' TEN> !F<OTTOM TWOl IY 5 ZJ !SEN 
D 41 JUNK JUNK JUNK JUNK JUNK JUNK JUNK> 
F'll 

STM: CIGOAL *RECALL TUBEl !GOAL tS* ATTEND) CTOP TENl <BOTTOM TWO) C 
Y 5 Zl (SEND 41 JUNK JUNK JUNK JUNK JUNK JUNK JUNK> 
F'l2 



.. 

******** ISEND 4l J/6 
STHt ((SEND 4) <GOAL* ATTEND) ITOP TENl !BOTTOM TWO) CY 5 Zl JUNK JU 
NK JUNK JUNK JUNK JUNK JUNI< JUNKl 
PO 
WFUT TO SH1: 
ICMANY BOTTOM B88mREI 

STM I ( ( 111\NY I< OTTO!'! NOW l (GOAL * ATTEND l I SEND 4 l 
Ol <Y 5 Zl JUNK JUN!( JUNK JUNK JUNK JUNI( JUNKl 
P13 

CTOP TEN! !BOTTOM TW 

STMI ((GOAL* ADDl 'GOAL *S* ATTEND! ISEND 4) CTOP TENl !BOTTOM TWOl 
(Y 5 Z) JUN!( JlJNI< JUNi~ JUNK JUNI\ JUNJc: J\Jr/10 
P14 

STMI ICGOAL 8 LIST TWOl CGOAL *S* ADDl !BOTTOM TWO) <GOAL *S* ATTENDl 
(SEND 4) (TOP TEl~ l ( Y 5 Z l JUNI•: JU1<K ~IUNK JlJN!( JUt·W JUNK) 

F'1:JA 

STMI 114 SIX Zl 13 FIVE Zl !GOAL* LIST TWO) (GOAL* ADDl <BOTTOM TWO 
l !GOAL *B* ATTENDI ISEND 4l ITOF' TENl CY 5 Zl JUNK JUNK JUNK JUNK! 
F·16 

******** SIX 

STKI IIGOAl *UPDATE> <SEND 41 C4 SIX Zl !BOTTOM TWO) 13 FIVE Zl !GO~ 
L lSI ATTEND) CTOP TENl IY 5 Zl JUNK JUNI( JUNK JUNK JUNK) 
F'24A 

STMI IIGOAL I PURGE> <BEND 41 !BOTTOM SIXl 13 FIVE Zl !GOAL *B* ATTEN 
Dl ITOP.TENI <Y 5 Zl JUNK JUNK JUNK JUNK JUNK JUNK) 
P24 

STMI <I GOAL * F'URGEl I SEND 4) !BOTTOM SIX> 13 FIVE Zl !GOAL li1S% ATTEN 
Dl !TOP TENl JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
F'25 

STMI IIGOAL *PURGE! !SEND 41 !BOTTOM SIX> IGOAL *S* ATTEND! !TOP TEN 
l JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNK> 
F'27 

STMI (ISEND 4l !BOTTOM SIXl IGOAL *ATTEND) CTOP TENI JUNK JUNK JUNK 
JUNK JUNK JUNK JUNK JUNK JUNKl 

.. f'Q_ 



INPUT TO STM: 
ICMANY TOP NOWI 

117 
I 

i5TMI (I MANY TOP NOW I <GOAL I ATTENiil <SEND 41 <BOTTON SIX'> <TOP TEN I 
JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNKl . j 
PA13 ' 

STMI CCGOAL I SUBTRACT> <GOAL lSI ATTEND) !SEND 41 <BOTTOM SIX) CTOP 
TEN l JUNt\ JUNK JUNK JUNK JUN!\ JUNK JUNK JUtJ1\ I 
F'Al4 

STMI CCGOAL I LIST TENl CGOAL lSI SUBTRACT) CTOP TENI CGOAL *SI ATTEt 
Dl CSEND 4l.,CBOTTOM SIXl JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
Pt-,15B 

STMI CC4 SIX Zl 13 SEVEN Zl <GOAL I LIST TENl CGOAL I SUBTRACT! CTOP 
TENI CGOAL lSI ATTEND) CSEND 41 CBOTTOM SIXI JUNK JUNK JUNK JUNK JUNK 
) 

PA16 

**111:1111 SIX 

STMI CCGOAL *PURGE! CSEND 41 C4 SIX Zl CTOP TENI C3 SEVEN Zl CGOAL I 
Sl ATTEND! <BOTTOM SIX) JUNK JUNK JUNK JUNK JUNK JUNI\l 
PA24A 

SHl: C<GOAL I PURGEI COLD SEND 41 <TOP SIXl C3 SEVEN Zl CGOAL IS* ATT 
ENDI <BOTTOM SIXI JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
P2~ 

STMI CCGOAL I PURGEI COLD SEND 41 ClOP SIXl CGOAL lSI ATTEND! CBOTTOM 
SIXl JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNKI 

F'27 

STMI CCOLD SEND 41 (TOP SIXI CGOAL I ATTEND! (BOTTOM SIXI JUNK JUNK J 
UNK JUNK JUNK JUNK JUNK JUNK JUNKI 
F'OOO 
INPUT TO STM: 
*CSEND 31 

STMI CCSEND 3) CGOAL ATTEND) ClOP SIX) <BOTTOM S!Xl JUNK JUNI\ JUNK JU 
NK JUNK JUNK JUNK JUNK JUNK> 
F'l 



STI1: I I Y 1 Z) <GOAL * SEND 3) (GOAL *S* ATTEND) <T Of" SIX) I .BOTTDrl SIX 
I CSEND 3) JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
P2 

STMI ( CGOAL 
I CTOF' SIX) 
P3 

/18 

I PUSH BUTTON) CGOAL lSI SEND 31 (Y 1 Zl !GOAL/IS* ATTEND 
I BOTTOM SlXl <SEND 3) JUN!\ JUHI\ JUNK JUW\ JUNKi ~IUNIO 

/ 

STMI CCGOAL * SUBIT) (ELM Al IGOAL lSI SEND 31 CY 1 Zl <GOAL IS* ATTE 
Nill <TOP SIXl CBOTT0t1 SIXl ISEND 3l JUNK JUNI\ JUNK _ILJNK JUHI() 
P4 

STMI C I GOAL * COUNT> COS 1 I I GOAL *S* SEND 3) CY 1 Zl I GOAL *S* ATTEN 
Dl ITOF' SIXI !BOTTOM SIXI CSEND 31 JUNK JUNK JUNK JUNI\ JUNKl 
P5 

******** 1 

STMI ((GOAL I MARKl (GOAL COUNTl !SAID 11 !GOAL *B* SEND 31 !GOAL *B* 
ATTEND> ITOP SIXI !BOTTOM SIX) !SEND 3) JUNK JUNK JUNK JUNI( JUNKI 

P6 

BTMI ICY 2 Zl CGOAL MARKI !SAID 11 CGDAL COUNT) CGOAL IS* SEND 3) CGO 
AL *81 ATTEND) <TOP S!XI CBOTTOM SIXI !SEND 31 JUNI\ JUNK .JUNK .JUHIO 
F'B 

STMI ICGOAL I SEND 31 (Y 2 Zl CGOAL lSI ATTEND) CTOF' SIX) !BOTTOM SIX 
) CSEND 31 JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
P? 

STM: ((GOAL* PUSH BUTTON) !GOAL *S* SEND 31 (Y 2 Zl CGOAL ISS ATTEND 
l CTOF' SIX I C BOTTO!·] SIX I I SEND 3 l JUNK JUNI~ JUNK JUNI\ JUNK Jll/;H': l 
F'3 

STMI IIGOAL I SUBITI IELM AI CGOAL *B* SEND 31 CY 2 Zl CGOAL IS* ATTE 
NDI CTOP SIX) !BOTTOM SIXI ISEND 31 JUNK JUNK JUNK JUNK JUNK) 
P4 

STM: < CGOAL I COUNT> CQS 1 I I GOAL lSI SEND 31 <Y 2 Zl CGO~>L IS* AllEN 
D I CTOP SIX I < BDTToti SIX I I SEN I! 3) JUNI\ JUNI\ JUNI\ JUNI\ JUNIO 
p~~ 

*******I 2 

STMI <<GOAL* MARl() (GOAL COUNT) CSAID 21 (GOAL lSI SEND 31 !GOAL *SI 
ATTENtiJ (TOF' SIX) CBOTTml SIX I CSENI• . .3) .J!JNK .JUN.K JUNK j\JNI\ ,JUi'{l'\1_ __ 



II~ 

STM! ( IY 3 Zl I GOAL 
AI. *81 ATTENDl !TOP 
F'8 

MAF<IO ISftiit 21 <GOAL COUNT) IGOAL lliS* SEND 31 IGO 
SIXl !BOTTOM SIXI <SEND 31 JUNK JUNK JUNK nUNKl 

, 
STM! <<GOAl *SEND 3) IY 3 Zl <GOAL *81 ATlENDl <TOP SIXl <BOTTOM SIX 
) <SEND 31 JUNK JUNK JUNK JUN!( JUNK JUNK JUNKl 
F'::: 

STMI ((GOAL I PUSH BUTTON) IGOAL lliSI SEND 3) IY 3 Zl IGOAL IS* ATTEND 
l (lOP SIX l I BOTTCH\ SIX l (SEND 3 l JUNI\ JUNI'< JUNK JUNK JUN~; ,IUNIO 
p;; 

8lMI ((GOAL I SUB1Tl IELM Al <GOAL IS* SEND 3) IY 3 Zl IGOf'lL lSI ATTE 
N!J) <TOP SIXl <IlOTTOI,; SIXl <SEND 3) JUNI\ ,JUNK JUNI\ JUt<!\ JUrJI:l 
F'"i 

clTM I < <GOoO.L I COUNT) WB 1 l (GOAL lSI SEND 3 l ( Y 3 Z l I GOAL *SI .~TTEN 
, Dl (TOP SIX) IBOTlOM SIXl I SEND 3l JUNK JUNK JUNK JUNK JUNK) 

p;:; 

*~'****** 3 

STMI <<GOAL* MARKl <GOAL COUNTl !SAID 31 !GOAL *S* SEND 3l !GOAL *S* 
ATTEND) !TOP SIXl !BOTTOM SIX) !SEND 3) JUNK JUNK JUNK JUNK JUNKI 

Pt.B 

!:>1 r'•: ( I Y 4 Z l <GO .OIL, MAf(K l < St-, I II 3 l I GOAL COUNTl <GOAL *S* SENr' 3 l (GO 
AI_ *SI ATTEND) CTOP SIXl <BOTTOM SIXl <BEND 31 JUNK JUNK JUNK JUNK) 
F'7 

STMl I <Y 4 Zl (GOAL I ATTEN!Il <TOP SIXl <BOTTOt-1 SIX) (SEND 3) JUNt1: ~IU 

NK JUNK JUNK JUNK JUNK JUNK JUNKl 
f'O 
l:tWUT TO STM l 
*!MANY BOTTOM BEFORE! 

STMI CIMANY BOTTOM BEFORE! <GOAL* ATTEND! CY 4 Zl CTOF' SIXl <BOTTOM 
SIXI <SEND 31 JUNK JUNK JUNK JUNI( JUNK JUNK JUNKI 
F'9 

STMI CIGOAL I RECALL BOTTOM! <GOAL lSI ATTEND! CY 4 Zl 
TOM BIXI <SEND 31 JUNK JUNK JUNI( JUNK JUNK JUNK JUNKI 
P-10 

<TOP SIX) C BOT 



******** <BOTTOM SIXl 

STM: <<BOTTOM SIXl <GOAL * ATTEND I 
NK JUNK JUNK JUNK JUNK JUNK JUNKl 
PO 
INPUT TO STMl 
*<MANY TOP BEFOREI 

ItO 

CY 4 Zl <TOF• SIXl CSEND 31 'JUNh JU 
' " 
J 

? 

STM: <!MANY TOP BEFOREI CGOAL *ATTEND> <BOTTOM SIXI CY 4 Zl CTOP SIX 
I <SEND 31 JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
PA9 

,, 
STM: <!GOAL * RECALL TOPI CGOAL *B* ATTENDl CBOTTOri SIX I CY 4 Zl <TOP 

SIXI <SEND 31 JUNK JUNK JUNK JUNK JUNK JUNK JUNKJ 
PAlO 

******** <TOP SIXJ 

STM: <<TOP SIXI <GOAL * ATTEND) <BOTTOM SIXI IY 4 Zl ISEND 3l JUNK JU 
NK JUNK JUNK JUNK JUNK JUNK JUNKI 
PO 
INPUT TO STMl 
*<MANY TUHEJ 

STMI <<MANY TUBEI <GOAL* ATTEND! CTOP SIXI !BOTTOM SIXl CY 4 Zl <SEN 
D 31 JUNK JUNK JUNK JUNK JUNK JUNK JUNKJ 
P11 

STMI CCGOAL *RECALL TUBEI !GOAL *B* ATTEND! <TOP SIXI <BOTTOM SIXI ( 
Y 4 Zl <BEND 31 JUNK JUNK JUNK JUNI( JUNK JUNK JUNKI 
F'l2 

******** !SEND 31 

STM: <CSEND 31 CODAL* ATTEND! CTOF' SIXI !BOTTOM SIXI CY 4 ZJ JUNK JU 
NK JUNK JUNK JUNK JUNK JUNK JUNKJ 
PO 
INPUT TO STM: 
*<MANY BOTTOM NOWI 

STM: CCMANY BOTTOM NOWI CGDAL *ATTEND! <SEND 31 CTOF' SIX> <BOTTOM SI 
XI CY 4 Zl JUNK JUNK JUNK JUNK JUNK JUNK JUNKJ 
P13 



STM! 
n'4 
F'l4 

C I GOAL I ADDl (GOAL lf;SI ATTEND> <SEND 31 CTOF' SIX I <BOTTOM S!Xl 
Z I JUNK JUNK JUNK JUNI\ JUNK JUNK JUNK l 

!RI 

STMI CCGOAL I LIST SIXl !GOAL lSI ADDl CBOTTOM SIX> CGOAL ~SI ATTEND> 
C SENr• 3 I <TOP SIX) C Y 4 Z l JUNK JUNI\ JUNI\ JUNK JUNI\ JUNK i 

PlSB ,-~ 

STMI ( (3 NINE Zl 12 EIGHT Zl I GOAL I LIST SIXl <GOAL I ADD I <BOTTON S 
IXl (GOAL IS* ATTEND> (SEND 31 ITOF' SIX> CY 4 Zl JUNK JUNK JUNK JUNK) 
P16 

******** NINE 

BTHI C <GOAL '* UPDATE) I SEND 31 13 NINE Zl <BOTTON SIX) 12 EIGHT Zl IG 
OAL *S* ATTEND> <TOP SIX> CY 4 Zl JUNI( JUW\ JUNK JUNK JUNIO 
F'24A 

STMI IIGOAL *PURGE) CSEND 31 !BOTTOM NINEl 12 EIGHT Zl (GOAL IS* ATT 
ENOl <TOP SIXl IY 4 Zl JUNK JUNK JUNK JUNK JUNK JUNK) 
P:?4 

STM: CCGOAL I PURGE! (SEND 31 !BOTTOM NINEl 12 EIGHT Zl CGOAL lSI ATT. 
ENDl <TOP SIXl JUNI\ JUNK JUNK JUNK JUNK JUNK JUNKl 
P'5 

STMI CCGOAL I PURGE> !SEND 31 <BOTTOM NINE> CGOAL *S* ATTEND> !TOP SI 
Xl JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNI(I 
p~~7 

STMI <<SEND 31 <BOTTOM NINEI CGOAL a ATTEND> CTOP SIX> JUNK JUNK JUNK 
JUHI\ JUNt( JUNt; JUNK JUNI'; JUNIO 

PO 
INPUT TO STM! 
*<MANY TOP NOWl 

STMI CCMANY TOP NOWl <GOAL* ATTEND! <SEND 31 CBOTTOM NINE> CTOP SIXI 
JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 

f'A13 

STM: C CGOAL * SUI<TRACT l <GOAL *S* ATTEND l (SEND 3) C BOTTOf~ NINE I <TOP 
SIX) JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNK> 

F'A14 

"S.II'U _ C <GOAL ll< l-IST. SIX> <GOAL *S* SUBTR.AC_U._ (TIJP . .?J)(LC.G.O_A\,._y_S.if.ATTE!'L 



Dl <BEND 31 !BOTTOM NINEI JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
PA15A 

l?l 

STKI CC3 THREE Zl 12 FOUR Zl <GOAL* LIST SIXI CGOAL I SUBTRACT! CTOP 
SIXI CGOAL *B* ATTEND! <SEND 31 <BOTTOM NINEI JUNK JUNK JU~K JUNK JU 

Nl<l 
F'A16 

******** THREE 

} 

STMI ICGOAL *PURGE) !SEND 31 13 THREE Zl <TOP BIXI 12 FOUR Zl !GOAL 
ISS ATTEND! !BOTTOM NINEI JUNK JUNK JUNK JUNK JUNK JUNKI 
f"A24A 

STMI CCGOAL * PURGE) COLD SEND 31 CTOP THREEl 12 FOUR Zl CGOAL lSI AT 
TENDl <BOTTOM NINEI JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
F'2~ 

STMI ICGOAL *PURGE! COLD SEND 31 CTOP THREEI !GOAL lSI ATTEND! CBOTT 
0!1 NINE I JUNK JUNK JUNK JUNI\ JUNK JUNI\ JUNI\ JUN~; l 
P27 

STMI !COLD BEND 3) CTOP THREE! CGOAL I ATTEND! !BOTTOM NINEI JUNK JUN 
1\ JUNK JUNK JUNI\ JUN~: JUNI\ JUNK JUNI\ I 
POOO 
INPUT TO STMI 
ICSEND tl 

STMI <<SEND 11 CGOAL ATTENDI !TOP THREEl <BOTTOM NINEI JUNK JUNK JUNK 
JUNK JUNK JUNK JUNK JUNK JUNK) 

P1 

STMI CCY 1 Zl (GOAL I SEND 11 (GOAL lSI ATTEND) CTOP THREE) <BOTTOM N 
INEI <SEND 11 JUNK JUNK JUNI( JUNK JUNK JUNK JUNKl 
F'2 

STMI CCGOAL *PUSH BUTTON! (GOAL *S* SEND 11 IY 1 Zl !GOAL *S* ATTEND 
I <TOP THREEI CBOTTml NINE) <SEND 1l JUNI\ JUNI\ JUNI\ JUNK JUNK JUNIO 
f'3 

STM: ((GOAL 11: SUB IT) (ELK A l (GOAL '*51 SEND 1) ( Y 1 Z) (GOAL IS* ATTE 
ND> C~OP THREEI <BOTTOM NINE> CSEND 11 JUNK JUNK JUNK JUNK JUNKl 
F'4 



Dl CTOP THREE> <BOTTOM NINE) (SEND 11 JUNK JUNK JUNK JUNK JUNKI 
F'3 

******** 1 

/2J 

1 
:;; 

STI1l C C GOAL * MARIO (GOAL COUNT) C SAID 1 I (GOAL *S* SEND 1J) <GOAL *S* 
e1TTEND I (TOP THF:EE I ( BOTTt!t" NINE I (SEND 1) JUNK JUNI\ JUI-lR JUNI<: JUNI<l 

F'6 

STM: ICY 2 Zl CGOAL MARKl CSAID 11 IGOAL COUNTl <GOAL *S* SEND 1l tGO 
AL li:S>f: ATTEND I <TOP THf\EEl <BOTTON NINEl I SEND 1 I JUNK JUNK JUl>JI<: JUNI\ 
) 

f3TMi C (Y 2 Zl <GOt;L * ATTEND I (TOP THREEI <BOTTOM NINE) CSEND 11 ~IUNr( 

JUNK JUNK JUNI( JUill( JUNK JUNK JUNKl 
PO 
INPUT TO STMl 
*!M~NY BOTTOM BEFORE) 

STM: ICMANY BOTTOM BEFOREI CGOAL *ATTEND> CY 2 Zl !TOP THREEl <BOTTO 
M NINE) <BEND 1l JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
P9 

STMI CIGOAL *RECALL BOTTOM! CGOAL *B* ATTEND) CY 2 Zl !TOP THREE> CB 
OTTOM NINE> CSEND 11 JUNK JUNK JUNIZ JUNK JUNK JUNK JUNKI 
PlO 

******** <BOTTOM NINEl 

STMl <<BOTTOM NINEI <GOAL* ATTEND> CY 2 Zl <TOP THREE> CSEND 11 JUNK 
JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 

F'O 
INPUT TOSTMl 
*<MANY TOP BEFOREI 

STMl CCMANY TOP BEFORE> CGOAL *ATTEND> CBOTTOM NINEl CY 2 Zl CTOP TH 
REEl <BEND 1) JUNK JUNK JUNK JUNK JUNK JUNK JUNK> 
F'A9 

STMl <<GOAL* RECALL TOP> <GOAL li<B* ATTEND> CBOTTO~l NINE> CY 2 Zl <TO 
P THREE> CBEND 1> JUNK JUNK JUNK JUNK JUNK JUNK JUNK> 
F'A10 

******** CTOP THREE> 



- -- ·--··-·~" --- ·-" --····- "' 

STI1: I <TOP THREE> (GOAL ll< ATTEND) <BOTTOM NINE) CY 2 Zl CSEND 1 l JUN: 
JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 

F•O 
INPUT TO STMI 
*IMANT TUBE> 

ll"' 
' 

STMI <<MANY TUBE> CGOAL *ATTEND) ITOP THREE> <BOTTOM NINE) CY 2 ZJ 1 

SEND 1 l JUNK JUNK JUNI\ JUN!\ JUNK JUNK JUNIO 
F'll 

STMI I I GOAL * RECALL TUBE> <GOAL *S* ATTEND) <ToF· THREE) I BOTTOM NINE 
I IY 2 Zl ISEND ll JUNK JUNK JUNK JUNK JUNK JUNK JUNKI 
P12 

******** C~E~D 11 

STI1: I I SEND 1) I GOAL * A TTEN£1 l ITOP THREE I I BOTTOM NINE l < Y 2 Z) JUNK 
JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 

PO 
INPUT TO STMI 
*<MANY BOTTOM NOWl 

STMI CIMANY BOTTOM NOW) (GOAL* ATTEND) ISEN£1 11 CTOP THREE) <BOTTOM 
NINEI <Y 2 Zl JUNK JUNK JUNK JUNK JUNK JUNK JUNK) 
P13 

STMI CIGOAL * ADDI IGOAL li<S* ATTEND! ISEN£1 11 ITOP THREE) CBOTTOM NIN 
El IY 2 Zl JUNK JUNK JUNK JUNK JUNK.JUNK JUNK! 
P14 

STMI IIGOAL *LIST NINE! CGOAL *S* ADDI !BOTTOM NINEI CGOAL *S* ATTEN 
D I C SEN£1 1 I I TOP Hlf\EE I C Y 2 Z) JUNK ,JUNK JUNK JUNK JUNK JUNK I 
F'l 5C 

GTMI I (1 TEN Zl CO NINE Zl I GOAL * LIST NINE I CGOAL * ADD I <BOTTON NI 
NEI <GOAL *S* ATTEND> CSEND 11 ITOP THREE) CY 2 Zl JUNK JUNK JUNK JUN 
10 
F'16 

******** TEN 

STIH ICGOAL *UPDATE> CSEND 11 11 TEN Zl <BOTTOM NINE> 10 NINE Zl IGO 
AI_ *S* ATTEND) CTOP THREEI CY 2 Zl JUNK JUNK JUNK JUNK JUNK) 
P24A 



Dl CTOP THREE) CY 2 Zl JUNK JUNK JUNI( JUNK JUNK JUNI\l 
F'24 

STMI CIGOAL I PURGE) !SEND ll CIOTTOM TENl (0 NINE Zl 
D I <TOP THREE) JUN!Z JUNK JUNI\ JUNI\ JUNI\ JUNK JUNIO 

125 

STMI (!GOAL* PURGEI CSEND 11 !BOTTOM TENI <GOAL IS* ATTENDl <TOP THR 
EEl JUNK JUtW: JUNK JUNI\ ,JUN!\ JUNK JUNK JU1,li\J 
P27 

STM! !(SEND ll !BOTTOM TEN) CGOAL I ATTENDl !TOP THREEI JUNK JUNK JUN 
I( JUNK JUNK JUNK JUNK JUNK JUNI\l 
F'O 
INPUT TO STM f' 
Jl((MANY TOP NOW) 

STMl I CMf..;NY TOP NOW I IGQ,OjL li' ATTEND I I SEND l. l liOTTOM TEN I <TOP THREE 
) JUNt\ JUN~; JUNI{ JUNK JUNr; JUNI\ JUNK JUNK l 
F'A13 

STMI CIGOAL *SUBTRACT) !GOAL *S* ATTEND! !SEND 11 CBOTTOM TENl CTDP 
THREE! JUNK JUNK JUNK JUNK JUNK JUNK JUNK JUNKl 
f"(.l14 

STMI IIGOAL * LIST THREE! (GOAL *S* SUBTRACT! (TOP THREE! CGOAL *SI A 
TTENDI ISEND 11 (BOTTOM TENl JUNK JUNK JUNK JUNK JUNK JUNK JUNK! 
F'A15 

STMI 112 ONE Zl C1 TWO Zl <GOAL I LIST THREE! !GOAL a SUBTRACT! <TOP 
THREE) CGOAL aS* ATTEND) CSEND ll !BOTTOM TENI JUNK JUNK JUNK JUNK JU 
Nl<l 
PA16 

******** TWO 

STI1 l C C GOAL a F'URGE I I SEND 1 l C 1 TWO Z) <TOP THREE I ( 2 ONE Z l ( GO/',L * 
Sl ATTEND! CBOTTOM TENl JUNK JUNK JUNK JUNK JUNK JUNK) 
F'A24A 

STM: ((GOAL ll: f'URGEl COLD SEND 1l -<TOP TWOI (2 ONE Zl CGOAL li:SI ATTEN 
Dl CBOTTOM TENI JUNK JUNK JUNK JUNK JUNK JUNK JUNKI 
P2~ 



TEN) JUNK JUNI\ JUNI\ JUNI< JUNI( JUNK JUHI< JUNI<) 
F'27 126. 

STMI ( ( OLI< SEND 1) (TOP TWO) (GQ,O,L :t ,nTEND l (BOTTON TEN J JUNK JUNI\ J 
UNI{ JUN!'; 
POOO 

JUNK JUNK JUilK JUNK JUNK> 

JNf'UT TO STt'll 

* 

' 

sn,;: <NIL. <GOrL. tc,TTENDJ <TOP TWO) C80TTOi) TENl JUW< JUNI< JUIH; JUNi< JU 
Ni{ JUNi< JLHii:: Jlml: JI.H-W ) 

END OF FnJfl 

NUMBER OF PRODUCTIONS FIRED : 2S6 

NUMBE:R OF OF·ERA'flOt~S EXECUl.ED ! 733 

NUMBER OF PRODUCTIONS TRIED : 6120 

NUMBER OF SINGLE-ELEMENT COMPARISONS 115536 

Sil·!Ul.ATE:D TIME 

C:OI~PIJTER TIME! 503505 MSECS 

NUt~BER OF~ COrlS-·OF'ERATICtJS : 1121342 




