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Inn this chapter, I report on the results of the descriptive modeling case study (Sierhuis 2000) (Sierhuis et al. 
2000a)) (Sierhuis et al. 2000c) (Sierhuis et al. 2000d). A descriptive model is an abstraction of an existing or 
historicall system, and preserving the relations between system states—system morphism. I describe the 
developmentt of a Brahms model and simulation of the ALSEP Offload activity that was part of the ALSEP 
instrumentt deployment during the Apollo 12 Lunar mission. 

Thiss chapter is divided into a number of sections that could be read or skipped independent of the other 
sections.. Section 6.1 gives a short introductory description of the ALSEP Offload task that the astronauts 
performedd during the Apollo 12 mission. Sections 6.2, 6.3, and 6.4 should be read together. They describe 
thee design of the agent-, object-, and geographical models of the Brahms model. Section 6.5 describes the 
designn of the activity model. Section 6.6 describes the behavioral model. This section describes how the 
workframess of an agent are executed, and explains the relationship between time, beliefs, workframes, 
activitiess and detectables during the simulation of the model. Section 6.7 describes how the communication 
betweenn the lunar surface astronauts, as well as the lunar surface astronauts and the Capcom agent in 
missionn control is simulated. Included in the communication model is the simulation of the communication 
timee delay between the Moon and the Earth. Section 6.8 describes in more detail how we can model the 
interactionn between people and artifacts. I describe this by explaining how we can model the interaction with a 
photoo camera, while performing the activity of taking a photograph. Section 6.9 describes the process of 
verifyingg and validating the Apollo 12 ALSEP Offload model. In this section I describe how the Brahms model 
andd simulation is verified and validated against the available historical Apollo 12 data. Last, section 6.10 
describess my conclusions for this case study. 

Goalss and Objective s 

Thee goal of this experiment was to investigate the use of the Brahms-language in order to describe an 
existingexisting work practice. The challenge I faced in this experiment was to investigate if the theory of modeling 
workk practice, implemented in the Brahms language (Chapter 4), is sufficient to describe the work practice in 
thee chosen domain. The objectives of this first experiment were: 

1.. Being able to represent the people, things, and places relevant to the domain. 

2.. Represent the actual behavior of the people, second by second, over time. 

3.. Show which of the tools and artifacts are used when, and by whom to perform activities. 

4.. Include the communication between co-located and distributed people, as well as the communication 
toolss used, and the effects of these communication tools on the practice. 

Thee domain I chose for this experiment is the work practice of the Apollo 12 astronauts in the deployment of 
thee Apollo Lunar Surface Experiments Package (ALSEP) on the Moon. The reasons for choosing this domain 
aree the following: 

1.. The work performed by the astronauts requires unique and highly skilled individuals. The complexity of 
thee work to be described is high enough to argue that if we can model this type of work practice within 
Brahms,, we can model most other work practices as well. 

2.. The ALSEP deployment process is performed by a relatively small number of people. This has a positive 
impactt on the modeling and simulation effort, in terms of the time it takes to develop the model, as well as 
thee time it takes to simulate the model. 

3.. The ALSEP deployment work is distributed over the people involved, and is collaborative in nature. 
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4.. There is no work product "flowing" through the work process. This means that this type of work is not 
easilyy represented in a workflow model. Being able to model this type of work in Brahms supports the 
argumentt for developing Brahms. 

5.. In order to develop a descriptive model of an existing work practice, we need to have access to a 
significantt amount of data about t ie actual work. This often means a long observational and/or 
ethnographicall study of the participants. This takes an enormous amount of effort and is a grounded 
researchh process in and of it self. However, the Apollo project has been well documented by NASA and 
numerouss institutions, and writers (Compton 1989) (Wilhelms 1993) (Chaikin 1994) (Godwin 1999). 
Specifically,, there is a significant library of video and audiotapes taken during the actual missions (NASA 
1972)].. This allows us to develop, verify and validate our models using independent data from the real 
events. . 

6.. Although a Human Mission to Mars is not an official NASA supported activity at this point in time, more 
andd more researchers in and outside of NASA are informally studying what it would take to have humans 
goo to Mars and do scientific work for an extended period of time. We know very little about how people 
cann or should work on Mars. The only reference point we have about humans working on extra-terrestrial 
planetss is the work that humans did on the Moon during the Apollo project. Developing models of the 
workk practices on the Moon might allow us to extrapolate these models and investigate people working 
onn Mars, before we can physically go there. 

7.. There is, to certain extent, a real possibility that before we will go to Mars we will first go back to the 
Moon.. The reasons to do this might be of a scientific or a commerciall nature. Regardless of the reason to 
goo back to the Moon, a model that describes the existing, but mostly forgotten work practices for 
deployingg instruments on the Moon is self-evident. 

6.11 APOLL01 2 AND THE ALSB» OFFLOAD 

Onee of the biggest objectives of the Apollo 12 mission was to deploy the Apollo Lunar Surface Experiments 
Packagee (ALSEP). It would be the first time to deploy the ALSEP on the moon. The earlier Apollo 11 mission 
onlyy deployed a preliminary version, called the EASEP (Early Apollo Surface Experiment Package). The 
ALSEPP consisted of a number of independent scientific instruments that were to be deployed on the moon. 
Thee instruments were data collection devices for different scientific experiments about the moon's internal and 
externall environment. By deploying similar ALSEP instruments over multiple Apollo missions (A12,14,15,16 
andd 17), the ALSEP deployments created an array of data gathering instruments at different locations on the 
lunarr surface. Table 6-1 shows a list of deployed instruments by mission. 

Tablee 6-1 .ALSEP experiments for Apollo missions 

A122 A13 A14 A15 A16 A17 
Passiv ee Seismi c Experimen t (PSE) 
Activ ee Seismi c Experimen t (ASE) 
Supratherma ll  Ion Detecto r Expmlmeii l (SIDE) 
Solar-Win dd Spectromete r 
Luna rr  Surfac e Magnetomete r (LSM) 
CoMM Cathod e Gage (COG) 
Charge dd Particl e Luna r Environmen t Experimen t (CPLEE) 
Sola rr  Win d Spectromete r (SWS) 
Heatt  Flow Experimen t (HFE) 
Luna rr  Eject s and Meteorite s Experimen t (LEAM) 
Luna rr  Seismi c Profilin g Experimen t (LSPE) 
Gravlmetor ,, Luna r Surfac e (LSG) 
Luna rr  Atnwepher e ComposWo n Experimen t (LACE) 

Too deploy the ALSEP on the lunar surface, the astronauts had to accomplish three high-level tasks. First, they 
hadd to offload the ALSEP from the Lunar Module (LM). Second, they had to traverse with the ALSEP 
packagess to the deployment area, away from the LM. Third, they had to deploy each ALSEP instrument onto 
thee surface. In this chapter, I discuss the development of a work practice model for the first task, the ALSEP 
Offload. Offload. 

X X 

X X 

x x X X 

x x 

<xr r 

(X) ) 
(X) ) 

(X) ) 

x x 
X X 
x x 

x x 
x x 

X X 

X X 
X X 
X X 
X X 

X X 
X X 

X X 
X X 

X X 

(X) ) X X 
X X 
X X 
X X 
X X 

""  The roun d bracket s mean that thes e were planne d experiment s that failed to be deploye d properly . 
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Figuree 6-1. SEQ Bay and RTG Cask located on the side of the LM 

Alll the ALSEP instruments and tools, used for deployment, were stored on two sub-pallets ("packages") in the 
Scientificc Equipment Bay (SEQ Bay) during flight. Figure 6-1 shows the SEQ Bay located on the LM, on the 
oppositee side of the ladder from which the astronauts descended to the lunar surface. 

Thee offload consisted of a number of specified (sub-)activities that were trained extensively and assigned to 
eachh of the astronauts. The order in which these tasks were to be performed, and whether the Lunar Module 
Pilott or the Commander was to perform the task, i.e. the plan, was the same for all five missions. Figure 6-2 
showss the plan and start-time for the Apollo 12 ALSEP Offload. 

CDRR in p 
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 Bastc n.-,,» frtober 27, 1969 £ 
Clwiiqed d 

Figuree 6-2. Apollo 12 Surface Checklist 47 for the ALSEP Offload 

Thee order in which the astronauts were to perform their tasks was pre-specified and trained. In other words, 
offloadingg the ALSEP was a highly choreographed collaborative activity performed by two astronauts working 
inn parallel. 

However,, even though this high-level task was planned and choreographed up front, the plan did not include 
thee situational variations, the actual communication and collaborative activities between the astronauts, and 
thee communication between and coordination of activities by the Manned Spaceflight Center (MSC) in 
Houston.. MSC, also known as Mission Control, kept track of where the astronauts were on the plan, solving 
unplannedd problems, and monitoring and communicatingg life support status for the astronauts. Central in this 
collaborativee activity is the person who played the role of Capsule Communicator (CapCom). The CapCom 
wass the "voice" of Houston and the only person in direct communication with the astronauts. This 
communicationn happened through the voice-loop (see section 6.7 on modeling the voice-loop). 
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Thee work practice of the ALSEP Offload, or any work practice for that matter, consists of more than the 
sequencee and distribution of tasks. What constitutes the practice of the ALSEP Offload is the way the actual 
plann is carried out; The situational activities of the collaborators, the way they react to their environment, the 
wayy they communicate, what is said, the way they "know" how to do their tasks given the situation. It is 
situatedsituated action (Suchman 1987). A choreographed play "executed" during the performance, planned and 
trained,, but always different. 

Inn the next sections, I will describe how the ALSEP Offload work is modeled in a model of work practice. The 
modell is not a model of the problem-solving knowledge of each individual involved in this task. Instead, it is a 
modell of the behavior of the individuals. It describes how the collaboration, coordination, and communication 
betweenn the three individuals happen, and make this a fluent event. The activities of one individual are like the 
movementss of a musician in a symphony orchestra. The communication between individuals is like the 
interleavedd notes that seem to "teir each musician what to play next. The artifacts and tools are like the 
instrumentss of the musician. The environment of the Moon and Mission Control is like the symphony hall. The 
Brahmss "symphony" that is being played is planned and scored on a piece of paper (i.e. the astronaut's 
checklist).. The orchestra has trained the piece many times (i.e. the astronaut training on Earth). However, 
whatt comes out in the performance is due to their practice, the concert hall (i.e. the Moon), and the way they 
playy together that specific evening (i.e. EVA 1 on Apollo 12). 

6 22 -mEAGENTMOOEL 

Onee of the most relevant design issues for any Brahms model is the design of the agents and the groups they 
belongg to. The Agent Model describes to which groups the agents belong and how these groups are related 
too each other. 

Designingg an Agent Model is similar to the design of an Object Model in object-oriented design (Rumbaugh et 
al.. 1998). Just as the class-hierarchy in an Object Model, we need to design the group-hierarchy in the Agent 
Model.. As a rule of thumb, we identify the communities of practice of which the agents in the model are 
members,, and abstract them to a common denominator for all agents. All agents are members of this abstract 
group.. The most abstract group is called the Base Group. This group exists in the Brahms Base library. It 
containss all attribute and relation definitions that are needed by default, such as the name of the agent, the 
groupp membership relation, and the location of the agent. We specialize this group, until we have identified all 
thee similarities and differences between the agents. It should be noted, again, that groups and agents can be 
memberss of multiple groups. 

Figuree 6-3 shows the Agent Model design. We start with defining our agents. Each agent represents a person 
inn our domain, e.g. Ed Gibson, Pete Conrad, Al Bean, and Dick Gordon. We generalize the community all four 
agentss belong to as the group of ApolloAstronauts. 
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Figuree 6-3. Apollo Agent Model design 

Thee Capsule Communicator (CapCom) was always an astronaut. In the case of Apollo 12, Ed Gibson was a 
civiliann chosen with the fourth group of astronauts in 1965. The role of the CapCom was to be the only person 
inn Mission Control to talk directly to the astronauts. Dick Gordon, the CommandModulePilot (CMP), was a 
Navyy Captain chosen with the third group of astronauts in 1963. The role of the CMP was to fly the Command 
Modulee (CM), named "Yankee Clipper", circling in orbit around the moon while the Lunar Module (LM), named 
"Intrepid",, was on the moon. Pete Conrad, the Apollo 12 Commander (CDR), also a Navy Captain, was 
chosenn with the second group of astronauts in 1962. Last, the LunarModulePilot (LMP) Al Bean, who was 
alsoo in the Navy, was chosen with the third group of astronauts in 1963. 

II represent the role of each of the astronauts as a group. This way I can represent role specific attributes and 
activitiess at the group level. The AlsepOffloadGroup is a functional group in the sense that it does not specify 
aa specific role, but a task of the agent. This group represents all work activities and attributes that have to do 
withh the ALSEP Offload task in one group. This way the group represents the community of agents that can 
performm the ALSEP Offload task. For Apollo 12, both the CDR and the LMP trained for the ALSEP Offload 
activities,, and both of them could, if necessary, perform the ALSEP Offload task by themselves, and therefore 
belongg to the group ALSEPOffloadGroup. Thus, the Commander and LunarModulePilot groups are members 
off the group AlsepOffloadGroup. Since both the CDR and the LMP were working on the surface there are 
taskss that both astronauts needed and/or could perform. The ALSEP Offload task was one of them, but there 
weree others as well. All the activities that needed to be performed by all astronauts on the lunar surface are 
representedd in the LunarSurfaceAstronaut group. Such activities include taking photographs and changing 
thee cooling of their space suit. In conclusion, we can describe the group hierarchy of Apollo astronauts in 
threee sub-groups, CapCom, CommandModulePilot, and LunarSurfaceAstronaut. The LunarSurfaceAstronaut 
groupp has the AlsepOffload group as a subgroup, which in turn is subdivided into the subgroups Commander 
andd LunarModulePilot. 
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Figuree 6-4 shows the Brahms source code of the group and agent definitions, as shown in Figure 6-3. 

//Group s s 

grou pp BaseGrou p { . . . } 

grou pp ApoUoAstronau t inembero f BaseGrou p { . . . } 

grou pp CapCo m membero f ApofloAstronau t { . . . } 

grou pp LunarSurfaceAstronau t membero f Apoll o Astronau t { . . . } 

grou pp CommandModulePi W membero f ApoUoAstronau t { . . . } 

grou pp AlsepOffloadGrou p membero f LunarSurfaceAstronau t { . . . } 

grou pp Commande r membero f AlsepOffloadGrou p { . . . } 

grou pp LunarModulePHo t membero f AlsepOffloadGrou p { . . . } 

//Agent s s 

agen tt  PeteConra d membero f Commande r { . . . } 

agen tt  AlBea n membero f LunarModulePHo t { . . . } 

agen tt  DickGordo n membero f CommandModulePilo t { . . . } 

agen tt  EdGibso n membero f CapCom { . . . } 

Figuree 6-4. Brahms source code of the agent model 

Figuree 6-5 shows the Agent Model in the Brahms Model Builder. The Brahms Model Builder application 
allowss the modeler to create and compile the Brahms model. Figure 6-5 shows the group and agent hierarchy 
compiledd from the source code in Figure 6-4. Each group has a number of "folders" underneath it. Each folder 
iss a different category of model elements for the group. The "Member Groups" folder contains all the 
subgroupss that are a member of the group. The "Member Agents" folder contains all agents that are members 
off the group. The rectangles around the groups and agents are not part of the GUI, but are added for 
clarificationn purposes, so that the reader can easily identify them in the figure. The colors show the different 
group-levels.. At the top, in black, you see the BaseGroup. All the other groups are a subgroup of the 
BaseGroupBaseGroup group, and are therefore shown in the "Member Group" folder. The yellow rectangles show the 
fourr agents, while the other colors show the intermediate groups in the group hierarchy (the colors are only 
visiblee in a color reprint). 
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Figuree 6-5. Agent Model in the Brahms Model Builder 
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6.33 THE OBJECT MODEL 

Afterr the Agent Model, the next model that needs to be designed is the Object Model. In this model we design 
thee class-hierarchy of all the domain objects. Figure 6-6 shows the Object Model design in UML (Rumbaugh 
ett al. 1998) for the Apollo 12 domain objects and artifacts. As with the Agent Model, the root-class of the class 
hierarchyy is the class BaseClass. All other classes and objects inherit from this BaseClass class. 

Figuree 6-6. Apollo Object Model design 

Thee objects with the dotted arrows pointing up represent the object instances of a class. The solid arrows 
showw the built-in contains relation. This relation represents objects contained in other objects. This relation 
hass a pre-defined semantic meaning, which is discussed in section 6.4.4. 

Thee objects with the dotted arrows pointing up represent the object instances of a class. The solid arrows 
showw the built-in contains relation. This relation represents objects contained in other objects. This relation 
hass a pre-defined semantic meaning, which is discussed in section 6.4.4. 

Figuree 6-7 shows the Brahms model source code for the LM and SEOSay objects. Both the LM and SEQBay 
objectss are instances of the class BaseClass. Besides representing the corresponding artifacts on the Apollo 
122 mission, the source code also specifies the initial location of these objects within the Geography Model 
(seee section 6.4). Both objects are located in the SEQBayArea area. Furthermore, the objects declare the 
attributesattributes with which we can describe the different aspects of these objects. Although we could describe any 
numberr of aspects of an object, such as the color, height, et cetera, we only declare those attributes that are 
relevant.. To model the fact that the astronauts inspect the LM and the SEQ Bay's exterior appearance after 
thee landing, we declare the attribute exteriorAppearance as a type symbol attribute. Using this attribute we 
cann represent the state of the exterior of these objects. Both the LM and the SEQBay objects have an initial 
factfact describing the state of their exterior appearance after the landing on the moon as an initial fact for the 
simulation,, e.g. 

(the(the  exteriorAppearance of  currents  SEOBayExteriorLooksGood). 

Thee status of the door of the SEQBay is modeled with the door attribute of type symbol that can have a value 
off closed or open. The door is in the initial state (i.e. an initial fact) of being closed, e.g. (the door of current = 
closed).closed). This represents the door of the SEQ Bay being closed at the start of the ALSEP offload. Next, we 
modell the objects that are located within the LM and SEQ Bay. This is represented with the contains relation 
(seee Figure 6-6). This relation is declared in the BaseClass class, and inherited by the LM and SEQBay 
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objects .. The fac t that the SEQBay is locate d on the outsid e of the LM is represente d as an initia l fac t in the 
LMM object , i.e. 

(current(current  contains  SEQBay). 

Thee objec t LM represent s the Apoll o 12 Luna r Module , name d Intrepid . Thi s is the Luna r Modul e in whic h the 
astronaut ss lande d in Surveyo r cater . For thi s mode l the onl y relevan t objec t tha t is par t of the LM and tha t is 
relevan tt  for the ALSE P Offloa d is the SEQBay , positione d on the outsid e of the LM. The SEQBay contain s a 
numbe rr  of artifact s tha t are relevan t durin g the ALSE P offloa d activity . Thes e artifact s are also modele d as 
Brahm ss object s in the mode l (see Figur e 6-7 and Figur e 6-8). 

//ApoHoo 12 object s 
objec tt  UN Instance * BaseOass { 

i l ll  I I I ll l I k l É i t a l f a f f i 

onpwy :: T , 
location ::  SEQBayArea ; 
attributes : : 

publi cc  symbo l exterierAppearance ; 
InlttaLfact * * 

(thee exteriorAppearanc e of curran t  UnExtoricfLooksGood) ; 
(curren tt  contain s SEQBay); 

} } 
objec tt  SEQBay instanceo f BaseOass { 

location ::  SEQBayArea ; 
attributes : : 

pubHcc symbo l door ; 
pubHcc symbo l exteriorAppearance ; 

Inrttaljacts : : 
(thee axtariorAppearanc e of curren t a SEOjBayExtertorLooksGood) ; 
(thee door of currant=closed) ; 
(curren tt  ountoa m AteapPkgl) ; 
(curren tt  contain s AlsepPkg2) ; 
(curran tt  contain s CffloadChecklistDecaJ) ; 
(curren tt  contain s SECfiayDoorLanyardRibbons) ; 
(curren tt  contain s Pkg1 LanyardRibbons) ; 
(curren tt  contain s Pkg2LanyardRlbbons) ; 
(curren tt  contain s SEQBayBooms) ; 

} } 

Figuree 6-7. Apoll o 12 LM and SEQ Bay Brahms object s 

First ,, ther e are the LanyardRibbo n objects . Thes e object s are used to open the SEQBay doo r 
(SEQBayDoorLanyardRibbons )) and tower  the ALSE P package s (Pkg1 LanyardRibbon s and 
Pkg2LanyardRibbons) ,, respectively . The lanyar d ribbon s are rope-lik e artifact s the astronaut s pul l on to open 
thee doo r and lowe r the packages . The two main object s are the ALSE P packages , AlsepPkg ! and 
AlsepPkg2 .. Thes e are the package s the astronaut s have to lowe r fro m the SEQ Bay and positio n on to the 
luna rr  surface . The SEQ Bay also contain s boom s (SEQBayBooms) . Thes e artifact s are rail extensio n 
structure ss at the top of the SEQ Bay. When the astronau t pull s on the packag e lanyar d ribbons,  the ALSE P 
packag ee come s out attache d to the booms . The package s are automaticall y release d fro m th e booms , after 
whic hh the astronau t slowl y lower s the m to the luna r surfac e by releasin g the tensio n on the lanyar d ribbons . 
Thee last artifac t of interes t in the SEQ Bay is the OfMoadChecklistDeca l object . Thi s is the deca l that is show n 
inn Figur e 6-2, and is a deca l tha t show s the activitie s and thei r orde r for offloadin g the ALSEP . ft is ther e as a 
reminde rr  for th e astronauts . 

Figur ee 6-8 show s the object s mentione d above , as wel l as the object s tha t are containe d in each of them . 
Onee last interestin g not e to mak e is that of the pippi n objects . Pippin s wer e used to faste n object s to the 
ALSE PP package s and othe r artifacts . The HTC (Hand Too l Carrier ) objec t is fastene d on AlsepPkg 2 wit h fiv e 
pippins .. The fac t tha t the pippin s faste n the HTC is modele d by havin g the m be containe d in bot h the 
AlsepPkg 22 objec t and in the HTC object . Removin g the HTC fro m AlsepPkg 2 mean s to firs t "remove "  the 
pippi nn object s fro m bot h the HTC and the AlsepPkg 2 objects , befor e the HTC objec t can be remove d fro m the 
AlsepPkg 22 object . 
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//Apoll oo 12 object s 
ob^SECBayDoorl^nyardRibbonsin8tanceo4UnyardRI>bon8{ } } 

objec tt  PfcglLanyardRibbon s instanceo f LanyardRibbons{ } 

objec tt  Pko2LanyBrdRibban s bistanceo f LanyardRibbon s { } 

objec tt  AteepPkg l Instanceo f AlsepPackag e { 
Initfaljfacts : : 

//carrie ss object s 
(ctaran tt  contain s DRT); 
(curren tt  contain s FTT); 
(curren tt  contain s UHT1); 
(currentt  contains UHT2); 

} } 

objec tt  AlsepPkg 2 Instanceo f AlsepPackag e { 
initia ll  facts : 

//carrie ss object s 
(curren tt  contain s PipPinl) ; 
(curren tt  contain s PipPin2) ; 
(curren tt  contain s PipPIrö) ; 
(curren tt  contain s PipPin4) ; 
(curren tt  contain s PipPinS) ; 
(curren tt  contain s HTC); 

} } 

objec tt  HTC instanceo f Tool { 
inrUa ll  facts : 

//carrie ss object s 
(curren tt  contain s PipPinl) ; 
(curren tt  contain s PipPln2) ; 
(curren tt  contain s PipPln3) ; 
(curren tt  contain s PipPln4) ; 
(curren tt  contain s PipPln5) ; 

} } 

objec tt  PipPin l instanceo f WpPln{ } 
objec tt  PipPin 2 instanceo f PlpPIn { } 
objec tt  PipPbi 3 instanceo f PlpPIn { } 
objec tt  PipPirv * instanceo f Pippi n { } 
objec tt  PipPin S instanceo f PlpPIn ( } 

objec tt  DRT instanceo f Too l {}//Dom e Remova l Too l 

objec tt  FTT instanceo f Too l { } //Fuel Transfe r Too l 

objec tt  UHT1 Instanceo f Tool { } //Universa l Handlin g Too l 

objec tt  UHT2 Instanceo f Tool ( } 

objec tt  OfftoadCheckJistDeca l instanceo f BaseClas s { } 

Figuree 6-8. Apollo 12 contained artifacts 

Noww that the agents and artifacts are represented, the next section describes the geography model in which 
thee agents and artifacts are located during the simulation. 

& 44 THE GEOGRAPHY MODEL 

Inn Brahms we model geographical locations using two concepts, area-definitions and areas. Area-definitions 
aree user-defined types of areas. Areas are instances of area-definitions. Thus an area is an instance of a 
specificc location in the real world that is being modeled. Furthermore, areas can be part-of other areas. With 
thiss representation scheme we can represent any location at any level of detail. 

Forr the Apollo 12 ALSEP Offload activity, the following locations are important; Earth, the Manned-Space 
Centerr (MSC), the Moon, the Apollo 12 landing-site ("Surveyor Crater"), the area where the SEQ Bay is 
located,, the ALSEP deployment area, an area away from the SEQ Bay to place artifacts after offloading, and 
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last,, the lunar orbit and the Command Module ("Yankee Clipper"). Figure 6-9 shows the geography model 
design. . 

Figuree 6-9. Apollo Geography Model design 

Figuree 6-10 shows the Brahms source code of the area definitions (areadef) and area objects (area). The 
areaarea definition types used to represent the area-instances are World, City and Building. 

areadeff  Worl d { } 
areadeff  City { } 
areadeff  Buildin g { } 

areaa ApolloGeograph y instanceo f Worl d { } 

//backo nn Earth ! 
areaa PlanetEart h instanceo f City parto f ApolloGeograph y { } 
areaa MissionControlCente r instanceo f Buildin g parto f PlanetEart h { } 

//onn the Moon!! 
areaa Moon instanceo f City parto f ApolloGeograph y { } 
areaa LunarOrbi t instanceo f City parto f ApolloGeograph y { } 
areaa SEQBayAre a instanceo f Buildin g parto f Moon { } 
areaa AwayFromTheSEQBayAre a instanceo f Buildin g parto f Moon { } 
areaa AlsepDeploymentAre a instanceo f Buildin g parto f Moon { } 

//Apoll oo 12 Geograph y 
areaa CommandModul e instanceo f Buildin g parto f LunarOrbi t { 

display ::  "Yanke e Clipper" ; 
} } 
areaa LandingSit e instanceo f Buildin g parto f Moon { 

display ::  "Surveyo r Crater" ; 

Figuree 6-10. Geography Model Brahms source code 
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Itt does not seem logical to give the area-definitions the names 'World", "City",, and "Building," and indeed it is 
not.. The reason for this is the limitation of the current Brahms simulation engine33. The current engine only 
acceptss three types of areas, namely World, City and Building. Also, in the current engine there can only be 
onee world-area. This limitation stems from the fact that our initial designed use of Brahms was for work 
practicee models for the type of work that is performed within buildings, such as the more traditional office-
work.. This creates an obvious limitation in our representational needs for this extra-terrestrial work domain. 
First,, the work happens in two different worlds, namely on Earth and on the Moon. We therefore would like to 
createe two world-areas in our model. However, because of the current limitation of the engine we need to 
createe the Earth and the Moon as type city-areas, being part of one world. We therefore create one world-
areaa called ApolloGeography. This area represents the total "world" for our simulation. An area of type World 
cann contain only areas of type City, therefore the Earth and Moon are areas of type City. Now we have our 
twoo planets—Earth and Moon—represented as cities. Secondly, the work on the Moon does not happen 
withinn buildings. However, we can only represent areas within a city-area as a type Building area. Thus, the 
Moon,, being of type City, can only have areas of type Building located within it. We therefore represent the 
locationss in which the astronauts perform their work as building-areas. A third "city" is created namely the orbit 
off the Command Module around the Moon. Since we are not concerned about the location of the Command 
Modulee with respect to the Moon and the Earth, we represent the orbit as a city-area within our world. The 
reasonn for this is that the Command Module Pilot "lives" within this area. It is therefore easier to locate the 
Commandd Module Pilot within his "building" location. 

Thee geographical areas are hierarchically represented as instances of Buildings, which are part of Cities, 
whichh in turn are part of the World. This leads to the Compiled Geography Model as represented in Figure 
6-1134. . 

File e 

i i 
Editt View Model lools Help 
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El--Laa Area Definition 

S ' QQ Sub Aggregates 
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EBB L i Aggregates 
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Figuree 6-11. Apollo 12 ALSEP compiled Geography Model 

333 We have re-implementing the engine in Java. 
344 Figure 6-11 is a part screen capture from the Brahms Builder application. 
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&4. 11 Initia l location s 

Eachh agent and object has an initial location in one of the lowest-level areas, (CommandModule, 
AwayFromTheSEQBayArea,, AlsepDeploymentArea, LandingSite, SEQBayArea, or MissionControlCenter). 
Initiall locations are locations in which an agent or object is placed during the initialization phase of the 
simulation.. This way each agent and object starts out being located in a geographical location (an area). To 
definee an initial location for an agent the modeler uses the location attribute at the group or individual agent 
level.. Figure 6-12 shows the initial location for each agent. 

agen tt  PetoConra d membero f Commande r { 
location ::  LandingSite ; 

>" " 
agen tt  AJBean membero f LunarModutePUo t { 

location ::  LandingSite ; 

>" " 
agen tt  DickGordo n membero f CommandModutePllo t { 

location ::  CommandModule ; 

'}" '}" 
agen tt  Eddbeo n membero f CapCom { 

location ::  MissionControlCenter ; 

>" " 

Figuree 6-12. Agent initial location 

&A2.&A2.  Movemen t 

Agentss and objects can move from one area to another. Moving from one location to another removes the 
agentt from the starting location and moves the agent to the new location. This is accomplished by having the 
agentt perform a move-type activity. The time the activity is active (i.e. the activity duration-time) determines 
howw long it takes the agent to move from location A to location B. Figure 6-13 shows an example of a move-
activity. . 

mov ee Moving(Bulldin g loc , in t prf , in t dur ) { 
priority ::  pri ; 
max_duration ::  dur ; 
resources ::  MoveAcrJvtty ; 
location ::  toe; 

} } 

Figur ee 6-13. Move activit y sourc e code 

Thee move-activity Moving starts in the area the agent is located at the moment the move-activity gets 
activated,, and ends at the new area location given by the toe parameter. When both agents, PeteConrad and 
AlBean,, perform the activity Moving(SEQBayArea, 0, 5) they both move independently from the LandingSite 
areaa (Surveyor Crater), their initial location, to the SEQBayArea in 5 seconds, as shown in Figure 6-14. 
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Figuree 6-14. Pete Conrad and Al Bean moving to the SEQBayArea 

Figuree 6-15 gives a from-above view of the LM landing site and the ALSEP Offload Area of activity (the 
SEQBayAreaa in the model) from the Apollo 14 Press Kit (NASA 1971). 

Figuree 6-15. Apollo 14 Landing site and ALSEP Offload area of activity 

6.4.33 Detectin g agent s and object s 

Ass both agents arrive at their new location area they will immediately detect facts about the location of other 
agentss and objects that are also in the area they arrive at. The simulation engine automatically creates beliefs 
forr the agent from the facts about other objects and agents that are in the same location. The agents already 
inn that location will get the belief that the agent that arrived is now also in the location. This way, agents will 
alwayss notice other agents and objects that are in the location the same area. 
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Figuree 6-16. Pete Conrad's location beliefs 

Figuree 6-16 shows the beliefs and facts of the PeteConrad agent in the Brahms Builder application. By 
openingg a simulation history database35 the modeler can investigate what happened during a specific 
simulationn run. Figure 6-16 shows all the beliefs the agent PeteConrad received and the facts it created 
duringg the specific simulation run. The columns show the time the agent created the belief or fact, the type 
(belief/fact)) and how it was created (Created by). The (red) rectangle shows the location beliefs agent 
PeteConradd received at time one second into the simulation, created by the simulation engine (Created By: 
ENGINE).. The agent received these beliefs due to the move activity Moving that moved the agent from the 
LandingSitee area to the SEQBayArea. As you can see in Figure 6-16, at the moment the PeteConrad agent 
arrivedd at the SEQBayArea location it noticed (i.e. received the beliefs) that Al Bean, his EMU space suit and 
cufff checklist, the LM and the SEQBay, and he himself are all in the SEQBayArea location. Figure 6-16 also 
showss other beliefs and facts of the PeteConrad agent. The Created By column shows who or what created 
thee belief/fact for the agent. ENGINE means that the simulation engine created the belief/fact, 
CONSEQUENCECONSEQUENCE shows that a consequence in a workframe or thoughtframe of the agent created the 
belief/fact.. DETECTABLE shows a detectable in a workframe created the belief. The name of an agent or 
objectt in the column shows that that agent or object communicated the belief to the agent. 

6.4.44 Containmen t relatio n 

Duringg this case study I ran into a Brahms language limitation. To model the movement of agents and objects 
correctlyy I had to add the notion of containment to the language (see Figure 6-6). An agent or object can 
"carry"" other agents and objects. Consequently, when an agent or object moves locations all the objects or 
agentss that are "carried" by the moving agent or object should also move to the new location. 

Thiss is best explained with a simple example from the domain. As shown by the contains-relation in the object 
modell in Figure 6-6, the lunar surface astronauts carry their EMU suit and their cuff checklist. As the 

11 a Microsoft® Access database 
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astronautss move from location to location we want these carried objects to move with them, without having to 
specifyy this moving behavior separately for these objects. Instead, to accomplish this automatically we 
specifiedd a built-in semantic relation called contains. 

Whenn the simulation engine executes a move-activity for an agent (or object) it first checks which objects or 
agentss the moving agent contains. The simulation engine checks this by finding existing facts of the form: 

Factt  ([movin g agent-or-object]  contains [contained  agent-or-object] ) 

Forr every such fact the contained agent-or-object is moved as well. To simulate that an agent or object is no 
longerr containing another object or agent the above containment-fact needs to be negated: 

Factt  ([movin g agent-or-object}  contains [contained  agent-or-object]  is false) 

Suchh a negation undoes the containment, and the previously contained agent or object will not be moved in 
casecase the agent or object moves. 

Followingg is a small example of the use of the containment relation in the Apollo 12 model. Consider the 
followingg scenario; while the LMP agent is offloading an ALSEP package from the SEQ Bay, the CDR agent 
needss to move the first ALSEP package (AlsepPkgl) out of the way, so that the LMP can put the second 
ALSEPP package down. Figure 6-17 shows the source code of the activity. 

1 .. conclude((ciirren t contain s AlsepPkgl) , bc:100 , fc:100) ; 

2.. MovePkgOutofTheWay(AlsepPkg1 , AwayFromTheSEQBayArea , 100,5); 

3.. condude((curren t contain s AlsepPkg l is false),  be: 100, fc:100) ; 

4.. Move(SEQBayArea , 10,5); 

Figuree 6-17. Moving contained object source code 

Inn step 1, the agent "picks up" the object AlsepPkgl. This is modeled by creating a contains-relation fact 
(fc:100).. A belief is also created for the agent (bc:100), because it is obvious that the agent knows he picked 
upp the object. Next, in step 2, he performs a move-activity that moves both him and the contained objects to 
thee AwayFromTheSEQBayArea area. Then, in step 3, the agent "sets down" the AlsepPkgl object. This is 
modeledd by negating the previously created containment fact and belief. Last, step 4 moves the agent, and its 
currentt contained objects, back to the SEQBayArea area. Consequently, the AlsepPkgl object remains in the 
AwayFromTheSEQBayAreaa area. 

Figuree 6-18 shows the simulation output of the execution of the MovingPkglOutOfTheWay workframe 
describedd above36. The focus in the picture is on the area within the (red) rectangle. The picture shows the 
activityy time-line of the CDR (agent PeteConrad) and that of the ALSEP package (AlsepPkgl) being moved. It 
cann be seen that agent PeteConrad is performing step 2 and step 4 from Figure 6-17. The two rectangle 
boxess with the text "mv:"37 and "mv: Move" in it, show the duration of the two move activities. It can be seen 
thatt after step 2 (rectangle with text 'mv:") the location of both the agent PeteConrad and the object 
AlsepPkgll has changed from the SEQBayArea area to the AwayFromTheSEQBayArea area38. After agent 
PeteConradd has performed step 4 (rectangle with text "mv: Move"), only agent PeteConrad (and its contained 
objectss not shown in Figure 6-18) has moved back to the SEQBayArea area. Consequently, due to step 1 
andd step 3 (the creation and negation of the containment fact), not shown in the figure but executed 
nonetheless,, object AlsepPkgl has been moved out of the way. 

366 Figure 6-18 is a screen dump of the AgentViewer too) that shows the result of a simulation. This interface is described in section 6.9.5, as 
welll as the loose insert that is provided. 
377 Due to a lack of space in the rectangle, the name of the move activity "McvePkgOutOfTheWayn is not shown. 
388 Figure 6-18 only shows the "Away" text in the agent location bar, again, because of space limitation for the complete text string. 
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Figuree 6-18. Moving contained objectt simulation 

6 .55 THE ACTIVITY MODEL 

Inn this section, I describe the ALSEP Offload activities that are performed on the lunar surface, and I describe 
thee Brahms model of the Apollo 12 ALSEP Offload. This model represents a part of the work practice of the 
Apolloo 12 lunar surface astronauts as they performed the ALSEP Offload activity. As shown in section 6.2, 
theree are four people relevant to the Apollo 12 ALSEP Offload; the lunar surface astronauts; Pete Conrad the 
Commanderr (CRD), Al Bean the Lunar Module Pilot (LMP), as well as Ed Gibson the Capsule Communicator 
(CapCom),, and Dick Gordon the Command Module Pilot (CMP). 

Theree are three separate areas where these four people are located during the Apollo ALSEP Offload activity 
(describedd in section 6.4). The CapCom sits in the Mission Control Center (MCC) located in the Manned 
Spaceflightt Center in Houston, Texas39. His main function is to listen to and communicate directly over the 
voice-loopp with the astronauts. The CDR and LMP are the astronauts on the lunar surface and are located at 
orr near the area of the SEQ Bay, which is located on the backside of the Lunar Module (LM) "Intrepid". The 
CMPP is orbiting around the moon in the Command Module (CM) "Yankee Clipper." The main characters in the 
ALSEPP Offload activity are CDR Pete Conrad, and the LMP Al Bean. Their work activities were planned and 
trainedd according to the ALSEP Offload checklist (see Figure 6-2). 

Figuree 6-19 shows that although the sequence of removing ALSEP packages during the mission was 
planned,, there were more activities performed in practice. After the LMP identified that it is time to start the 
ALSEPP Offload, he walks to the SEQ Bay and picks up the SEQ Bay door lanyard from outside of the SEQ 
Bay,, and uses it to pull thee SEQ Bay door open. The CDR is watching the LMP opening the door, and is not 
ass is suggested in the plan "doing-nothing". Once the SEQ Bay door is open, the CDR grabs the lanyard for 
loweringg the first ALSEP package. He walks back from the SEQ Bay with the lanyard in his hand. Meanwhile, 
thee LMP is warm and decides to lower the temperature in his EMU suit (Extra-vehicular Mobile Unit suit, i.e. 
hiss space suit). The CDR pulls the lanyard to move the first ALSEP package from the SEQ Bay and lowers it 
too the ground. While the CDR is performing this activity, the LMP is watching him. When the LMP sees a nice 
reflectionn in the CDR's helmet visor he decides to take a couple of photographs of the CDR. After the CDR 
hass lowered the first ALSEP package to the surface, it is the LMP's turn to get the second ALSEP package 

Duringg the Apollo days the NASA center in Houston was called the Manned Spaceflight Center (MSC). Today it is referred to as Johnson 
Spacee Center (JSC). 
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outt of the SEQ Bay (compare Figure 6-2 and Figure 6-19). The LMP performs the same activities as the CDR 
too lower the second ALSEP Package to the lunar surface. While lowering the second ALSEP package, it is 
thee CDR who is watching the LMP. However, when the LMP is lowering the package the CDR notices that 
thee first ALSEP package is in the way, and mentions that he will take the first package and carry it away from 
thee SEQ Bay area. Once he has done that, and is back at the SEQ Bay, he will take three photographs. One 
photographh of the first ALSEP package as he placed it away from the SEQ Bay, and two more photographs 
off the LMP lowering the second ALSEP package from the SEQ Bay. During these activities of the two 
astronautss on the lunar surface the CapCom is listening to the conversation of the astronauts. 

CDR R 

Watchingg LMP ^ -

Removee PKG 1 

LMP P 

-^Openn SEQ Bay Door 

—  Watching CDR 

 Change EMU Suit Cooling 

 Taking Photographs 

Watchingg LMP <+ 

Movingg PKG 1 Out Of The Way*— 

Takingg Photographs M 

Removee PKG 2 

Figuree 6-19. Activities in practice 

Theree were activities that the astronauts performed that were not planned or trained. This has to do with the 
naturee of what happens in practice, and is precisely what we want to capture in the model, since it defines 
howw the work actually happened, i.e. the work in practice. 

6.5.11 Data source s 

II have identified the similarities and differences between the planned activities and the real performed 
activitiess during the mission by studying the transcribed data of the communications between the CDR, LMP 
andd CapCom from the Apollo Lunar Surface Journal (Jones 1997). These communication transcriptions have 
beenn my major source of data for the Apollo 12 mission. Another source of information has been the Apollo 
122 Press Kit (NASA 1969) and the Apollo 12 NASA Mission Reports (Godwin 1999). Unfortunately, there is 
noo video data for the Apollo 12 ALSEP Offload available. This is due to the fact that an unforeseen problem 
withh the TV camera lens and the bright sun on the Moon left the TV camera incapacitated from the beginning 
off the first EVA, right before the ALSEP Offload. Nevertheless, an accurate account of what happened during 
thee ALSEP Offload can be derived from the second by second verbal communication between the astronauts, 
inn combination with the mission plans. Also, there is video data available from the Apollo 14 ALSEP Offload 
activities.. Although the specifics are somewhat different, the opening of the SEQ Bay door and lowering the 
ALSEPP packages are similar, and the video is therefore a good source for filling in the gaps found in the 
transcribedd communication data. Furthermore, the mission photographs are available as well, and provide 
somee extra visual data. 

6.5.22 The Apoll o 12 ALSE P offloa d mode l 

Too reiterate, the goal of this modeling experiment is to describe the work activities of the lunar surface 
astronautss of the Apollo 12 mission as they are offloading the two ALSEP packages from the SEQ Bay. The 
hypothesiss is that with Brahms we can describe (model and simulate) the work practice of these Apollo 
astronauts. . 

Thee data paints an accurate picture of the two lunar surface astronauts communicating. However, the data 
doess not provide an accurate description of the activities of the LMP and CDR. Although the data provides 
somee of the communication from the CapCom and the CMP, there is no detail data of the activities of the 
CapComm and the CMP. However, I will show that the model proofs the hypothesis, by accurately modeling 
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andd simulating the work practice of the Apollo 12 lunar surface astronauts during the ALSEP Offload, while 
including,, where possible, some of the activities of the CapCom and the CMP. 

Thee model describes the activities listed in Figure 6-2: Open SEQ Bay Door, Remove PKG-1, Remove PKG-
2,, Deploy Hand Tool Carrier, Unstow Cask Tools, Stow Booms, Unstow Universal Handling Tools, and Close 
SEQQ Bay Door. The activity start- and end-times are computed from the Apollo Lunar Surface Journal {see 
Tablee 6-2) (Jones 1997). 

Tablee 6-2. ALSEP Offload activity timetable 

Activit y y 

1.. Open SEQ Bay Door 

2.. Remove PKG-1 

3.. Remove PKG-2 

4.. Deploy Hand Tool Carrier 

5.5. Unstow Cask Tools 

6.. Stow Booms 

7.. Unstow UHT 

8.. Close SEQ Bay Door 

Performe r r 

LMP P 
CDR R 
LMP P 
LMP P 
LMP P 
CDR R 
CDR R 
CDR R 

GETT Begi n Tim e 

116:31:34 4 

116:32:22 2 

116:33:53 3 

116:34:44 4 

116:34:44 4 

116:34:44 4 

116:34:44 4 

116:36:25 5 

GETT End Tim e 

116:32:22 2 

116:33:53 3 

116:34:44 4 

116:38:46 6 

116:36:25 5 

116:36:25 5 

116:36:25 5 

116:36:49 9 

Tota ll  Tim e 

0:00:48 8 

0:01:31 1 

0:00:51 1 

0:04:02 2 

0:01:41 1 

0:01:41 1 

0:01:41 1 

0:00:24 4 

Figuree 6-20 shows the activities Table 6-2 in the Brahms model. The model is viewed within a tree-view. 
Figuree 6-20 shows the AlsepOffload Group in the Groups folder of the Apollo 12 Model. The parent groups of 
aa group are positioned under the Parent Groups folder. The parent group of the AlsepOffload group is the 
LunarSurfaceAstrvnautLunarSurfaceAstrvnaut group (see also Figure 6-3), which means that the AlsepOffload group inherits all 
elementss from that group. The subgroups of a group are positioned under the Member Groups folder. The 
subgroupss are the Commander and LunarModulePilot groups, according to the design of the Agent Model 
(seee Figure 6-3). The PeteConrad agent is a member of the Commander group, while the AlBean agent is a 
memberr of the LunarModulePilot group. Consequently, both the PeteConrad and AlBean agent inherit all the 
modell elements defined in the AlsepOffload group, as well as all model elements inherited by the 
AlsepOffloadd group from its parent groups. This means that both agents can theoretically perform ail the 
ALSEPP offload activities. In reality this was also the case, since both astronauts trained the ALSEP offload 
activitiess together on Earth many times before the mission. If, for some reason, one astronaut would not be 
ablee to perform his planned activity, the other could perform it for him. This was shown in later missions, when 
somee activities where performed by the astronaut who was not planned to perform the activity (e.g. during the 
ALSEPP Offload on the Apollo 15 mission). 
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Figuree 6-20. The Brahms ALSEP Offload group and activities model 

Thee ALSEP offload activities from Table 6-2 are modeled as sub-activities of the AlsepOffload composite-
activity,activity, and can be seen in Figure 6-20 under the Activities Folder of the AlsepOffloadGroup. In the next 
sections,, I will describe these activities in more detail, and will explain the Brahms model accordingly. 

6.5.33 The ope n SEQ Bay doo r activit y 

Thee ALSEP Offload starts at 116 hours 31 minutes and 34 seconds ground-elapsed time (GET)40, with the 
LMPP announcing that they're starting the offload of the ALSEP (see Table 6-2 and Figure 6-21). The next 
activityy is for the LMP to open the SEQ Bay door. In this section, I describe how I modeled this activity in 
Brahms,, based on the available Lunar Surface Journal data (Jones 1997). Figure 6-21 is the transcription 
fromm the actual voice loop communication between the CDR and the LMP during the opening of the SEQ Bay 
doorr (Jones 1997, Apollo 12 ALSEP Off-load). 

116:31:344 Bean: Okay. And we'll off-load the ALSEP. (Garbled). 

116:31:399 Conrad: Nope. (Pause) ) 

116:31:422 Bean: We ought to be able to move out with this thing. 

116:31:444 Conrad: Okay. 

116:31:488 Bean: The experiment bay looks real good. 

DD The ground-elapsed time (GET) was the time clock in Houston that was started at the moment of launch. 
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116:31:499 Conrad: Yup. 

116:31:500 Bean: The LM exterior looks beautiful the whole way around. Real good shape. Not a lot that doesn't look the way it did 

thee day we launched it. 

116:32:022 Conrad: (Possibly pulling a lanyard to open the SEQ bay doors) Light one. (Pause) 

116:32:122 Bean: Okay. Here we go, Pete. Ohhhhh, up they go, babes. One ALSEP. (Pause) 

(Theyy have raised the doors that cover the cavity where the ALSEP packages are stowed.] 

116:32:222 Conrad: There it is. 

Figuree 6-21. Apollo 12 LSJ: ALSEP Offload transcription (Jones 1997) (with permission) 

Theree are three high-level (sub)activities that one can identify in this OpenSEQBay activity. First, there is a 
communicationn to MSC in Houston that they are ready to offload the ALSEP. This is the communication 
startingg at 116:31:34. The issue to solve for the modeler is when this activity ends and the next activity begins. 
Fromm the CDR communication at 116:32:02 we can infer that this is the time that the LMP actually opens the 
SEQQ Bay door by pulling at the SEQ Bay door lanyard ribbons. So, we could start the activity of raising the 
SEQQ Bay door around that time. However, from the video of the Apollo 14 ALSEP Offload it can be shown 
thatt before the LMP can pull the lanyard ribbons he has to grab them from the SEQ Bay, walk back until the 
ribbonss are tight, and only then pull the ribbons to raise the SEQ Bay door. These activities have to happen 
beforee 116:32:02. 

Tablee 6-3 shows the activities and sub-activities of the Open SEQ Bay Door activity for both LMP and CDR, 
mappedd onto the communication transcribed in the Apollo LSJ. The actual names of the activities and sub-
activitiess are more or less arbitrary, and conceptualize the modeler's interpretation of the observations of the 
Apolloo 12 communication data and the Apollo 14 video data. However, these data and observations are 
strongg evidence that these are the actual activities that are performed during the OpenSEQBay activity. 
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Tablee 6-3. Open SEQ Bay door activity 

LMP P 

Communicat ee Ready To Offloa d 

Activity y 

Communicate Communicate 
OpenOpen  Door 

InspectInspect  SEQ 
Bay Bay 

V V 

Communication n 

116:31:344 Bean: Okay. An d 
we'lll off-load the ALSEP. 
(Garbled). . 

116:31:422 Bean: We ought to 
bee able to move out with this 
thing. . 

116:31:488 Bean: The 
experimentt bay looks real 
good. . 

Raisin gg SEQ Bay Door 
Activity y 

GrabGrab  Lanyard 
Ribbons Ribbons 

WalkWalk  Back  To 
PullPull  Ribbons 

Tight Tight 

PullU PullU 
Ribb Ribb 

nyard nyard 
ons ons 

Communication n 

116:31:500 Bean: The LM 
exteriorr looks beautiful the 
wholee way around. Real 
goodd shape. Not a lot that 
doesn'tt look the way it d id 
thee day we launched i t 

116:32:122 Bean: Okay. Here 
wee go, Pete. Ohhhhh, up 
theyy go, babes. One ALSEP. 
(Pause) ) 

COR R 

Watchingg Opening SEQ Bay Door 

Communication n 

116:31:399 Conrad: Nope. 
(Pause) ) 

116:31:444 Conrad: Okay. 

116:31:499 Conrad: Yup. 

116:32:022 Conrad: 
(Possiblyy pulling a lanyard 
too open the SEQ bay 
doors)) Light one. (Pause) 

116:32:222 Conrad: There it 
is. . 

Activity y 

WatchWatch  Opening 
SEQSEQ Bay Door 
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6.66 THE BEHAVIORAL MODEL 

Thee activities from Table 6-3 are implemented in the Brahms model as the OpenSEQBayDoor composite-
activity.. Figure 6-22 shows this activity, its sub-activities and workframes. 

--%--% Move 
a - ^^ OpenSEQBayDora 

ÉÉ t j Activities 

^^ Communicatee! penD oor 
:: >  GrabLanyardRibbons 
: ^ %% InspectSeqBay 

 PullLanyardRibbons 
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'' ^ WatchOpeningSEQBayDoor 

ÉÉ Gi l Workframes 

SS " t i CommunicateR eadyT oOffload 

SII ? * i RaisingSEQBayDoor 

fflffl - * ! WatchingOpeningSEQBayDoor 

Figuree 6-22. The OpenSEQ BayDoor composite-activity, sub-activities, and workframes 

Eachh (sub)activity is "executed" by a workframe, which means that when an agent executes the workframe 
thee activity is performed within the context of that workframe. As the first activity during the ALSEP offload, the 
CDRR and LMP start walking to the area of the SEQ Bay. Walking to the SEQ Bay area to start opening the 
SEQQ Bay door is modeled by the Move activity, seen at the top of Figure 6-22. Now that we defined the sub-
activitiess and workframes of the OpenSeqBayDoor activity the question is; how do the CDR and LMP agents 
startt this activity during the simulation? Figure 6-23 shows the workframes of the AlsepOffload activity that 
bothh agents can execute to offload the ALSEP. 

Thee first workframe to fire—the highest-level workframe, but lowest in Figure 6-23—is the OffloadingAlsep 
workframe,, which executes the AlsepOffload activity. Executing the AlsepOffload activity enables all the 
workframes,, shown in Figure 6-22, it to potentially fire for the agent. Each of these workframes will execute 
lower-levell activities, which are subsumed by the higher-level AlsepOffload activity. 
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Figuree 6-23. The AlsepOffload workframes 
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Wee can represent the relationship between workframes executing activities, containing other workframes that 
executee activities, etc, in a workframe-activitiy subsumption hierachy as shown in Figure 6-24. 

ACT:: AlsepOffload 

I I 

B —— *™? ZEMi ZEMi 

ACT:: OpenSEQBayDoor 

\VF:: CommunicateReadyTc 11 I WF: RaisiagSEQBayDo \VF:: WatchingOpeoingSEQBayDoor 

ACT:: CommunicateOpenDoor ACT: InspectSeqBay ACT:: WatchOpeningSEQBayDoor 

ACT:: GrabLanyardRibbons ACT: WalkBackToPullRibbonsTight ACT:: PuULanyardRibbons 

Figuree 6-24. AlsepOffload workframe-activity subsumption hierarchy 

Onlyy one primitive activity can be active at any given time (i.e. at any clock-tick). This means that the order in 
whichh workframes at the same level in the hierarchy fire depends on two things; first, the conditions of the 
workframee that are to be matched to the beliefs of the agent, and second, the priority of the activities within 
thee workframes. 

6.6.11 Representing the work context 

Figuree 6-25 represents the parallel sequential order of the activities of the CDR and LMP from Table 6-3 and 
Figuree 6-22. However, Figure 6-25 does not represent how the CDR and LMP came to do what they did. The 
questionn is not if we can describe the sequential activities of each of the astronauts, but rather, what makes 
thee astronauts do what they do at each moment in time. What influence does the specific Apollo 12 situation 
havee on when and how they do things? What influence do they have on each other's activity? Are they merely 
executingg the OpenSeqBayDoor plan? Or, are they deciding what to do based on their personal knowledge of 
thatt plan? If so, we can represent the knowledge of the plan for each individual agent, and be done. This is 
thee traditional knowledge-based systems approach, in which we represent the knowledge "inside people's 
heads"" as production rules. However, what makes Al Bean know that he needs to open the door now, and 
whatt makes Pete Conrad know that he has to just watch the commander. What makes them react? 

Ass much as it has to do with their knowledge of the plan for opening the SEQ Bay door, e.g. the steps that 
theyy have to go through, it is also a function of the situation, i.e. the situation specific context which they are 
partt of. To start the opening door activity they not only need to know what is the right activity to be performing 
att that moment (according to the plan), but they also need to know that they need to go to the SEQ Bay. To 
goo to the SEQ Bay they need to know where the SEQ Bay is. Once they are at the SEQ Bay, they can see if 
thee door of the SEQ Bay is already open or not. They need to know that the ALSEP packages are located 
insidee the SEQ Bay, and where the lanyard ribbons are located, et cetera. All this has to do with the context of 
thee Apollo 12 mission. 
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Figuree 6-25. Open SEQ Bay door activity sequence model 

Inn Brahms, we model context using three different modeling concepts. First, we model the geographical 
placess at which people perform the work we are interested in (see the section on the Geographical Model, 
sectionn 6.4). Second, we model all the objects and artifacts that are important in the work. In the case of 
openingg the SEQ Bay door, we model the LM, the SEQ Bay, the ALSEP packages, as well as the lanyard 
ribbonn used to pull open the SEQ Bay door (see the section on the Object Model, section 6.3). Third, we 
modell the state of the world in terms of facts that can be detected by our agent astronauts. For example, 
whenn the astronauts walk over to the SEQ Bay, they immediately detect the state of the SEQ Bay door; is it 
openn or closed? They notice the location of all objects in their surroundings. These are the world-facts that 
triggerr the agents to react in certain ways, given the activity they are currently performing. For example, Al 
Beann would not always open the SEQ Bay door when he comes to the SEQ Bay and notices that the door is 
closed.. He will only do this when he is in the activity of offloading the ALSEP, in particular when his next 
activityy is to open the door. This is where the plan interacts with the situation specific context. 

Whyy does Pete Conrad watch the LMP? What makes him perform that activity? His plan does not say to 
performm that activity (see Figure 6-2). Rather, this activity is a reaction on the LMP's activity of opening the 
doorr during the ALSEP Offload. It is the collaboration between the two astronauts that makes Pete Conrad 
watchh his partner. He sees his partner grabbing the lanyard ribbons. He therefore knows what activity his 
partnerr is performing. It is a reaction to the situation and the context, as well as the fact that he is done 
performingg his previous activity. 

Figuree 6-25 does not represent this context. The influence the context has on the sequence of the activities 
withinn Figure 6-25 determines the transitions. The interesting parts of Figure 6-25 are the transitions between 
thee activities. What makes the model go from one state to another? This is what we want to uncover in the 
understandingg of the work practice of the ALSEP offloading. 

6.6.22 A narrativ e descriptio n of wha t happen s in practic e 

Followingg is my interpretation of what happened during the opening of the SEQ Bay door and why the LMP 
andd CDR do what they do: 

WhenWhen they are ready to offload the ALSEP, they first have to walk over to the SEQ Bay, 

OnceOnce they arrive at the SEQ Bay, the two astronauts can see the SEQ Bay and can immediately notice that 
thethe door of the SEQ Bay is still closed. Of course, they both know that the SEQ Bay contains the two ALSEP 
packages,packages, and since they are in the activity of offloading the packages they first need to open the door. 
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77wss triggers them to start the activity of opening the SEQ Bay door, and since the Apollo 12 ALSEP Offload 
planplan states that the LMP, Al Bean, is to open the SEQ Bay door, he is the one that announces that they will 
nownow start with me ALSEP offload. 

SinceSince the LMP is the one who is to perform the activity of opening the SEQ Bay door, he is taking the first 
actionaction and the next activity that is performed is the LMP inspecting the SEQ Bay. However, this is not a 
plannedplanned activity. It seems very likely that this activity is performed performed based on the astronauts' knowledge that 
missionmission control is interested in knowing how the SEQ Bay and the LM have withstood the long travel to the 
Moon.Moon. It is therefore a very important piece of information that the LMP communicates to Mission Control at 
thisthis point. 

Next,Next, the LMP is ready ready to start raising the door. To do this he needs to grab the lanyard ribbon with which to 
pullpull open the door of the SEQ Bay. This means he must know where the lanyard ribbon is to pick-up the 
ribbon.ribbon. He then walks back with the ribbon. He needs to tighten the ribbon to have enough leverage to pull the 
ribbon.ribbon. Meanwhile, the CDR is standing standing close by and is watching the LMP, ready to help in case it is needed. 
EvenEven though the offload plan does not specify any activity for the CDR at this moment, it is logical to infer that 
thethe CDR's objective is to closely watch what is happening just in case something happens. This is an an activity 
inin and of itself. The CDR would not do anything else even though he could. It seems that the two astronauts 
alwaysalways know what high-level activity the other is performing. This means they are always ready to help each 
other. other. 

AfterAfter the SEQ Bay door is all the way open, the LMP lets the lanyard ribbon drop to the lunar surface. 

II created this narrative, based on my analysis of the available mission data. Based on this short description of 
whatt is happening and what makes the two astronauts do what they do, we can list those elements in the 
contextt that are most important to include in the model of work practice of the astronauts. 

 The SEQ Bay area location near the LM where this all takes place. 

 The SEQ Bay and the fact that the SEQ Bay is part of the LM located in the SEQ Bay area location. 

 The fact that the exterior of the LM and SEQ Bay are in good condition. 

 The two ALSEP packages and the fact mat they are located inside the SEQ Bay. 

 The door of the SEQ Bay, and that it is closed. 

 The lanyard ribbon with which to open the SEQ Bay door. 

 The fact that both astronauts detect each other's activity. 

 The fact that the LMP needs to carry the lanyard ribbon, and thus must know where this ribbon is located 
forr him to pick it up. 

 The fact that after the LMP has completed the activity of opening the door, the SEQ Bay door is open. 

 The fact that after the SEQ Bay door is open the lanyard ribbon's location is the lunar surface, because 
thee LMP lets it fall to the surface. 

 The fact that both astronauts are noticing all these events and become aware of them, and react to them 
appropriately. . 

Thee challenge is to include these independent context elements into the model. Being able to include these 
elementss in the model is what makes a Brahms model different from the sequential model of Figure 6-25. A 
sequentiall model, such as Figure 6-25, can only be executed in the pre-speoified order, and does not aHowfor 
variationss based on context. However, work practice is not the rigid execution of a pre-specified activity 
sequence.. In practice, the sequence of activities depends on the situation. Is the door already open? Are the 
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packagess inside the SEQ Bay or are they already on the ground, et cetera? In the next section, I will describe 
howw these contextual and situational elements are included in the model. 

6.6.33 Executin g th e OfBoadhiyAlso p worMraiii e 

Inn this section, I describe the execution of the OffloadingAlsep workframe (Figure 6-26). The OffloadingAlsep 
workframee is the highest-level workframe (see Figure 6-23) in the AlsepOfftoad group (see Figure 6-24). Both 
LunarSurfaceAstronautt agents (LMP and CDR) inherit this workframe, and independently, can execute this 
workframee in order to start the ALSEP offload. 

workfram ee OffloadingAlse p { 
repeat:repeat:  false ; 
variables : : 

coMectaHfl-inVotceljoop )) vlcoms ; 
forone(LiaiarSuifaceAstronaut)pagt ; ; 
forone(EMUSutt )) emusutt ; 

l l l l ll  II I l i lMl l l l l» ! 

detectabl ee DetoctPartno i Activit y { 
whe nn (whenever ) 
detectftlh ee currentActrvtt y o l pag t = th e cunwrtActivityo f pagt)) ; 

detectabl ee DetectCooHngLeve l { 
whe nn (whenever ) 
detod((th ee cooNngLevel  of emusu H = value)) ; 

} } 

detectabl ee NoticeAleepPkglLocationChang e { 
whe nn (whenever ) 
detedflth ee objectLocaMo n of AlsepPkg l = anytocatJon)) ; 

detectabl ee NotlceAlaepPkp^LocatlonChang e { 
whe nn (whenever ) 
detectfttheobktctLocaUo nn of AtoepPkg 2 = anytocatkxi)) ; 

} } 

whe nn (knownvaKth e currentConceptua l Actlvtt y of curren t = AlsepOlfload ) and 
not(th ee name of current=th e name of vlcoms ) and 
knownvaKth ee communlcaüonTyp e of vlcom s = LmVofeeLoop ) and 
knownvaKth ee partne r of curren t a pagt ) and 
knownvaKcurren tt  contain s emusult) ) 

do { { 
AlsepOffkMKKvlcoms ,, pagt) ; 

) ) 
} } 

Figuree 6-26. AlsepOffloading workframe 

6.6.3.11 Variable bindings and preconditions 

Inn order for the agents to execute a workframe (or thoughtframe) all preconditions of the workframe must 
evaluatee to true. The Brahms scheduler will test each precondition and match the precondition to the beliefs of 
thee agent, ff there is a belief that matches the precondition, the precondition evaluates to true. The 
AlsepOffloadingg workframe in Figure 6-26 uses three variables within the preconditions to bind to objects and 
agentss in the model. The first variable, vlcoms (i.e. voice-loop communicators), is used to match to the list of 
alll agents (a "collectair variable) who are members of the group Lm VoiceLoop (see the "communicationTypeB 

precondition),, except for the agent itself (see the "not" precondition). This variable is passed as a parameter to 
thee AlsepOfftoad activity, where it is used to communicate to all the agents who are listening to the voice loop 
(seee section 6.7). The second variable, pagt, is used to bind to the partner of the agent in the "partner 
precondition.. In case the agent executing the workframe (i.e. current) is the CDR, pagt is bound to the LMP 
agentt (i.e. AlBean). In case the agent executing the workframe is the LMP, pagt is bound to the CDR agent 
(i.e.. PeteConrad), This is because the LMP agent, AlBean, has an initial-belief 

(thee partne r of curren t = PeteConrad) , 
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whitee the CDR agent, PeteConrad, has an initial-belief 

(thee partne r of curren t = AlBean) . 

Forr each of these two agents the precondition matches, and the pagt variable gets bound to the matched 
agent.. The third variable, emusuit, is bound to the EMUSuit object of the current agent in the "contains" 
precondition. . 

Alll the above-mentioned preconditions are not used to actually guard the workframe from firing. These are all 
preconditionss that are used to bind the variables to the appropriate objects and agents. The only real guard for 
thee workframe is the "currentConceptualActivity" precondition. Not until the agent has the belief that his 
currentt (conceptual) activity is to offload the ALSEP, will this workframe fire. This shows that writing 
workframee preconditions has all the similar precondition control characteristics, such as the ordering, as 
writingg preconditions for production rules in traditional expert systems (Clancey 1983), (Clancey 1988) and 
(Clancey1992). . 

6.6.3.22 Detectables 

Thee workframe in Figure 6-26 contains four detectables that are active as long as the agent is executing the 
AlsepOffloadd activity within the workframe (this is due to the "whenever" condition in each detectable). All four 
detectabless have a "continue" action part (this is the default action of a detectable). This means that all the 
detectabless are defined in the workframe so that the agent executing the workframe will detect any of the 
factss that match the detect-conditions, while performing the AlsepOffload activity without disrupting the activity 
itself.. This makes it possible for the agent to notice certain facts in the world and react to them, because the 
factss turn into beliefs for the agent. This allows for the following reactive behavior on the part of the agent: 

 The DetectPartnerActrvity detectable makes sure that during the ALSEP offload activity the CDR and 
LMPP are always aware of the activity their partner is performing. This enables the agent to react to 
theirr partner's activity. There are multiple reasons for modeling that the astronauts on the lunar 
surfacee are always aware of this. The first one is that their activities are well choreographed and 
trained,, and the second reason is that it is part of the NASA policy that there is a "buddy system" for 
EVAA work performed by astronaute. This "buddy system" is a safety precaution. This way there is 
alwayss someone who can help out. This means that the two lunar surface astronauts where very 
muchh in tune with what their partner was doing, even if they would be working on their own activity. 

 The DetectCoolingLevel detectable models the fact that both astronauts are always aware of the 
cooling-levell of their space suit. The fact that the astronauts are wearing their space suit makes this 
obvious.. This detectable allows the agents to react to the cooling-level, and chance the level of 
coolingg accordingly. 

 The NoticeAlsepPkg1(2)LocationChance detectables speak for themselves. Whenever the location 
off either ALSEP package is changed, the agent will notice this, and can react accordingly. This is 
usedd to simulate the fact that when one of the agents lowers the ALSEP package from the SEQ Bay, 
bothh agents will become aware of the fact that the ALSEP package has changed its location from the 
SEQQ Bay to the SEQ Bay area (i.e. the lunar surface). This belief is used to start/stop the activities for 
offloadingg the actual packages 

6.6.3.33 Workframe exectution 

Followingg is a description of how Brahms executes the AlsepOffloading workframe during simulation of both 
thee AlBean and the PeteConrad agent. The workframe is executed at time t=0 for both agents. This means 
thatt both agents are executing an instance of the workframe (Workframe Instantiation or WFI) at the same 
time.. I'll show the WFI for both agents by repeating the workframe from Figure 6-26, but then showing the 
bindingss of the variables in preconditions, consequences, detectables, and activity parameters. Figure 6-27 
andd Figure 6-28 show the WFI for the agents AlBean and PeteConrad respectively. 
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woricfram ee OffloadngAlae p { 

coUectaH(LmVoiceLoop )) vteoms ; => (PeteConrad . LmComCircuit ) 
tofone(LunaiSurtaceAatronaut)tofone(LunaiSurtaceAatronaut)  pacfc => PeteConra d 
torone(EMUSuit)torone(EMUSuit)  emusult ; => BeanEmuSui t 

detectabl ee DetoctPartnerActivit y { 
whe nn (whenever ) 

detectffthecun^errtAstlvtfrr tt  PeteConra d = th e cu r r ^ 
} } 

CMWcuDi ee ueiecnx)oiingLeve i \ 
wha nn (whenever ) 

detectffth ee cooënqLeve l of BeanEmuSui t = value)) : 
} } 

detectabl ee NoticeAlsepPkgILocationChang e { 
whe nn (whenever ) 
detect((theorjk4ctUcatlono ff  MsepPkg l = anytocatton)) ; 

} } 

detectabl ee Notk»AleepPkg21ocatk)nChang e { 
whe nn (whenever ) 
detect((theobtectUxatlcflofAteepPkg 22 = anylocatlon)) ; 

} } 

whe nn (knownvatfth e cunvnK^>rtceptualActMtyo<A!Bja n = AlsepOffload)an d 
rtotflh ee nam e of AIBean=thenameo l (PeteConrad . UriComCircuin ) and 
knownvaKth ee conwiunteattonTvp e of (PeteConrad . LmComCircuit ) = LmVotceLoop ) and 
knownvaKth ee partne r of AlBea n  PeteConrad ) and 
knownvakAIBea nn contain s BeanEmuSuit) ) 

do { { 
AJaapQnToaoïfPeteConrad .. LmComCircuit) . PeteConrad) : 

} } 

Figur ee 6-27. AlsepOffloafin g WFI for agent AlBean 
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workfram ee OffloadngAtoe p { 

coltodalKLmVoiceLoop )) vfcoms ; => (AlBean. LmComCircuit) 
forone(LunarSurfac«Astronaut)forone(LunarSurfac«Astronaut)  pagt ; => AJBean 
forone(EMUSuit )) emusuK ; => ConradEmuSuit 

detectabl ee DetectPartne r Activit y { 
wtie nn (whenever ) 

detoct((th ee eurrantActMt y of AJBean = th e curoentActlvlt y of AJBean)); 

} } 

detectabl ee DetectCodlngLeve l { 
whe nn (whenever ) 

detect((th ee cooHngLeve l of BeanEmuSuit = value)) ; 

} } 

detectabl ee NotlceAJeepPkgILocatlonChang e { 
whe nn (whenever ) 
detecttfth ee obJectLocatlo n of AteepPkg l = anylocation)) ; 

} } 

detectabl ee Notk*AlsepPkg2Locatk>nChartg e { 
whe nn (whenever ) 

deteettfth ee obJectLocatlo n of AteepPkg 2 = anylocation)) ; 

} } 

whe nn (knownvalflh e currentConceptualActlvtt v of PeteConrad = AteapOfftoad ) and 
notfth ee nam e of PeteConrad = th e name of f AlBean. LmComCiraiit)) and 
kncwnvaKth ee communfcationTyp e of {AlBean. LmComaroui» = LmVoiceLoop ) and 
knownvaKth ee partne r of PeteConrad = ABean) and 
knownvaKPeteConra dd contain s ConradEmuSuitM 

do{ { 
AlsepOmoadftAIBean .. LmComCircuiti. AlBean): 

} } 

Figuree 6-28. AlsepOffloafing WFI for agent PeteConrad 

Thee next two sections describe how the CDR and LMP agents are both performing the AlsepOfftoad activity, 
andd in doing so collaborating in opening the SEQ Bay door. 

6.& 44 Performin g th e AlsepOffloa d activit y 

Afterr the firing of the OffloadingAlsep workframe both agents execute the AlsepOffload composite activity (see 
Figuree 6-29). For each agent, the simulation engine changes the agent Activity-Context Tree (ACT) based on 
thee workframes and thoughtframes in the composite activity that execute. An ACT consists of WFI's and the 
currentt activity context of the selected workframe41. In this section, I will show how the simulation engine 
schedulerr schedules the activities for each of the lunar surface astronaut agent. To do this, I first provide the 
sourcee code of the workframes of the AlsepOffload composite activity. Next, I will show the ACT for both the 
AlBeann and the PeteConrad agent for two simulation events (steps). I will show the change in the ACTs as 
thee beliefs of the agents and the world-facts change over time, due to the workframe execution and the 
agent'ss reasoning, interaction with other agents/objects and their environment. 

411 Only one vworWrame instantiation can be fired at any t i ^ 
onee current activity-context. 
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workfram ee MovfngToSEQBa y { 

delectabl ee DetBdSEQBayOoo r { 
whenn (100) 

detocttfth ee door of SEQBay=value)) ; 
} } 

whenn (notftt w agentLxtcatlo n of curren t = SEQBayAree) ) 
do { { 

condude(fttM >> currentActfvtt y of current=MoveActMty),bc:100,te:100) ; 
MovefSEQBayArea ,, 5,1); 
condude((lh ee nexttetfvit y of curren t = OpenSEQBayDoorActivity) , bc:100, teO); 

workfram ee OpenlngSEQBayDoo r { 
repeatt  false ; 

coHertall(AlnopPactogo )) afeeppkgs ; 

whenn (knownvaKth e agentLocatio n of curren t  SEQBayArea ) and 
krownvaJflh ee door of SEQBay=closed ) and 
MrtftfieobJeciL«caöo nn of alseppkg s = SEQBayAree) ) 
do { { 

concfcjde((th ee currentActMt y of current=OpenSECrBayDoorActivity) , bc:100, felOO); 
OpenSEQBayDoortvlcorm) ; ; 
conduckXOh ee door of SEQBay=open) , bclOO, felOO); 

} } 

Figuree 6-29. Workframe s withi n the composit e AlsepOffloa d activit y 

STEPP 1: t ime t = 0 

Forr  each Luna r Surfac e Agent , the schedule r check s the procwxlroonso f aMth*wortdYamesan d 
thoughtframe ss in the AlsepOffloa d activity , based on th e agent' s c^iren t belie f se t 

AlBean : : 

Curren tt  Belie f Set: 
t=00 => BELV: The currentConceptuaJActivit y of AlBean = AlsepOffloa d 
t=00 => BELV: The agentLocatio n of AlBean = Surveyo r Crater 
t=00 ^ > BELV: The agentLocatio n of PeteConra d = Surveyo r Crater 
t=00 => BELV : Th e agentLocatio n of DickGordo n = Yanke e Clippe r 
t= 00 =*> BELV : Th e agentLocatio n of EdGibso n = MissJonControlCente r 
t= 00 => BELV : Th e partne r of AlBea n = PeteConra d 
t=00 =c» BELV : SEOBa y contain s AlsepPkg l 
t= 00 => BELV : SEQBa y contain s AlsepPkg 2 
t= 00 => BELV : SEQBa y contain s OfftoadChecklistDeca l 
t= 00 => BELV : SEQBa y contain s PkglLanyardRibbon s 
t= 00 = > BELV : SEQBa y contain s Pkg2LanyardRibbon s 
t= 00 = > BELV : SEQBa y contain s SEQBayDoorLanyardRibbon s 
t= 00 = > BELV : AlBea n contain s BeanEMUSui t 
t= 00 = > BELV : AlBea n contain s UnpCuffCheckLis t 
t= 00 => BELV : BeanEMUSui t contain s BeanHasseblad70m m 
W)) => BELV: PeteConra d contain s ConradEMUSui t 
t=00 => BELV: PeteConra d contain s CdrCuffCheckLis t 
t=00 o BELV: CtonradEr^SuitcontaireConraiHasselblad70fTH n 

Preconditio nn Matching : 
workfram ee MovingToSEQBay : 

Prec::  not(th e agentLocatio n of curren t = SEQBayArea ) 
TRUE,, based on BELV: The agentLocatio n of AlBean = Surveyo r Crater 

workfram ee OpeningSEQBayDoo r 
Prec::  knownvaKth e agentLocatio n of curren t = SEQBayAre a 
FALSE,, based on BELV: The agentLocatio n of AlBean = Surveyo r Crater 
Prec::  knownval(th e door of SEQBay = closed ) 
FALSE,, based on NO belie f about the door of SEQBay 
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Pree:: not(the objectLocation of alseppkgs = SEQBayArea) 
TRUE,, based on NO belief about the location of AlsepPkg! and AlsepPkg2 

Activity-Contextt Tree: 

WORKINGG WFf: 
OfOoadiagAJsep OfOoadiagAJsep 

ACT:: AlsepOraoad((PeteConrad, LmComCircuit), PeteConrad) 

Createdd Beliefs/Facts During WFI Execution 

detecf«tli<ss ctirreaiAttivity of PeteConrad" flie onreirtArtlvity of 
PeteConrad)) ) 

BELV:: The «urealActivity of PeieC©ura<l= MoveActivity 

CURRENTT ACT: ' ~ I 
Move(SEQBayArea,, 5, 1) 

CONCLUDE: : 
BELV/FACT;; (the tnrreittActMty of AlBean » MoveActivity) 

DETECTABLE: : 
detectffthee (loer of SEQBay = vahie)) 

BELV:: (The door of SEQBay- doted) 

ENDD OF MOVE ACTIVITY : 
BELVflFACT:: (The agentLoeatioil o( AlBean - SEQBayArea) 

BELV7FACT:: (The ohJectLocarteii of BeanEMBSoit - SEQBayAre») 
BELVTACT:: (The objectLecatloii of LmpCBffCheckLbl - SEQBayArea) 

CONCU.1DE: : 
BELV:: (The nextActMty of AlBeaii - sOpeaSEQBayDoorAcUvity) I 

Figuree 6-30. AlBean's Step 1 Activity-Context Tree 

PeteConrad: : 

Currentt Belief set: 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 

=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 

BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 

Thee currentConceptualActivity of PeteConrad = AlsepOffload 
Thee agentLocation of PeteConrad = SurveyorCrater 
Thee agentLocation of AlBean = SurveyorCrater 
Thee agentLocation of DickGordon = YankeeClipper 
Thee agentLocation of EdGibson = MissionControlCenter 
Thee partner of PeteConrad = AlBean 
SEQBayy contains AlsepPkgl 
SEQBayy contains AlsepPkg2 
SEQBayy contains OffloadChecklistDecal 
SEQBayy contains PkglLanyardRibbons 
SEQBayy contains Pkg2LanyardRibbons 
SEQBayy contains SEQBayDoorLanyardRibbons 
AlBeann contains BeanEMUSuit 
AlBeann contains LmpCuffCheckList 
BeanEMUSuitt contains BeanHasselblad70mm 
PeteConradd contains ConradEMUSuit 
PeteConradd contains CdrCuffCheckList 
ConradEMUSuitt contains ConradHasselblad70mm 

Preconditionn Matching: 
workframee MovingToSEQBay: 

Prec:: not(the agentLocation of current = SEQBayArea) 
TRUE,, based on BELV: The agentLocation of PeteConrad = SurveyorCrater 

workframee OpeningSEQBayDoor 
Prec:: knownval(the agentLocation of current = SEQBayArea 
FALSE,, based on BELV: The agentLocation of PeteConrad = SurveyorCrater 
Prec:: knownval(the door of SEQBay = closed) 
FALSE,, based on NO belief about the door of SEQBay 
Prec:: not(the objectLocation of alseppkgs = SEQBayArea) 
TRUE,, based on NO belief about the location of AlsepPkgl and AlsepPkg2 
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Activity-Contextt Tree: 

WORKINGG WFI: 
OfflowUngAliep p 

ACT:: AUepOffloadtfAlBean, LmComCircult), AlBean) 

WORKINGG WFI: 
MoviiicToSEQBav v 

CURRENTT ACT: t - 1 

MovefSEQBayArea,, 5,1) * 

Createdd Beliefs/Facts During WFI Execution 

DETECTABLE: : 
4etect((toee i run ent A i(i vii y of AiBeau« tile ainvili A< t ivh y of 

AlBean)): : 

BELV:: The clHreiUActlvlty of AlBean - MoveActlvtty 

DETECTABLE: : 
üetecl(flhee door o I' SEQBxy • value)) 

ENDD OF MOVE ACTIVITY: 

BELVVFACT:: (Tne ebjectLocaUon of Coiu-ailEMUSuit - SEQBayArea) 

BELVirJhenextAcrivltyofPeteCoiiraill " 5sO|ienSEQBayDooiActlvity) 

Figuree 6-31. PeteConrad's Step 1 Activity-Context Tree 

Bothh agents are executing a move-activity from their current location (i.e. Surveyor Crater) to the 
SEQBayArea,, as can be seen in Figure 6-30 and Figure 6-31. As the agents move to the new location, the 
objectss that they are containing (i.e. cuff checklist and EMU suit) are automatically moved with them to the 
neww location. As the agents arrive in the new location, they detect that the SEQ Bay door is still closed. Also 
shownn in Figure 6-30 and Figure 6-31, the agents automatically notice (i.e. the engine automatically creates 
thee beliefs for the agents) the location of all other objects and agents that are also in the new location; i.e. the 
locationn of the other agent, its cuff checklist and EMU Suit, the LM, and the SEQ Bay. Both agents also detect 
eachh other's current activity, through the DetectPartnerActivity detectable in the AlsepOffload activity. Lastly, 
thee agents receive a belief about their next activity to open the SEQ Bay door. 

Whenn the simulation clock has increased by one, the following (partial) situation exists: 

2.. STEP 2: tim e t = 1 

Forr  each Luna r Surfac e Agent , the schedule r check s the precondition s of all the workframe s and 
thought ff  rames in the AlsepOffloa d activity , based on the agent' s curren t belie f set. 

AlBean : : 

Curreni i Belieff Set: 
=>BELV:: The currentActivity of AlBean = OpenSEQBayDoorActivity 
=>> BELV: The nextActivity of AlBean = OpenSEQBayDoorActivity 
=>> BELV: The door of SEQBay= closed 
=>BELV:: The currentActivity of PeteConrad = MoveActivity 
=>> BELV: The objectLocation of SEQBay = SEQBayArea 
=>> BELV: The objectLocation of LM = SEQBayArea 
=>> BELV: The agentLocation of AlBean = SEQBayArea 
=>BELV:: The objectLocation of BeanEMUSuit = SEQBayArea 
=>BELV:: The objectLocation of LmpCuffCheckList = SEQBayArea 
=>> BELV: The agentLocation of PeteConrad = SEQBayArea 
=>BELV:: The objectLocation of ConradEMUSuit = SEQBayArea 
=>BELV:: The objectLocation of CdrCuffCheckList = SEQBayArea 
=>BELV:: The currentActivity of AlBean = MoveActivity 
=>> BELV: The currentConceptualActivity of AlBean = AlsepOffload 
=>> BELV: The agentLocation of DickGordon = YankeeClipper 
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t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 
t=0 0 

=> > 
=> > 
=> > 
=o o 

=> > 
=> > 
=> > 
^> > 
=> > 
=> > 
=> > 
=> > 
=> > 
=> > 

BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 
BELV: : 

Thee agentLocatio n of EdGibso n = MissionControlCente r 
Thee partne r of AJBean = PeteConra d 
SEQBayy contain s AteepPkg l 
SEQBayy contain s AlsepPkg 2 
SEQBayy contain s OffloadCheckiistDeca J 
SEQBayy contain s Pkg1 LanyardRibbon s 
SEQBayy contain s Pkg2LanyardRtobon s 
SEQBayy contain s SEQBayDoori-anyardRibbon s 
AlBeann contain s BeanEMUSui t 
AlBeann contain s LmpCuffCheckLis t 
BeanEMUSui tt  contain s BeanHasselblad70m m 
PeteConra dd contain s ConradEMUSui t 
PeteConra dd contain s CdrCuffCheckLis t 
ConradEMUSui tt  contain s ConradHasselbtad70m m 

Preconditionn Matching: 
workframee MovingToSEQBay: 

Pree:: not{the agentLocation of current = SEQBayArea) 
FALSE,, based on BELV: The agentLocation of AlBean = SEQBayArea 

workframee OpeningSEQBayDoor 
Pree:: knownval(the agentLocation of current = SEQBayArea 
TRUE,, based on BELV: The agentLocation of AlBean = SEQBayArea 
Pree:: knownvalfthe door of SEQBay = closed) 
TRUE,, based on BELV: The door of SEQBay = closed 
Pree:: not(the objectLocatJon of alseppkgs = SEQBayArea) 
TRUE,, based on NO belief about the location of AlsepPkgl and AlsepPkg2 

Activity-Contextt Tree: 

Ass the move-activity in Step 1 (Figure 6-30) ends, in the next clock-tick (t=1) the ACT for agent AlBean 
changes.. The agent is still within the OffloadAlsep activity, because there are still workframes that are in the 
working-state.. The MovingToSEQBay workframe has finished executing, its preconditions are false, and its 
repeat-variablee has the value "false". Therefore, the working WFI is finished and stops. However, the 
preconditionss of the OpeningSEQBayDoor workframe have become true in the same clock-tick (t=1), and a 
neww working WFI for this workframe is created (see Figure 6-32). Next, the composite activity 
OpenSEQBayDoorr in this WFI gets executed. Consequently, the preconditions of all workframes in it are 
checked.. It turns out that for agent AlBean, the preconditions of two of the three workframes evaluate to "true". 
Thiss means that WFI's are created for both the RaiseSEQBayDoor and CommunicateReadyToOffload 
workframes,, and their state becomes "available". Since there can only be one WFI working at that level in the 
ACT,, the engine solvess the conflict by comparing the priorities of the two available WFI's. The priority of a WFI 
iss equal to the priority of the highest activity priority within it. In this case, the priority of the RaiseSEQBayDoor 
WFII is zero (0) and that of the CommunicateReadyToOffload WFI is ten (10). Consequently, the 
CommunicateReadyToOffloadd WFI becomes the working WFI, and its first activity Talk the current activity, i.e. 
thee agent's activity that is being executed. 
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WORKINGG WFl: 
orn-Ki - i i iH ' \ ts f t i i 

ACT:: AlsepOraoad((FeteCoiirad, LniComCircuit). t = 2 
PeteConrad)) " 

WORKINGG WFI: 

Createdd Beliefs/Facts During WFI Execution 

DETECTABLE: : 
TentActlvftyy «f Pet. _ . 

currentt Activity of PeteCoimul)): 

BELV:: Tiie ciuxentActiviiy of Pete Conrad -
WatclrOBeutasSEOBayDoorAcllYBy y 

ACT:: OpenSEQBayDoor((PeteConrad, 
LmComCircuit)) ) 

WFII priority = 10 

CURRENTT ACT: 
Taik((PeteCoiirad,, LmComCircuit). «tart, t = 2 ï 

OpenSEQBayDoorActivity,, 10, 8) 

BELV/FACT:: («he cum 
OpenSEQBayDoorAcUvitv) ) 

CONCLUDE: : 
BELV:: (Tile ipeecllAct of Ml!can ,>i]iiaj« Ready! «Offload) 

DETECTABLE: : 
detect((tiiee exteriorAppearaoce of SEQBay = value» 

BELV:: The exteriorAppearance of" SK 
KErm^vExterforLooksGood d 

Figuree 6-32. AlBean's Step 2 Activity-Context Tree 

Alsoo shown in Figure 6-32 are the detectables in the workframes OffloadingAlsep and 
CommunicateReadyToOffloadd firing in step 2 (t=1). However, in both cases the beliefs are not created until 
t=2,, as a result of detecting the facts at t=1. This occurs at t=2 and not t=1, due to the clock-based simulation 
engine.. The current activity Talk starts execution at t=1. This means that all the detectables in the working 
WFI'ss are checked at t=1. The beliefs are not created until the next clock-tick, t=2.42 

PeteConrad : : 

Currentt Belief Set 
t=11 => BELV: The currentActivity of PeteConrad = WatchOpeningSEQBayDoorActivity 
t=11 => BELV: The currentActivity of PeteConrad = OpenSEQBayDoorActivity 
t=11 => BELV: The nextActivity of PeteConrad = OpenSEQBayDoorActivity 
t=11 => BELV: The door of SEQBay = closed 
t=11 =>BELV: The currentActivity of AlBean = MoveActivity 
t=11 => BELV: The fieldOfVision of PeteConrad = AlsepPackagelnSeqBay 
t=11 => BELV: The objectLocation of SEQBay = SEQBayArea 
t=11 => BELV: The objectLocation of LM = SEQBayArea 
t=11 => BELV: The agentLocation of AlBean = SEQBayArea 
t=11 => BELV: The objectLocation of BeanEMUSuit = SEQBayArea 
t=11 => BELV: The objectLocation of LmpCuffCheckList = SEQBayArea 
t=11 => BELV: The agentLocation of PeteConrad = SEQBayArea 
t=11 => BELV: The objectLocation of ConradEMUSuit = SEQBayArea 
t=11 => BELV: The objectLocation of CdrCuffCheckList = SEQBayArea 
t=11 =>BELV: The currentActivity of PeteConrad = MoveActivity 
t=00 => BELV: The currentConceptualActivity of PeteConrad = AlsepOffload 
t=00 => BELV: The agentLocation of DickGordon = YankeeClipper 
t=00 => BELV: The agentLocation of EdGibson = MissionControlCenter 
t=00 => BELV: The partner of PeteConrad = AlBean 
t=00 => BELV: SEQBay contains AlsepPkgl 
t=00 => BELV: SEQBay contains AlsepPkg2 
t=00 => BELV: SEQBay contains OffloadChecklistDecal 
t=00 => BELV: SEQBay contains PkglLanyardRibbons 
t=00 => BELV: SEQBay contains Pkg2LanyardRibbons 
t=00 => BELV: SEQBay contains SEQBayDoorLanyardRibbons 
t=00 => BELV: AlBean contains BeanEMUSuit 
t=00 => BELV: AlBean contains LmpCuffCheckList 
t=00 => BELV: BeanEMUSuit contains BeanHasselblad70mm 
t=00 => BELV: PeteConrad contains ConradEMUSuit 
t=00 => BELV: PeteConrad contains CdrCuffCheckList 

!! In our new Java-based discrete event simulation engine the beliefs will be created at the same clock-tick, i.e. t=1. 
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t=0 0 BELV:: ConradEMUSuit contains ConradHasselblad70mm 

Preconditionn Matching: 
workframee MovingToSEQBay: 

Pree:: not(the agentLocation of current = SEQBayArea) 
FALSE,, based on BELV: The agentLocation of PeteConrad = SEQBayArea a 

workframee OpeningSEQBayDoor 
Pree:: knownval(the agentLocation of current = SEQBayArea 
TRUE,, based on BELV: The agentLocation of PeteConrad = SEQBayArea 
Pree:: knownval(the door of SEQBay = closed) 
TRUE,, based on BELV: The door of SEQBay = closed 
Prec:: not(the objectLocation of alseppkgs = SEQBayArea) 
TRUE,, based on NO belief about the location of AlsepPkgl and AlsepPkg2 

Activity-Contextt Tree: 

Ass the PeteConrad agent also comes into the SEQBayArea location, he also starts working on the 
OpenSeqBayDoorr activity. Potentially the agent can execute the same workframes as AlBean. However, due 
too the belief-set of the agent PeteConrad, it will fire the WatchingOpeningSEQBayDoor workframe, which 
thereforee becomes the working WFI. 

WORKINGG WFI: 
Offloadill&Alsei ) ) 

ACT:: AlsepOfnoad((PeteConrad, LmComCircuit), 
PeteConrad) ) 

WORKINGG WIT: 
OpeiiiiieSEQBayDoor r 

ACT:: OpenSEQBayDoor((AIBeaii, 
LmComCircuit)) ) 

tt = 1 

WORKINGG WIT: 
WatchiiieOpeiiineSEQBayDoor r 

CURRENTT ACT: 
WatchOpeningSEQBayDoor(u,, 5) 

tt =J 

Createdd Beliefs/Facts During WFI Execution 

DETECTABLE: : 
detect((thee currentActivfty of AJBean= the 

curreirtActivityy of AlBean)); 
.*> .*> 

_ELV:: The cnrrentActNtty of AlBeau= 
OnenSEOBavDoorActfvitv v 

CONCLUDE: : 
BELV/FACT:: (the currentActivity of PeteConrad -

OpenSEQBayDoorActivity) ) 

CONCLUDE: : 
BELV7EACT:: (the cnrrentArtivity of PeteConrad • 

WatdiOpeniiieSEQBayDooiActivitv) ) 

CONCLUDE: : 
BELV/FACT:: (the fieldOfVisio» of PeteConrad = 

AlsepPackagelnSeqBay) ) 

Figuree 6-33. PeteConrad's Step 2 Activity-Context Tree 

6.6.55 Viewin g th e simulatio n result s 

Inn this section I show the results of the simulation of the OpenSEQBayDoor activity, as described in the 
previouss sections. Figure 6-34 shows the ACTs of the AlsepOffload activity performed by both the AlBean 
andd the PeteConrad agent, as described in section 6.6.4, as well as the communication between the two 
agents.. While performing the AlsepOffload composite activity, both agents are within the OpenSEQBayDoor 
activity.. While AlBean is performing the activities within the CommunicateReady and the RaisingSEQBayDoor 
workframe,, the PeteConrad agent is performing the activities within the WatchingOpenSEQBayDoor 
workframe.. The grain-size of the simulation is one second. This means that the simulation engine changes 
thee ACT for every agent and object every second of simulated time. We can therefore say that the simulation 
iss a second by second model of the work practice of the lunar surface astronauts. Figure 6-34 also shows the 
locationn the agent was in when performing the activity. As an overlay, the dotted arrows show the 
communicationn of beliefs between agents AlBean and PeteConrad. The direction of the arrows show the 
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directionn in which the beliefs are being communicated, while the little square box at the start of the arrow 
showss the agent that is performing the communication. 

Figuree 6-34 is a screen shot from the AgentViewer application . The AgentViewer application takes as input 
aa Brahms Simulation History database44. This history database contains the historical situation-specific model 
dataa of a particular simulation run. The AgentViewer application creates a graphical representation of the 
activityy of agents and objects during a simulation. 

SEQBayArea a 

Ajgentt Pet£ Corjrad 
yy , Y 

vlvl OEDiutBijAJiqi 

irfii OpmmiSF.QBïyÖKC 

i::  OpfliSEQB»yD<«ï 

ii WtteliOpaim§SEQBiyDn'i ii Wö(hOpaiinEÏEQBiyBnr 

Figuree 6-34. AlsepOffload activity agent timeline 

Groupingg a number of important data about the activity of the agent during the simulation into an agent 
workframe-activityy hierarchy shows the ACT of an agent or object, at any time during the simulation. Each 
agent'ss ACT consists of a number of "bars." Each bar is an object that can be manipulated in the 
AgentViewer. . 

Att the top of each agent's ACT there is the location bar. The location bar shows the movement of the agent 
throughoutt its activities. When an agent changes location the color of the location bar changes45. In Figure 
6-344 both agents start in the same initial location This is the Apollo 12 LandingSite area (Surveyor Crater). 
Youu can see that the next location both agents are in is the SEQBayArea location. 

Thee next bar in the agent's ACT is the time-line bar. This bar shows the simulation time. Figure 6-34 shows 
thatt the AlsepOffload activity starts just after 8:31:30 AM (in fact the simulation clock starts at time 8:31:32 
AM).. Each thin white line in the time-line bar shows a 5-second interval. Consequently, Figure 6-34 shows an 
activityy interval of about 50 seconds (from 8:31:30 AM until about 8:32:23 AM. 

433 The AgentViewerr application is a stand-alone Visual Basic application we developed for viewing the results of a simulation (see Figure 
6-500 on page 159). 
444 The history database is a complex relational database containing the simulation data preserving their relationships. 
455 An agent does not effectively change its location until the simulation engine has finished a move activity and consequently positions the 
agentt into the new location. The agenf s location during the move activity stays unchanged, even though the agent is moving, and should 
thuss not be in any location. Brahms is not modeling the movement of agents during the execution of a move-activity. 
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Thee third bar is the agent's name bar, with the name of the agent and an agent icon). This bar shows which 
agentt or object46 is being displayed 

Thee fourth and final bar is the workframe-activity bar. This is the bar that shows the execution of the 
workframes,, activities, and thoughtframes for the agent. Workframes are represented as blue bars that start 
withh the letters "wf, for workframe, and the name of the workframe (if it fits within the graphics block). 
Underneathh a workframe bar there can either be a flesh-colored bar, or a green-colored bar. A flesh-colored 
barr represents a composite actMy, and starts with the letters "ca", for composite activity. A green-colored bar 
iss a primitive-, move-, communicate-, or create-object activity. These are always the lowest level activities. 
Eachh type of primitive activity is indicated by a different shade of green. Other than a color indication; a 
primitivee activity is indicated by the letters "pa", for primitive activity; a move activity by the letters "mv", for 
move;; a communicate activity by the letters "cw", for communicating-with; a create-object activity by the letters 
"co",, for create-object. When the size of the graphics block is large enough to contain the name of the activity 
itt is shown as well. If not, the name is shown when the user moves the mouse over the activity or workframe 
box. . 

6.77 VOICE-LOOP COMMUNICATION 

Onee of the most important aspects of work practice is the way people communicate. The communication to 
andd from the Apollo Lunar Surface was made possible by the Extra-Vehicular Communication System 
(EVCS).. The EVCS was a communication relay system that communicated voice from the astronauts via their 
EMUU suits to the LM and via the LM, using a S-Band antenna, to mission control. The voice of the CapCom 
wass communicated back to the LM and the astronauts via the same system (see Figure 6-35). This way the 
lunarr surface astronauts and CapCom were in constant two-way communication. The CMP and CapCom had 
aa similar communication system via the CM. The two lunar surface astronauts where operating their 
communicationn system in duall mode, which meant that they were always able to hear each other. However, 
thee CMP was not in direct communication with the lunar surface astronauts, and was therefore not always 
ablee to hear them. 

Inn this section I describe how the EVCS, or as I have named it, the voice-loop communication has been 
modeledd in Brahms. 

6.7.11 Communicatio n dela y 

Conversationall overlaps are a normal part of human dialog, and humans are pretty well apt to deal with this 
phenomenon.. However, the communication delay from Earth to the Moon is significantly larger than the face-
to-faceto-face or phone communication on Earth. The one-way delay, to Earth and to the Moon, is one and a quarter 
(1.25)) second. This means a minimum of two and a a half (2.5) seconds round-trip communication delay. If one 
off the astronauts made an utterance, the CapCom would hear the utterance one-and-a-quarter second later. 
Iff the CapCom would respond immediately, the astronauts would not hear this response until one and a 
quarterr second later, which means a total of, at minimum, two and a half seconds. 

'' Objects have a different object icon. 
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\JL1.255 sec 

Figuree 6-35. Extra-Vehicular Communication System 

Duringg the Apollo missions the communication delay sometimes lead to problematic communication patterns, 
ass is shown in the example from Apollo 17 from the section "Journal Preparation and Structure" in the Apollo 
LSJJ (Jones 1997). 

Inn the following example, we imagine CapCom Bob Parker giving Gene Cernan instructions on parking 
thee Rover. Before Cernan hears Parker, he starts to make a comment about where he is parked. He 
thenn stops talking, listens to Parker (who doesn't stop talking), responds, and then continues with his 
comment. . 

Parker:: Gene, just a reminder that we want a Rover (garbled)... 

Cernan:: Bob, we've stopped next to...(Hears Parker) 

Parker:: ...(heading) of 045; and, when you get out, we'll need readouts. 

Cernan:: (Responding to Parker) Okay, Bob. We've parked next to one of the fresh craters that shows up 
onn the map. 

Generally,, when someone's utterance ends with ellipses and his next utterance begins with ellipses, the 
readerr should infer that the speaker kept talking under the overlapping remark. When someone's 
utterancee ends with ellipses but his next utterance does not begin with ellipses, the reader should infer 
eitherr a break in thought or a pause to listen. Unintelligible dialog is indicated by the editorial comment 
"garbled".. Unintelligible dialog is often associated with overlapping conversations and in this illustration, 
onn the continuation of Parker's utterance I have indicated the likely missing word." 

Althoughh in this example Eric Jones is referring to the transcription as done for the Apollo LSJ, the fact of the 
matterr is that if one wants to model the communication utterances of the astronauts and their impact on work 
practice,, we have to model the one and a quarter delay for each communication event. 

6.7.22 Modelin g th e communicatio n to Eart h 

Thee voice-loop in context of the Apollo missions is the inter-communication system between the astronauts on 
thee Moon and the CapCom at MSC in Houston. 

Theree is a significant difference between voice-loop communication and face-to-face (f-2-f) communication. 
First,, and foremost, f-2-f communication is bounded to geographical location of the agents. This means that 
thee agents have to be in the same location to be able to engage in a f-2-f communication activity. This is 
referredd to as Same Time/Same Place (STSP) communication (Chapter 3.2.4.4). In voice-loop 
communicationn there is no restriction on the geographical location of the engaging agents. The agents can be 
inn any location, indeed even on Earth and on the Moon. 
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Anotherr difference is the fact the in a voice-loop communication there is no need to "go to" somebody before 
aa communication can take place. This is similar to a phone communication (Same Time/Different Place 
(STDP)) communication). However, different from a phone communication, there is no need to "call" someone 
beforee the communication can start. Therefore, a voice-loop communication is a combination of f-2-f and 
phonee communication, it is a STSP/DP communication form. 

Too model the communication delay over the EVCS, I have developed a voice-loop communication model that 
includess the LM communication circuit as an additional agent with behavior. When a lunar surface agent 
makess an utterance (i.e. performs a communication transfer), this utterance is communicated to his partner 
andd to the LM communication circuit agent. The LM communication circuit agent (LmComCircuit) 
communicatess the utterance to the CapCom agent with a delay of one second47. The result is that the 
CapComm agent will receive the communicated belief a second (a clock-tick) later, while the partner on the 
lunarr surface will receive the belief instantaneous, i.e. at the moment of the communication. 

Figuree 6-36 shows how the voice-loop communication model lets the lunar surface agent AlBean 
communicatee to both his partner PeteConrad and CapCom EdGibson that he is ready to start with the offload 
activity.. First, the agent that speaks, AlBean in this case, has to have a belief about what needs to be spoken. 
Figuree 6-36 shows this belief about the speechAct attribute being created in the 
CommunicateReadyToOffloadCommunicateReadyToOffload workf rame: 

conclude((th ee speechAc t of curren t = ReadyToOffloadAlsep)) ; 

Thee agent AlBean can now communicate this belief in the Ta/fr communicate-activity: 

Talk(vtcoms ,, start , OpenSEQBayDoorActtvlty , 10,8); 

Thiss Talk activity transfers the belief at the start of the activity to all the agents bound to the vlcoms variable 
(PeteConradd and LmComCircuit in this case). The Talk activity is part of the VoiceLoopCommunicator group 
shownn in Figure 6-37. Every member of the VoiceLoopCommunicator group, which the AlBean agent (as well 
ass the PeteConrad and LmComCircuit agents) is a member of, inherits this Talk activity and will therefore be 
ablee to communicate its current belief about the speechAct attribute. Consequently, both the PeteConrad and 
thee LmComCircuit agent receive AlBean's belief about the speechAct attribute. Next, the LmComCircuit agent 
performss the SendComToEarth activity, which actually transfers the speechAct belief it just received from 
AlBeann to the agents bound to the vlagts variable. 

SendComToEarth(AiBean ,, vlagts) ; 

Thee vlagts variable is bound to just the EdGibson agent (since he is the only agent with the 
communicationTypecommunicationType equal to "MscVoiceLoop," meaning he is the only agent listening to the voiceloop in 
MSC.. The SendComToEarth activity, shown in Figure 6-36, has a duration of one second and transfers the 
speechActspeechAct belief at the end of the activity. Consequently, this describes the communication delay from the 
Moonn to Earth. For longer delays one would simply increase the duration of SendComToEarth activity, 
makingg this a general model for voice-loop communication with communication delay. 

''  The Brahm s cloc k grain-siz e canno t be set to  125 seconds , but has to be set to  an intege r number . 
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AlsepOffloadGroup : : 
work ff  rame CommunicateReadyToOf f load { 

repeat ::  false ; 
detectables:.. . . 
whenn (knownval(th e groupMembershi p of curren t = "LunarModulePilot") ) 
do { { 

conclude((th ee speechAc t of curren t = ReadyToOffloadAlsep)) ; 
Talk(vlcoms ,, start , OpenSEQBayDoorActivity , 10,8); 

conclude((th ee nextActivit y of curren t = sRaiseSEQBayDoorActivity)) ; 

CSS AgépïEó Qfbsoh 

wtf:: Listening To Voice Loop 

ca:: ListenTo VoictLoop 

vrf:: Listening 

pa;; Listen 

wf:: Listening 

pa:: Liswn 

«f:: Liiieniiü 

pa:: Listen 

ComCircuit : : 
work ff  rame SendingLmpComToEart h { 

repeat ::  true ; 
variables : : 

collectall(MscVoiceLoop )) vlagts ; 
foreach(LunarModulePilot)lmp ; ; 

whenn (knownval(th e earthCo m of Imp = true ) and 
knownval(th ee groupMembershi p of Imp = "LunarModulePilot" ) and 
knownval(th ee communicationTyp e of vlagt s = MscVoiceLoop) ) 

do { { 
SendComToEarth(lmp ,, vlagts) ; 
conclude((th ee earthCo m of Imp = false) , bc:100 , fc:0) ; 

Figur ee 6-36. Voice-loo p communicatio n via LmComCircui t 

6.7.33 The voice-loo p librar y mode l 

Thiss voice-loop behavior is something that we want to re-use in other modeling efforts. I therefore developed 
thiss behavior as a library model that can be re-used over and over again. To do this we need to abstract the 
functionalityy of the voice-loop into separate functional groups. In this section, I describe the design of the 
voice-loopp library model as it is shown working in Figure 6-36. 

Wee can abstract the workings of the voice-loop system into two separate groups. First, there is a group of 
agentss that can communicate over a voice-loop together. These agents are all members of the 
VoiceLoopCommunicatorVoiceLoopCommunicator group. The VoiceLoopCommunicator group in turn is a member of the more 
abstractt Communicator group. This group specifies those agents that can communicate in one way or 
anotherr with each other, be it using a voice-loop, a telephone, e-mail, et cetera. There are three subgroups of 
thee VoiceLoopCommunicator group, namely the LmVoiceLoop, the CmVoiceLoop, and the MscVoiceLoop 
group. . 
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Thenn there is a group of agents that represent the communication circuits for each voice-loop. This is the 
ComCircuitComCircuit group. This group has two member agents, namely one for the CM voice-loop, CmComCircuit, 
andd one for the LM voice-loop, LmComCircuit. These two agents represent the communication circuits that 
createe the delay of the communication between Earth and the Moon. The reason for modeling these as a 
groupp with agents, as opposed to a class with objects, is because we need these communication circuit 
agentss to react to the communication transfers of beliefs from the "talking" agent. Although objects can 
receivee and communicate beliefs, they cannot react to the beliefs they receive (objects only react to facts). All 
inn all, it makes things easier from a modeling standpoint to model the communication circuits as agents, and 
sincee Brahms does not prescribe when to use agents versus objects this is a perfectly fine decision. The 
groupp hierarchy of the voice-loop model is presented in Figure 6-37. 

BaseGroup p 

J. J. 
Communicator r 

Ï Ï 
VoiceLoopCoo m municator 

earthComm ; boolean 
speechActt ; symbol 

communicatee Talk() 

x x 
j. j. 

MscVoiceLoop p 
I I 

LmVoiceLoop p 

T T T 

ComCircuit t 

cmComm : boolean 
ImComm : boolean 
earthComm : boolean 

communicatee SendComToEarth() 
workframee SendingCdrComToEarthQ 
workframee SendingCmpComToEarth() 
workframee SendingLmpComToEarthQ 

7T T 

CmVoiceLoop p 

~w ~w 
K-... K-... 

EdGibson n PeteConrad d ABean n DickGordon n 

I T T 

LmComCircuit t 

SendComToLm() ) 
workframee SendingComToLmQ 

CmComCircuit t 

SendComToCmO O 
workframee SendingComToCmQ 

Figur ee 6-37. Voice-loo p librar y model grou p hierarch y 

6.88 OBJECT INTERACTION 

Wee live in a world with objects. We look at them, touch them, and use them in our every day lives. When 
peoplee work they use tools to accomplish what needs to be done. Interacting with objects in our environment 
iss something so natural that we almost take it for granted when we consider how we do things. If we take a 
closerr look at the work practice level, we need to include the way people interact with objects to describe what 
theyy do. On the moon the astronauts were together. However, they had artifacts with them, and objects that 
theyy needed to work on, and tools to use in their work. In this section, I describe how in Brahms we can model 
thee interaction between objects and agents. I show the astronauts taking photographs and describe the model 
off the activities of the agent, and how the object it uses in these activities reacts and the way they both 
interact. . 

6.8.11 Luna r surfac e photograph y 

Imaginee taking a photograph. What do you do? What do you need? What does the camera do? Is it you or 
thee camera that creates the photo? As I described before, all the tasks of the astronauts were planned and 
welll trained. However, taking photographs was an acceptation to that rule. As it turns out, the Apollo 
photographss were one of the most important scientific data returned to Earth. Some photographs were 
planned,, but most were not, as is shown in the following example. 
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Figuree 6-38. NASA picture AS12-47- 6913 

Figuree 6-38 shows a photograph that Al Bean took of CDR Pete Conrad, when he was lowering ALSEP 
Package-11 to the lunar surface. How did he do it? It is a subtle point, but it shows the collaboration between 
thee two astronauts through the use of the photo camera. 

116:32:488 Bean: Sure do. (Pause) Here it (probably the first package) comes. 

116:32:533 Conrad: Coming right out. 

116:32:544 Bean: And just about right. Riding right out on the boom, Houston. Sure looks pretty. 

116:33:022 Gibson: (Making a mis-identification) Roger, Pete. We copy. (Long Pause) 

116:33:366 Bean: (Wantin g to take a picture ) Look at me, Pete.. (Pause) It's a good shot , babe. The 
LMM and everything' s reflectin g in you r visor . (Pause) 

[Al's[Al's photos AS12-47- mi £) and em Ö show Pete using a tape to guide the first of the ALSEP 
packagespackages out of the SEQ Bay. Photo 47-6915 £) was probably taken late in the ALSEP off-load.] 
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Figuree 6-39. Al Bean taking two photographs of Pete Contrad 

Figuree 6-39 shows what happened during the simulation of the activity of taking this picture. First, it is 
importantt to realize how Al Bean decides to take a picture, and how this is modeled in Brahms. If we look at 
thee utterance of Al Bean, we get some clues as to how this interaction happened. Al Bean says: 'The LM and 
everything'ss reflecting in your visor." I interpret this as that the beautiful reflections in Pete Conrad's visor of his 
EMUU suit made him want to take a picture (see the beautiful reflection in Figure 6-38). You can see in Figure 
6-399 that the ConradEMUSuit object creates the fact that there is a reflection from its visor. At that moment, 
agentt PeteConrad performs the activity LoweringPkgToSurface. Agent AlBean detects the reflecting visor 
fact,, while watching agent PeteConrad. This detection interrupts agent AlBean's activity, and makes him 
performm the activity GetCommandersAttention. This activity represents the communication of Al Bean at time 
116:33:36,, where he says: "Look at me, Pete." This communication is shown in Figure 6-39 by the first arrow. 
Afterr this activity, agent AlBean starts the TakingPhotograph workframe shown in Figure 6-39 and described 
inn Figure 6-40. 
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Firstt of all, taking a photograph is something that is not related specifically to the ALSEP Offload activity. 
Therefore,, the TakingPhotograph workframe is not defined in the AlsepOffloadGroup group. Instead, it is part 
off all possible activities for members of the LunarSurfaceAstronaut group, because every lunar surface 
astronautt can take photographs at any moment. It is therefore that the agent AlBean interrupts the 
AlsepOffloadd activity to start the TakingPhotograph activity. 

Grou pp LunarSurfaceAstronau t Classs PhotoCamera 

workfram ee TakingPhotograp h 

detectablee DetectPhotoHasBeenTaken { 
whenn (whenever) 

detect((thee hasTakenPhoto of cam = true)). 
2a a 

detectablee ReleaseShutter{ 
when(whenevGr ) ) 

detect((currentt PushesShutterReleaseButtonOf cam is false)) 4 | 
thenn complete, 

»» 2b 
whenn (knownval(the numberOfPhotosTaken of current < 

thee numberOfPhotosToTake of current)) 
d o { { 

conclude((thee hasTakenPhoto of cam - f a l se ) , be 100,fc: 100). 
conclude((currentt PushesShutterReleaseButtonOf cam), be: 100, fc: 100); 
TakeThePicture(cam,, 20, 0); 

} } 

thoughtfram ee PhotoTake n 

whenn (knownval(the current Activity of current = Take Photograph Activity) and 
1»» knownval(the hasTakenPhoto of cam - true)) + -

workfram ee OpenAndCloseShutte r 

variables' ' 
forone(EMUSuit)) emu. 
forone(LunarSurfacee Astronaut) agt, 
unassignedd forone(NasaPicture) photo, 

whenn (knownval(emu contains current) and 
knownval(agtt PushesShutterReleaseButtonOf current)) M 

d o { { 
CreateimageOnF!lm(ASl2-47-691x.. photo); 
conclude((currentt hasPhoto photo), bc:100,fc:100); 

—— conclude((the hasTakenPhoto of current = true), bc:0, fc; 100), 
—— conclude((agt PushesShutterReleaseButtonOf current is false), 

bc;0.fc:100); ; 

-ii  1 1 

d o { { 1 1 4a a 
conclude((thee hasTakenPhoto of cam = false), be 100, fc:0); 
conclude((thee numberOfPhotosTaken of current = the numberOfPhotosTaken of current + 1) 
bc:100,fc:0); ; 

4b b 

Figuree 6-40. Taking a photograph 

Afterr he has taken the photographs, he continues with the interrupted AlsepOffload activity (see the small 
verticall four lines in Figure 6-39, at the beginning and end of the OffloadingAlsep workframe of agent AlBean). 
Figuree 6-40 describes the interaction between the agent and a PhotoCamera object in order for the agent to 
takee a photograph (this numbered list refers to the numbers in Figure 6-40): 

1.. After agent AlBean starts the workframe TakingPhotograph, due to the fact that it beliefs that the number 
off photos to take is smaller than the number he has taken (see the precondition), it is simulated that the 
agentt pushes the shutter release button on the camera. This is represented by the creation of the belief 
andd fact 

(AlBea nn PushesShutterReleaseButtonO f BeanHasselblad70mm ) 

Thee creation of this fact triggers the PhotoCamera object BeanHasselblad70mm to perform the 
OpenAndCloseShutterOpenAndCloseShutterworkframe,workframe, due to the fact that its preconditions are now satisfied. 

2.. Next, the camera object performs the CreatelmageOnFilm create-object activity. On the left side of Figure 
6-399 this dynamically-created object is shown as a NasaPicture object (AS 12-47-691x). This actually 
representss the photo in Figure 6-38. After this activity, the camera object creates three facts; first, it 
createss the fact that the photo object has been created. Secondly, it creates the facts that it has taken a 
photoo and that the agent AlBean stopped pushing the shutter release button on the camera. These last 
twoo facts are detected by agent AlBean, who is still performing the TakingPhotograph activity (arrows 2a 
andd 2b in Figure 6-40). Arrow 2b shows that the agent stops the TakeThePicture activity by performing a 
completecomplete action in the ReleaseShutter detectable, simulating that the agent has pushed the shutter 
buttonn and has taken the picture. 

Arroww 3, at the same time, shows that the agent fires the thoughtframe PhotoTaken. This thoughtframe 
increasess the agent's belief about the number of photos it has taken. 
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4.. Last, but not least, arrows 4a and 4b, make sure that the agent takes the right number of photographs. In 
thee example in Figure 6-39, the agent takes two photographs, one after the other. 

Thiss example shows a general model for taking pictures. The only thing the agent needs to start out with is its 
cameraa contained on his EMU suit. Later on in the ALSEP Offload activity, during the offload of the second 
package,, the PeteConrad agent actually takes three photos of AlBean while he is lowering object AlsepPkg2 
too the ground, using the ConradHasselblad70mm PhotoCamera object (see Figure 6-41). 
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Figuree 6-41. The PeteConrad agent taking photographs 

Figuree 6-42 shows the three actual photographs Pete Conrad took. 

Figuree 6-42. Photographs AS12-47-6783, 84, and 85 by Pete Conrad 
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AA Brahm s limitatio n 

Thiss example shows one of the limitations of a Brahms simulation. Although we can represent and simulate 
thee taking of photographs, as well as the camera actually creating the NasaPicture objects, Brahms cannot 
showw the sightiines of the camera, and that of the agents. The picture objects created do not include a 
representationn of what was captured on film (shown by the three photos in this example). The only way we 
couldd possibly represent this is to create beliefs that represent the scene being captured and "store" these 
beliefss in the NasaPicture object 

Nott being able to model the line of sight of agents means that the model does not include whether the 
astronautss could actually see each other and/or the objects during their activities. Noticing other people and/or 
objectss is often constrained by the line of sight. In Brahms, we can only model the detection of facts, based on 
thee detectable being active and the existence of the fact in the world. However, in the real world the detection 
off certain facts depends on whether we can "observe the fact" through our field of vision, such as seeing 
someonee in distress. Not being able to model the field of vision limits us in constraining the detection of facts 
basedd on the sightiines of the agent. 

6.99 VBOnCATONANDVAUDWTIO N 

Inn this section, I describe the verification and validation (V & V) process I have followed to test the accuracy of 
thee Apollo 12 ALSEP model. First, I will talk about V & V as a process and describe its elements, and some of 
itss issues. Then, I will show in some detail the V & V steps I have followed and the results of this process in 
thiss experiment. Using this V & V process, I can say something about the accuracy of the model and my 
hypothesiss about Brahms as a modeling and simulation language for describing a work practice. 

Too clarify the issues involved, I define the concepts verification, validation, and to be complete, credibility as 
follows: : 

 Verification is the process whereby the modeler asks if the model is performing as it was designed. In this 
stepp in the V & V process, the objective is to determine if the logic of the computer model correctly 
implementss the assumptions made in the conceptual model. 

 Validation is the process whereby the modeler asks how accurately the model is representing reality. 
Thatt is, is it a good model of the intended work system? 

 A credible model is one that the client accepts as being valid enough to use in making decisions. That is, 
iss it a useful model for the task at hand? It should be noted that in this experiment we do not have a client 
thatt will make such a credibility judgment. 

6.9.11 The purpos e of verificatio n and validatio n 

Ann important part of modeling and simulation is the V & V of the model and the results of the simulation. 
Withoutt a thorough V & V there is no ground in having any confidence in the model and the results of the 
simulation.. Although it is important to realize that it is impossible to prove that a model is a general valid model 
(Robinsonn 1999). The reason for this is the fact that: 

1.. A model is only certified as valid with respect to its purpose. For instance, a model that has been created 
forr the purpose of predicting the future state of a system might not be valid as a prescriptive model of the 
futuree system. 

2.. There are different interpretations of the real world possible. Depending on the worktview, or 
Wertanschaiing,, is a different interpretation of the real world and therefore, of the model and its validity 
(Checklandd and Scholes 1990). 

3.. The data used to develop the model may be inaccurate. Even if that is not the case, it should be realized 
thatt the data used and the data generated by the simulation are but a small data sample. Therefore, they 
cann only be seen as a probabilistic answer and not a definitive one. 
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Thee conclusion is thai, although in theory a model is either valid or invalid, in practice it is not easy and often 
nott possible to prove that a model is valid. Therefore, we have to think in terms of the confidence we can 
placee in the model. The V & V of the model in this experiment is not one of demonstrating that the model is 
correct,, but instead it is a process of falsification, i.e. demonstrating that the model is incorrect (Robinson 
1999).. In so doing, the purpose of V & V is to increase the confidence in the model, even though we might 
findd inconsistencies and problems with the model according to the real-world data. 

6.9.22 The verificatio n and validatio n proces s 

Manyy authors have described the process of a successful simulation (Law and Kelton 1991) (Kleindorf et al. 
1998)) (Banks et al. 1996) (Robinson 1994). All of them mention a series of processes that need to be 
followed.. The high-level processes are shown in Figure 6-43, which is borrowed from (Robinson 1999). A 
simulationn study first starts with understanding the real world, as well as the problem to be tackled. In this 
Brahmss study, the real world is the Apollo 12 ALSEP Offload, with as the problem to be tackled, to test if we 
cann describe the work practices of the lunar surface astronauts in a Brahms simulation. When the real world is 
sufficientlyy understood the modeling activity starts, and a conceptual model is described. For this study, I 
describedd the model as a qualitative model using a modeling approach called World Modeling (Sierhuis and 
Selvinn 1996). After this, the model was coded into a computer model, in this case the Brahms language. 
Whenn the model is complete, experiments are run to develop solutions to the real-world problem being 
handled.. In this case, a greater understanding of the real world was obtained. In real-world projects it is hoped 
thatt the solutions found in the experiments can be implemented in the real world, or that the better 
understandingg of the problem will lead to better decision making. In this experiment there has been no attempt 
too implement the model or change the real world based on the understanding, simply because this was not 
thee purpose. 

Evenn though there is a natural sequence in following these steps, it is obvious that the actual process is not 
strictlyy sequential, and that several iteration through the steps are necessary. This was also the case in this 
effort.. First, there was no implementation phase based on the outcome of this study. Secondly, there were a 
numberr of cycles through the conceptual model, computer model and solution/understanding phase that were 
mostlyy driven by the validation and verification of the models with the real-world data. Even though this study 
didd not end with an implementable solution in the real world, the process as depicted in Figure 6-43 still holds. 

Implementation n 

Reall World 

Solution/ / 
Understanding g 

Data a 
Validatio n n 

Experimentation n 

Computer r 
Model l 

Conceptuall Modeling 

Conceptual l 
Model l 

Modell Coding 

Figuree 6-43. Simulation model verification and validation in the modeling process (borrowed from (Robinson 1999)) 

Inn the next sections, I will describe the activities of the three phases, conceptual model, computer model, and 
solution/understandingg and the validation and verification methods used in each of these phases. 
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6.9.33 Data validatio n 

Ass is shown in Figure 6-43, data validation is important at every step of the simulation process, because at 
eachh step in the process data is used. The data I used are all original NASA records of the actual Apollo 
missions.. Table 6-4 lists all data sources that have been used in this case study. Since the Apollo missions 
aree part of world history the facts and data are well known to the world and are therefore undisputed. By using 
thee original lunar videos, as well as the transcripts of the original conversations of the astronauts, and the 
originall photographs, mission reports and press releases, the validity of the data is very high. It can thus be 
saidd that, if the simulation data is validated against the original mission data, and it can be shown that the 
outcomee is correct in relation to this data, the validity of the simulation model is high. 

Tablee 6-4. Data sources used during experiment 

Dataa Sourc e 

Apolloo Lunar Surface Journal 

Apolloo 14,15 & 16 Video Tapes 

Apolloo 12,14,15 & 16 Press Kits 

Dataa Type 

Transcriptionss of actual astronaut voice loop 

recordingss + mission photographs. 

Videoo Recordings of the actual Apollo 

missionss from NASA. 

Copiess of the actual Apollo Press Kits from 

thee Apollo missions, published by NASA. 

6.9.44 Conceptua l mode l validatio n 

II started the modeling effort by creating a conceptual model of the Apollo 12 ALSEP Offload. The method 
usedd is called Compendium, and is described in (Sierhuis and Selvin 1996) (Selvin and Sierhuis 1999b) 
(Selvinn and Sierhuis 1999a) (Selvin et al. 2001). The discussion of this method falls outside of this thesis. 
Figuree 6-44 shows the Raise SEQ Bay Door activity described in the conceptual model. To model this activity, 
II used the voice loop transcription data from the Apollo LSJ (see Figure 6-45), as well as the Apollo video of 
thee Apollo 1448 mission. The voice loop data is modeled as the communication attribute in the model. By 
readingg and listening to the communication, matching this to the mission plan, and validating this with the 
video,, I was able to analyze who performed this activity (see Figure 6-45), and where in the voice loop 
transcriptionn the astronaut was starting and ending this activity. The approach I used was to identify the 
activityy duration based on communication sequences. The astronaut was performing the activity during the 
firstt utterance and the last utterance of a communication sequence. By using the timestamps in the Apollo 
LSJ,, I calculated the total time of the activity (see Figure 6-47). I also represented where the agents were 
locatedd while performing this activity, as well as what objects (artifacts) the astronaut was touching or using 
duringg this activity. 

Byy analyzing the transcription of the voice loop data this way, I have represented and validated each activity 
off the agents. After this process was completed, the conceptual model had to be coded in the Brahms 
language. . 

Duee to a unfortunate problem with the camera, there is no video tape of the Apollo 12 ALSEP Offload. 
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 Ouesfflsp |dap|: Raise SEQ Bay Door [Activity) 

Systemm £ « Bspraj Üode firewse Mail Help 

9 9 
Raisee SEQ Boy Door 

7~ ~ 
Lunarr Module Pilot 

thee nextOpenDoorTask = OpenDoor 

9 9 
thee agentLocation of current = SEQBayArea 

Grabb Lanyard Ribbons 

Pulll Lanyard Ribbons 

Grabb Lanyard Ribbons [Activity] 

M M 
Pulll Lanyard Ribbons [Activity] 

1166 31.48 Bean: The experiment bay looks real good. 

9 9 
11B:31:«Conrod:Yup. . 

9 9 
. /" [Thee ALSEP experiments are contained in two compact packages whic 

??  ér^  9 
Communication?^*~^-116:31^50Bean:TheLMM exterior looks beautiful the whole way aro 

9 9 
116:32:022 Conrad: (Possibly pulling a lanyard to open the SEQ bay 

\\ 9 
116:32:122 Bean Okay Here we go. Pete Ohhhhh. up they go. babes 

9 9 
[Theyy have raised the doors that cover the cavity where the ALSEP 

WW [Maarten Sierhuis 01/26/99 M] 

Figuree 6-44. The conceptual model 

Thee purpose of the conceptual model validation is to determine that the scope and level of detail of the 
proposedd model is sufficient, and that all assumptions are correct (Robinson 1999). To describe this 
validation,, let me take a step back and restate the problem I addressed in this study. The problem in this study 
wass that of showing that the Brahms modeling and simulation language is powerful powerful enough to describe the 
workwork practice of the Apollo 12 lunar surface astronauts during the ALSEP Offload activity. The level of model 
detaill that is needed to test this hypothesis is given by the definition of what to include in a model of work 
practicee (see chapter 3.2). 
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Figuree 6-47. Voice loop activity time analysis 

Iff we take as a given the aspects of work practice from chapter 3.2, then we can validate that these aspects 
aree indeed included in the model. Therefore, the validation method I used for the conceptual model was to 
analyzee the important aspects of modeling work practice, as described in the theory, and to make sure that 
thee conceptual model included all of them. Table 6-5 lists the aspects that were to be included in the model, 
ass well as how these aspects are made operational in the coded model: 
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Tablee 6-5. Aspects of modeling work practice 

Aspec tt  of Wor k Practic e 

Communitiess of Practice 

Activities s 

Collaboration n 

Communication n 

Reall world artifacts 

Geographyy and Movement 

Model l 

Thiss aspect is incorporated in the model by modeling the 
roless and functional groups of the agents as groups with 
behaviorr in the model. People who belong to certain CoP 
aree represented as agents being members of the groups, 
inheritingg the common behavior of the group members. 
"mee behavior of all agents and artifacts is described in terms 
off primitive activities taking time, and composite activities 
decomposedd into lower-level activities, and the lowest-level 
intoo primitive activities. 
Collaborationn is an emergent aspect of the model that is 
shownn in the output data of the simulation. By describing the 
activitiess of agents, and the interaction and constraints that 
makee each agent perform an activity based on activities of 
otherr agents, shows that agents are collaborating together. 
Thee model includes all the speech acts from the real voice 
data.. Activities are sometimes dependent on whether these 
speechh acts are performed and received. 
Forr each activity the artifacts that are used or touched in the 
activityy are represented in the model. Relationships between 
activitiess and artifacts are represented. 
Forr each activity, the location where the activity is performed 
iss represented. Agents move from location to location, and 
performancee of an activity is sometimes dependent on being 
inn the location or noticing other agents and/or artifacts in a 
location. . 

6.9.55 Compute r mode l verificatio n 

Thee next phase in the modeling process is the design and implementation of the Brahms model source code. 
Inn this phase, the modeler needs to translate the activities, groups, agents, classes and objects represented in 
thee conceptual model into the Brahms language. To do this, the modeler needs to be proficient in the Brahms 
language,, and specifically in the multiagent and activity programming concepts in Brahms. For first time 
Brahmss modelers this is a painstaking process, and is similar to the compile-debug cycle in traditional 
programmingg languages, such as C++ or Java. 

Debuggingg M o d e l i n 9 

Compiling g 

Figuree 6-48. Brahms compile-debug cycle 

Figuree 6-48 shows the modeling cycle, which first continues until the complete model can be compiled without 
syntaxx errors by the Brahms compiler. However, verifying the model is more than getting the Brahms compiler 
too compile the model without syntax errors. Although this is of course a first and important step in the process, 
thee most important step is to compare the "functioning" of the model with the conceptual model. The model 
validationn and verification steps are driving the Brahms model development process, shown in Figure 6-49 

2 2 ^ > > 
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Developmen t t 

Model l 
Compilatio n n 

Modell Source Code 

N N 

Modell Changes 

Modell  V & V -«-

Modell  B rte Code 

Brahm s s 
Simulatio n n 

Simulatio nn Histor y Data 

Figuree 6-49. Brahms model development cycle 

Thee functioning of the model is visually verified using the AgentViewer application. The AgentViewer is a 
separatee Brahms application that uses the simulation history data to display a 2-dimensional graphical time-
linee view of the activities of agents and objects. The timeline figures in this and other subsequent chapters are 
alll screenshots from selected agents and objects in the AgentViewer. Using the AgentViewer application the 
modelerr can investigate the simulation run. 

Figuree 6-50. AgentViewer application 

Figuree 6-50 shows the AgentViewer. Using this application the end-user can select which agents and objects 
too view in the time-line view, and investigate the exact behavior of those agents and objects during the 
simulationn (see a-l explanations in Figure 6-50): 
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a.. Using the menu-bar, the end-user can parse the simulation history data into a history database, and open 
aa history database for viewing. 

b.. When the database is opened all the agents and objects are loaded into the tree view. Using the tree 
view,, the end-user can select which agents and/or objects (s)he wants to view in the time-line view. 

c.. By selecting to view the agent/object communication, the (blue) arrows show all the communication 
activities,, and the direction of the communication (sender and receivers). The communicated beliefs are 
alsoo accessible by clicking on the square at the top of the sender side of the communication arrow. 

d.. For each agent/object the "current" location is shown. When the agent/object moves to a new location, it 
iss shown as a change in the location name and color. 

e.. The time-line can show the time in different time-intervals, therewith zooming in and out. 

f.. The tool-tip pops up when the mouse is moved over "hot spots". The hot spots are those areas where 
moree information is available than can be shown on the screen. By moving the mouse over those areas 
thee hidden information pops up in a tool-tip, such as the name of a workframe or activity. 

g.. The Activity-Context Tree is the central piece of the agent/object time-line. It shows the workframe and 
activitiess hierarchy of the agent or object. 

h.. The touch-object line is a (yellow) line that is shown when the agent/object is using certain objects in its 
activity.. 'Touch objects" are used to calculate the time those objects are used in activities. 

i.. The explanation facility view is used to display more detailed information about the execution of 
workframes.. By clicking on any workframe (light blue in color), an explanation facility window is opened 
forr the workframe at hand. 

j .. By selecting the "Active" tab in the explanation facility view, the executed statements in the workframe 
bodyy are shown. 

k.. You can select the statements in the workframe body to get more info. 

I.. When you select a statement in the body of the workframe, the total time the activity was active is shown. 
Usingg the other tabs in this view, you can find out the exact time the workframe became available, as well 
ass the exact time it became active and ended. 

m.. Workframes are situated-action rules that execute activities. The top of a Activity-Context tree is always a 
workframe.. You can recognize a workframe by the "wf:" symbol, followed by the name of the workframe. 
Whenn the zoom-level is too high to contain the name of the workframe it is left out of the display. Using 
thee tool-tip the user can find out the name. 

n.. Composite Activities are executed by workframes, and contain lower-level workframes. You can 
recognizee Composite Activities by the "ca:" symbol followed by the name of the activity. When the zoom-
levell is too high to contain the name of the activity it is left out of the display. Using the tool-tip the user 
cann find out the name. 

o.. Primitive Activities are executed by workframes, and are always at the bottom of the Activity-Context 
Hierarchy.. You can recognize Primitive Activities by the following symbols, depending on the type of 
primitivee activity: "pa:" (for a primitive activity), "mv:B (fora move activity), "cw" (for a communicate activity), 
"co:"" (for a create object activity), followed by the name of the activity. When the zoom-level is too high to 
containn the name of the activity it is left out of the display. Using the tool-tip the user can find out the 
name. . 

Usingg this AgentViewer I have visually inspected the simultaneous behavior of the agents and objects, and 
comparedd the expected behavior from the conceptual model with the actual behavior during the simulation. 
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6.9.66 Exp6riHioiitatlo n vaüdstio n 

Comparingg the model output to data from the real system is the most objective and scientific method of 
validation.. Of course, this type of validation can only be performed if there is a real system, and real-world 
dataa that correspond to the simulation parameters. In this descriptive modeling experiment there was a real 
systemm back in the Apollo days. That system does not exist anymore, but what is most important is the fact 
thatt there is historical data available to validate our model. 

II describe two types of quantitative data validation of the simulation output data of the Apollo 12 model, based 
onn the historical data from the Apollo missions: 

1.. Validate the simulated activity times and duration with the activity times and duration derived from the 
timestampss in the Apollo 12 communication transcript from the Lunar Surface Journal (Jones 1997). 

2.. Validate the simulated voice loop communication with the voice loop recordings from the actual mission, 
whichh are transcribed in the same Apollo 12 communication transcript (Jones 1997). 

6.9.6.11 White-box versus black-box validation 

Wee consider two types of real-world data validation, white-box and black-box validation. The model 
verificationn described in section 6.9.5 is considered a white-box validation. Validating the simulated activity 
timess with the timing of the activities based on the transcript of the voice loop communication is a white-box 
validation.. The second validation, that of the actual voice loop data, is a black-box validation. 

White-boxx validation is a micro validation of the content of the model. In a white-box validation we try to 
validatee the model by investigating the model content in detail. The purpose of this type of validation is to 
ensuree that the content of the model is true to the real world. The use of a graphical visualization and 
spreadsheett tools are very appropriate in this type of validation. 
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>utput ss fro m real 

put ss to simulati o 
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nn mode l 
ilatio nn mode l 

OR R 

Figuree 6-51. Black-box validation: comparison with the real system (from (Robinson 1994)) 

Inn a black-box validation we are not looking inside the model, but we are validating the overall behavior of the 
mods/withh the output of prespecified real-world data. In this type of validation we need to validate that when 
wee specify input data to the simulation model that is similar to that of the real system, the output data from the 
simulationn should be relatively similar to that of the real system as well. This is a validation of the alternative 
hypothesiss H1 (Figure 6-51). 

6.9.6.22 Validate activity times 

Too validate the timing and duration parameters of the simulation model, we measure the activity times of the 
individuall activities performed by each astronaut. Initially I had identified the activities of the astronauts based 
onn the Apollo 12 communication transcripts (see Figure 6-45). Based on this and the fact that each 
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communicationn utterance in the transcript is timestamped with the actual mission clock at MSC, I was able to 
calculatee the ground-estimated time (GET) start and end times of the activity. From this the total activity time 
couldd be calculated (Figure 6-47). Here I am only showing the validation of the first three high-level activities 
(Tablee 6-6). This is only in the interest of space, and I hope that with this example the reader is satisfied and 
cann infer that the same holds for the other activities. 

Tablee 6-6. Calculated activity times based on real-world data 

Activit y y 

Openn SEQ Bay Door 

Remov ee PKG-1 

Remov ee PKG-2 

Star tt  GET 

116:31:34 4 

116:32:22 2 

116:33:53 3 

Endd GET 

116:32:22 2 

116:33:53 3 

116:34:44 116:34:44 

Tota l l 

Tota l l 

Time e 

00:00:48 8 

00:01:31 1 

00:00:51 1 

0:03:10 0 

(1900 sec) 

Afro m m 

ALSE P P 

Offloa d d 

Begi n n 

0:00:00 0 

0:00:48 8 

0:02:19 9 

Performe r r 

LMP P 

CDR R 

LMP P 

Ann issue is the fact that the start and end times of the activities were chosen based on a thorough reading of 
thee Lunar Surface Journal transcriptions, books and reports on the Apollo 12 mission, as well as the videos of 
thee ALSEP Offload activities in subsequent missions. The choices I made are subjective to my own 
interpretation,, as well as that of Erik Jones, the editor and creator of the Apollo Lunar Surface Journal (Jones 
1997).. It might well be possible that someone else would make a different interpretation of the timing based 
onn the same data. Although this may be the case, it should not have much influence on the outcome of this 
study,, since the goal of this validation is in context of the objective of the experiment. As mentioned before, 
thee objective is to show that with Brahms we can describe the work practice of a real human activity system. 
Wee can still make a judgment on this, regardless of the fact that the subjectivity of the modeler is unavoidable 
inn a modeling activity. 

Tablee 6-7. Activity times for LMP Al Bean from simulation history database 

II DoneByl D 

ALBEAN N 

ALBEAN N 

ALBEAN N 

ALBEAN N 

ALBEAN N 

ALBEAN N 

ALBEAN N 

DisplayText t 

OpenSEQBayDoor r 

RemovePkgl l 

ChangeEMUSuitCooling g 

RemovePkgl l 

TakingPhotograph h 

RemovePkgl l 

RemovePkg2 2 

Start™ ™ 

1 1 

49 9 

53 3 

58 8 

124 4 

137 7 

140 0 

|| Star t SET"' | 

8:31:34 4 

8:32:22 2 

8:32:26 6 

8:32:31 1 

8:33:37 7 

8:33:50 0 

8:33:53 3 

End d 

49 9 

53 3 

58 8 

124 4 

137 7 

140 0 

191 1 

|| End SET 

8:32:22 2 

8:32:26 6 

8:32:31 1 

8:33:37 7 

8:33:50 0 

8:33:53 3 

8:34:44 4 

Total Total 

TotalTime ll  Statu s 

488 COMPLETED 

44 INTERRUPTED 

55 COMPLETED 

666 INTERRUPTED 

133 COMPLETED 

33 COMPLETED 

511 COMPLETED 

190 0 

!! The times in the Start, End, and TotalTime columns are in seconds. 
JJ The times in the Start Simulation Elapsed Time (SET) and End SET are in the format h:mm:ss. 
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Figuree 6-52. Al Bean's RemovePkgl and RemovePkg2 activities 

Thee activity times from Table 6-7 are the result of the emergent performance of lower-level activities of Al 
Bean,, as can be seen in Figure 6-52. The timing of the composite activities from Table 6-7 are based on the 
cumulativee times of the lower-level primitive activities performed ass part of these composite activity. 

Tablee 6-7 shows that Al Bean interrupts the RemovePkg activities twice to perform activities that are not 
necessarilyy part of the high-level AlsepOffload composite activity. The ChangeEMUSuitCooling activity is an 
activityy that can be performed at the moment the astronaut feels too warm or too cold. Performing this activity 
iss an interruption of the AlsepOffload activity and its underlying subactivities that are being performed at that 
moment.. Consequently, the current RemovePkgl activity will continue after the ChangeEMUSuitCooling 
activityy is finished. You can see this represented in both Table 6-7 and Figure 6-52. Table 6-8 and Figure 6-53 
showw the activities for Pete Conrad. Pete Conrad does not perform the ChangeEMUSuitCooling activity (he is 
tooo busy offloading the package!), but he is interrupting his RemoveAlsepPkg2 activity taking three 
photographss while Al Bean is lowering the second ALSEP package. 

Tablee 6-8. Activity times for CDR Pete Conrad from simulation history database 
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8:33:53 3 

8:34:23 3 

8:34:42 2 

End d 

50 0 

140 0 

170 0 

189 9 

191 1 

Total l 

|| End SET 

8:32:23 3 

8:33:53 3 

8:34:23 3 

8:34:42 2 

8:34:44 4 

TotalTimell Status 

499 COMPLETED 

900 COMPLETED 

300 INTERRUPTED 

199 COMPLETED 

22 COMPLETED 

190 0 

SEQBayArea a 

( 55 Agent Pete Core-ad 

II Awaj SEQBayAre a 

pp "'"" J 

ci:Ab«f0fbd d 

I I 

wtStHMhcAbepffccl l 

U R C M M A I I I 

w££ PilibgPkjOtfmnSEQB*? 

p:: I ft: I <w: m. || j*:i.»»*rnnT.Siifi« 

wf:RfBm»;.%tlPk?: : 

ca:: RtmMtPkg: 

** I 
jr.jr. j 

<!* * 
 m- a , 

«f:: TjkJJBPkWrjffc 

«uTaki^Plr tp* i i 

*É É 

ï« « 

wE E 

m m 

** : ,

p: : 

|--
I" " 

i i 
wf: : 

P* * 

Figuree 6-53. Pete Conrad's RemovePkgl and RemovePkg2 activities 

Fromm Table 6-6, Table 6-7 and Table 6-8 it can be seen that the timing for both the AlBean and PeteConrad 
agentss are similar as the timing data from the Apollo LSJ. With this verification the white-box validation of the 
modell is completed, and we can state that the computer model content (i.e. the Brahms model) is a valid 
implementationn of the conceptual model, which in turn is based on the Apollo 12 data. 
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6.9.6.33 Subtracting communication delay 

Thee times, as shown in Table 6-6, present the following small but significant validation issue. The times based 
onn the actual voice transcriptions are the mission times as they were measured by mission control. Since the 
activitiess are those of the lunar surface astronauts being performed on the moon, the actual times that the 
astronautss spoke the words transcribed in the Apollo LSJ documents would have had to be one and a quarter 
(1.25)) second earlier. This is because there was a one and a quarter second delay between earth and moon 
communicationss (see section 6.7.1 about communication delay). 

Thee start and end GET times are not the actual start and end times of the activities performed on the moon. 
Althoughh the total activity time stays the same, to be correct, the activities of the astronauts need to start one 
andd a quarter second earlier. To get to this point, I followed a two-step validation process: 

1.. Validation of the simulated activity times by making the times match up exactly with those measured on 
earth,, shown in Table 6-6. The result of this validation was shown in Table 6-7 and Table 6-8. 

2.. After the simulation model is validated according to (1), we transpose the simulation times to include the 
earth/moonn delay. Because only the start time is different, we can simply start the simulation clock earlier. 
Thiss results in the activities of the astronauts starting at the actual start time, and thus in communication 
utterancess arriving at mission control at the time measured by the GET clock. The result for agent AlBean 
iss shown in Table 6-9 

Theree is an issue with the capability of the simulation engine only being able to have an integer clock-grain-
size.. This means that we cannot simulate the one and a quarter second delay. The closest we can get is to 
havee a clock-grain-size of one (1) second. Therefore, the delay I have been able to introduce in the simulation 
iss one second. The numbers that have consequently been generated are still off by a quarter (0.25) of a 
second.. However, this is a consistent error rate, and thus could easily be subtracted from the generated 
numbers. . 

Tablee 6-9. Activity times for LMP Al Bean including communication delay 
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6.9.6.44 Validate output with real-world data 

Nextt is the black-box validation. The purpose is to validate that the simulation can recreate the 
communicationn utterances by the astronauts exactly and at the same ground-elapsed time as the data from 
thee Apollo LSJ. I show this validation of the model for the OpenSEQBayDoor activity as described in section 
6.5.3.. For ease of the reader, I repeat here the activity/communication table for the OpenSEQBayDoor 
activity. . 
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Tablee 6-10. OpenSEQBayDoor activity with communication 

LMPP CDR 

Communicat ee Ready To Offloa d 

activit y y 

Talk Talk 

Talk Talk 

InspectInspect SEQ 
Bay Bay 

Talk Talk 

Communicatio n n 
116:31:344 Bean: Okay. And 
we'lll off-load the ALSEP. 
(Garbled). . 

116:31:422 Bean: We ought to 
bee able to move out with this 
thing. . 

116:31:488 Bean: The 
experimentt bay looks real 
good. . 

Raisin gg SEQ Bay Door 

activit y y 

GrabGrab Lanyard 
Ribbons Ribbons 

WalkWalk Back To 
PullPull Ribbons 

Tight Tight 

PullPull Lanyard 
Ribbons Ribbons 

Talk Talk 

PullPull Lanyard 
Ribbons Ribbons 

Communicatio n n 

116:31:50116:31:50 Bean: The LM 
exteriorr looks beautiful the 
wholee way around. Real good 
shape.. Not a lot that doesn't 
lookk the way it did the day we 
launchedd it. 

116:32:122 Bean: Okay. Here 
wee go, Pete. Ohhhhh, up they 
go,, babes. One ALSEP. 
(Pause) ) 

Watchin gg Openin g SEQ Bay Door 

communicatio n n 

116:31:399 Conrad: Nope. 
(Pause) ) 

116:31:444 Conrad: Okay. 

116:31:499 Conrad: Yup. 

116:32:022 Conrad: (Possibly 
pullingg a lanyard to open the 
SEQQ bay doors) Light one. 
(Pause) ) 

116:32:222 Conrad: There it 
is. . 

activit y y 

WatchWatch Opening 
SEQSEQ Bay Door 

Talk Talk 

WatchWatch Opening 
SEQSEQ Bay Door 

Talk Talk 

WatchWatch Opening 
SEQSEQ Bay Door 

Talk Talk 

WatchWatch Opening 
SEQSEQ Bay Door 
WatchWatch Opening 
SEQSEQ Bay Door 

WatchWatch Opening 
SEQSEQ Bay Door 

WatchWatch Opening 
SEQSEQ Bay Door 

Talk Talk 

WatchWatch Opening 
SEQSEQ Bay Door 

Talk Talk 

Tablee 6-10 shows the subactivities of the OpenSEQBayDoor activity. The objective of this black-box 
validationn is to have the simulation generate the exact communication utterance for each agent, at the exact 
timee specified in. Of course, the same issue exists regarding the measurement of the time in GET and the 
communicationn delay to/from the moon. It should again be realized that the times in Table 6-10 are times 
measuredd by MSC, and are therefore the times that the CapCom agent heard the utterance over the voice 
loop,, thus one and a quarter second later than the time the lunar surface astronauts uttered the words. 

Afterr having validated the activity times from the previous section, I changed the model to include the 
communicationn utterances specifically for this validation. To generate the exact utterance, the agent creates 
thee utterance as a belief right before it communicates the belief in the Talk activity. 
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woriuYam ee CommuntcateBeadyToOffloa d { 

whe nn (knownvaKth e groupMembershi p of curren t = "LunarModutePllot") ) 
do{ { 
//cornmunteatJo nn fro m transcriptio n 

condude((th ee speec h of curren t = "Okay . And wel l off-toe d th e ALSEP. (Garbled).") , bc : 100, fc:0) ; 
concNJdeftth ee speechAc t of curren t = ReadyTcOfftoadAteep) , bc:100 , tc:0) ; 
Talk(vtcoms ,, start , OpenSEQBayDoorActMty , 10,8); 

//endd validatio n 

//communicatio nn fro m transcriptio n 
conckide((1h ee speec h of curren t = "W e ough t to  be able to mov e out wft h thi s thing.") , bc:100,fc:0) ; 

TaJkivlcoms ,, start , OpenSEQBayDoorActivtty , 0,1); 
//endd validatio n 

lnspectSeqBay(0,4) ; ; 

//communicatio nn fro m transcriptio n 
condude((tn ee speec h of curren t = "Th e experimen t bay look s real good.") , bc:100 , fc:0) ; 
condude((th ee speechAc t of curren t = the exterio r Appearanc e of SEQBay) , bc:100 , fc:0) ; 
Taltyvlcoms ,, end , OpenSEQBayDoorActrvtty , 0,1); 

//tendd validatio n 

conclude((th ee nextAcnvft y of curren t = sRaiseSEOBayDoorActtvtty) , bc : 100, fc : 0); 

} } 
} } 

Figuree 6-54. Workframe with communication utterance from Apollo LSJ 

Figuree 6-54 shows the rewritten CommunicateReadyToOffload activity including the communication 
utterances.. For each utterance there is a belief created for the speech attribute for the LMP agent (i.e. 
AlBean).. This speech attribute signifies the actual speech-utterance of the agent. 

communicat ee Talk(Communicato r agt , symbo l whn , Activit y act , in t pri , Int maxd ) { 
priority ::  pri ; 
max^duratJon ::  maxd ; 
resources ::  act ; 
with ::  agt ; 
abou tt  send(th e speec h of current=value) , 

send(th ee speechAc t of curren t = value) ; 

when ::  whn ; 

> > 

Figuree 6-55. Talk activity to validate communication 

Next,, the Talk communicate-activity actually communicates the speech belief to appropriate agents (Figure 
6-55).. Running the simulation again with this added communication, first and foremost, does not change the 
behaviorr of the agents. The end-result of the simulation is the same, as can be seen in Figure 6-56, but Table 
6-111 shows that the simulation generates the actual voice loop communication transcription consistent with 
thatt in the Apollo LSJ. 

Thee data in Table 6-11 is compiled from the history database. The data shows the communication of the 
speechspeech attribute from the LmComCircuit agent. This is the agent that simulates the communication delay 
from/too the moon (see section 6.7, explaining the voice loop model). Therefore, the time this agent relays the 
communicationn should be equal to the GET from the Apollo LSJ. This is shown in the last two columns. The 
secondd to last column shows the simulated elapsed time (SET), which is the time from the simulation. The 
lastt column shows the ground-elapsed time (GET) as it is recorded at MSC, and is shown in the Apollo LSJ. 
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Figuree 6-56. Voice loop communication for OpenSEQBayDoor activity 

Tablee 6-11. Agent speech communication validation 

Agen t t FrameNam e e 
Attribut e e 

Name e 
Value e 

(fro mm Apoll o 12 LSJ ) 

LMCOMCIRCUIT T 

LMCOMCIRCUIT T 

LMCOMCIRCUIT T 

LMCOMCIRCUIT T 

LMCOMCIRCUIT T 

LMCOMCIRCUIT T 

LMCOMCIRCUIT T 

SendingAIBean n 
ComToEarth h 

SendingPeteConrad d 
ComToEarth h 

SendingAIBean n 
ComToEarth h 

SendingPeteConrad d 
ComToEarth h 

SendingAIBean n 
ComToEarth h 

SendingPeteConrad d 
ComToEarth h 

SendingAIBean n 
ComToEarth h 

Time e 

speech h 

LMCOMCIRCUITT SendingPeteConrad 
ComToEarth h 

LMCOMCIRCUITT SendingAIBeanCom 
ToEarth h 

LMCOMCIRCUITT SendingPeteConrad 
ComToEarth h 

"Okay.. And we'll off-load the 
ALSEP.. (Garbled)." 

speechh "Nope." 

speechh "We ought to be able to 
movee out with this thing." 

speechh "Okay." 

speechh 'The experiment bay looks 
reall good." 

speechh Yup. 

speechh 'The LM exterior looks 
beautifull the whole way 

around.. Real good shape. 
Nott a lot that doesn't look the 

wayy it did the day we 
launchedd it." 

speechh "Light one." 

Speech: : 
SET T 

Speechh at 
GET T 
(fro m m 

Apolloo 12 
LSJ) ) 

0:00:02 2 

0:00:07 7 

0:00:10 0 

0:00:12 2 

0:00:16 6 

0:00:17 7 

8:31:34 4 

8:31:39 9 

8:31:42 2 

8:31:44 4 

8:31:48 8 

8:31:49 9 

116:31:34 4 

116:31:39 9 

116:31:42 2 

116:31:44 4 

116:31:48 8 

116:31:49 9 

0:00:188 8:31:50 116:31:50 

speechh "Okay. Here we go, Pete. 
Ohhhhh,, up they go, babes. 

Onee ALSEP." 
speechh 'There it is." 

0:00:30 0 

0:00:40 0 

0:00:50 0 

8:32:02 2 

8:32:12 2 

8:32:22 2 

116:32:02 2 

116:32:12 2 

116:32:22 2 
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Thee data from Table 6-11 shows that the simulation, indeed, generates the communication transcription from 
thee Apollo LSJ, herewith validating the output of the simulation model. This concludes the validation of the 
model.. In the next section some conclusions will be discussed. 

6.100 CONCLUSION 

Inn conclusion, I restate the research questions that needed to be answered, and show that indeed these 
questionss are answered in this experiment. These questions are operationalized in the Apollo 12 ALSEP 
domain,, and this operationalization is implemented in a Brahms model of the domain. The goal of this 
experimentt was to investigate the use of the Brahms-language in order to describe an existing work practice. 
Thee challenge was to investigate if our theory of modeling work practice, implemented in the Brahms 
language,, would be sufficient to describe the work practice in the chosen domain. The research questions 
were: : 

1.. How can we represent the people, things, and places relevant to the domain? 

2.. How can we represent the actual behavior of the people, second by second, over time? 

3.. How can we show which of the tools and artifacts are used when, and by whom to perform certain 
activities? ? 

4.. How can we include the communication between co-located and distributed people, as well as the 
communicationn tools used, and the effects of these communication tools on the practice? 

Tablee 6-12 shows how these questions were implemented in the Brahms model. The first column shows a 
moree detailed instantiation of the research questions. The second column shows the operationalization based 
onn the Apollo 12 mission. The third column shows how this is implemented in the Brahms model, thus 
answeringg the question in the first column. 

Tablee 6-12. Answering the research questions 

Researchh Question 

Howw to represent people? 

Howw to represent 
Communitiess of Practice? 

Howw to represent artifacts? 

Howw to represent places? 

Operationalizationn in Apollo 12 
ALSEPP Offload 

Thee astronauts Al Bean, Pete 
Conradd on the moon, CapCom Ed 
Gibson,, and CMP Dick Gordon 

Thee different organizational roles of 
Commander,, Lunar Module Pilot, 
Capsulee Communicator, and 
Commandd Module Pilot. Also, the 
functionall roles of "being an 
astronautt on the moon" and 
"offloadingg the ALSEP." 

Thee artifacts that are used and are 
importantt during the lunar surface 
activityy of the two astronauts on the 
Moon;; the LM, SEQ Bay, ALSEP 
packages,, Lanyard Ribbons, 
Booms,, Photo cameras, Space 
Suits,, etc. 

Thee areas where the astronauts are 
located,, Mission Control, the 

Implementationn in Brahms 
Model l 

Agentss AlBean, PeteConrad, 
EdGibson,, and DickGordon 

Hierarchyy of different roles as 
groupss of agents; 
ApolloAstronaut,, CDR, LMP, 
CMP,, CapCom, 
LunarSurfaceAstronaut, , 
AlsepOffloadGroup p 

Classs hierarchy representing 
typess of objects, and objects 
beingg instances of classes to 
representt specific artifacts in the 
world;; LM, SEQBay, AlsepPkgl, 
AlsepPkg2, , 
Pkg11 LanyardRibbons, 
Pkg2LanyardRibbons,, etc. 

Typee of areas as area definitions. 
Representingg the Apollo 12 
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Howw to represen t locatio n 
off  peopl e and artifacts ? 

Howw to represen t actua l 
behavio rr  over time ? 

Howw to represen t the use 
off  tool s and artifacts ? 

Howw to represen t 
communication ? ? 

Commandd Module, and the areas 
onn the moon where the astronauts 
aree working to offload the ALSEP, 
suchh as the area in front of the SEQ 
Bay,, etc. 

Thee lunar surface astronauts are 
locatedd on the Moon, the CapCom 
iss located in Mission Control, and 
thee CMP is located in the 
Commandd Module. 

Duringg the mission the astronauts 
aree always performing activities. 
Whilee the CDR and LMP are 
offloadingg the ALSEP packages the 
CapComm is listening on the 
voiceloop,, etc. 

Thee lunar surface astronauts use 
toolss to perform activities, such as 
thee use of the lanyard ribbons to 
lowerr the ALSEP packages from 
thee SEQ Bay. 

Thee communication between the 
lunarr surface astronauts on the 
moon,, the CapCom in Mission 
Control,, and the communication 
betweenn CapCom and CMP. 

Geographyy model as the World 
area,, containing the areas Moon, 
PlanetEarth,, and LunarOrbit. 
Next,, the separate areas part of 
thee Moon. Mission Control is part 
off PlanetEarth, and the 
CommandModulee area is part of 
thee LunarOrbit area. 

Usingg the initiai^location attribute 
inn agents and objects. Each 
agentt and object is given an initial 
locationn at the beginning of the 
simulation.. From that moment on 
agentss and objects have 
locations,, which means they are 
locatedd in an area and can move 
too other areas when needed. 

Thee agenfs real-life activities are 
representedd as different types of 
Brahmss activities that take time. 
Compositee activities decomposed 
intoo primitive activities, 
communicatee activities, and move 
activities.. Behavior of objects, 
suchh as the astronaut's space suit 
andd photo camera is also 
representedd as activities. Next, 
thee activities are executed as part 
off workf rames, constrained by the 
agent'ss beliefs acquired or 
changedd over time. 

Thee use of tools and artifacts in 
activitiess is represented using the 
resourcesresources attribute. Also, the 
generationn and detection of facts 
representt the interaction or use of 
ann artifact in an activity by an 
agent.. The generation of facts is 
aa representation of the actual 
physicall interaction with the 
artifactt being used in the activity. 
Forr example, in the taking a 
photographphotograph activity the agent is 
usingg the PhotoCamera object. 

Communicationn is represented as 
ann activity. During this activity 
beliefss are communicated to/From 
agents.. All the communication 
betweenn the astronauts is 
representedd as timed activities 
communicatingg speechacts, i.e. 
thee speechact is represented as 
thee value of the attribute 
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Howw to represen t 
communicatio nn tools ? 

Thee Apollo astronauts where on a 
communicationn voiceloop circuit 
withh each other and CapCom at 
Missionn Control. The 
communicationn time delay between 
Earthh and the Moon was 1.25 
seconds. . 

speechactspeechact communicated as a 
belieff from one agent to another. 

Voiceloopp communication is 
representedd as a communtcate-
activity,, communicating with 
agentss of the group 
VoiceLoopCommunicator.. To 
representt the time delay in the 
communicationn a LmComCircuit 
agentt represents the voiceloop 
circuitt through which the 
communicationn is send to/from 
Earthh to the Moon. Both the 
agentss on Earth and on the Moon 
communicatee through this 
LmComCircuitt agent. 

Inn this Apollo 12 ALSEP Offload experiment I was able to represent the intricate detail of the human activities 
andd collaboration using the Brahms language. The fact that the model generates all the communication 
betweenn the astronauts, including the timing of the communication, shows that the Brahms Language is 
powerfull enough to model and simulate the work practice of the astronauts on the Moon and on Earth. Of 
coursee the level of collaboration is shown in terms of the activities each agent is performing, as well as the 
locationn of the agents, the artifacts the agent is using at that moment, and the use of artifacts in the activity. It 
hass been shown that the research questions posted are answered satisfactory. Therefore we can say that the 
hypothesiss is proven, and that with Brahms we are able to describe an existing work practice. 

Thiss concludes the first of three experiments to show that Brahms is a sufficient language for modeling and 
simulatingg work practice. In the next experiment I will show that with Brahms we can predict the future activity 
behaviorr of agents, based on a model of the work practice. 
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