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Semester-3 (B, Tech)

Iniovalive Universiby

Subjeet: Microprocessor & Controller-based System Design — BET2ZEE | 3306
Type of course: Prolessional Core

Prerequisite: Digital Electronics, Basic Programming Concepls
Rationale:

This course provides students with foundational amd advanced knowledge of microprocessors and
microcontrollers, which serve as the backbone of embedded systems, automation systems, industrial
control, consumer electronies, and intelligent devices. Students will leam architecture, assembly
lanpunge progromming, interfacing technigues, wnd real-time control applications using the B085
microprocessor and the 8051 microcontraller, The course bridges theoretical concepis and praciical
implementation 1o prepare students Tor applications in embedded systems, 10T, automation, robotics,
and industrial electronics.

Teaching and Examination Scheme:

Teaching Scheme Credits Examination Marks Total Marks
1l T P C SEE CCE
p 1 4 4 1L =] 1510

Legends: C1-Clovseonam Testevetons,! T-Twtorkal, P -Practicad; O =Credit; ESE =Emd Semesier Examipation,
MEE-Mid Sewesrer Excnination; V=V, CA-Cantineens Assessmeent, ALA-Active Legrning Acitviiies

Course Content:

i'r-
g g

Fundamentals of Microprocessors amd B85 Architecture

Topics:

Intreduction W microprocessors and  microcomputers, Von Neumann
orchitecture, architecture of BOBS. pin configurgion. internal registers, MHag
register, buses, control signals, timing  diagrams.  instroction cyele,
I machine evele, T-states, memory interfacing basics. 4 I5%

I To study  the hardware components, operating  features,  and
functional operation of the 8085 microprocessor trner Kil
g |

2 To identify and amabze the pingealiguration of the B0B3
G
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micreprocessor and understand the function ol each pin.

To examine the internal register organization and analvee the
operation of status flags in the BORS microprocessu

o implement  and  wverify  demultiplexing  of  the B85S
microprocessor's multiplexed address/data bus using a laich ciremit.
To analyze the opeode fetch machine cyele and mierpret its fiming
diagram with respect to control and status signals.

To interface memaory devices with the BOBS microprocessor and
verify memory read and write operations,

lo investigate vorious machine cycles and T-states of the KO85
microprocessar using o simulation ool and analyvee ther timing
characteristics.

Evaluation Method:

et

Mo,

Evaluation Methaod SEE CCE
(Marks) | (Marks)

B85  Microprocessor  Architecture Ll e
Modeling  uwsing  Microsoft  Visio/Al
Tosnnls: Crente o professional  hlock
diagram  of the E0BS  microprocessor
architecture  using  Microsoft  Visio
Draw.io, Luocidechar, or an  Al-based
diagram  generation  tonl.  Label  all
functional Lnits, indicate
data'address/icontrol - signal  Pow,  and
prepare  a  bref explanation of the
operation of each block.

RO085 Timing Dingram Generation amd [Ty -
Analysis wsing Ihgital Diagramming
Tools:  Generate opoode  fetch  ovele.
machine  cycle, amd  T-state  timing
diagrams for specificd 8085 instructions
using  Microsoft  Visio,  Drawio,
WaveDvom, Timing Diagram Editor, or
Al-assisted  diagram  genération  tools.
Analyze the sequence of control signals
and explain the relationship  between
machine cveles and T-states.

L

Comparative  Architecture  Analysis -
wsing Al and  Diagramming  Tools:
Prepare a professional comparative study
of Microprocessor and  Microcomputer
architectures  using  Micmosoft  Visio,
Draw.io, Lucidchart, Canva. or Al-assisted
prezentation tools. Develop architecture

151 |
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applications, and  present  the  analysis
through  a  technical  presentation or
i toeraphic

4. | Machine Cyele, Flag Operation, and - §
Bus  Operation  Visualization  using
Simulation  Tools: Demonstrate  and
pnplyvie machine ¢veles, flag operations,
and  bus  operations  of  the  BOES
microprocessor using simulator sofiware
jep. GRUSImRORS, SimBOKS. EdSim3|)
of o microprocessor iriner kit Capture
outpurs,  generste  operational  {low
diagrams/charns ising professional
dingramming  tools. and presemt  the
ohservitions with echmical interpretation

Tastal 210 11

085 Microprocessor Architectore Modeling using Microsofi Visio/ Al
Tl

Sudents will develop a professional architecture model of the BOES
microprocessar using suitable dingramming 1wols. They should identify
end represent magor functional blocks, dada paths, address buses, control
signals, and internal organization of the microprocessor, The assessment
will evaluate the accuracy ol the architecture diagram, clanty of signal
flow representation, technical understanding of individual funetional units,
and the guality of technical documeniation.

BOSS Timing Diagram Generation and Analysis using Digital
Diagramming Tools

Students will generate and analyze opoode fétch, machine cyvcle, and
T-stnte  timing  diagrams for sclected 8085 instructions wsing digital
diggramming tools. They should demonstegte an understanding ol timing
relationships, conbrol signal sequencing, maching evele execution. and

insfruction processing. The assessment wall evaluate the comectness of

timing diagrams, interpretation of control signals, and analysis of machine
cvele and T-state operations

Comparative Architecture Anabyvsis using Al and DMagramming Tools

Students will prepare 2 comparative analvsis of microprocessor and
microcomputer  architectures.  using  Al-assisled  presentation and
visualization tools. They should identify  architectural  differences,
functionnl characteristics. advantages, limitations, ond application arcas
throngh diagrams. tables. and technical flustrations. The assessment will
evaluate analvtical ahility, echnical sccurmey. guality of comparison. and
effectiveness ol visuul nn..-,-c||14|.|mn,,.f" WLy «hr
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Machine Cyele, Flag Operation, and HBuos Operation Visualization using
Simubation Taols

Students will demonstrate and analyze machine cycles, flag operations,
and bus operations of the 8085 microprocessor using ssmulation sofiware
or tramer kits, They should interpret the behavior of status fags, data
transfer mechanisms, bus operations, and instruction execution cveles
through simulption oulputs and technical observations. The assessment
will evaluate the abifity 1o analyze operational behavior, interpret
simulation results, and present findings through appropriate technical
documentation.

NOKS Programming and Debugging
Tupics:

Instruction classification, duta  transfer  instructions,  arithmebic
instructions, logical mstructions, branching instructions. addressing
maodes, instruction format, stick operations, subroutines, assembler
directives, looping. counters, delay  generation, snd debugging
concepis.

Eractical:

B To develop, execote. and verily an assembly language program for
the addition of two B-hit numbers and observe the resulting data and
stutus lags.

9. To develop, execute. and verify an assembly language program for
the subtraction of two nambers and analyze the effect on status Mags.

10, To develop and exccute an assembly langunge program Lo perform
miltiphication using the repeated addition techmgue and verify the
ehlained result.

1. To develop and execute an assembly language program to perform
division using the repeated subtraction technigue and determine the
guotient and remainder.

12, To develop and execute assembly languoge programs utilizing loops
and counters for repetitive operations and program (ow control,

I3, To develop and  execute an assembly  language  program
im.'urp::ur.'-l.ling subhroutings and demonsirale modular programming
fechnigues,

I4, Te develop and venly assembly languige programs for code
conversion operations such as Binary-1o-BCD, BCD-to-Binary, or
other specified code conversions,

15, To develop snd execute an assembly  language program  for
generating a specified time delay using sofiware-based timing
fechnigues.

[6. To identify. onalyze. ond rectify ermors in assembly  language
programs using approprinte debugging technigues and 1ools.

Evaluation Methoal:

]

——

25%
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I Assembly  Program  Development: 4] .
Write ond exécute programs  for
urithmetic operations {addition,

subtraction, multiplication, and division)
using the K085 instruetion sel,

Code  Conversion  Programming; 5 -
Develop programs (or BCD w0 Binary,
Rinary 10 BCD. ASCIH 1w Binary. or
Binary 1o ASCH conversions

i Program Logic Analysis:  [Design 5 -
programs. using  loops.  counters
branching,  stack  operations.  and
subriulines v EIVER probleni
siatements.

4 Debugging Activity: [dentfy crrors in - 3
given assembly programs, debug them.
anid  verify  cormoct  outpin using @
simulatorirainer kil

5 Program  Demonstration [ Viva: - 5
Demonstrate  execution  of  developed
programs  and explain  program  low,
registers used, and outpul verification,
Tl |} 1

1

Examimation Shile:

Assembly Program Pevelopment

Students will write, execute, and verify assembly language programs for
arithmetic eperations such as addition, subtraction, multiplication, and
division wsing the BORS instruction sel. They should demonstrate an
understunding  of nsbriction  execulion, regster ulibeation, and resuli
stornge while ensuring correct program logic and output.

Code Conversion Prograimming

Students will develop and execute programs for code conversion
operations such as BCD o Binary, Binary to BCD, ASCH to Binary, and
Binary 10 ASCIL They should opply approprante instructions and logic to
perform data conversion and verily the correctness of the vutput

Progrium Logic Analysis

Students will design and  analyre programs using loops. counters,
branching instructions. stack operations. and subroutines for given
problem  statements. They should demonstrate the ability 10 develop
efficient program logic and explain the Now of execution

Debugging Activity
Students will identify syntax and logical ermors in given assembly

language programs, perform dehogein Mlllulur o trainer kit
BLARE Prog P H:...._.‘.:."- ._{J.,
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and verify the corrected output. The activity should emphasize systematic
errar detection and troubleshiooting lechmgues

Program Demonstration and Yiva

Students will demonstrate the execution of developed programs and
explain the instruction sequence, registers used, addressing modes applied,
and output verification process. They shouold be able (o justify program
logic and answer guestions related o [rrogram execution

Fundamentals of 8051 Microcontroller

Tapics:

History of microcontrollers, Harvard vs Von-Neumann architecture,
RISC w5 CISC architecture, classification of MCS-51 family (R051,
8052, RO31. B751. ATR9CS|). comparison of microprocessors  and
microcontrollers, architecture of 80351, registers. RAM organization,
register banks, stack, ROM memory. clock circuils, reset circans, 100
poris.

I7. To swdy the hardware components, functional features, and
operational charagierisiics of the 8031 microcontroller trainer Kit,

I8, To identify and anplyze the pin configuration of the B3]
migrocontroller and understand the function of gach pin

9. To develop and execute programs for sccessing and utilizing
different register banks of the 8051 microcontroller.

20, To develop and execute programs for configuring and comralling the
inputfouiput ports of the 3051 microconiroller,

21, To examine the memory crganization of the 8051 microcontroller
orid  anolyeze the wliliztion of RAM. ROM. Specal Funchion
Registers (SFRs), and resster banks,

22, To study the operation of the clock and reéset circuits of the 05|
microcontroller and analyvze their role in System imitialization and
timing control,

23, To develop and verify basi¢ inpul=output interfacing programs using
thie 8051 miceocontroller and external peripheral devices
Evaluation Method;
;':'; Fvaluation Methods SEFE CCE
| BO5l  Microcontroller  Architeciure 1] -

Muodleling using Professional
Diagramming  Towsls: Develop o
professional architecture  diagram of
the B3l micmocontroller  using
Micresofi Visio. Dreawas, Lugidchart,
or Al-assisted dingramming toals and
explain the functionality of its internal

4 I 5%
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fd

Comparative  Architecture  Study 5 .
using A l-Assisted Presentation
Tiisls: Prepare a  professional
comparalive analysis of Harvard vs
Von Neumann architecture, RIS vs
CISC Architecture, il
Microprocessor  vs.  Microcontrol ber
using  Al-assisted presentation tools,
Canva, PowerPoint, or infographic
design platforms. Present architectural
differences, advamages, limitations,
and  application  areas  through
diagrams, lables, el visuial
represenlalions.

3 B051 Memory and O Organization 3 -
Anulysis  using  Simuolation  Tools:
Investigate the register banks, RAM
organization, stack operations. and /0
port structire ol the "5l
microcontroller  using  simulation
software such as  Kell pVision,
Proteus, EdSim51, or other suitable
simulators, Do ument MEmory
mapping. stack behavior, and pomn
operations  with screenshots, block
dingrams, and technical observations.

4 Application-Based Quiz: Participate = 1]
in a technology-enabled quiz (Kehool,
Quizizz, Google Forms, etc.) covering
MOS-51  family classification, #05]
architecture, memory  organization,
register hanks, clock and reset circuits,
1O ports, Harvard vs. Von-Neamann
arehitecture, RISC vE, CisC
architecture, ond comparsen  of
microprocessors and microcontrollers.
Ihe quiz should emphasize concepiual
understanding, architectural analysis.
and  application-orientéd  problem
sibwing,

Total 20 10

i '

8051 Microcontroller Architecture Modeling using Professional

Ding ramming Tools

Students will develop a professional architecture model of the BO30
microcontroller using suitable diggramming tools. They should identify

and represent major functional blochETsael as CPLLALLUL memory

II. -..'- - : __'._I
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organtzation. register banks, timers, serial communication umit, inlermupt
structure, and /0 ports, along with their intercomnections. The assessmicni
will evaluate technical securacy. completeness of the archiecture
representation, understanding of Tunctional units, and quality of lechnical
discumentntion.

Comparative Architecture Study using Al-Assisted Presentation Touls
Students  will  prepare @ comparative  analysis  of Harvard  snd
Vor-Neumann  architectures,  RISC and  CISC  architectures,  and
Microprocessers and Microcontrollers using Al-nssisted presentation and
visualization tools, They should analvee architectural characterisiics,
advantages, limitations. and opplication domains through duigrams,
comparison tables, and lechnical Mustrations. The assessment  will
evaluate nnalyiical skills, conceptual anderstanding. technical accuracy.
and eflectiveness of presentation.

%051 Memory and 1O Organization Analysis using Simulation Tools

Studenis will investigate and analyse the memory organization and 1O
structure of the 8051 microcontroller using simulation software, They
should examine RAM organization, register banks, stack operations.
Special Function Registers (SFRs), and 1O port functionality, and
document their observations through memory maps, screenshols, and
technical reports. The assessment will evaluate understanding of memor
architecture, interpretation of simulation results, and quality of analysis
and documentation.

Application-Rased Quiz

Students will participate in a technology-enabled quiz to demonstrate their
pnderstanding  of the B0O51  microcontroller  architecture,  memory
organization, register banks, clock and reset circuits, VO ports, and
MOS-51 family classification, They should analyze architeciuml features.
compare computing architectures, interpret memory and port organization,
and apply fundamental microconioller  ¢oncepts  to solve
application=-oriented and scenario-hused gquestions.,

Programming and Real-Time Applications using 3051

e T

Addressing modes, daty types. assembier directives, mstruchion sc. and
programming  techniques.  Timers/Counters:  Registers.  modes,
programming; Interrupts: Interrupt vs polling, interrupt types. veclor
addresses, mtermupl registers, programming external and timer thiermpls.
Inerfacing: LED interfacing, seven-segment display, Relay interfacing,
LCD interfacing, Stepper mator interfacing. 44 kevboard interfacing

Praciical:

24, To develop, execute, and verify an 8031 assembly language program

22 25%

for _the addition of two H-bil_sgfibers. and analvze the resulting
F iy - - - o .
; :

o
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25 To develop, execute, and venily an 8051 sssembly language program
for the subtraction of two numbers and vhscrve the effect on status
flngs.

26, o develop, execute. and verilfy an B05 | assembly langusge program
for the multiplicatien of two numbers using the appropriate
instraction set,

27, To develop and ¢xecute an BOST pssembly language program Lo
perform multiphcation vsing the repeated addition method and vernty
thi chtaned resuli

I8, To develop, execute, and verify gn 8051 assembly language program
for the division of two numbers using the DIV instruction and
determine the guotient and remainder,

9. To develop and exccute an 8051 assembly language program (o
perform  division using  the repeated subtraction method amd
determing the guotient and remainder.

3. To develop and execote 8051 assembly language programs utilizing
loops and counters for repetitive operations and program  flow
coniral

31, T develop and execute an BO5 [ assembly language progam using
stibrouiines and demonstrale modular progromming techmgues.

12, To mterfuce LEDs with the 8051 microcontroller and demonstraie
their operation through assembly language programming.

33, To interface a seven-segment display with the 8051 microcontroller
ondd display numerie dota through assembly language programming,

M. To mterfoce o relay with the 8051 microcontreller and contrel its
speration using assembly language programming.

Evaluation Method;
:; Evaluation Methods SEE | CCE
I Assemblyv Program Development: Wrile [ b )
and exceute ¥051 programs for arithmetic
CEraTHs, foops,  counters. and
subroutines.
2 Troubleshooting  Exereise:  ldentily [0 -

errisrs 10 mlerlacmg/programmimg ¢rguits
anid debug hardware/soltware issues.

3 Mini Project on Real=Time Applications . I
using  8051: Design, develop,  and
demonstrate . o microcontroller-hased

gpplication utihizing B3 programming,
funers/counters, inlermupis, and interfacing
techniques.  Stodents may  implement
applications such as digital counters,
SCCUrity  Syslems.  automatic  comtrol
svilems, display  units,  monitoring
svstems, or other real-time  embedded
solutions, The projeet should  inelude

AN

g |
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[TEErinm ilevelopment,

hardware/simulation mmplementation,

testing. and result analvsis.

Total Bl i
|

Assembly Program Development

Stwdents will develop, execute, and verify B051 pssembly longuage
programs for arithmetic operations, loops, counters, and subroutines. They
should demonstrate an understanding of sddressing modes. insiruction
execulion, register  ulilization. progrm fow  contrel, and  modular
programming  technigues while ensuring correet outpul and efficient
program implementation.

Troubleshooting Exercise

Students will identify, analvaze, and rectify errors in 8051 progrimming
and  interfacing  circuits  using  appropriote  debugging  technigues,
simulation twols, or hardware platforms. They should demonsirme the
ability 10 trmce program execution, diagnose logical and hardware-related
faults. interpret system behavior. and wverify the cormrectness of the
implemented solution.

Mini Project on Real-Time Applications using B051

Siudents will design, develop, and demonsirate @ real-time embedded
application using the BO3 1 microconiraller by applying azsembly language
programming, limers'counters, intécrupls, and interfacing concepls, They
should  analyee  the problem  requirements,  develop  appropriate
hardware/software selutions, implement the system using simulation tools
or hardware platforms, and verify its functionality through testing and
performance evaluation.

Project Development and Svstem Implementation

Topies

Project planning and development methodology, problem identification,
syatem  design  approach.  block  diagram  development, component
selection, progrmmming lechnigues. hardware interfacing  integration,
sensor and  nctustor  integration, real-time  control  implemeéntation,
5 debugging technigues, testing methodologies. technical documentation, IR 1
prototype validation, teamwork, and presentation skills,
Students will apply concepls of:
&  Progromming
Interfacing
Sensorsf Actuataers
Real-time control
Debugging
Drocamentation

Microprocessor & Controller-based Sysiem Desig Page 10of 17
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® [eamwork

Project planning and development methodology, problem sdentification,
system  design approach,  block  diagram  development.  component
selection, programming technigues, hardware inlerfacing  integration,
ggngor  and actuator  integration, real-time control  implementation,
debugging echnigques, esting methodologies, technical documentation,
prototype validation, leamwork, and presentation skills.

mudents will apply concepis of;

Project Definition

Biudents  shall  design, develop, smplement, 1est, snd demonstraie a
microcontroller-based  embedded  svstem  using  either  the  B051
microconiroller ar Arduina Uno platform. The project shall address o
real-world  engineering  problem and  imtegmte  concepts  such oS
programming, hardware imerfacing, sensors/actuators, real-time control,
debugging, testing. documentation, and technical presentation. Students
miy select o project from the Sugeested project {practical) options or
propose an equivialent project with faculty approval,

Project o

A5, To imerfoce a seven-segment display with the microcontroller and
display the given input number

6. To develop and implemnent a system lor converting binary input data
inte its decimal equivalent and displaying the result.

37, To design and implement o relay control system that operates: based
om @ specified mnge of binary input values,

38, To develop and demonstrate o digital counter system using o
seven=segpment display Tor real-time count visualization

A% To design and implement @ emperature Moniloring svsiem using i
temperature  sensor and display umt for real-time femperatune
mdication,

40, To develop n password-bascd security lock svstiem for controlled
access using a microcontroller and mpnt inferface

41, To design and implement an automatic strectlight control system
based on ambient light conditiens.

42. To develop a water level monitoring system for detecting and
displaying the status of water levels in a storage tank.

43, To design and implement a visitor counter system Tor monitoring and
displaying the number ol entries and exits.

44, To develop o lire alorm system capable ol detecting live-related
conditions and generating an appropriste alerl.

45 To design and implement & motion detection system that generates
an alert upon detecting movement within o specilied area

46. To develop on mmomatic fan control system that regulates Tan
operation aceordimg o measured iemperature condifions,

47, To design and implement 4 smga-pirking slol indication system for

See
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mimitoring and displaying parking space availability.

48 T develop o digital notice display svsiem  for  displayving
programmable messages on an electronic display unit,

49, To design, develop, and demonsirate o mocrocontrollerbased
solution for o student-defined real-world problem by applyving
appropriate hardware and software techmgues.

i lmplementation can be carricd out using cither the 8051 microcontrofler or
Arduno Uno platlorm, )

Evaluation Method

s Evaluation Componcnt SEE CCE
M. (Marks) | (Marks)
1 Project Report: Documentation 5 -

including objective. circuit diagram,
algorthm Aowchart, implementatiion
details. and resulis.

3 Hardware/Frotaty pe 5 -
Demonstration: Working mode|
demonstration with proper vutput
venfication.

3 Viva Examination: Oral evaluation L1 -
hased on programming logic, hardware
interfacing, troubleshooting, and
contribution,

4 | Presentation: Project presentation - 10
with PPT/poster/demo explanation,

Ttal 20 1

Project Report Evaluation

Students  will prepare a project report documenting the complete
development process, including problem identification, objectives, sysiem
requirements,  block  diagram,  cicoir  design,  algorithind flowcharn,
implementation methodology, testing procedures, resulis, and conclusions.
The report should  demonstrate  technical  understanding.  proper
documentation practices, and svstematic project development.

Hardware [ Prototype Demonstration

Students will demonstrate the working protatype of their developed
swvstem and verify its functionality under different operating conditions.
Thew should explain the hardware configuration, software implementation,
interfacing techmigues, and svstem opernbon while validating the @xpéted

Microprocessor & Controller-based System Desian - BET2EE 13306 |51 Page 12017




S T

GYANMANIAR] INSROVATIVE HINIVERSITY GYARMANIARD INSTITUTE OF TECHNOLOGY

THITNL

Viva Examination

Students will undergo an oral examination based on project planning.
programming fegic, hardware intertacing, sensor and actuator integration,
debugging techimngues.  lesting  methodoloesy.,  and  overall  svsiem
implementation. They should be able w justify design decisions, explain
troubleshooting approaches, and demonstrate their individual contribution
to the project.

Project Presentation

Swdents will present their project through a PPT. postier. or live
demonstration  highlighting  the  problem  stitement,  ohjectives,
methodology, system architecture, implementation process. resulis, and
future seope. The presentation should reflect technical knowledge,
teamwork, communication skills, and the ability 1 effectively explain the

developed solution.

Suggested Specification Table with Marks (Theorv): 100

Distribution of Marks
| Hevimed Rlomm s Tavisnsmy |

Lével Remembrance | Understanding | Application | Analvze Evaluate Create
i iR (L) LA (™M) (E] (L)
“I:Iﬁtaﬁ: 145 | 5%, g1 o 15%% |18 Hi%y

Course OQutcome:

Adter lewrning the cowrse, the students should be able to:

Explain the architecture, operation, timing concepts, and memory interfacing of the 8085
microprocessor for understanding microprocessor-based systems.

Develop and debug assembly language programs using the 3083 instruction set, addressing
imodes, loops, counters, subroutines, and code conversion echnigues.

Analyze the architecture, memory organization, and internal resources of the 803 |
microcontroller and compare it with modern microcontroller architectures.

Design and implement real-time embedded applications using 8051 programming, timers,
interrupts, and periphernl interfacing techniques.

Develop a real-world embedded system prototype asing the 8031 microcontroller or |
£05 Arduing LING by integrating programming, interfacing. debugging. and svstem design
COnCEpls.

o

COx2

CO3

Cod
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Instructional Method:

The course delivery method will depend on the requirements of the content and (he needs of students.
The teacher, in addition 10 the conventional teaching method by the blackboard. may also use any of the
lools. such as demonstration, role play, quizzes. brainstorming, MOOKCs, ele

From the ¢ontent, | 0% al topics are supeested (or Mipped-maode instruction,

Students will ulitize supplementary resources, including online videos, NPTEL/SWAYAM videos,
e-conrses, and YVirual [aboratories,

The intermal evaluation will be done on the basis of the CCE-Continoous and Comprehensive
Evaluation.

SEE: Semester End Fvaluation will be conducted at the end of the semester for the evaluation of the

performance ol students in the laboratory.
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