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Abstract—DynARMic is a cross-platform web-based dynamic
instruction profiling tool for ARMv7 assembly developed for
use in undergraduate computer architecture laboratory courses.
Students upload ARMv7 .s assembly files; the tool emulates
execution using the Keystone-Unicorn—Capstone engine stack
and reports two complementary analyses via a two-panel web
interface: (1) a five-category dynamic instruction breakdown
aligned with per-instruction energy estimates to support energy-
aware code optimization, and (2) a breakdown by ARMYv7
machine encoding format across eight format types to support
cycles-per-instruction (CPI) estimation. DynARMic is deployed
as a public web service at https://flask-arm-tool.onrender.com
with source code available at https://github.com/ay199x/flask
-arm-tool. This report describes the tool’s design, instruction
categorization scheme, encoding format classifier, the energy and
CPI values provided in the lab project instructions alongside the
tool, and pedagogical application in a required undergraduate
course at the University of Central Florida. Future work includes
hardware-validated energy and timing measurements using a
Zedboard Cortex-A9 platform.

Index Terms—ARMYV7, dynamic instruction analysis, assembly
profiling, computer architecture education, CPUlator, emulation,
CPIL, energy estimation, Unicorn, Keystone, Capstone

I. INTRODUCTION

Undergraduate computer architecture courses increasingly
adopt the ARMvV7 instruction set architecture (ISA), aligning
course content with embedded and mobile platforms [2]. In
these courses, students reason about program performance us-
ing instruction count models, cycles-per-instruction (CPI) esti-
mation, and energy consumption analysis. Dynamic instruction
counting — reporting what actually executes at runtime rather
than what appears in static source — is particularly important
when loops, branches, and data-dependent paths are involved.

When teaching MIPS-based curricula, the MARS simulator
[1] provides students with per-category dynamic instruction
statistics that directly support performance analysis exercises.
When departments transition to ARMv7, CPUlator [2] be-
comes the natural platform due to its browser-based DE1-SoC
emulation and integrated assembler and debugger. However,
CPUlator does not provide per-category dynamic instruction
profiling, leaving a gap in the toolchain that DynARMic is
designed to fill.

DynARMic is currently being used in a required undergrad-
uate computer architecture course at the University of Central

Ronald F. DeMara
Department of Electrical and Computer Engineering
University of Central Florida
Orlando, FL 32816-2362
ronald.demara@ucf.edu

Florida. DynARMic is used in the laboratory component
whereby students prepare a weekly lab portfolio [3]] which
contributes to a capstone report upon completion of the project
[4]. The tool was initially prototyped as a Windows executable
to confirm feasibility, then readily transitioned to a web-based
deployment on Render.com to support students on Windows,
macOS, and Linux platforms without any local setup.
The primary contributions described in this report are:

o A web-based ARMv7 dynamic profiler classifying in-
structions into five pedagogically motivated energy cate-
gories.

e An encoding format panel classifying instructions into
eight ARMv7 machine encoding formats to support CPI
estimation exercises.

e A discussion of the energy and CPI reference values
provided to students in the lab project instructions for
use with the tool’s left and right panel outputs.

o A description of the cloud deployment strategy (Ren-
der.com) accessible across all student platforms with no
local installation.

II. BACKGROUND AND MOTIVATION

This section describes the instructional context that moti-
vated DynARMic, reviews the relevant prior tools, and iden-
tifies the gap that DynARMic fills in the ARMv7 teaching
ecosystem.

A. From MARS/MIPS to CPUlator/ARMv7

The original inspiration for DynARMic was the MARS
dynamic instruction counter used in earlier course offerings
when the ISA of record was MIPS [1]]. MARS allows students
to run assembly programs and observe how many instructions
of each type were executed, supporting loop optimization,
branching strategy, and memory layout labs. As curricula
shifted to ARMv7-A, CPUlator became the primary teaching
platform. CPUlator emulates the Altera DE1-SoC board and
provides an integrated browser-based environment [2], but
offers no built-in categorized dynamic instruction profiling
beyond a raw total count.

The design goal of DynARMic was to provide MARS-style
instruction statistics for ARMv7, enabling students to compare
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code variants by their dynamic instruction mix — the same
pedagogical approach, adapted to a new ISA.

B. Related Educational Tools

Torng [5] introduced a methodology for integrating first-
order energy modeling into pipeline diagrams, providing stu-
dents with a direct, lecture-compatible approach to reasoning
about energy costs per pipeline stage. His work motivates
the inclusion of per-category energy values in DynARMic.
Instruction-level power models for ARM processors [6] con-
firm that energy varies meaningfully across instruction cate-
gories, particularly between ALU operations, on-chip memory
accesses, and off-chip byte accesses. DynARMic builds upon
this body of work by exposing these category-level differences
directly within the student workflow.

III. SYSTEM DESIGN

DynARMic is composed of a Python-based emulation
engine, a Flask web server, and an HTML/CSS/JavaScript
frontend that presents results in two side-by-side panels. This
section describes each component and the cloud deployment
strategy.

A. Architecture Overview

The emulation engine, implemented in arm_stats.py,
assembles ARMv7 source using Keystone [7], emulates exe-
cution using Unicorn [§], and disassembles individual instruc-
tions on-the-fly using Capstone [9]]. A Unicorn code hook fires
at every instruction and increments both an energy-category
counter and an encoding-format counter simultaneously, pro-
ducing the dynamic instruction counts displayed in the left
and right panels. The Flask application (app.py) exposes
a /run endpoint that accepts a .s file upload via HTTP
POST, invokes analyze_arm_code (), and returns a JSON
response containing all counters. The HTML frontend renders
the results as two side-by-side panels.

B. Web Interface and Controls

The three control buttons define the student workflow.
Browse File opens a file picker allowing the student to select
a .s assembly file from their computer. Run submits the file
to the Flask backend via an HTTP POST request; the backend
assembles and emulates the code, then returns the JSON
results which the frontend renders as filled percentage bars in
both panels and prints a status summary to the console. Reset
clears all numeric fields, percentage bars, and the console
output, returning the interface to its initial state ready for
another file.

The debug console at the bottom of the interface displays
assembler output from Keystone, emulator status messages
from Unicorn, and any errors encountered during assembly,
label resolution, or emulation. Common errors reported in-
clude unknown mnemonics, missing _start labels, and the
maximum-instruction-budget warning for programs without an
svc terminator.
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Instruction Categories Encoding Formats

Total: 0 Total: 0

Memory (Reg-to-Reg):
Conditional Load & Others: 0.0% Branch: 0 0.0%
Multiply: 0 0.0%

Load/Store Multiple: 0 0.0%

Supervisor Call & Others: 0 0.0%

Fig. 1: Complete DynARMic web interface. Left panel: five
instruction category counts with percentage bars, used by
students with the energy values from the lab instructions to
estimate total program energy. Right panel: eight ARMv7
encoding format counts with percentage bars, used with the
clock-cycle values from the lab instructions to estimate CPIL.
Console: assembler and emulator log output and error mes-
sages. Browse File: selects a . s assembly file. Run: triggers
emulation and populates both panels. Reset: clears all fields
for a new analysis.

C. Deployment

DynARMic was initially prototyped on the Windows plat-
form as an executable file. To avoid per-student installation
of Python, Keystone, Unicorn, and Capstone native binaries,
the tool was transitioned to a Flask web service. The source
code is publicly available at https://github.com/ay199
x/flask-arm-tool and the live tool is deployed at fhttps:
/flask-arm-tool.onrender.com on Render.com’s free web
service tier. Each instance of DynARMic has access to the free
tier (512 MB RAM). The service suspends after 15 minutes
of inactivity, causing a cold-start latency of approximately 50
seconds; for typical classroom use this is acceptable.

IV. ARMV7 INSTRUCTION CATEGORIZATION

The left panel of DynARMic classifies each dynamically
executed instruction into one of five categories aligned with
energy-relevant hardware characteristics. Table [I] shows the
representative per-instruction energy values provided to stu-
dents in the lab project instructions for use with the left panel
output.

TABLE I: Per-Instruction Energy Values Provided in Lab
Instructions (Left Panel)

Instruction Category Energy (nJ)

ALU 1
Branch 5
Memory (Reg-to-Reg) 3
Memory (Byte Access) 50
Conditional Load & Others 5
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A. ALU Instructions

The ALU category includes arithmetic and logical data-
processing instructions. ALU operations are assigned the low-
est energy estimate (1 nJ) because they primarily activate on-
chip combinational logic within the execute stage [5].

TABLE II: ALU / Data-Processing Instructions

Mnemonic(s) Role

add, adds Integer addition (with/without flags).
sub, subs Integer subtraction.

rsb, rsc Reverse subtraction forms.

mul, mla, mls Multiply and multiply-accumulate.
and, orr, Bitwise AND, OR, XOR, bit clear.
eor, bic

mov, mvn Register moves and bitwise NOT.
cmp, cmn Compare / compare-negative (flags only).
tst, tegq Bit test and equality test.

1sl, 1sr, Shift and rotate operations.

asr, ror, rrx

adc, sbc Add/subtract with carry.

adr PC-relative address computation.

B. Branch Instructions

Branch instructions are assigned 5 nJ to reflect pipeline
control overhead and the energy cost of flushing or stalling
the pipeline on a taken branch [5].

TABLE III: Branch and Control-Flow Instructions

Mnemonic(s) Description

b Unconditional branch to label.

bl Branch with link (subroutine call).
bx Branch to register (function return).
blx Branch with link to register.

cbz, cbnz Compare-and-branch on zero/non-zero.
beq, bne, Conditional branches on flags.
bgt, blt,

bge, ble

bhs/bcs, Unsigned conditional branches.
blo/bcc

bhi, bls, bal High/low/always-branch variants.

C. Memory (Reg-to-Reg)

Word- and halfword-level load/store operations and multi-
register transfers are assigned 3 nJ. These instructions require
the data memory interface but when data resides in L1 cache
the overhead is manageable [6].

TABLE IV: Memory (Reg-to-Reg) Instructions

Mnemonic(s) Description

ldr Load word from memory into register.
str Store word from register to memory.
ldrh, 1ldrsh Load halfword (unsigned/signed).
strh Store halfword.

1ldm, ldmia, Load multiple registers.

ldmdb

stm, stmia, Store multiple registers.

stmdb

push, pop Stack push/pop (STMDB/LDMIA).

D. Memory (Byte Access)

Byte-level operations are assigned 50 nJ to highlight the oft-
chip memory access cost. Off-chip accesses incur 50-100x
more energy than on-chip ALU operations [6], [11]]. Raising
students’ awareness of energy efficiency in datapath design is
a current and increasingly important topic which instructors
may seek to include during course delivery [5]]. This category
enables students to identify when switching from byte-level to
word-level memory access meaningfully reduces total energy.

TABLE V: Memory (Byte Access) Instructions

Mnemonic(s) Description

ldrb Load unsigned byte into register.
ldrsb Load signed byte (sign-extended).
strb Store byte from register to memory.
ldrexb Exclusive load byte (atomic).
strexb Exclusive store byte.

E. Conditional Load & Others

Conditionally-executed memory operations, system instruc-
tions (svc, swi), and breakpoints (bkpt) are placed in a
final category assigned 5 nJ. By distinguishing conditional
instruction use, students learn this important architectural
feature of ARMv7 while optimizing instruction count. This
capability is new functionality not present in MARS.

TABLE VI: Conditional Load/Store and System Instructions

Mnemonic(s) Description

ldreq, Conditionally executed loads.
ldrne,

streq, Conditionally executed stores.
strne,

svc #imm
swi #imm
bkpt

Supervisor call (program exit).
Legacy software interrupt.
Breakpoint instruction.

V. INSTRUCTION ENCODING FORMAT ANALYSIS

Each ARMV7 instruction maps to one of eight fixed machine
encoding formats defined in the ARMv7 Architecture Refer-
ence Manual. DynARMic’s right panel identifies the encoding
format of every dynamically executed instruction and reports
the dynamic count and percentage for each format. Students
use these counts alongside the per-format clock-cycle values
provided in the lab project instructions to estimate program-
level CPL.

The clock-cycle values in Table are based on represen-
tative ARMv7 execution latencies for a pipelined processor
such as the ARM Cortex-A9 [[12f]. Data-processing instructions
(both register and immediate forms) complete in 1 cycle,
reflecting single-cycle ALU throughput in a fully pipelined
datapath [13]]. Load and store instructions require additional
cycles for address generation, memory access, and register
write-back: immediate-offset forms take 5 cycles and register-
offset forms take 6 cycles due to the extra shift operation
on the offset register [[13]]. Branch instructions are assigned 4
cycles to account for the pipeline flush and refill penalty on a
mispredicted or taken branch [12]]. Multiply instructions take 4



cycles reflecting the multi-cycle integer multiplier latency [13]].
Load/Store Multiple (LSM) instructions are assigned 4 cycles
as a representative average; the actual cost scales linearly
with the number of registers transferred but 4 cycles is a
reasonable first-order estimate for the register counts typical
in student programs. Supervisor Call instructions are assigned
10 cycles to model the exception entry and system call
dispatch overhead [12]. These values are provided to students
in the lab project instructions and are intended as first-order
approximations to be refined in future work through direct
hardware measurement on the Zedboard Cortex-A9 platform.

TABLE VII: ARMv7 Encoding Format Clock Cycle Values
Provided in Lab Instructions (Right Panel)

Encoding Format Clock Cycles

Data Processing (Register)
Data Processing (Immediate)
Load/Store (Immediate Offset)
Load/Store (Register Offset)
Branch

Multiply

Load/Store Multiple (LSM)
Supervisor Call & Others

S broUn——

A. Format Classification

DynARMic determines the encoding format of each dy-
namically executed instruction by inspecting the assembled
machine code word using Capstone’s disassembly metadata,
as illustrated by the eight encoding formats shown in Figure 2}
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Fig. 2: The eight ARMv7 instruction encoding formats. Each
format has a distinct bit-field layout used by DynARMic’s
runtime classifier.

Data Processing (Register/Immediate): Bits [27:26] = 00.
Bit 25 distinguishes register (0) from immediate (1) operand;
both take 1 cycle, reflecting full pipeline throughput for ALU
operations.

Load/Store (Immediate/Register Offset): Bits [27:26] =
01. Bit 25 distinguishes immediate offset (5 cycles) from
register offset (6 cycles), accounting for address computation,
memory access, and write-back.

Branch: Bits [27:25] = 101. Assigned 4 cycles to reflect
branch penalty and pipeline refill on the Cortex-A9.

Multiply: Bits [27:22] = 000000 with bits [7:4] = 1001.
Assigned 4 cycles for multiply execution latency.

Load/Store Multiple (LSM): Bits [27:25] = 100. Assigned
4 cycles as a representative average (actual cost scales with
register count).

Supervisor Call & Others: Bits [27:24] = 1111. Assigned
10 cycles to reflect exception entry and system call dispatch
overhead.

VI. EXAMPLE PROGRAM AND EMULATION TERMINATION

DynARMic requires students to terminate their programs
with an svc instruction so the Unicorn emulator halts cleanly.
The code hook detects any svc/swi instruction and stops
emulation immediately, ensuring reported counts reflect only
user-level instructions up to that point. A maximum of
2,000,000 dynamic instructions is enforced to prevent server
overload from infinite loops.

Listing |l| provides a coverage test program designed to
exercise every instruction category and every encoding format
in a single run. The program initializes a loop counter to 5
and iterates, performing ALU, multiply, load/store (immedi-
ate and register offset), byte access, conditional load, LSM,
and branch operations each iteration, then terminates with
svc #0x123456. Figure [3] shows the DynARMic output
when this program is run, with a total dynamic instruction
count of 121, confirming that all five left-panel categories and
all eight right-panel encoding formats are populated with non-
Zero counts.
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Instruction Categories Encoding Formats

Total: 121 Total: 121

ALU: 53 43.8% Data Processing (Register): 15 12.4%

Branch: 15 12.4% (Immediate): 33 27.3%

Memory (Byte Access): 10 8.3% Load/Store (Immediate):

Memory (Reg-to-Reg): 32 26.4% Load/Store (Register): 10 8.3%
Conditional Load & Others: 1 9.1% Branch: 15 12.4%
Multiply: 5 41%
Load/Store Multiple: 15 12.4%

Supervisor Call & Others: 1 0.8%

Browse File Run Reset

Debug Console



Fig. 3: DynARMic output for the coverage test program
(Listing [T). Total dynamic instruction count: 121. Left panel:
ALU 53 (43.8%), Branch 15 (12.4%), Memory Byte 10
(8.3%), Memory Reg-to-Reg 32 (26.4%), Conditional Load &
Others 11 (9.1%). Right panel: Data Processing Register 15
(12.4%), Data Processing Immediate 33 (27.3%), Load/Store
Immediate 27 (22.3%), Load/Store Register 10 (8.3%), Branch
15 (12.4%), Multiply 5 (4.1%), LSM 15 (12.4%), Supervisor
Call 1 (0.8%).

Listing 1: ARMv7 coverage test program. Exercises all five
instruction categories and all eight encoding formats in a single
run.

.global _start
_start:
@ Data Proc
mov r0, #0
mov rl, #5 @ loop
mov r2, #10
1ldr r4, =data_buf @
str r2, [r4] @ Store word

Immediate

counter

PC-relative load

loop:
@ Data Proc Register +
add r0, r0, r2
sub r2, r2, #1
orr r5, r0, r2
1sl r5, r5, #1
@ Multiply
mul r6, rl, r2
@ Load/Store Register Offset
mov r7, #0
ldr r8, [r4,
str r8, [r4,
@ Byte Access
strb rl, [r4, #4]
1drb r9, [r4, #4]
@ Conditional Load
cmp r9, #0
ldreq rlo,
streq rlo0,
@ LsSM
push {r5,
pop {r5,
@ Branch
bl subroutine
subs rl, rl, #1
bne loop
svc #0x123456

Immediate

r7]
r7]

[r4d]
[rd4, #8]
ro6}
ro}

subroutine:
push {1lr}
mov rll,
add r0,
pop {lr}
bx 1r

#42

r0, rll

.data

data_buf:
.word O
.word O
.word O

VII. PEDAGOGICAL APPLICATION

A. Instructional Opportunities Using DynARMic

DynARMic is deployed in a required undergraduate com-
puter architecture course at the University of Central Florida,
serving a typical class size of approximately 250 students per
semester. The dual-panel output directly supports two major
course learning outcomes.

For energy analysis, students submit alternative implementa-
tions and compare their left-panel category counts. Applying
the energy values from the lab instructions to these counts
allows students to compute and compare total program energy
across implementations. A string-processing program using
ldrb/strb will show a dominant contribution from the
50 nJ byte-access category; replacing byte loads with word-
level 1dr shifts the count to the 3 nJ category, providing
concrete motivation for data alignment and packing strategies.
Students also observe that reducing branch counts through
loop unrolling or predication lowers the branch component
of total energy.

For CPI analysis, students apply the clock-cycle values
from the lab instructions to the right-panel encoding format
counts to compute and compare estimated CPI across imple-
mentations. For example, shifting from register-offset loads
(6 cycles) to immediate-offset loads (5 cycles) reduces the
Load/Store Register count and lowers the computed CPI. The
encoding format breakdown also illustrates why multiply-
heavy programs have higher CPI than equivalent shift-and-
add implementations, reinforcing instruction selection as an
optimization lever.

B. Limitations of DynARMic

The tool covers ARMv7-A instructions used in undergradu-
ate labs; advanced system instructions, coprocessor operations,
and NEON/SIMD extensions are grouped under “other” or
not classified. The tool does not model pipeline stalls, cache
effects, or branch prediction, so the CPI estimate is a first-order
approximation. The energy and clock-cycle values in Tables [l]
and are provided to students in the lab project instructions
and are informed by prior literature [S]], [[6], [12] but have
not yet been validated against hardware measurements on the
target Zedboard Cortex-A9 platform.

VIII. FUTURE WORK

The primary planned extension is hardware validation using
a Zedboard development board containing an ARM Cortex-A9
processor. Using the Cortex-A9 PMU [10] for cycle counting
and external power measurement instruments, per-category
energy values and per-format cycle latencies will be measured
under real workloads and will replace the current estimates in
Tables [l and Additional extensions include NEON/SIMD
coverage, cache-behavior modeling, and an exportable trace
format compatible with CPUlator.



IX. CONCLUSION

We have developed DynARMic, a cross-platform web-
based dynamic instruction profiling tool for ARMv7 assem-
bly that brings MARS-style profiling to a CPUlator-based
undergraduate course. By leveraging Keystone, Unicorn, and
Capstone within a Flask web application deployed on Ren-
der.com, DynARMic provides detailed per-category dynamic
instruction breakdowns without requiring local installation.
The dual-panel design supports complementary optimization
exercises: the left panel categorizes dynamic instructions into
five energy-relevant groups for use with the energy values
provided in the lab instructions, while the right panel classifies
instructions by ARMv7 encoding format for use with the
clock-cycle values provided in the lab instructions to estimate
CPIL. Together, these panels enable students to quantitatively
compare code implementations and reason about both energy
and performance trade-offs. The tool is currently deployed and
in active use in a required undergraduate computer architecture
course at the University of Central Florida serving approx-
imately 150 students per semester. Future work will replace
the current literature-informed reference values with hardware-
validated measurements on a Zedboard Cortex-A9 platform,
further enhancing the educational credibility of the tool.
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