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ME-05 Matrix Operations, Special
Matrices & Transpose

Source PDF pages 17-28

Choose valid operations, calculate each entry, explain multiplication order and
distinguish transpose from inverse.

Foundations | Derivations | Source examples | Worked example | Independent practice | TUrk¢e support |
Hint levels 1 and 2 | Solutions and English interpretations | Reflection and retry

Before you start

What do | already understand, and which step do | need to explain?

Do not mark a skill “alone” just because a solution looks familiar. A useful attempt includes the model, the
operations, the check and the interpretation.

Foundations
A matrix is an organised collection, not a bag of numbers

An m X n matrix has m rows and n columns. The entry ajj is in row i, column j. Rows and
columns have an ordered meaning; rearranging entries generally changes the matrix.

A= [aij]mxn
Symbol English meaning Turkge karsiligi
m, n Numbers of rows and columns Satir ve sttun sayilari
aij Entry at row i, column j i. satir, j. sGtundaki eleman
a A scalar: one real number Bir gergel sayi, matris degil

Turkce explanation
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Why economists need matrix operations

Matrices package many related calculations. If columns are products and rows are inputs,
multiplying by a product-quantity vector gives total input requirements. A coefficient
matrix A in Ax = d packages equations instead of a data table.

mxnxnxl = dmxl

Symbol English meaning Turkge karsiligi

A Coefficient or input-requirement matrix, = Ornegde gére katsayi veya girdi ihtiyaci
as defined matrisi

X Ordered variable/quantity column Sirasi sabit degisken/miktar situnu

d Result or constants column Sonuc ya da sabitler sttunu

Turkce explanation

Three operations answer different questions

A + B combines matching entries. aA scales every entry. AB composes relationships by
summing row-column products. Matrix multiplication is not entry-by-entry multiplication.

Tlrkce explanation

Inner dimensions match; outer dimensions survive

For AmxnBnXp, each row of A and column of B contain n entries. Their n matched products
can be added; there are m choices of row and p choices of column.

mannxp = mep

Tlrkce explanation

Order and grouping are different choices

AB may differ from BA; one product may not exist. But compatible products satisfy (AB)C
= A(BC): parentheses may move without reversing the order A, B, C.

(AB)C = A(BC), but AB is not generally BA

Turkce explanation
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Identity, zero and symmetry are properties with conditions

In is n X n with ones on the main diagonal and zeros elsewhere. OmXn has zeros
everywhere. A symmetric matrix satisfies AT = A and therefore must be square. The
source also mentions variance-covariance matrices: they are symmetric because
exchanging the two variables does not change covariance; no statistical derivation is
supplied in the notes.

Turkce explanation

Transpose changes the address, not the value

AT (also A’ in the notes) turns row i into column i. An m X n matrix becomes n x m.
Transpose is not inverse.

T _
(A1) = 3

Tarkce explanation

Pause and test your understanding

ME-05-C1

Ais 2 x 3 and B is 3 x 4. Before calculating, which statement is correct?
A. AB is 2 x 4; BA is undefined.

B. Both AB and BA are 2 x 4.

C.ABis 3 x 3.

My choice and the reason, before checking

Turkge question support | Check later
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ME-05-C2

A records kilograms per product and g records product quantities. Why does Aq add
products within each row?

A. Because every matrix operation adds all entries.
B. Each term is kilograms for one product; adding gives total kilograms of that input.
C. Because matrix multiplication is entrywise.

My choice and the reason, before checking

Turkge question support | Check later
ME-05-C3

For A2x3 and Bsx4, which transpose-product formula has the correct order and
dimensions?

A. (AB)T = ATBT
B. (AB)" = B'AT
C. (AB)" = AB

My choice and the reason, before checking

Turkce question support | Check later

Derivations with reasons

Entrywise operations

Derive each result from the meaning of a position.
(A£B).=a.xb.
ij ij ij
Assume A and B are both m x n. Combine only the same row and column.

(O(A)ij = aaij

Multiply every entry by the same real number a; the dimensions do not change.
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(A+B).. = a..+b.. = b..+a.. = (B+A)..
ij ij ij ij ij 1)

Scalar addition is commutative at every position, so matrix addition is commutative.

((A+B)+C)ij = (aij+bij)+cij = aij+(bij+cij)

Scalar associativity gives (A+B)+C = A+(B+C) when all three matrices have the same
size.

o(A+B) = cA+aB

At each position, a(ai+bi)=aai+abi;.
Detailed Turkish reasoning

Why the row-column rule works

Link n intermediate categories to form one result entry.

mannxp - mep

Fix output row i and output column j. The shared index k runs from 1 to n.

— s —_ n
Cij =Pyt apby + oy b =278, b,

Multiply corresponding elements of row i and column j, then add all n products.
(AB)X: mXn - nxp - px1l->mx1l

If B maps x into intermediate totals and A maps those totals into final totals, AB is the
combined map.

Detailed Turkish reasoning
Identity and the rules that preserve order

Check the algebra without importing false scalar rules.

A = A = I
m mXn mxn mXnn
The left identity selects each row unchanged; the right identity selects each column
unchanged.

A(B+C) = AB+AC; (A+B)C = AC+BC

Expand the sum within each row-column dot product. Keep the original left/right order.
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((AB)C). = 2,_.P(z, _."a b

J
For AmXn, BnXp, Coxq, expand the first grouping.

1=1 k)

=3 Ma. (= .Pp

k=1 “ik‘“1=1 k/zczj)=(A(BC))

]
Regroup finite scalar sums and products; the same terms appear in the same matrix
order.

Detailed Turkish reasoning
Transpose identities, explained entry by entry

A" and AT mean the same transpose here.

T\T T
(AN, = (A, = a,

Swap the address twice; recover A.

((A+B)T)ij =a,+b; = (AT+|3T)ij

Transpose commutes with addition when A and B have the same size.

.
((AB)'); = (AB); = T, _; "ay by

Use the product formula at the swapped position.

Ty (AT TAT
= Iy (B (A Jg = (BIAT),

Each summand is a product of real numbers, so its two scalar factors may switch order.
Thus (AB)T = BTA™.

Detailed Turkish reasoning

Source examples and checked readings

These examples retain the source numbers and mathematical content. The explanations are newly
written. Any checked correction is placed next to the affected calculation.

Source examples: equality and componentwise arithmetic

Rebuild the exact numerical examples from pp. 17-20.

Source PDF pages 17-20

-1 0 -1 -3
2 -3 0 2
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A = B because all four positions match; A= Cand B = C.
7
= = X1=7, X2=5

Equality of column vectors means equality of corresponding entries.

anxtbir  anzxbi
A£B =

azixb21  azzxba:

For two 2 x 2 matrices, add/subtract each matching pair.

-1 0 -2 + 0O 1 3 -1+40 0+1 -2+3
2 1 3 5 2 1 2+5 1+2 3+1

The two matrices are both 2 x 3; all six sums are valid.

1 1
A+B = = B+A
7 3 4

Evaluate the six sums; reversing addition gives the same entries.

2 0 1 3:2 3-:0 31 6 0 3
-1 3 4 3:(-1) 33 34 -3 9 12

Scale every entry by 3.

TUrkce source-example reasoning

Source examples: compatible products

Track the exact dimension patterns and row-column expressions in pp. 21-22.

Source PDF pages 21-22

A,_.B

2x2B2x3 2 C

2x3' Box3zPoxo undefined
The first inner pair is 2 = 2; the reversed inner pair is 3 # 2.
AmXxnBpXx(q is defined exactly when n=p; the result is mxq.

This is the source general rule with the original dimension letters: p is the number of rows
of B, and q is its number of columns.
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b1 b1z bis
|: a1l a1z :| = |: Ci1 Ci12 Ci3 :|
b21 b2z b2s

A1l x 2rowtimes a2 x 3 matrix givesa 1l X 3 row.
Ciz=a1ibii+ai12b21; Ci2=ai11bi2+a12b22; ciz=ai1i1biz+ai2b23

Keep the A row fixed while moving through the three B columns.

These are the square matrices introduced at the bottom of p. 22. Calculate both orders as
a completed extension.

AB 1(-1)+2-2 1-0+2-2 3 4
3:(-1)+4-2 3:0+4-2 5 8

Each AB entry uses an A row and a B column.

~1-140-3 -1-2+04 12
BA= = # AB
21423 22424 8 12

Changing order changes the numerical result, not just the notation.
Turkce source-example reasoning
Source examples: square, identity, zero and algebraic laws

Complete the examples on pp. 23-26 and the repeated rules on p. 27.

Source PDF pages 23-27

1 0 O

1 O
A3X3B3x3 - 3X3; |= 0 1 o ls= 0O 1 o
0O 0 1

Square means equal row and column counts; identity is a special square matrix.

1 2 3 1-1+0-0 1-2+0-1 1-3+0-4 1 2 3
0O 1 4 0-1+1-0 0-2+1-1 0-3+14 0O 1 4

The source left-identity example preserves both rows.
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0 O
O2%2= i O2x3=
0 O 0O 0 O

Both are zero matrices, but they are not equal because their sizes differ.

A2X3B3x2 = 2x2; Bax2A2X3 - 3%X3

Both products exist, but their different dimensions already prevent equality.
(AmXnBnXp)CoXq = MXQq; AmXn(BnXpCpXQq) » mXq

The source associativity pattern requires B to be n x p.

A+B=B+A; (A+B)+C=A+(B+C); A(B+C)=AB+AC; (B+C)A=BA+CA; a(A+B)=0A+aB

These source rules hold under their matching-dimension conditions; their reasons are
derived above.

Tlrkce source-example reasoning
Source examples: transpose and row comparisons

Complete the source transpose calculation rather than stopping at the displayed
products.

Source PDF pages 27-28

0 3
o 1 2

A= = AT= 1 -1
3 -1 -2

2 -2

The two rows of A become two columns of AT.

02+12+22 0-3+1:(=1)+2(~2)
3:0+(=1)1+(=2)2  32+(=1)2+(-2)

AAT=

A row times a column of AT is a dot product of two rows of A.

5
AAT= o (AAT)T=AAT
5 14

Evaluate 0+1+4+4=5, 0—1—4=-5 and 9+1+4=14.
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Bax2BT2Xx4 = 4%4

The source also gives this dimension-only example: the inner dimension 2 matches, and
the outer dimensions are 4 x 4.

1 0 4
S= 0 3 t : ST=S; I3T=l3
4 t 2

The p. 28 source illustrates symmetry. The repeated off-diagonal handwritten digit is
unclear; t preserves its matching positions without guessing its value.

(AT)T=A; (A+B)"™=AT+B™=BT+AT; (AB)"=BTAT

These are the transpose properties listed on p. 28; the product order reverses.

Source reading note - PDF 28

In the notes: Small embedded symmetric-matrix example contains a repeated handwritten off-diagonal
digit that is not unambiguously readable.

Checked form: Use the same symbol t in both positions; symmetry holds for every real t.
The source digit is not guessed. The example still teaches and verifies the exact symmetry relationship.

TUrkce source-example reasoning

Worked example
ME-05-W1 Two inputs, three products, one cost

A firm produces q = (10, 20, 5)T units of products 1, 2 and 3. The input matrix is A = [[2,
1, 3], [1, 2, O0]]: row 1 is kilograms of material per unit of each product; row 2 is
labour-hours per unit. The input-price row is p = [4, 6], measured in currency units per
kilogram and per labour-hour. Predict the dimensions, find r = Aq and total cost K = pr,
then verify K = (pA)q. If only product 1 rises by 2 units, find the change in each input and
total cost. Assume constant input coefficients and input prices, and no other costs.

Turkce question | Interpretation answer after trying

Before reading the steps: choose a method and say why it applies

A2X3Q3X1 = r2Xi; piXarzxXi = KiXi

Predict a two-entry input column and a single total-cost number.
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rn = 2(10)+1(20)+3(5) = 20+20+15 = 55 kg

Multiply each material coefficient by its product quantity and add.

Pause. Predict the next operation and justify it before reading on.

r = 1(10)+2(20)+0(5) = 10+40+0 = 50 labour-hours

Repeat with the labour row.

55
r= | | K=4(55)+6(50)=220+300=520

Price the 55 kilograms and 50 labour-hours, then add monetary costs.

pA= [ 4-2+6'1 41462 4:3+60 ] = [ 14 16 12 ]
Alternatively find each product’s input cost per unit first.
(pA)g = 14(10)+16(20)+12(5) = 140+320+60 = 520 = p(Aq)
The two groupings agree; order remains p, A, g.
2
2:2+1-:0+3-0 4

Ag= | o |; Ar=AAg= =
a 0 a 1-:2+2:0+0-0 2

Use the change vector: two extra units of product 1 require 4 extra kilograms and 2 extra
hours.

AK=pAr=4(4)+6(2)=16+12=28; Knew=520+28=548
Price the additional inputs; check 2 x 14 = 28 using unit cost.

Interpret before reading the model answer

In 2-3 exam-style sentences, interpret Aq, pA and your calculated cost increase. State
why this is a conditional calculation rather than a forecast of profit.

Say your interpretation aloud; note the main result and one reason
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Independent practice

Attempt each problem before the hints. The next page of each problem is for
interpretation and checking. Do not use the solution as a copying exercise.

ME-05-S1 Rebuild every operation

Let A =1[[3, 1],[2, 4]] and B =[[1, 2], [0, 3]]. Compute A + B, 2A — B, AB, BA and A".
Identify which results establish that multiplication is not generally commutative. If A and
B are two weekly production tables with rows = factories and columns = the same two
products, explain which of these operations directly combines the two weeks and which
product AB would need further labels to interpret.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-05-S1 Interpretation and verification

Explain why A + B has a direct production interpretation but AB does not automatically
have one, even though AB is mathematically defined.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-05-S2 Sales totals and a dimension error

A sales matrix is Q = [[4, 6, 2], [3, 5, 7]], with rows = stores and columns = products. The
common price column is p = (5, 8, 10)™ currency units per item. Calculate store revenue
Qp and total revenue. A student writes pQ instead. Diagnose the error, give QT, and state
the correct dimensions of the left and right identity matrices in 1 Q = Q = Q I. Assume all
recorded quantities are sold at these prices.

Tarkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0/ 1/ 2/ 3 Help used: none / Turkish / hint 1 / hint 2
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ME-05-S2 Interpretation and verification

Write a short revenue interpretation and explain why the result says nothing by itself
about which store is more profitable.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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ME-05-S3 Transpose is not an inverse

Let A =1[[1, 2,0],[0,1, 3]]and B = [[2, 1], [1, 3], [0, 2]]. Compute AB and (AB)T; verify
(AB)T = BTAT. Explain why ATBT cannot be substituted for it even though that product is
also defined. Compute AAT and decide whether it equals Iz. For interpretation only, regard
A as an index of resource requirements with rows = resources and columns = products,
all quantities rescaled to dimensionless comparable units. What do diagonal and
off-diagonal entries of AAT compare?

Turkce prompt | Hint 1 | Hint 2 | Solution after trying

State the model or matrix dimensions, then show a justified solution

Confidence before checking: 0 /1 /2 / 3 Help used: none / Turkish / hint 1 / hint 2
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ME-05-S3 Interpretation and verification

Using the stated dimensionless resource indices, interpret your diagonal and off-diagonal
entries of AAT. Explain why they are not production totals or causal effects.

My English interpretation: result, mechanism, conditions and limits

Substitution, dimensions, signs or feasibility check

One step | still need to explain without looking

Compare with the model answer only after writing
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Turkce support

Bu bolum dili ve gerekceyi anlamak icindir. Aciklamayi! aynen kopyalama; okuduktan
sonra kendi ¢é6ziimiine don. ingilizce soru sayfalarinda yanitlari gérmeden deneme
yapabilirsin.

A matrix is an organised collection, not a bag of numbers

Matris, sayilari yalnizca bir kutuya koymaz: her saylya bir adres ve anlam verir. Bir
tabloda satir fabrikayi, sutun UGrGnu gosteriyorsa a2z ikinci fabrikanin Gguncd drdntne
aittir. Ayni sayilari baska yerlere koymak ayni bilgi degildir.

m ve n pozitif tam sayidir. i satir numarasidir (1,...,m); j situn numarasidir (1,...,n). Bu
derste girisler gercel sayilardir. Boyut her zaman satir x sutun sirasindadir. Matris
esitligi icin hem boyut hem karsilikli btttn girisler esit olmalidir.

A=1la.]

ij'mxn

Back to English
Why economists need matrix operations

Ornegin bir Grinun kac saat emek ve kac kilogram malzeme kullandigini situnlara
koyarsak, Uretim miktarlariyla carparak toplam kaynak ihtiyacini buluruz. Ayni bigim,
onceki Unitede denklem sistemini kisa yazmak icin kullanildi: A katsayi matrisi, x
bilinmeyenler sGtunu, d sabitler sutunuydu.

A harfinin anlami her drnekte aciklanmalidir; batin matrislerin otomatik olarak ayni
ekonomik anlami yoktur. Toplamadan once ayni urun/fabrika sirasini ve ayni 6lcu birimini,
carpmadan Once birbirine baglanan kategorileri kontrol et. Boyut uyumu matematiksel
gerekliliktir; iktisadi anlam icin etiket ve birim uyumu da gerekir.

mxnxnxl = mx1

Back to English
Three operations answer different questions

Toplama: ayni hicre anlamindaki iki donemin miktarlarini birlestirir. Skalerle carpma:
butdn hicreleri ayni katsayiyla 6lcekler; érnegin tretimi iki katina cikarir. Matris
carpimi: ortak kategori Uzerinden birlestirir: Urun basina emek x trtn miktari, sonra
drdnler Gzerinden toplam.

A+B icin iki matrisin boyutu ayni olmali. AB icin A’'nin sutun sayisi B'nin satir sayisina esit
olmali. Farkh kurallari ezber listesi olarak degil, yapilan isin geregdi olarak oku.

Back to English
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Inner dimensions match; outer dimensions survive

ic boyut n, Gzerinden toplama yaptigimiz ortak kategoridir. Ornegin A'nin siitunlari (¢
ardn, B'nin satirlari ayni siradaki U¢ Urun ise her arun eslesir. Sonucun m satiri ilk
matristen, p stutunu ikinci matristen gelir.

islemi yapmadan énce cevap kutusunu mxp ciz. Béylece bir yanlis boyutu uzun hesap
sonunda degil bastan fark edersin. i¢ sayilar esit degilse eksik veya fazladan bir
eslestirme vardir; carpim tanimsizdir, sifir degildir.

B = me

mxn-_nxp p

Back to English
Order and grouping are different choices

Degisme (commutative), AB yerine BA yazmaktir; genelde gecerli degildir. Birlesme
(associative), sirayl koruyup 6nce hangi ikiliyi hesapladigini degistirmektir; uygun
boyutlarda gecerlidir.

Ekonomik zinciri dusun: trun miktarlarindan girdi miktarlarina, girdilerden maliyete
geciyorsun. Ara toplami 6nce hesaplayabilir ya da Grin basina maliyeti 6nce bulabilirsin.
Ama “fiyatlar Gretim miktarlariyla ters sirada carpmak” ayni ekonomik islem degildir.

(AB)C = A(BC), but AB is not generally BA
Back to English
Identity, zero and symmetry are properties with conditions

| birim matristir: dogru boyutla carpildiginda girdiyi degistirmez. O sifir matrisidir: her
hicre sifirdir ve kare olmak zorunda degildir. Ana kdsegen sol Ustten sag alta uzanir. Kare
matrisin satir ve sttun sayisi aynidir; her kare matris birim ya da simetrik degildir.

Simetri aij=a; demektir. Kimlik matrisi simetriktir. Bir iktisadi veri tablosunun kare olmasi
karsilikh iliskilerin esit oldugunu kanitlamaz. Notlardaki “variance-covariance matrix”
ifadesi bir uygulama hatirlatmasidir: kovaryans matrisi simetriktir cunku
cov(Xi,Xj)=cov(X;,Xi). Notta bunun istatistiksel hesabi verilmedigi icin burada yeni bir
istatistik Unitesi eklemiyoruz.

Back to English
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Transpose changes the address, not the value

Transpoz alirken aij degerini degistirmeden yeni matrisin j. satir, i. sitununa tasirsin. iki
kez bu islemi yapinca baslangica donersin. Sttun vektorinun transpozu satir vektoérudur.

AT hemen her boyutta tanimlidir; A-1 ise sonraki Unitede ele alinacak, yalnizca
terslenebilir kare matrisler icin tanimlidir. ATA veya AAT genelde | degildir. Ustteki T bir
kuvvet sayisi degil, islemin adidir.

T
(A7) = 9

Back to English
ME-05-C1 Question support

Once ic boyutlari karsilastir; sonra dis boyutlarla sonuc kutusunu belirle.

Return to foundations

ME-05-C2 Question support

Bir satirin her teriminin hangi birime déntstigtnt dusun.

Return to foundations

ME-05-C3 Question support

AB Once 2x4 olur; bunun transpozu 4x2 olmali.

Return to foundations
Entrywise operations

Matris cebirini sayilar cebirine hlcre hicre indiriyoruz.

(A+xB)..=a.*xb.
ij ij ij

A ve B ayni boyutta olmazsa karsiligi olmayan htcreler olusur. Ayni boyut ve ayni
ekonomik etiketler altinda i,j adresindeki iki sayiyi toplar veya cikaririz; baska hlcrelere
dokunmayiz.

(aA)ij = aaij

a bir sayidir. Ornegin a=-2 ise sifirlar yine sifir, pozitifler negatif, negatifler pozitif olur.
Sadece bir satiri carpmak oA degildir; tim girisler carpilir.

(A+B).. = a..+b.. = b..+a.. = (B+A)..
ij ij ij ij ij 1)

Bu bir 6rnek degil, her i,j icin gerekcedir. Boyutlar ayni ve butun karsilikli girisler esit
oldugundan matrisler esittir.

Ekonomi Atdlyesi  English first « Tlrkce support 145



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

((A+B)+C)ij = (aij+bij)+cij = aij+(bij+cij)

Parantezler degisti, A,B,C sirasi degil. Her hlicrede sayilarin birlesme 6zelligi gecerli
oldugu icin matrislerde de gecerlidir.

o(A+B) = aA+aB
Skalerin dagitilmasi, her hiicrede sayisal dagiima 6zelligidir. Toplamdaki iki matrisin ayni

boyutta olmasi gerekir.

Back to English
Why the row-column rule works

Ortak Urun/kategori Uzerinden eslestir, carp ve topla.

mannxp - mep

i sonuctaki satiri, j sonuctaki sttunu secer. k aradaki eslestirme indeksidir: A'nin k. sutunu
B'nin k. satiriyla eslesir. p, B'nin sttun sayisidir.

— ) —_ n
Cij = a1 Pqj + apby + -+ A by =2, by

2 “toplam” isaretidir; burada k=1'den n’ye kadar terimleri ekle demektir. Her sonug
hlcresi bir toplamdir; yalniz aibij degildir. Bu tanim dogrusal bilesimleri art arda
uygulamayi temsil eder.

(AB)X: mXn - nxp - px1l->mx1l

B once uygulanir ciunku x’in yanindadir. A(Bx) ifadesi 0nce Bx, sonra A ile carpim
demektir. Yazidaki soldan-saga matris sirasini ekonomik islemin uygulanma sirasiyla
karistirma.

Back to English
Identity and the rules that preserve order

Uygun boyut kosulunu her kuralin parcasi olarak tut.

| A =A
m

m mXxn

=A I
n

X mXnn

Im'nin i. satiri yalniz i. konumda 1 tasir; carpimda A’'nin i. satirinin katsayisi 1, digerlerinin
katsayisi 0 olur. Sagdaki In de sGtunlari ayni sekilde secer. Dikdértgen A igin soldaki ve
sagdaki birim matris ayni boyutta degildir.
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A(B+C) = AB+AC; (A+B)C = AC+BC

Ik esitlikte bxj+ckj her ai ile carpilir: aikbxj+aicy. ikinci esitlikte (aik+bik)ck acihr. Sonuclari
toplarken higbir matrisi digerinin Gzerinden gecirmiyoruz; AC yerine CA yazilamaz.

P(z. "a. b, )c

((AB)C).. = % k=1 %ik ke

J
Burada £, B'nin sutunlari/C’'nin satirlari arasinda dolasan ikinci toplama indeksidir; q son
matrisin sGtun sayisidir. ilk carpim AB boyutu mxp, son sonu¢ mxgq olur.

=1 0j

s Pp

_ n
=21 (2,170, Ch)

1 = (A(BC))

ij

Sonlu toplamda sayilarin toplama/carpma o6zellikleriyle gruplayabiliriz. BC boyutu nxq,
A(BC) boyutu yine mxq olur. Her i,j girisi esit oldugundan (AB)C=A(BC). Bu gerekce
AB=BA iddiasI icermez.

Back to English
Transpose identities, explained entry by entry

Transpoz kurallarinda 6zellikle carpimin sirasini neden ters cevirdigimizi gosteriyoruz.

T\T T

ik islem i,j adresini j,i yapar; ikinci islem geri cevirir. Deger degismedigi icin (AT)T=A.
((A+B)T)ij = a+b; = (AT+BT)ij
Toplamanin ilgili girisini tasisak da dnce girisleri tasiyip sonra toplasak da aji+b;i elde
ederiz. Ayrica matris toplamasi degismeli oldugu icin AT+BT=BT+A".

.
((AB)'); = (AB); = I, "ay by

A mxn, B nxpise AB mxp ve transpozu pxm olur. i simdi 1,...,p, jise 1,....m
araligindadir.

_ T Ty _ (rTAT
- z|<=1n(B A )kj =(B'A )ij

Burada aj ve bki birer sayidir; sayisal carpmanin degisme 6zelligini kullaniyoruz,
matrislerin degil. BT pxn, AT nxm oldugu icin dogru sonu¢ pxm. Tuam girisler esit
oldugundan kural elde edilir.

Back to English
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Source examples: equality and componentwise arithmetic

Kaynak sayilar korunmustur; her hicreyi ayri kontrol et.
Source PDF pages 17-20
-1 0 -1 -3

2 -3 0o 2

A ve C ayni sayilari icerir ama ayni adreslerde degil. Ornegin a12=0, c12=—3. Esit
olmamalari icin tek bir farkli hicre yeterlidir; boyutun ayni olmasi tek basina yetmez.

7
= = X1=7, X2=5
5

iki adet 2x1 matris esit: ilk satirlar x1=7, ikinci satirlar x2=5 verir. Vektorde sira
onemlidir; x1 ile x2'yi degistirmeyiz.

antbir  anzxbi
A+B =

az1tb2:1  azxbz2

Bu formul kaynak p18’deki genel 2x2 toplam/cikarma kuralidir. Arti secersen butin
hucrelerde toplama; eksi secersen A—B sirasiyla ¢cikarma yaparsin.

-1 0 -2 + 0O 1 3 -1+0 0+1 -—-2+3
2 1 3 5 2 1 2+5 1+2  3+1

Ik satirdaki ¢ toplami sonra ikinci satirdakileri yap. ikinci matrisin ilk satirini birinci
matrisin ikinci satirina eklemek adresleri bozar.

1 1
A+B = = B+A
7 3 4

—140=-1; 0+1=1; —2+43=1; 24+5=7; 14+2=3; 3+1=4. Bu 6rnek toplamanin degisme
0zelligini gosterir. AB'nin de degismeli oldugunu géstermez.

2 0 1 3-2 3-0 31 6 0 3
-1 3 4 3:(-1) 33 34 -39 12

Kaynak p20’deki alti girisin hepsini 3 ile carptik. —1 girisinin sonucu —3'tur; sifir 0 kalir.

Boyut yine 2x3.

Back to English
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Source examples: compatible products

Her carpimin once boyutunu, sonra girislerini belirle.

Source PDF pages 21-22

B A - undefined

Ay 2B 2x3’ Pax3M2x2

2x2B2x3 > C

Ondeki (lead) ve arkadaki (lag) matris sirasi sonucu belirler. ikinci ifade “farkl bir cevap”
degil; standart matris carpimi olarak tanimsizdir.

AmXnBpxq is defined exactly when n=p; the result is mxq.

Kaynak p21’'de B’nin boyutunu pxq diye adlandirir. Bu gosterimde A’'nin n sttunu B'nin p
satiriyla eslesmeli: n=p. Sonuc¢ A’dan m satir, B’den q suitun alr. Ustteki tiretmelerde B
dogrudan nxp yazilarak eslesme bastan saglanmisti; harfler farkli adlandirildi ama kural
aynidir.

b1 b1z bis
|: a1l a1z :| = |: C11 C12 Ci3 :|
b21 b2z b2s

A’'nin tek satiri, B'nin Ug¢ sutunuyla ayri ayri carpilir. Her cikti iki terimli toplamdir.
Cii=a1ibii+ai12b21; Ci2=ai11bi2+a12b22; ciz=ai1ibiz+ai2b23

IIk hiicrede B’nin ilk stitunu (bi1,b21), ikincide ikinci stitunu (b1z,bz2), tclnclde Uclnci
sutunu (bis,b23) kullanilir.

Kaynak bu iki 2x2 matrisi verir. Asagida hesaplamayi tamamliyoruz; her iki carpim da
tanimh oldugu icin gercek bir degismeme 6rnegi elde ederiz.

1(-1)+2-2 1-0+2-2 3 4
AB= =
3:(-1)+4-2 3-0+4:2 5

Sol Ust: —14+4=3; sag Ust: 0+4=4; sol alt: —3+8=5; sag alt: 0+8=8.

-1-14+0-3 -1-2+0-4 102
BA= = # AB
2:142:3 22424 8 12
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Bu kez satirlar B'den, sutunlar A’dan geldi. Sonuclarin boyutu ayni ama girisleri farkl.
“Matris carpimi genelde degismeli degildir” demek hicbir 6zel durumda AB=BA olamaz
demek degildir.

Back to English
Source examples: square, identity, zero and algebraic laws

Kaynakta tekrarlanan kurallari ayni yerde, tim boyut kosullariyla ele aliyoruz.

Source PDF pages 23-27

1 0 O

A, _.B ;| Lo, I
3%x3P3x%3 - 3X3; 2= o 1 |’ 3= 0 1 O
0O 0 1

3% 3 iki matrisin carpiminda i¢ boyutlar 3=3 ve dis boyutlar 3x3. |2 ve Is’te yalniz ana
kdsegen 1, butun diger girisler 0. Kare olmak, késegenin 1 olmasi anlamina gelmez.

1 2 3 1-1+0-0 1-2+0-1 1-3+0:4 1 2

|2 — —

0O 1 4 0-1+1:0 02+1-1 0-3+14 0 1 4

Her hicrede bir 1 ve bir 0 dogru satiri secer. Sagdan carpacak olsaydik 2x3 matris icin Is
gerekirdi: Als=A. Al boyutsal olarak tanimsizdir.

0 O

0 O
O2X2= i O2X3=
0 O 0O O

Sifir matris kare olmak zorunda degildir. Boyutu yazmak karisikhigi énler. Ornegin
A2x3+02%x3=A olur; A2X3+02X2 tanimsizdir.
A2X3B3X2 - 2X2; BaX2A2X3 - 3X3

Kaynak p25'teki ornekte iki ic boyut da uyumludur. Yine de farkl boyutlu sonuclar ayni
matris olamaz. Bu, “iki carpim da tanimliysa esittir” hatasini duzeltir.

(AanBnXp)Cpxq - M X, Aan(BnXpCpXQ) - MXq

A’nin n sttununu karsilayabilmek icin B’'nin n satiri; C'nin p satirini karsilayabilmek icin
B'nin p sdtunu gerekir. Parantezler degisir, matris sirasi korunur.

A+B=B+A; (A+B)+C=A+(B+C); A(B+C)=AB+AC; (B+C)A=BA+CA; a(A+B)=0A+aB
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Toplama kurallarinda tim toplananlar ayni boyutta; carpmali kurallarda ilgili carpimlar
tanimli olmali. Son esitlik p27'de skaler a ile verilen dagitma kuraldir. Sagdan dagitirken
A’yi sola tasiyamayiz.

Back to English
Source examples: transpose and row comparisons

p27°'de A ve AT acik verilmis; satir-satir benzerlik carpimini tamamliyoruz.

Source PDF pages 27-28

0O 3
0 1 2

A= = AT= 1 -1
3 -1 -2

2 -2

0,1,2 birinci situna; 3,—1,—2 ikinci sGtuna gecti. A 2x3, AT 3x2. Negatif isaretler korunur;
transpoz isaret degistirmez.

02+12+22 0-3+1:(=1)+2(~2)
3:0+(=1)1+(=2)2  32+(=1)2+(-2)

AAT=

Ana kosegen ayni satirin kendisiyle carpimidir; kdsegen disi iki farkli satirin carpimi.
Ozellikle (—=1)2=1, (—2)?=4; parantezleri unutma.

5 -5
AAT= s 14 i (AAT)T=AAT

iki capraz giris esit oldugundan sonuc simetrik. Ancak | degildir; bu, A™nin ters matris
olmadigini gosterir. Kaynak p27'deki Bax2BT2x4 6rnegi de 4x4 sonuc verir; B'nin sayisal
girisleri verilmedigi icin say! Uretmiyoruz.

Bax2BT2xX4 = 4%4

B'nin sayisal girisleri verilmemistir; bu nedenle sayisal sonu¢ uydurmayiz. B dort satir, iki
sUtun; transpozu iki satir, dort sGtundur. BBT dort satiri birbiriyle karsilastiran 4x4 matris
verir.

1 0 4
S= 0 3 t |; S™=S; I™=l3
4 t 2
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Kaynak gorselindeki (2,3) ve (3,2) girislerinin ayni yazildigi acik; fakat klcuk fotografta
sayinin 7 mi 9 mu oldugu kesin secilemiyor. Bu nedenle t ile gosteriyoruz: t herhangi bir
gercel sayi oldugunda da 0=0, 4=4, t=t eslesmeleri simetriyi kanitlar. 1,3,2 kdsegen
girisleri yer degistirmez. Kimlik matrisi de kendi transpozuna esittir.

(AT)™=A; (A+B)™=AT+BT=BT+AT; (AB)"=BTAT

Kaynakta AB=C icin C mxp iken CT pxm olur. Formullin ayrintili gerek¢esi bu unitenin
transpoz turetmesinde verildi. Ayni sayfadaki ters matris konusu ME-07'de, bagimsizlik
konusu ME-06'da ayrintili ele alinir.

Kaynak okuma notu - PDF 28

Okunamayan rakami tahmin ederek kesin sayi diye sunmadik. iki karsilikh giriste ayni t kullaniimasi,
kaynakta amaclanan simetri iliskisini eksiksiz korur.

Back to English
ME-05-W1 Worked example support

Bu tablo gercek bir hesap zinciri tanimlar: Grin miktari - toplam malzeme ve emek -
toplam degisken girdi maliyeti. Satirlardaki farkl fiziksel birimleri dogrudan
toplayamazsin; fiyatla carpip ayni para birimine donustlirunce maliyetleri toplayabilirsin.
C6zUmU acmadan 6nce r'nin kag girisli ve K'nin hangi birimde olacagini yaz.

A2X303X1 = rzXi1; piXarzxXi = KiXi

r: malzeme kilogrami, r2 emek saatidir. p’nin ilk fiyati malzemeye, ikincisi emege aittir.
Carpimda siralari ayni tutuyoruz; K skaler olarak okunabilen 1x1 sonuctur.

rn = 2(10)+1(20)+3(5) = 20+20+15 = 55 kg

Birinci 4run 20 kg, ikinci 20 kg, tcuncu 15 kg kullanir. Hepsi ayni girdinin kilogrami
oldugundan toplam 55 kg anlamlidir.

r- = 1(10)+2(20)+0(5) = 10+40+0 = 50 labour-hours

Uclincl Grine ait sifir bu basit modelde dogrudan emek gereksinimi olmadigi
varsayimidir; Griiniin gercek hayatta hic maliyeti olmadigini séylemez. iki girdi toplaminin
birimleri farkhdir.

55
r= | | K=4(55)+6(50)=220+300=520

4 para/kg x 55 kg = 220 para; 6 para/saat x 50 saat = 300 para. Birimler sadeleserek
ayni para birimine dontstigu icin toplam 520 olur.
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pA= |: 4-2+6-1 4-1+6-2 4-3+6-0 :|= |: 14 16 12 :|

Birinci Grinln bir birimi 2 kg ve 1 saat kullanir: 8+6=14. ikinci Griin 4+12=16, Gc¢lncl
12+0=12. Sonu¢ 1x3 Urun-basina maliyet satiridir.

(pA)g = 14(10)+16(20)+12(5) = 140+320+60 = 520 = p(AQq)

Bu birlesme &zelliginin iktisadi anlamidir. Once toplam kaynak sonra maliyet veya énce
birim maliyet sonra miktar ayni toplami verir. p,A,q sirasini ters ¢cevirmedik.

2
2:2+1:0+3-0 4
Ag= 0 |; Ar=AAqg= =
0 1-2+2:0+0-0 2

A degisim demektir: yeni deger eksi eski deger. Sabit A altinda A(g+Aq)—Ag=AAq; bu
dogrusal dagilma 6zelliginden gelir, yeni bir davranis varsayimi degildir.

AK=pAr=4(4)+6(2)=16+12=28; Knew=520+28=548

Sonug¢ bagimsiz bigimde Grin 1’in birim maliyetiyle kontrol edilir: 2 adet x 14 para/adet =
28 para. Yeni girdi vektoru (59,52)", maliyet 4x59+6x52=548 olur.

Aqg ve pA’'nin birimlerini, buldugun maliyet degisiminin ne anlama geldigini ve
varsayimlari acgiklayan 2-3 cumle yaz.

Return to the worked example

ME-05-S1 Question support

Once bes bos 2x2 kutu ciz. Toplama/cikarma ve skaler islemleri hiicre hiicre; AB ve BA'yi
satir-sutun yap. Otomatik sayisal kontrol yalniz AB’nin dort girisini denetler; diger
sonuclari ve yorumu ¢c6ztmle kendin karsilastir.

A+B’nin anlamini belirt; AB'nin sirf boyutu uygun diye anlamli bir Gretim toplami
olmadigini acikla.

Return to the problem
ME-05-S2 Question support

Her magazanin Ug urln satisini ayni fiyatlarla degerlendir. Geliri karla karistirma. Toplam
geliri bulurken iki magazanin para cinsinden sonuclari toplanabilir.

Gelir farkini sayisal yaz; kar karsilastirmasi icin hangi eksik bilgiye ihtiyac oldugunu soyle.

Return to the problem
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ME-05-S3 Question support

Bu soru iki yanlis genellemeyi test eder: “transpozda sira degismez” ve “AT ters
matristir”. Kaynak ihtiyaci icin burada birimsiz standartlastiriimis indeks kullandik;
kilogram ile saat karelerini ayni fiziksel birim gibi yorumlamiyoruz.

Satirlarin kendiyle ve birbiriyle carpimini yorumla; bu sayilari kaynak toplami ya da
neden-sonuc etkisi diye adlandirma.

Return to the problem
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Hints Level 1 Choose the strategy

Use one hint, then go back and try. The second level gives a more specific intermediate move.
ME-05-S1

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlar ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-05-S2

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2

ME-05-S3

List what is given and what must be found. Identify the governing equality or matrix
operation. Check the dimensions and any nonzero-divisor condition before calculating.
Then plan how you will verify the result.

Verilenleri ve bilinmeyenleri ayir. Hangi esitligin veya matris isleminin gerektigini sdyle. Once boyutlari ve
sifir olmayan payda kosulunu kontrol et; sonucu nasil denetleyecegini planla.

Return and try | If still stuck, hint 2
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Hints Level 2 One useful next move
ME-05-S1
For AB, row 1 is [3,1] and column 2 of B is [2,3]; their dot product is not 1 x 2.

Once A+B’de ayni adresleri eslestir. AB'de (1,2) girisi 3x2+1x3 olmali. BA’da kullanilan satir ve siitunlar
degisir.

Return and complete your attempt

ME-05-S2

Revenue is a row of quantities times the price column. Write (2 x 3)(3 x 1) before
calculating.

ilk magaza icin 4x5+6x8+2x10. pQ sirasinin ic boyutlarini ayrica kontrol et.

Return and complete your attempt

ME-05-S3
ABis2 x 2; BTATis 2 x 2, but ATBT is 3 x 3.
Once boyutla adaylari ayir. AA™nin (1,2) girisi A’nin iki satirinin ic carpimidir.

Return and complete your attempt
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Solutions and model interpretations
ME-05-W1 Model interpretation

The plan requires 55 kg of material and 50 labour-hours, while pA gives input costs of 14,
16 and 12 currency units per product unit. Two additional units of product 1 raise input
cost by 28 currency units, assuming unchanged technology and input prices. This is not a
profit forecast because output revenue and any other costs are not specified.

Aq toplam fiziksel kaynaklari; pA ise Urlin basina parasal girdi maliyetlerini verir. Uretim
artisi yalniz birinci drinde oldugundan A’'nin birinci sGtunu iki kez eklenir: +4 kg, +2 saat.
Bunlar fiyatlandirinca +28 para cikar.

Isaret pozitiftir ctinkii bu drnekte ilave Uretim pozitif miktarda fiyatlandiriimis girdi
gerektirir. Sabit teknik katsayi ve fiyat varsayimi yoksa eski birim maliyetleri dogrudan
kullanamazdik. Satis fiyati ve diger maliyetler bilinmedigi icin karin arttigini sdéylemek
hatalidir.

Check the explanation
[1 Distinguishes total input quantities from costs per product.
[0 Reports 4 additional kg, 2 additional labour-hours and 28 currency units.

1 Conditions the result on fixed coefficients/prices and does not claim profit rises.

ME-05-S1 Solution

3+1 1+2 4 3
A+B= =
2+0 4+3 2 7

Add matching entries.

Ayni fabrikanin ayni Grintnu iki hafta boyunca toplariz; ekonomik etiketler ayni sirada olmalidir.

Scale all four A entries, then subtract B entry by entry.

Once 2A=[[6,21,[4,8]] olur. B’nin butin girisleri dogru adresten cikarilir; 2(A—B) yazmak farkli islemdir.
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3-1+1-0 3-2+1-3 3 9
AB= =
2:1+4-0 2:2+4-3 2 16

Use each A row against each B column.
Dort toplam sirasiyla 3+0=3, 6+3=9, 2+0=2, 4+12=16.
1-3+2:2 1-1+24 7 9

BA= = # AB
0-3+3:2 0-1+34 6 12

Use B rows against A columns.
Sol st 7 ile 3 farkl; dolayisiyla matrisler esit degil. Bazi hiicrelerin esit olmasi bitin matrislerin esitligine

yetmez.

2
1 4

AT=

Move each A row into a column.
A12=1, transpozun (2,1) girisine; A21=2, transpozun (1,2) girisine gider. Kdsegen 3 ve 4 ayni yerde kalir.
Model English interpretation

A + B gives two-week output for each factory-product pair if both weeks use the same
units and ordering. AB is a valid numerical matrix product, but the columns of A are
products while the rows of B are factories; the supplied labels do not define a shared
economic category. Therefore AB cannot automatically be read as two-week production.

Turkce reasoning

Boyutlarin ikisinin de 2 olmasi etiketlerin ayni oldugu anlamina gelmez. A sttunundaki
“ran 1” ile B satinndaki “fabrika 1” yalniz numarasi ayni diye eslestirilemez. Bu ornek
boyut uyumunun gerekli fakat iktisadi yorum icin tek basina yeterli olmadigini 6gretir.

Check your explanation

[0 A+B totals matching factory-product cells across weeks.

[1 AB is defined algebraically but its shared dimensions do not match the supplied categories.

[ Does not interpret AB as total production.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
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ME-05-S2 Solution
Q2x3p3X1 = 2x1; p3x1Q2x%3 is undefined (1 = 2)

Check conformability before arithmetic.

pQ icin i¢ boyutlar 1 ve 2 farklidir; bu islem sadece “yanlis sira” degil, tanimsiz carpimdir.

0 4-5+6-8+2-10 20+48+20 88
p= = =
3:5+5-8+7-10 15+40+70 125

Price and sum each store’s product sales.
UrGin adedi x para/adet = para. Birinci magaza 88, ikinci 125 para gelir elde eder.
Total revenue = 88+125=213

Add the two store revenues.

iki sonuc ayni para birimi ve déneme ait oldugundan toplanabilir. Satis miktarlarinin hepsinin verilen
fiyatlardan satildigi varsayildi.

4 3
Q™= 6 5 |; 12Q=Q=Qls
2 7

Transpose swaps store and product axes; identity sizes differ.

QT satirlari artik Grdnler, sGtunlari magazalardir. |2 solda iki magaza satirini, Is sagda Ug Grln sGtununu
korur.

Model English interpretation

Store revenues are 88 and 125 currency units, for a total of 213; store 2 earns 37 more in
sales revenue. This does not establish higher profit because the stores’ costs are not
given. The calculation assumes all listed units are sold at the common fixed prices.

Turkce reasoning

125-88=37 yalniz satis geliri farkidir. Daha yuksek kira, personel veya urun tedarik
maliyeti bu farki asabilir. Matris carpimi burada fiyatlandirmayi duzenler; tuketici
davranisl ya da gelecekteki satis miktari hakkinda nedensel tahmin yapmaz.

Check your explanation
[ Reports revenues 88 and 125 and total 213 in currency units.

[1 Store 2 revenue exceeds store 1 by 37.

Ekonomi Atdlyesi  English first « Tlrkce support 159



MATHEMATICAL ECONOMICS | / COMPLETE STUDY WORKBOOK

1 No profit ranking without costs.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem

ME-05-S3 Solution

AB 1.2+2-1+0-0 1-1+2-3+0-2 4 7
0-2+1-1+3-0 0:-1+1-:3+3:2 1 9

Compute all four row-column sums.

Sonuc 2x2. Ust sag 1+6+0=7; alt sol 0+1+0=1, yani AB simetrik degildir.

1 O
4 1 2 1 0
(AB)T= ; BT= ; AT=| 2 1
7 9 1 3 2
0 3
Transpose each matrix without changing values.
AB’nin 7 ve 1 girisleri yer degistirir. BT 2x3, AT 3x2 olur.
2:1+1:2+0-0 2:0+1-1+0-3 4 1
BTAT= = =(AB)T
1-14+3-24+2:0 1-:0+3-1+2-3 7 9

Verify the reversed-order identity numerically.
Dort girisin tamami esit. ATBT ise (3%x2)(2%3) oldugundan 3x3 olur; tanimlidir ama 2x2 matrisle esit

olamaz.

12422402 1-0+2-1+0-3 5 2
AAT= = # |2
0-1+1:243:0  02+12+32 2 10

The row-comparison matrix is symmetric, but not the identity.

Ana kdsegen 5 ve 10, capraz girisler 2. I2'nin késegeni 1 ve caprazi 0 olmaliydi. Ustelik A dikdértgen
oldugundan burada siradan iki tarafli A-* zaten tanimh degildir.

Model English interpretation

The diagonal entries 5 and 10 measure the sums of squared indices in the two resource
profiles; the off-diagonal 2 is their dot product. These compare the specified profiles
rather than calculate total resources used, since no production quantity vector is applied.
They are not causal effects and are not a normalized correlation measure.
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Turkce reasoning

Birinci profil (1,2,0), ikincisi (0,1,3). Kendiyle carpim 5 ve 10; iki profilin ayni Grtunlerdeki
indeks carpimlarinin toplami 2’dir. Bu degerler dlcege baglidir ve bir korelasyon katsayisi
gibi —1 ile 1 arasinda olmak zorunda degildir. Toplam kaynak icin ayrica trin miktari q
gerekir ve islem Aq olur.

Check your explanation

[1 Diagonal entries are sums of squared row indices.

] Off-diagonal 2 is the dot product of the two resource profiles.
[ No output quantity vector or causal model is supplied.

Identify the first wrong or unexplained step. Repair that step on your attempt page; do not copy the whole
solution.

Retry from the blank problem
Concept check answers

ME-05-C1 Answer A

The shared dimension is 3; the output keeps 2 rows and 4 columns. BA would require 4 =

2.

AB icin 3=3 eslesir ve dis boyutlar 2x4 kalir. BA icin 4 ile 2 eslesmez. Tanimsiz bir carpima “0” yazamayiz.
If you chose differently: Write the dimensions in the same order as the matrices. Do not compare only
the outside numbers.

A ve B’nin boyutlarini carpim sirasiyla yan yana yaz. icteki sayilar esit mi? Siralamayi ters cevirdiginde bu
testi yeniden yap.

ME-05-C2 Answer B

The common product index disappears in the sum; the input category remains.
(kg/aran)xuarin=kg. Ayni girdinin farkli Grtnlerde kullanilan kilogramlarini toplarnz. Satir hangi girdiyi
anlattigini korur; trin indeksi toplamda ortadan kalkar.

If you chose differently: Track the units of aiq;, then ask what summing over j means.

Once tek terimi oku: i girdisinin j Grind icin birim ihtiyaci X j GrinGnin miktari. Sonra butin Granleri topla.

ME-05-C3 Answer B

BTis 4 x 3and ATis 3 X 2, giving 4 X 2. The order reverses.

BTAT boyutlari (4x3)(3x2) oldugundan 4x2 verir. ATBT ise (3%x2)(4x%3): i¢ boyutlar uyusmaz. Boyut testi
yanlis kurali daha hesap yapmadan yakalar.

If you chose differently: Transpose both sizes, then test the product. The result must be 4 x 2.

Her matrisin satir ve sutun sayisini degistir. Sonra carpimin i¢ sayilari eslesiyor mu diye bak; sonug
mutlaka 4x2 olmali.
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Reflection and a second attempt

For each skill, mark: not yet / with help / alone. “Alone” means you can demonstrate it with the
explanation closed.

1 Not yet [0 With help [J Alone
| check dimensions and category labels before calculating.

1 Not yet [0 With help [J Alone
| can distinguish entrywise addition/scaling from row-column multiplication.

1 Not yet [0 With help [J Alone
| can explain why associativity preserves order and transpose reverses product order.

1 Not yet [0 With help [J Alone
| can interpret a labeled matrix result without inventing economic meaning.

Co6zum kapaliyken her hiicrenin nereden geldigini sdyle. Bir hesap tutsa bile boyut, kategori sirasi ve 6lcl
birimi uygun degdilse ekonomik yorumu durdur. Birim/sifir/simetrik matrisleri tanimlarindan ayirt et;
transpozu ters matrisle karistirma.

The first step | could not explain, and the check | will use next time

Next attempt: problem ID and date

Progress is manual. Keep the first attempt visible; use a new page or a different pen colour for the retry.

Source scope

Visually verified PDF pp. 17-28, including high-resolution crops of embedded notes on pp. 27-28. Exact
readable source examples are retained and completed; original W1/S1-S3 are separate. One repeated
symmetric off-diagonal digit on p. 28 is uncertain and explicitly parameterized. All other calculations were
independently recomputed. p. 28 inverse notes are covered in ME-07; p. 28 independence notes are
covered in ME-06. No external theory is silently attributed to the notes.
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