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Abstract

Abstract

An abstract of a dissertation is a summary and extraction of research work and con-
tributions. Included in an abstract should be description of research topic and research
objective, brief introduction to methodology and research process, and summarization of
conclusion and contributions of the research. An abstract should be characterized by in-
dependence and clarity and carry identical information with the dissertation. It should be
such that the general idea and major contributions of the dissertation are conveyed without
reading the dissertation.

An abstract should be concise and to the point. It is a misunderstanding to make an
abstract an outline of the dissertation and words “the first chapter”, “the second chapter”
and the like should be avoided in the abstract.

Key words are terms used in a dissertation for indexing, reflecting core information

of the dissertation. An abstract may contain a maximum of 5 key words, with semi-colons

used in between to separate one another.

Key Words: TeX; IXTEX; CJK; template; thesis; TEX; ETEX; CJK; template; thesis



Contents

Contents

0.1 T o 6
0.2 T o 7
0.3 B o 8
0.4 LA L 10
0.5 M ZIM: MATLAB IR BERREL oo, 11
0.0 T o 12
Chapter 1 77 English BRI . ..ot e 13
| R T i 13
| 8 N P 13

L T = = = N 14
1.3 R 14
132 B R e 15
1.3, 3 18

| S B = R 19
LS B R o 22
/A= VP 23
Chapter 2 FHPAE A I IE L.o 25
B = I P 25
2 L L ] 25
2.1 A 25
Chapter 3 AL I RE oo 29
Bl BT <o 29
3 R e 29
3.3 o 29
Chapter 4 2020 T oo 30
A R ] oo e 30
A R ] 30



Chapter 5 B o 31

5.0 FRIRAKE CPU BISER e 31
5.0 BB 31
5.1 R 31
5.3 BT 33
54 T 33
5.1.5 B Far S G R 34

5 B I 34
52 IR 34
5.2 TR 35
5.2 B RIE 35
524 S A 35
52 T EEE S 36

5.3 M 37

54 ROM,RAM 510 . ... 37
541 FEEEES OB E 37
542 MMIO ... 38

5.5 JEFTIIERIE AM .o 38

5.6 B E Y A S R T 2 o 40

A . 40

Chapter 6 A T 0 e 41

6.1 FVE R X e 41

6.2 BVE RGBT e 41

6.3 B NI IR o 41

6.4 B B 42

6.5 Hello WOTld . ..o 42

0.6 L B 42

6.7 B I 42

6.8 R S R T 2 44

0.0 L T et 44

Chapter 7 G R oo 45
Chapter 8 A AT .o 46
LISt OF FIGUIES ...ttt et 48



LSt OF TaDIES . ovtete et e e e e e e 49

List of EQUAtIONS ...ttt 50
Bibliography . ... 51
ACKNOWIEAGMENTS . ... .o e 53
Appendix A HN R B 54
A.1 Single-Objective Programming ................uuuuuiuuiiiiiiiiiiiiiiaaaaaeeennn. 54
A.1.1 Linear Programming.............cooeeiiiiiiiiiieeeiiiiiiae e eiiiiiaaaeaaanns 55
A.1.2 Nonlinear Programming..................ooiiiiiiiiiiiiiiiiiiiinnnns 56
A.1.3 Integer Programming ............coovviiiiiiiiiieeeiiiiie i, 57
Appendix B A SCEBHI IR e Al BIENEE .o 59
Bl B BRI oo 59
Bl L MR 59
B.1.2 AR R 60
B.13 B 61
Appendix C L M o o 62

v



Nomenclature

Nomenclature

HPC B RETT A (High Performance Computing)
cluster L

Itanium i

SMP XIFRZ AT

API I R Fr g Fz

PI SR Mg I it

MPI R AR S, N-RE SRR iz
PBI AT FRn

MPBI RATFPRMARIAL S, N-ASHERTF PRIk
PY el

PMDA-BDA FAPAR VY I -5 R DY fe 5 5 ) 2R g g 5

AG 151k H HBE (Activation Free Energy)
&4 2% (Transmission Coefficient)

o 3 &
fe 10 B

c

P 7R

T I [A]

v R

PULES BFHE: A UE. &, BT, MET§: K, Khz,
MEETIK. REF L. BELOVE, Hildbil. BAME, ANEHE
L, Bz AR MORSZENE, SEialiF, B reemH
240, WHHmMATTEH 2. BELHmER, ARz
firegtl; BEBEMER, AnEsmz . SemiE, Bk
A, T WOXTRE, ARG, TEE . (R
O, AERE, mETH (BAEE, JEREKH, 4TI,
BAradest, SHETYh. Rk, XW4S: BUKSRIH,
ORATS  BEE AR, WA B, 208N BONTREE, T
DAETH; ABUNR, LT . B —, NfEH4E: 54
T8, WfEAE. s, FIARRT: A, san#

\Y%



BITTCFZ R, fidgzim, Bt FTRER, Ho—t. &
BB —E, ARielg e SOCR s, DBt . —— A

VI



Nomenclature

An Introduction to IATgX Thesis Template of
Tsinghua University v1.0.0

Name:Xue Ruini StdID:12345678 Date:January, 2019

PArr I HOMEWORK

Problem 26.1.1

We will show that each

Solution: We will show that each flow in G’ is mapping to a flow of same value in G
and vice versa. Thus the maximum flow in G’ has the same value as a maximum flow in
G.

For a flow in G, consider the flow f, in which there exist antiparallel edge v;— > v;
and vj— > v;. Suppose the flow on v;— > v is F and F’ in another direction. The flow
f” in G’ has same flow in each edge except that v;— > v; is replaced by v;— > v’ and
v'— > v and the flow is F. It is obvious that Capacity constraint and Flow conservation

meets. The value of f” 1s

If'1= 2, fisv)=2veV'f'(vs)

vel’’!

If there is no antiparallel edges incident with s, the value is same. Otherwise, f(s,v) =
f'(s,v") the value is still the same.

For the other side, due to Flow conservation, f'(v;,v") = f'(V’, v,). By deleting v’
and add edge v; = v, with f(v;,0,) = f'(v1, V") we can get the graph G. Thus we have
built a bijection G : F — F’ where F denotes all possible flow and with the same value.

Hence we have proved this problem.

Problem 26.1.2

Solution: Deleting the source and the sink, we get a unique multiple-source, multiple-

sink flow network.
For the other side, for a multiple-source, multiple-sink flow network, we add two

kinds of edges s — s; and t — £;. We will prove the flow on each kind of each is unique.
1
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For the first kind, by flow conservation , f(s,s;) = Y. f(s;,v), where v is vertices
incident with s; except s. Thus the value is unique. The same proof applied for the second

kind.

Thus we have proved the problem.

Problem 26.1.6

Solution: Build the graph in which corners are vertices and edges (u,v) and (v,u) are
added if there is a road connecting them. Constrain the edge to have capacity 1, and the
problem is reverted to find a maximum flow and check if it can be 2 and with integer flow
value in each edge.

However, this leads to a problem. The two may take a road in different direction,
namely one pass (u,v) and the other (v,u). A direct algorithm is to exhaust all possible
direction of each edge and run the above procedure, namely for one road connecting u,
v, adding edge (u,v) in one time and (v,u) in another. However, this costs a lot of time, I

wonder if there is a better way.

Problem 26.1.7

Solution: Build network G’ in the following way: for a vertex v € G with vertex
constrant C, add two vertices v;, U, into G’, all edge connected from u to v will lead to edge
u — v in G’ and all edge connected from v to u will lead to edge v, — u in G’. Two edges
(v1,0y), (U2, v1) With capacity C is also added, which has flow »  f(u,v) =3 f(v,u).
In this way, the constraint of edge between v; and v, serves as constraint of v.

The graph G’ has 2|V| vertices and |E| + |V/| edges.

Problem 26.2.2

Solution: The flowis 114+1—447+4 = 19, the capacity of this cutis 16+4+7+4 = 31

Problem 26.2.6
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Solution: We construct a new flow network by adding a super source s with edge (s, s;)
of capacity p; and a super sink t with edge (t;, t) of capacity q;. We will prove the original
problem is to find the maximum flow in the new network and check whether it can be
Sump,

First, by conservation of flow in s;, we have 3 _,, f(s;,v) = f(s,5;) = p;. The same
proof applies for each ¢;. Sum over all flow in and out of V' — {s, }, we get Zi f(s,s;) =
2.; fi,,j- In the case we find the maximum flow in the new network and check whether it

can be sum,, , we can have ) . p; = Zj gj- So the convertion is right.

Problem 26.2.8

Solution: To prove this problem, we will prove that in the while loop, if we find the

path p from s to t will never contain edge (v, s). Otherwise, since the path begins at s
and reaches s again, thus the path is not a simple path which contradict the definition of
augment path.

Since (v, s) will not appear in any augment path, the path finded each time by Ford-
Fulkerson method remains the same. Thus this procedure is not influenced and can get

the right result.

Problem 26.2.10

Solution: Suppose we already find a maximum flow f. Make a new network where the

capacity of each edge equals the flow in the original network. We only need to prove by
|E| times of finding augment path we can find the maximum flow of the new network.
Note that the maximum flow of the new network is full on every edge.

Run Ford-Fulkerson algorithm on the new network with one modification that each
time when we find the minimal capacity of n argument path, instead of update the cor-
responding edges in residual network, we just delete (u,v). This will not influence the
augment path finded afterwards for it is has the same value of the final flow. Otherwise,
there is an augment path contain (v,u), then another augment path containing (u,v) must
exist. Denote the firstas s - v — u — ¢ and the other s > u — v — t, we can construct
two augment path s — ¢ without traversing (u,v).

Since each time an edge is deleted, at most |E| augment path can be finded. In this

way, we can get at most |E| augment path to get a maximum flow.
3
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Problem 26.2.12

Solution: Since there is an edge (v,s) that f(v,s)=1, we hope to find a circle from s to
s that there is flow on each edge. Since the capacity is all integer, if f(v,u) > 0 the
nf(v,u) > 1. Thus by deleting 1 from flow on the edges of the circle, we get a flow {”
with the same value of f. In a flow, each vertex is connected with s, so is v. Thus there
exists circle s ~ v — s.

To get £, we use a deep-first search on f starting at s. When we find this circle, we

can perform above operations to get the desired flow .

Problem 26.2.13

Solution: Add ﬁ to each edge to form a network G’. To prove the minimal cut in G’
is the minimal cut in G with the minimal edges, we will prove that the minimal cut in G’
has corresponding minimal value of cut in G and in all minimal value cut it contains the
least edges.

For the first thing, for all the cut f(S, T) in G, the corresponding cutin G’ is f(S,T)+
ﬁE (S,T) < f(S,T) + 1. Since the flow is integer, two flow with different value differ
at least one. Thus the minimal one remains minimal.

For the second thing, the minimal cut in G” has minimal value f(S,T) + ﬁE (S,T).
Since f(S, T) is the same for minimal cut in G, thus E(S,T) is minimal, namely it contains

minimal edges in G.

Problem 26.3.3

Solution: The augment path is a simple path. Since the graph is a partite graph, the
path must go like: s = I; = 1, --- — t. Thus the over bounding of the augment path is
2min(V(L),V(R)) + 1.

Problem 26-1
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Solution: (a). We have already discussed this problem in 26.1.7. The graph G’ has 2|V|
vertices and |E| + |V/| edges.

(b) Construct the flow network as follows: add super source s and edges connecting s
to all initial points. If two node in the grid can be reached from each other, then add edges
in the flow. Finally, add edges from boundary point to super sink t. All edges and vertices
have unit capacity. Then the problem converted to determine whether the maximum flow
can be m.

With the relabeled-to-front algorithm, the running time is O(V3) = O(n®).

Problem 26-2

Solution: (a). Construct the network G’ as suggested and let all edges have capacity

1. This network solves a matching problem and we have the partite graph X, Y. We can
construct a path cover from a flow as follows:

* select a node not in path unless all nodes are in the path.

« if there is no f(x;, ;) > 0, put it into path cover as a path of length.

* else put x;, y; into path, and select x; back to step two.

In this way, we construct a path for each flow. Actually, each edge in the path cover
is an edge in the matching of the partite network. Thus we get |V| = Zp p V(D) =
ZpeP l1+e(p) =P+ Zp e(p) = |P| + M = |P| + |f|(Note the graph is DAG). When
| f] is maximal, we will get the minimal path cover.

(b) If the graph contains circle, the deduction )] pep v(p) =), _,1+e(p)will not
hold.

An counter-example is graph with E = {(1,2),(2,3),(3,4),(4,1)}. With our algo-

peP

rithm, (x;,y,) and (x4, ;) can be either chosen. If the latter one is chosed, then a false
answer of 2 is generated. Thus in this case we cannot guarantee the algorithm to get the

right answer.

PArT Il CORRECTION
PAart Il FEEDBACK

* Question in 26.1.6
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0.1 A

AR, Pldes 4l MREEE . BERALE, LR S
Z, WSS HBWANEMR, AN R Ab, — A, Eﬁﬁ%%%%"
PR, — R T Mol RIEATE. APORIEHZH, G Rrllt—
i HpEn

Ll TR -
g
ainxp + aq2Xy + -+ A1pXy = bl
a1 X, + Ay Xy + -+ ArnXy = b2
P
(@m1 X1 + QraXo + - + AppXy = by

AR A Ax = b HH1 A € My, X, b€ R, fEm > niif, kil
SRR T IO . (R RVFSINTEE , ¥y RERAR I B8 1y B/ MU 7% 22 )
S, 5T

5]\ E AL R B B2 F 1 S(o) = ||Ax — bl*. HIbZs i N T
RIS X T4 JiR4] Ax = b, sRI/N M & = argmin(S(x)),
i SCx) /NI o XA ZE MG /N TR

Problem 0.1:  :{iT5E/N " 3fff, 75 ESR B RER bR TH 00

q
JE=iy
I
S
E
oF

Solution 0.1: X B H 2% B4 AR B 1E . BHILIK A
a1,0p, ", Ay » [)_\“Jﬁ

S(x) = [|Ax — b||”
= > (aix — b;)?
i=1
= tr ((Ax — b)"(Ax — b))

PR Gz EHE) BRI B NUEXAERF A € My, B € My, H

otr(AB) _ otr(BA)

— nT
A - oa D
B, A7 w(AB) = X B ayby. HETT S = bjye WIS LA AL

dij
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I HER, FRATH
0tr(AB) _ 0ur(BAT) _

aaij Gaij B
Em
aS(x) _ otr ((Ax — b)"(Ax — b))
ox 0x
_ otr(x"ATAx —b"Ax —bx"AT + b'b)

0x
=2(ATAx — A™b)

AGHN 0, 155 ATAx —ATb =0, ATA TR, A

x=(ATA)1ATb

0.2 Hid

= ANz, BAeEiE AT A A . HJy Wi, Oieis, %5 T MATLAB
b :
Solution 0.2: x = inv(A" %« A) %« A" % b; //MATLAB codes

Sfack, AU E MR L. R, BT RESas, BEE
Fl, AEEE. REE ALY, SR 4R Al A,

SRR BEIA I, TAG I E O

VRS, AR ER RN RS, AT T 3 IRAEFER,
FI—WRAEFE R FEMEEFI O(n®) BB HaE TR B, FIEFIA] O(n*®) 5
BN ERE R LE R BTSRRI AR E IR LT AR - BIRAEFERE R
IERIOCH SRS, R R SR A L e (A B A s T T8 B A AR e £

[ e A SR, ARBEERE N n BT, BERATTSER AT T = ME . X
T LT, T EAIHIC AR EA T (n = ) * (n + 1 - ) YSRIERIINTA
GHn—i17, B rn+1-iPHEOICR), ALl — RS RIITAE N AL [H]
J& . BT =AIHICIHARRI I R

n n—1

Z(n—i)*(n+1—i)=2i*(i+1)=
i=0

i=1

(n+1)nn-1)
3

7
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MR, BEFT E=MHICRT, FATEET n AT (Hil T UL ST oA —
RO TT, FrLAESHFEN

Z (n—1)>x<n

ER TR IS I (R B 20 T, BT HHE T34, T B ESS X iR, B LR i
JRTRIZR ., BATT 2] 1 = RIS A — A~ O Al A B TR A E -

(n+1)gl(n—1) 4 (n—zl)*n)*2= 2n3+33n2_5n §n3+0(n2)

T(n)=(

T A™1SRAE RS R R SR T3 AR [ A Bk AR 22 70 L. 52
b EAFAE IR T 5

0.3 ="
HETE S AL, Ha T, TR

Solution 0.3: x = (A" % A\(A" % b);//MATLAB codes

[ETREWEL T CT = AT NS A

fE MATLAB 1, \ 2 2B E . RIZETRA PR RS (ER IR MATLAB
A, AR IR AT RENS LU 20k, 25 AT LAEER LU IR

ZEIRRY BN, BT RERE A T =AML S U RS,
KA CF) =ML R TR -

L =b
LUx=b:{ Y

Ux =y

I F AR RAL SHATH O(n?) K3 % x, = PBms e 1y 43
WRRETE O(n®) e, TN IS A S R ARRCARIR] o AT RS el R SR
S, AHSEPRAR.

H5EA T A

Proposition 0.1: 3% J7[4 A 1Y&B I 1=50H8E 0, NIRRT =M L 5 &
—fAMME U5 A=LxU,

N TR A, AT 51
8
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Lemma 0.1: #A5B#EZEn E () =AM, MA«BW# o - (F) =
T

UEALIE AERT, RIS [ R R Y 5 LA iERT ), RIGHE A+ B R
7 (EJ7) JUEHN 0, MR RARAY . IXFEHATHE AT LAZE HY Al A ik A

WERR 2% B0t A BEA TR TC . RS FEL T =M, AT R
gt k2, B MEJE, N ET RS AB 6. RIS
POHTCH AT ETCAR TR L, M E AR i+ 1 0F T, HATR
LR, N0, FE. GXEFEMNERE Ay #0)

Hy SR S BV T A 2 T 23 = MRS Py, T Py N =M. T2
A=P;'«P;+«A=P; '« AT, A THRE. & n iETTE,. AN E=MA0,

LT n MR =A%, TLLA=P+AT, flA=L=x*U. 1k
9 ]

st B L 5 U e? % L B AITERAB A 1 O A SRR %), N IE
25 th— s HERNE -

HEHMLxU=A, RL=(;),U=;),A=(a;;), BRAu,;j=0a;, N\
ﬁhfﬁ%o@ﬂﬁﬁﬁﬁﬁ%@ﬁ,mTﬁﬁﬁ%%Tﬁ%Z

Uy, j

r—1 r—1
A g bk, |
Urj = I = apj = 2 b ¥ e
rr k=1

ai,r - Z]rc_:ll li,kuk,r
Uy r
WEE AR ? FEEIT Ly, TFERE r ORI H . uy HH NS ARE
51, Y. S EE 22 A

li,r

n r=1 n i(i 1) n 1
— — — 2 2y 3 2
Z*EEr—z*ZT—;l +O(n)—§n + 0(n?)

i=1

FFE R ZMICHERE S R TT FEsR A I E5AT . IR O(n?) K i A 25
PREZRIEAIN, R LB Tl S Rocin S . Hasm R RS2 b 1

T(n) = %n3 +0(n?)

FESEBRM A, LU MR s BTk, A
9
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* fE MATLAB [RESHELARIN, LU 53 (FTLASMBRITEOLT) %I LA
BB )52 4 RECREHIIICN S0 2 n = 1000 i, P56 RIT I TTHE
it 30, LU SMBEHERT 2250 (HLERMERESTH R

© WANEIR M LU SR AT, AT E RIS A (7
EWAFH, SR wyy J5 apg,J > r BOREAPRCE SRS, SR L J5 @y > 741
WO BAE O BN PR B X TREKARRE . AT LA A5 A bt 22

* T oRAE Ax = b e AFE, b MR FiL—k O #) LU 4
. 5> b ST O(n?) B = FAAEHERAMFEIAT . 24 b E9%CRE m G5 KM, i)
2R Omn?) ff T O(mn):

0.4 EHigth!
B GBI B . HASFEE, (NFEAIL, FrEmlEEsE:

Solution 0.4: //MATLAB code

[Q,R] = gr(A);
X = R\(Q' * b);

R E WIS, A1 RS AERS . AR RB MRS . it
th? ARSI RRE IIARES . Tkt TR A B AR iR 2 38, BRI T A
Ao

XEATANS, THYE QR 430, MFRIESRR =5k, Craftl—PSirlisEE A
WBOEAR A M Q MR AT 7 L =M ER R BY3EF, A = QR X TR, AL
i Givens Jji%, XT—McERE, W] LA Householder J7i53Kff. X T n BiiE
W, HETRIE 2SN O(n?). FiEAMR, XEARIFHE, G245 B &
KEH

P IER AR Q. T QT = Q71, WA 4 sk Rx = Qb L RN
=R, HUATE O(n?) RV 15 20fE . S TH/hN—3km, HQTQ =1, &ATEA
T A B :

ATAx=A"b= (QR)'QR=(QR)'b=R'Rx=R'Q'b=Rx=Q'b

ik, JATESLGE TAEMRNE. T THE PR, A5
AN ASHTHIE S SR PFEL

10
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Definition 0.1:  XIEE— M A . AT LSBT SVD 43 A = USVT | H
HErME 01, 0p o 2 ZHEFERUXS AL ERGICER . E SUERE A BISRATECN

condA = %ﬁ: .

X IR TGS SR B HE AR T, AN AE B o 2 cond A WK,
THERRZE B . R EIE T, — B KE (e.g. 1019) BRLA—A/IME (e.g.
1719 B2 SEEUER Y, RS SEREEER . BARIETT R AR/ NS
T HEER,

ST RIM R 3, #iT BT ATA, X535 cond ATA = condVE?VT = (condA)?,
Mt —k, BRI T .

M RE Tk, BT ESERTRE, B 5h 7 R 7. iod DAUE
FEXEH) Household J7i&11HE QR 73, A5 BIEUEISE B Z

0.5 Mgz MATLAB B[RRI %L

FE b, BB (F2R) B, MATLAB [RE— BEAETE . Y4
A BB \ X R BUE F is B R A M Ak SEbr b, BRI — R FH Wi &
FEMERRPEYEDT (GRB) BRI 3R TT 55 TR o BRI AN & iR o

A ELHMESRS . BRIETT, MATLAB SeHBaE M E A 0T, A QR 43,
FE BT A2 152 = A MR B s T I B8 e A 1 = P o PRI 2 A (L) XK, X
TXIFREE , T LL=Ff 53, WIS FH Cholesky 43, HITHE RN LU 43 fifH—2F,
A H LDL 430 A5 AR, M4 /2 Hessenberg AR (4 a;; = O > j+1,
HJ A Fr24 L Hessenberg Hif%) . wJ LAEF X HAl H Hessenberg 43 ilid , 45 W A
AT IR LU 53

HEEET n |7, MATLAB A2 K188 QR 3, 10X T 5/ 3R]
L, QR 53l HAEF R UFAL o SRR 55 19 SR S8 LU 2 T34 e

IMAE MATLAB R2017b 1, jd# i 5| A\ % decomposition FRYROG sz Bk T T
itk (£ tA = decomposition(A); x = tA\b, TJLSEHT A P THIEN > E .
BT IX AT LT (8 B SEINET IR 2 Y LU 73RO0 i FR B 58 = Rle SEBAa e, XF
T AN b BERIENL T, X 1000 YIs%E n = 100 HYFERE, Eid i) R BRECETISE
f8i | decomposition 1) [z FRAFAHIAEIE 9 5o

A LA BN RERE B UK B 56 FH MATLAB R %8
11
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0.6 %iE

TARITE: YASHF, BRI, Aok, JAFLSrn, MAZEE,
DEGRE T2 8, — i, SRR, 5eed, HEhl Bt 2R, 54
F, WS 2 B, (L R/N IR, =R, &R M. AT
PRI DAY S s, B 3 27 ST T ER T, Rl T T80 s
ik, T2 Ry AR T B 280 OB , W5 — Tt AR TTP? Ak
] S-?

W

ZHEM

1 iR, 4R, 2R GEFEEY
2 5KHE https://www.zhihu.com/question/62482926/answer/526304253
3 47 https://zhuanlan.zhihu.com/p/30958676

4 245 78k https://ccjou.wordpress.com
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Chapter 1 77 English FFr/

Chapter 1 % English HItRRR

X2 NJUrepo HY7R B S0, B EAISE TR P T AU I E . UK
FEE IS | BR T B3 <NJUrepo I FE>, iX APl i if sed —F
INE BRI Ry s S ARG Y

1.1 HEHEX

HH B F1E2F cover.tex. FEFF5HEKSE denotation. tex, FfI#AI A
f&1 43 31275 appendix0l.tex fll resume.tex. HEMIMSHIREM, —HIIEY.

1.2 FEHS

IR (1037-1101), AbARIER S FEZ . F10, SHREEL, BINEL (5
JEVID) No FRF-o Fattiidhdso MR AR SRR, RSO T2 A8k K
SNER, ATATCIM ], RN RIS N o JE METRE “BulsAE” FE B . P
MRS L, B AT BUNSE, B 2ALE M 4. JF XM . dbid
JE 5 AR M o R ARIE S . AR AR =, fEBUR ERT
(A5, (E A SR A R o HOTEFEREEE, IRk, N “ER/RE” 22—
HRREractl, S5k, £ 2ZREI T M E XA . DEGR R RE RO R
BT, IERABENECTN. FHZL IR, XERIRARN. ST R
BEPNE Y <KL TNIRAFO B IRET .

WAL RATH. P, BOEFE, b AAW. X, mikaelFHE.
EFMHKE, ARAEZZIM. H5HRE FREE KRFHHERIE. 8.8
LR, WEMEHARS. ©F EK M7, AH R BUBM, ILEILEA;
BN CFR A E, BPAR LR, FXH RELE £ AHEHE
CEBRIFH MY CRFIUE O CGATHRERY . CEMNERFWY F,. BiF
CGERBET B <A BB %,

N
2 2 I % =

>

Ouhsr (768-824), FiRz, TR (SR d@E) A, BREFRER, MRS SR ZE s, &8
SEUUT/ERE L RIS, N EBiE ok PR, WO PRI RS o TR bl SE e T HE P TR AR RE
RSl 3t S UL EE N AT DI I SO o Ui S 5 74 1 /AN G L U Sk N B /AP S = ¥ v s v K
SHRICERREI . PRI PRy HEE R

OFUILEEAM? BART?
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55 RHE, HHRBRAZE . MUARK K, WOLEAATE, 2 ko i 5
2. BB, WRAEZ . AN, WAL, BRBRABZHER. 5
WATBL, BRH. WEFF M, WAFRT, fit. FAMAR, FRow, &
o ZEBFE, kHZ. BHRBZMTRL, hRFHTRL, BTEHZ
Hik, O T 5 A

UG \youyuan k. 1 KM, SKEITIER. BIMZIE. MWW, 5%
U tE B, WAL, AR, BRI SES, W
tho WA AT, HRZUM: TERRZEE. KELER. WEZLUA.
AT, R DU T At SbERTHG. SR LIt s, L)
TR, S22 LN . WEREAAL. MZ LU

Bfi%, RER, SS2MUE; FEBL. DRTULE, HEZUE. BF
AULE, MEZURA. SARE, WBEE, MEZUREG. BAETTMN
B, MEZOE. BATIAH, 45, MRIUR. BOEH, HEZMNM. U
MAE, AT, HEIUR BERD.

UG \Uishu k. ] ASRIRTIA . BOZZ LG 6% Kt YIAORIETTAL,
2 UM AT AT & SR LR Bt At MR AT AT, HC2
LI BE . SUBRIRY. MURR. B2 LR, MEHE. PARTULR.
55 LT, WEZUE. IRER, SO LT,

ARIRIGTE ., MBZLKE. WRRIETHE, S22 L B, 7
TS, $0Z 2 DAt PRI, M2 DI o Bt o B T,
W2 ARG BT

1.3 RIEER
1.3.1 BEARE

Pt e TR 22634 =~ booktabs. array f{I longtabular, @i4-H—1
\hlinewd, =%k3E1] LAH] booktabs #ZALf% \toprule. \midrule F/] \bottomrule,
© A1 longtable FEAR I Y BCA (8 o AN SR b B 7 B 1 33 AT A B 422 H i &
\hlinewd{(width)} ¥/,

BHERE D RERA RN £ 1.1 528 7 AR 200 L IRE . 15 AK
TR SRS FLX A @ o X MFIE BN 1 A Al e SR M i 8 A
BT IATEX A 5 A SRR A% T g ] \footnote, FFLATRATIANE A SR TBAE /N T

R T Ho A A 1 B I A/ INUT RO 5 B, IR A SR A R S
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Table 1.1 BARCSCHF o APRFAMEAITRAIIRAC, IR AR RS SAR
AT, FrLAZE chapter ARFEAERTE A 55 5 — N RE R TR AL iX
R R R T

&

thuthesis.ins
thuthesis.dtx
thuthesis.cls

ik

IATEX 22353044, DocStrip®

Fi A B — PR X FRL T @

PSR S

TERBC & o cls H1 cfg BRI SO AR
227 3K BIBTEX R0

27 3Lk BIBTEX T
AR S B RXE, I S0
.,

thuthesis.cfg
thuthesis-numeric.bst
thuthesis-author-year.bst
thuthesis.sty

@RI
@FR—A

1.3.2 BEZRE

PAMIEHT ZAEZNS T ARTERARR IR, BCE X 2 T 2% H EATAdRE o BT
HIBAE — PR T TS . AR EKIITE, ATDMESRR R TH S5 TERE . tnsk 1.2,

Table 1.2 G ZFME7R A 1o 1X5] ] Knuth (1989) A2 T2 5L -
y First Half Second Half
X 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
East* 20.4 27.4 90 20.4
West** 30.6 38.6 34.6 31.6
T Bk <NJUrepo i F e
*: R
*EOPEER

IeAh, 3 1.2 FREER T 540 Thag: 1) BTt tabularx [1) |X| 47 5L
FAR AT 2) W4 \diagbox 75 LA EAN .

N TAEFRATHIG) 7 B FE LRI O, FRESTEZER IR N — 28 “TC K 307,
DI k£ BRI, SEEHEMCEA R, H— 4R e R RE
KRR R b, @EERAINEAET .

B, FARE, BEFERLA . BB LN sEILAEAN, sEE AN H

WHIRA, SRR, PONEBIEZ 0. FIRIRIL, ISR E e, H:
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“ETRAYER, AILOMI. R, 2R, ENBME. MELES, H:
“FRALAt. » FTUE, AREZER. Z00 K. whe, FouEsE, fiad
ZEEk. AMSWEERT N, wATES T, HAFK, SRENRE, AN, 1M
FIEM. Aoy LKA, Wi, RERSC, WDl wa A, BEL. AfE
L B, EE R RS, bz, WHRELGMESHIE. WACE H L BB
ke FHRFIANRILAA, BRIkl GG R0E. JHBITH, & HPUK. KT
BRHRETRE , RO BEHEAL, SR, BARRIRRRR, 2t A FHDKCN Y
W, Ak R, DUAEREA, THEZ . SCER, IRIEEE. 3540
P KIEE RN =2, B=16. S TG, —— <@ RBAME

TEENIRRYFFHERCE — ARSI : 1) “FHBOA KRR, AWMLY SI
2) ZERETHR TR MR RUIFHEFRSEE AT LURIE 1.30 & 1.4 £ /1N
VO, af AR 1.5 R meokiie. ERIp 72058 2.1.2.2 75,

Table 1.3 25—/ Iy Table 1.4 25— IFHET24H
111 222 111 222
222 333 222 333

SRR E R, RR it TR0 1o ARy, 55738, e, B
NI HRESL. BRFEMIZE L, A% R <ALy, HETZ, il
&, BRUNIES A, ek, iR R, WA W IE R T, R
Jethiste LASHRPREE, MM EIIZ %, KRMULEL, SERMNESE, & A 1
Kif, BRAZG. AZ, AAPEURNIE , BB TREEUSES, NS K
FETHRASMR, Witk sCERTIHEIE, FArd B e T T ke AR AT HEAY . RLIT 25
i, PR A, ITCHK, TIZREEE. BEmEA. 25, B
MU, BRI W H#EZCRALRRE, W Rk, ARYEFFIMITREIREL. 5
WL, BWEAM. AAET AL JT, HFREME L, JTRUEHS . KER,
MEZEHF4, RS Ao FH: “FEHRINE, ERIHR, WIrEHR
THER BEFEHRZ. R, Rl S, RO, 18 AEEE, mXIRTEE,
JEXTEEYT, TIBLFE LA, W2 A RED o, DAt FE S IR 2 A BT
Fod, RIEREE, il T2 7ot azistintt. smHHastk, Sa500, 4
PR, — 2T X LUETE . I SELAR E o s H Rl DU, i
YR RS BB 8, St ILE.

AN BIEX RS D RE A R TP 258 K, A HEEINE, 2
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Table 1.5 FFHETFE4&

(@) 5B — A7k (b) 261k
111 222 111 222
222 333 222 333

M, FRERT AR SRAR R AR R RS . TSR 1L6.

Table 1.6 &5 Z2564& R~ 2

Network Topology # of nodes # of clients Server
GT-ITM | Waxman Transit-Stub 600 .
2%| 10%| 50%| Max. Connectivity
Inet-2.1 6000
Rui Ni
Xue NJUrepo
ABCDEF

BRI, SO SRR A T o EA, FREE, WA
Ao THE, SHBEAGA. TTIE, HHRE, WARR. LRAFMEC
B, A AR SERMI BERRER, FESEER. KK, M.
LR IETTAS, NI, IRZGING, TR, Rl Sot, il
P ETATE. T WEORE SO, Y . AT, PR b
G N. EREER, WK, B AETIIIE. KRN, TR T %
B2, TR . R R, ke, SR A, YR,
BRI, GIKAH. ST, BEKENE. —H. ZREETRE, 16
WP, ST, MBI, SR, FSRRIA: T i T AR A
AETLAT? SR A I, . MUS T, WIAECRAISES, 47t
BUTIRHE, KRR FE5CHT. REIISE. JoRdnat, TUBRIE. B
FHE, ROPINE. RSN, BRERL . SIS E: UHSI I, WP
" A

T P 3 SRR AR AT ) TRXVITEX IS TR, Fli e Rk
BEJ7, AR TURETS , I L S R B LR AT, Bl LI R %
BRI, — BLDARERE AT Word S5e Qb TR, UK ITRX MEbA T th By
AL T AR AR R A BB R LA A RO T . 465 S
fe SR, A

i TR P 2R K TT, IS 4 JE 7544 longtable =% supertabu-

lar 72361, Aok longtable pEAT TAHRZAYICE . Fir AR AR AT REMRI FR—LE, 36 1.7
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#it/2 longtable [ & HR
Table 1.7 SZIGHIE

W Edefs HEP  WBER SBERE IR KREE
IR (s) WAl (s)  AfMEI(s)  AYA(s) AR (s)  3CHF (KB)

CG.A2 23.05 0.002 0.116 0.035 0.589 32491
CG.A4 15.06 0.003 0.067 0.021 0.351 18211
CG.A.8 13.38 0.004 0.072 0.023 0.210 9890
CGB.2 867.45 0.002 0.864 0.232 3.256 228562
CG.B4 501.61 0.003 0.438 0.136 2.075 123862
CG.B.8 384.65 0.004 0.457 0.108 1.235 63777
MG.A.2 112.27 0.002 0.846 0.237 3.930 236473
MG.A4 59.84 0.003 0.442 0.128 2.070 123875
MG.A.8 31.38 0.003 0.476 0.114 1.041 60627
MG.B.2 526.28 0.002 0.821 0.238 4.176 236635
MG.B4 280.11 0.003 0.432 0.130 1.706 123793
MG.B.8 148.29 0.003 0.442 0.116 0.893 60600
LU.A2 2116.54 0.002 0.110 0.030 0.532 28754
LUAA4 1102.50 0.002 0.069 0.017 0.255 14915
LU.A8 574.47 0.003 0.067 0.016 0.192 8655
LU.B.2 9712.87 0.002 0.357 0.104 1.734 101975
LUBA4 4757.80 0.003 0.190 0.056 0.808 53522
LU.B.8 2444.05 0.004 0.222 0.057 0.548 30134
EP.A.2 123.81 0.002 0.010 0.003 0.074 1834
EPAA4 61.92 0.003 0.011 0.004 0.073 1743
EP.A.8 31.06 0.004 0.017 0.005 0.073 1661
EP.B.2 495.49 0.001 0.009 0.003 0.196 2011
EP.B.4 247.69 0.002 0.012 0.004 0.122 1663
EP.B.8 126.74 0.003 0.017 0.005 0.083 1656
133 HE

IARAELE R et el B R B 5 BT, 35 ] a4 \captionk, X/
WNZEFIEM T . Wl RIS UATREUC e <56 XX, B XX, 1
251 B 5 A ESG R MEAS, X2 BIEX B2 5ay & BRIARIHN .

AT IR SR 2202 AR ] 22 ) 2 SCRORHRIIRE B 20, A SR A5 B s rh 3 SO
SCHHY RS RN R S os i 58T M I AN RIS, — MR R P il 2
\captionx, ZHFEMHH O E ., HAAFRIERIZ 1111 A0 1111 RER L IXFAs IR
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gt (LA AEMSEED) -

LI X 1Fihds, Al Figure 1111 32— F3hd 5. A
BAER T HPRYERS HIAER T [H R AL
NJUrepo [R5

MR E SRS, (AU HEIERS RS, H RS AR,

BJa. BIAKEA—ES MR/, ABZE KT/ NI H i T 2 A 2
B—T. iHA NHEIT.

MEt, F1IE (773-819), W4 (HkFE) AL, EREASHCE

K, TR, AN —MERRRER . SefadtEE SHEAE 05,

FHIREEM

DU PG AR

@B KK 2 AL

JFEEAE S 2 ELE, BE A B, LRI H T, A A
B, RAIIAE . MR e It S ESEA AR, RIS I T ERCC SR <k
FEgar, JEECNX—izshiy I A Y. TR BRI, TSR, Al T EE
ER SN, AETHECE AN T, BORRICT . R kM E] S

1.4 TR
ZE RIS — NP FIE R A C By PR35 -
Assumption 1.1: £ PR, WXETF; ISR, 282 E K,
c=a*-b? (1-1)
=(a+b)(a—-D>b) (1-2)
T, IRORME, 1564 H. SAMEMNECTH, RE B ST, J7KE
HAEWRSE, WfEiEs? (518 <G HRETTE EMH)
Definition 1.1: 7-FH: [ETIRZHE, admE, wHmE A, R,

T B —E S [RIHEEl B, HAAESERTE Krg i, &l)L
[BISEE . WORE, B, s EARILL. BVAE, WIEER, TS,
S i
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By, BB IR SR IH PR . SRS LE T A7, L SR KRS . K
WP, RMES, BILwHEE . TROY, VB, IEAURIK, RITIERLA.

Proposition 1.1: %7K : [HH =85 5— N NEIMA LT SHAMNAMGE
P2 AN F?

Z 2R HH A S, AN, R RS, BUBNEM,
arZi Ay H, SRR, BERIZZ I, A8 S EE T, SEE ., ORHOE . A
REER T, H AR R

Remark 1.1: KAFHE, KAEHito

o(x,z) = 2 — 10X — YmnX"z"

=z — Mr~lx — Myp—(m+n)ymzn

é*O = (‘);:O)Za (1'3)
¢h= 4§08, (1-4)
§*2 = (51)2’ (1'5)

REHP, WpHUER . RS LA, SHROIR . SRy, NIZREIR. J7 AR,
PILIRESY, S XAER . AR, EHIE, BURR . Bz Il E, 2 LUK,
HHafr, —%& 2, s, Wil k. sk, et sz m, i
LARIRE. SN, WMo SyRINAE, Sy NUE D) A2RNIATA, A ZhA]
Ko ATAMBE N8, AT BN L. Gfe], TR NRZER KN ZHE, 1M
JRAEFH R

Axiom 1.1: P /5 A B 2 B 3 i o

x=y+1 (mod m?) (1-6)
x=y+1 mod m? (1-7)
x=y+1 (m? (1-8)

CGHEY: KiRFZTT, TYIEIG, J9%K. AT, WimiP. KUIRE, N
PR, BRI LMK . SEERAE, e ay, RG], ToRut. B HEY,
JTE T

CREY: KATHE, BFLEBAR. BRIM, ETH. Wi, &
Htho KRR, NEEWR. SEREN, et WhAEKR, RAGth. Tkf

W, BAR At HJL, REARTNE R,
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Lemma 1.1: <A > 2B mZ A RIS fro

b b
f { f (02800 + F (o] — 2 (g f (g dx} dy

b b

f {g(y)z J 2+ 1Y Jg - 2f<y)g(y>ffg}

AT E AT, SEENE. AT RE, SAEK . EKHE, Smzen]
Ao BIEARAEN, B BRI HEAHBIE, AHHE%. FailieH, WA
B BHESNE, ¥ ARCH. FRIEE, SIheik

Theorem 1.1: JPIK5RILE, HETOAHEE

y=1 (1-9a)
y=0 (1-9b)

EAE, JEWE. #a4. . TARMZIGE: B2 BT, s
MEWD s FA, SRUHA. WE, FHimsE4, AiEZZ. 22 XX, Kbz

o E3EETK AKERITIAS, AN, MOLTE. fil4e, N,
HEMEL, WO, L, 2Nk, NkH, kK, KikE, EikEA. MIAE
B,OAMEY. BAEAES, BMEER. AEET. BTEAEE. AMEETE A
FETA T o

UERR eRC AR B Lo AR, AT AR, MR, AR
W2, HRMHOAEHR. wAEDPR?

RUTFZRBR, ASGRE, WEER, Hk Bz LHPHEER! 24
BEENBESUR S, BENHASARTErzM WUE 7247 bz, #id
BFik?

HENFAREZ . ARMBEERZ S, T HEHT, S ENEEF? K

WH: “BIRTE L, WRIm AL 7 — WhA CGEHANR T O
Corollary 1.1:  PUJISEECE ) MR R 2157 Ll A S i W di A Y 0
Fro
Vi=u—qu, Xi=x-¢qx, U=u, fori # j; (1-10)
Vi =y, X; = xj, U + Y qiu;. (1-11)
i)
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Wi, BN L. dHEHRRT, AULFFIUATY . ZHAKE, PR
Mo {WPGFHE, HEAEILF. &a—KE, BIAEE.

Example 1.1:  KZRAIX M1

‘ p
Vfi(x*)— '21 AVgi(x*) =0
j=

4 Ajgj(x*)zo, j=1,2,--,p (1-12)

k/‘l:]207 j=1,2,'“ap'

Exercise 1.1: &%1/4! Andrew S. Tanenbaum £] W. Richard Stevens [ A E1F o

Conjecture 1.1: Poincare Conjecture If in a closed three-dimensional space, any closed

curves can shrink to a point continuously, this space can be deformed to a sphere.
Problem 1.1: [FIZA /2 ARAE, 2R

dnfrr S FHERE 11 WE? Ik \labe U H] \ref HIA] o 32 ANBIAR, 46l TR
RRE T b2k, SRRSEH M. FERTE, W/NERG. TR E, BHARZI .
kIR RE, TR —ml. +TiaRE, BRESK. HEets, 8 E8KRE,
TONEIEAT, BYEHEUE. TN, SRR B TR TS, SR
BWAREH, BEIROE . JUH WMk, BORPE A BRIk, AREEE .

1.5 SENGk

MIRS T CHRAT VB S \bibitem, BSRTE IR, (HEHFEH, SMig
AILLE COHENS .

ABAER S ] BIBTEX, 4352475 H] (thuthesis-numeric.bst) FIfE
HHEMGIM (thuthesis-author-year.bst) #x, ARG AIRINSE SR
(LML FHARMIEANNG) . BA X+, < T 451 Knuth (1989); Goosens et al.
(1994); Groning et al. (2004), AAXLE Krasnogor (2004); [&] E (2001); PE[E (1998),
T 445/ Chafik El Idrissi et al. (1994); Mellinger et al. (1996); Shell (2002), fii-
WO HE Ui (2005); Jeyakumar (2004), fH#1-387C Y11 (2005); Zadok (2001), #rif:
SO IEEE Std 1363-2000 (2000), <3332 Kim et al. (2003); Kocher et al. (1999), 7
AR Woo etal. (1995), ¥ 3CHk 754E; Online Computer Library Center, Inc.. #7{#
MEA- R, PS5 30k BE E S (1800) /N key={pinyin} FE, LI
(EIEFEEATHE FEFH 55 (2006). 73 4h, WS CA AN IER T, ET

ZE bb1 S
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ARMEARE EbR, B2 AT LAXEE @PAI, 2005), 2X PR E

A — 2.2 25 SRR BOA AR AL . EARTE URL. SRETEUILT . URL A%
FEIETAFALWIAT . X AT RECEAH R P AU A Y I AT ARME R o AR, /]
LR R S

\RequirePackage{hyperref}

— AT

\PassOptionsToPackage{hyphens}{url}
\RequirePackage{hyperref}

AR IETIFAL AT LA T B2 BB A US55 url 2B 30

1.6 =

D~ s (1-13), it p(ylx) SRS p(x) otk & p(e) A
(LS

p(x.y) _ pxI»)p(y)
p(x) p(x)

p(y|x) = (1-13)

WM AFURZ . TEX 5k happy. 55—~ amsmath (1§

detK(t =1,ty,...,t,) = >, (DI [ & [[@; + 4;) det AP = 0. (1-14)

Ien iel jel

i T E B R Bl 5128 TARZ 3B, Al DI W R DLl s 1. K
FAEE NI — € 2L i A amsmath {30, FF225 bRy %

b b

f { f (02800 + F (o] — 2 ()g() (g dx} dy

b b
j {g<y>2 f 7 +f(y)2Jg —2f(y>g<y>ff }
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HIUE T LR R RXA 2 PR -

[ max F(x, 7,5, Vi)
subject to:
G(x)<0
3 (1, ¥5, -+, ¥m) solves problems (i = 1,2, ---, m) (1-15)
max fi(X, y1, Y2, ++*» Ym)

subject to:

k (X, V1, V2, Ym) < O.

IXLEERALKIA R A 2 AR B TR EGEEN CAFERLD ARYERAF
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Chapter 2 g \ERHFE

2.1 HEHF
TR 1 R RATE S T WU AR (1-13), XEFEAIES—F:

p(x.y) _ p&xI»)p(y)
p(x) p(x)

p(ylx) = (2-1)
211 £F
AN 22 K6 (I pstricks, pgf 25) , 584l SR E,

NG pof AN, AMKHT Postseript,  IHAMEATR 2414 BTEX B GUI /EE L
H., 1N XFig(jFig), WinFig, Tpx, Ipe, Dia, Inkscape, LaTeXPiX, jPicEdt, jaxdraw ZE5E,

21.2 1HEE

SRAMIERE <BTEX 2¢ flIEHRRY! KT EIEH 4771527 subcaption 7%
EENTLIBEER

2121 — 1 EF

— IR AAE RSN F . Z B AR NTE SR AR S 2SR P R L
R ISP E R Y, Xt 2 NI TEX [F 2 AT AR E R .
REGREIEEF S PR A B, 5 float 240, EIRAL T R 24, b 2.1,

(DThis is not a bug, but a feature of IKTEX!
25
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Figure 2.1 FI|FH Xfig &

KFZIE, A, ERR, I TRE. FIEmMEAE; CMiahek;: &
MIGREZ ;s ZMJEREE: &M . MAANR, HALRME. FirklE, WiTEZR.
AR TR, SBIHE: SUaREE, o HS AGTHRE, SsBH
B e H G, Sl HuD: BRI, SR BOBCHEA . SEECHA:
HAEASY) . IR M2 M2 MW B e OiE: DIEMESE: S&m
JEHFE: otmaEg; ERmMEXRT . BRTFUETEA, S2EMEEHN
Ao HATLMARIGE AR HFEEN, MHEMEEE, RZAH!

— R

2.1.2.2 Z1MEF

WmRZANEFHEE M., HALH—TEEITEE:. 84 H ninipage B
parbox i F] Lho N, IESERE 2.2, BAEWHA/NA, 4352 2.2(a)F1E 2.2(b).
HEZE(H ] \subcaptionbox, AT LMG A 2.2 AR 55 7 IR bR L, o m] LA A

subcaption 711 \subcaption (£ minipage 7, % [A]\caption) i /2 subfigure
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. subtable ¥11%, {48 2.3, A H \subfloat. \subfigure f] \subtable,

(@) A/ NEE (b) 28 —A/NEDE, R 1R %
Yo WA RIS, B HBhi

Figure 2.2 & 1 EIEHY K (subcaptionbox 7~ 41)

(b) A /NEY, TERIX N ELE, sub-
(@) 55— N EY figure 1 [Fl— {79 T FEI7E T 55 o

Figure 2.3 & 1 EJEHI R EE (subfigure 7 4])

H BT, T, FLMSHE . AT %, BT
STRMIT, HobEl, ARfSR. ETEH, HEEEeTE, TN
B, HE IR, BT . BTG, SR Sek b B
Tl RRERTERTC KT, M2, 2 it

BT Y REBASR, AL TRIER. FEA, A BT, 5
EMBTIE: 42 MmN, HFEAMFER, TR, R, M
B FAZFLNE, BAZFUNE, HEHRIT? BHT, ST, 7
SLE, ML, =0, Mo P20, 22 B, EEREGLE.
. A ARA, SR, BT, 8RS, NETIAGR, HARIH
tho FEEE. FI. B T2 ARIHEE, HARZWEE S5 B 67 2545, M
B2, 2, WHE: SCSHEE L, SR, fERE%, R,
WIT) EY RS, TR, R R T2 A BN, ST R
Ko, FLATRRULER! R AR, FLTI T T R W BT, H

ARALT . ALTPHE: AT, A E 7 RS T AU, A 25 B 5
27
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Figure 2.4 FHHEE— DK Figure 2.5 FFHEZE 1K

Fo HEALRE, ALALEL WEme.
AR ESE A S P R IRHE, IR A/ N AR A T
FRFEE, T, IS0 N2 EREZ ARE, SRR R
Hee g, 1R G .
— @ ()
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Chapter 3 LI IHERE

3.1

S kW

3.2

3.3

T

Chapter 3 SCIRINBE

REFER D

- BYGRKEL CPU, SEMBREFIAVIF IR ANT A RYZ . AR BAL. Ui

S =

VBRI E . P HAE SR A . SEER BRI 5 S (U E IR M R A 25— SE A T
B LUGIIR S RZ M SEI(FHR S TC TR LR R .

128KB {76152

VGA, 5L, &M% 10 f1yiH)E

RADEE . BB HRBI 10 B AR5

MMIO 52314 10 %7

ERH-ER

CSERELT 750 AT IR A IR E RS, A =R 40 A I RS

FR%L. LA printanasciicode A, (W& H 90 25154 5C8L T A6 BN, 17
BT KRS A,

AL BN A I RE
figt#fr./gdb /fib /hello ./mu PUZE FH 1 $54
gdb HULVRIAINRE, 73 S Frdas il Y kA ey
HEAERARES, S A E B ) LI
I /mu JF SRR, R E R
ARVIN e U Nl

HE

. FE#E MIPS32 JEATHI G (AM), )4 C R 4wif s MIPS32 b, H SRy 4

Bttt o 456 1CS PREERY R ECIINRRFy . Al SR R KB Iy Y SCHF 2]

. T H itk https://github.com/zhengzangw/NJU MIPS, $24L 77 151 H F 15 BH SC

B RG] FF AT A (Makefile) FIRE (SN git 105

TSN Z . ARSI E LSO T (R T SO H SR T4 T A

MR AR o AT ARPEZ A A I H SCHE i N S
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Chapter4 AHRNHT

*BEEEE [ F

o LAEGE >35 /)N
« SEI T B TLRKEZ CPU W94i'S , SEBURIRTR S, MR REdR I M 45 1

UEPS

« ST RAM, ROM fIA[ %5 ROM

« LT VGA, 8L, H45 10 BZERN] MMIO

« §ilVE CPU KFEFIFIRT A5 TP A% SO, 58 B i

AT BRI AE EE, A45 Turing Machine #2[1, 1d SCPFAT Makefile SCH:F 4

=

MRIREZF

o« LAFHZ) 30 /N

© SEI T B REARSN RS

o BIHIRRHER 5 RGEEEIIT . S /INAR I AR

o YO IR S S . SRR S AR AR
o JLIRI 58 R A AEF NI
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Chapter 5 HEHERD

51 ARAKLE CPU NEH

FHFKL CPU 7320 Bids, #6h, PUT, Uifs, RISHEABE, (85—
W] LARI B BEAT TL AR o EEARG 2R, TLOUm/K S TimAE I & 22 i
No

ALAER], 8RR i CLOCK #2514, A M2 Rl Bk, 1&
A A BT AT — B BERO B 2 R — b, AR IR g T
PATH BoR e ik 208 2 pes DR BRI R ATRIVT A7 3 FE 2 1 A R
JEEE P

51.1 BEUgiEiR

WLHERRAT, ce st CPU FGTF 3%, pe 4 BT 4L . jmp_flag i F stall
53 ) B M AR K R A A &, A S e .
always @ (posedge clk) begin
if (rst == "RSTENABLE) begin
ce <= “CHIPDISABLE;
end else begin
ce <= “CHIPENABLE;

end
end

always @ (posedge clk) begin

if (ce == 'CHIPDISABLE) begin
pc <= 32'h00000000;
end else if (stall[@] == "NOSTOP) begin

if (jmp_flag_i == ‘IMP) begin // k%%
pc <= jmp_target_address_i;
end else begin //H 435
pc <= pc + 4'h4;
end
end
end

5.1.2 IFEER
e, A2 R EMFRS, FAME A N L5

| wire[5:0] op = inst_1i[31:26]1; //Instruction Code
| wirel[4:0] sa= inst_i[10:6]1; //sa
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| wire[5:0] func = inst_i[5:0]1; //Function Code
| wire[4:0] rt = inst_i[2@:161; //rt
| wire[4:0] rs = inst_i[25:21]1; //rs

wire[4:0] rd = inst_i[15:111; //rd

W SE TR 4 T immediate FOMETC 54 B IE ONZE & imm o5 Q1R
JBIHE4 . FRATEHT 26 A7 jmp_target_address HHL N N ML, B ERGBIR
AR, AR op BB —2, IR EXE_SPECIAL, FR#E func

ERMIES . Ay EXE_REGIMM, PR rt i€ B AAHE 4

XN REFRS, il E wreg, regl_read, reg2_read 155l ZF (7 av st 5 IC,
RIEANTCR, WP EIBUL B 25 58 — M RAEEL. LA addu $54-F158 — #ERIT nZk

M, ARSI

case (op)
"EXE_SPECIAL: begin
case (func)
"EXE_ADDU: begin
wreg_o <= WRITEENABLE; // % Z 5 A, FRik hrd
aluop_o <= ‘EXE_ADDU_OP; //#1E N L fF 5 fnik
alusel_o <= ‘EXE_RES_ARITH; //BLERIZHER
regl_read_o <= 'READENABLE; //F Eix% —NFH4H, BRiAKNrs
reg2_read_o <= ‘READENABLE; // & %% —Narfrds, Bl irt
instvalid <= “INSTVALID; //454 A 21
end
endcase
endcase
always @(x) begin
stallreq_for_reg2_loadrelate <= "NOSTOP;
if (rst=="RSTENABLE) begin
reg2_o <= ~ZEROWORD;
// Data Hazzard
end else if ( pre_inst_is_load == 1'bl && ex_wd_i == reg2_addr_o
&& reg2_read_o == 1'bl ) begin
stallreq_for_reg2_loadrelate <= “STOP; //load#f <
end else if ((reg2_read_o=="READENABLE)&&(ex_wreg_i=="WRITEENABLE)&&
(ex_wd_i==reg2_addr_o)) begin
reg2_o <= ex_wdata_i; //% B AT M %3k
end else if ((reg2_read_o=="READENABLE)&&(mem_wreg_i=="WRITEENABLE)&&
(mem_wd_i==reg2_addr_o)) begin
reg2_o <= mem_wdata_i; //%k B W A E B 4E
end else if (reg2_read_o == “READENABLE) begin
reg2_o <= reg2_data_i; // % E i
end else if (reg2_read_o == “READDISABLE) begin
reg2_o <= imm; // % F LT FAEEE, BOARGELEI
end else begin
reg2_o <= ' ZEROWORD;
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| end
| end

5.1.3 HITIER

PATEIR I E. BALsR. s, SRR, ek, FRiErigk
7S H AT, ARPEEEER AL B PR TR A, BN A . H
HRSRTETIBRYE 1) hilo f i, IXEB AL . BARITES SLHAES 2R 25 o [FIT,
T BRI SRR RIE . BRATL T HEE T div ORI AT S .

always @(x) begin
wd_o <= wd_ij;
if (((aluop_i == “EXE_ADD_OP) || (aluop_i == 'EXE_SUB_OP))&&(overflow) )
begin
wreg_o <= ‘WRITEDISABLE; // 7.7 5 )\
end else begin
wreg_o <= wreg_i; // 5 N\51FEE I KA F
end
case (alusel_i)
EXE_RES_LOGIC: begin
wdata_o <= logicout; //3E AL
end
"EXE_RES_SHIFT: begin
wdata_o <= shiftres; //#{iifk
end
“EXE_RES_MOVE: begin
wdata_o <= moveres; //% 4
end
"EXE_RES_ARITH: begin
wdata_o <= arithres; //it &5
end
“EXE_RES_JUMP: begin
wdata_o <= link_address_i; // k%545
end
default: begin
wdata_o <= " ZEROWORD;
end
endcase
end

514 ThTFIEIR

MTARAFIRS . VAR UZ AT BRI Gk X TIFES, Wi
PRI R (SR T AL TR o IR [ SRR RAM Hh, L4 5o
Bz, 17 RAM g2 fitht, 2AEHAN, BABIEFEE . b, mem sel 4] B4
HIA AR T LA 4 IO ALY RAM FHEG IR LAz
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515 FF2R5MEOEER

[l ERIERBAT I, MR BB AT AN T el regfile SLHL T
0-31 5757, hilo_reg MISZHL 1 hi Fl lo 5474

52 18SX
521 Z%BiES
5211 EZAZH

AR R R AR, SE-E5AR4, SIS (uext AXS A7 IR T2
TR, BN HEARNMAAL TR, AR X)

and rd < rs&rt or rd « rs|rt

xor rd « rs xor rt nor rd «(rs xor rt)
andi | rt « rs&uext(imm) xori rt < rs xor uext(imm)
lui | rt « {imm, 16’b0} sll rd < rt«sa

srl rd « tysa sra rd « st»sa

sllv rd « rt«rs[4:0] rd « srlv rt»rs[4:0]

srav | rd <« rt» rs[4:0] pref nop

ST X EAR S RIS, ST nop, ssnop, move ZEfE4 (TRTAME) . 1X28
TR MRSy AR B2 &)y Bk T IR, AEBUD 5 R A TR .

5.2.1.2 HUEMEX[E)A

BRI AR I MK Z P ATHLA e 2, — S48 100l T 1T i 15 2 IR
FrgE, AR5 K RAW,WAR,WAW =i, LA T ARG A il:

ori $1, $0, 0x1100
ori $2, $1, 0x0020

NAESE “FARS R BL, 56 e IR EIA RS B S EBURG A EA IR .
GRS BORIE S By BUHZE 1 PN E BRI AR Al A\ S 18 RO T ik R, T
RIS R S 2sme A TEE BAE T, A S RN PATRIVT A BUE A 2]
JE TR B ET BL, I HARFF IE R SE SR ARG SEBUR] IL5.1.275, 5

NERTR.
34



Chapter 5 AEA-HR%

522 BAIES

Mgt 6 SNt o SEBIRT, FEFERDR BEE 2 AR 2R . X T hilo Y
BALERAE, 25 8 B R BRI HI

movn | rd « rsif rt£0 | movz | rd < rs if rt=0

mfhi rd < hi mflo rd < lo

mthi hi « s mtlo lo «rs

523 BEAES
5.2.3.1 EZAIXI

AR BEARYE S 3 15 55, SEPIRT = FbsHE 2 1) & Lo add #5845 7E0
Pl AR R (G i A L8 . addu WA ARG & . HEHHES
W AR FE A slt fRGA/INEIEE R LU clo fRAF =L 1 4L,
clz f-AT7 =L 0 [ EL

add(u) rd < rs+rt sub(u) rd < rs-rt
slt(u) rd « rs<rt addi(u) | rd < rstuext(imm)
slti(u) | rt < rs<uext(imm) clo ENESE 1 N
clz EES: 0 9% | mul rd « rs*rt
mult(u) {hi, lo} < rs*rt div(u) {hi, lo} < rs/rt

5232 &%

FATVEH] T — PR TR R SE LR TS o R 22 32 PR T R IE R,
FRRAR o CASEHIBRIEAE, FANT2% T RIS LT, AR Ik &z
MRS, R ANBRIZAEE S LB RUK LR I2TT, BEEIBRE S i
AP R ERTE R AR KR -

524 HEIES
5241 EARXI

BRI 4 5%, 3OS 10 X EARMANH, f5 S HIXKGIET 2 305
ANE ARG A ORAFIR IR o AEUE Y BOFIWT R ke . AR BN 5K 48
HisfT, LARaiifse. DL bltzal f50 801, 248 AP HALS rs <0,
HARA 2 Ja ik iR [l hE 20 58 31 52 f7as o BhELaR ARG AT LS. 1,175 .
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"EXE_BLTZAL: begin
wreg_o <= ‘WRITEENABLE; // %5 &5 N\ % 174
aluop_o <= “EXE_BLTZAL_OP; //#E 1454
alusel_o <= “EXE_RES_JUMP; //#&{F 7
regl_read_o <= ‘READENABLE; // % Zif— /474
reg2_read_o <= "READDISABLE;
wd_o <= 5'b11111; //FEHRE I 5315 FHF &
link_addr_o <= pc_plus_8; //3i% &l ik
instvalid <= “INSTVALID; //754H %L
if (regl_o[31]==1'b1l) begin
jmp_target_address_o <= pc_plus_4 + imm_s112_signedext; // B % 4k
Fu
jmp_flag_o <= “IMP; // 7% E ki
next_inst_in_delayslot_o <= ‘INDELAYSLOT; // |- — #4544 T 7L A 4%
end
end

always @(x) begin
if (rst == “RSTENABLE) begin
stall <= 6'b000000;
end else if (stallreq_ex == “STOP) begin
stall <= 6'b001111; //3k B PATH 8412 1F Ui A L 3F K
end else if (stallreq_id == 'STOP) begin
stall <= 6'b000111; //3K HFA AL 12 1F A & E K
end else begin
stall <= 6'b000000;
end
end

5.2.5 IHFIES

Vfri R, FAMEH P At frar . ik IP RH9eR CPU RIS, ]
LRIV Vifrfaedh 8 28T

Ib | FAThn#EL | bu | 55 FATIN#E
Ih | 2Fhn#k | ha | 2eFHEGENE
w | Fhn#E | sw A AT

sb | F#AT | sh LA

LAy ngda < m ], HAmT

case (aluop_1i)
"EXE_LB_OP: begin
mem_addr_o <= mem_addr_i;
mem_we <= “WRITEDISABLE;
mem_ce_o <= ~CHIPENABLE;
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case (mem_addr_i[1:0]) //MRTEREFLLEFESNERLET &

2'b00: begin
wdata_o <= {{24{mem_data_i[31]1}}, mem_data_il[31:24]};
mem_sel_o <= 4'b1000;

end

2'b01: begin
wdata_o <= {{24{mem_data_i[23]1}}, mem_data_i[23:16]};
mem_sel_o <= 4'b0100;

end

2'b10: begin
wdata_o <= {{24{mem_data_i[15]1}}, mem_data_i[15:8]};
mem_sel_o <= 4'b0010;

end

2'b11: begin
wdata_o <= {{24{mem_data_i[7]1}}, mem_data_i[7:01};
mem_sel_o <= 4'b0001;

end

default: begin
wdata_o <= " ZEROWORD;

end

endcase
end

EVIEIRS T, A SRARAIE, FRok load fHI3E, 45 B ) A RCHE 2
P BIR AR, S IR, Wit Y F I A TR R E— S Nk
HE ARSI TR0 Tk 2 o

k. AR CPU Y EREE B T KBTI T

53 BN

N7 MR R IERYE, FATHATESCPE sope_tst.v X 3CPFk program/tst
HOEAR IR BIREAT (5 H, Hf96S 1 showreg.do BRI A s /e BN Y 2L B
1Ho

54 ROM,RAM 5 10
541 f{EEZEMES 10 BEE

FATFI A IP AR S Ao AT
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(YA K7 ine WITRM A
ROM 4KB (R aaRi e 54 (text 1)
Writable ROM | 1KB | A[iEE 540 F sy (304 gdb) 7
RAM 128KB W AT 7
GRAM 1KB B (FFHFR) FHALE [F

53 Writable ROM, FATE R 1 reg B o XTI E M f7ar . A TH]
T TP TR . LT ALY, FRATME YA TP %44 % ROM.,
/> ROM HH R AL AE Mk EAHZE 4 (7

10 B&EH T 2RI, VGA IFERF AN TR, SRS R
PEHAK/NG . BPESR MR R frarS CPU TR sope, FATHFEE
ARGEEERIINT

5.4.2 MMIO

N T IRBT BRI, FAEE T ARG E BT 10, it — R
A, BT 4 MMIO &gy, (675 rl LSV fFie @RGSR 17 VGA
GNTFRE BRI E . BRI

| ADDRESS | DESCRIPTION | FUNCTION
0x000000 - 0x003900 ROM for instruction executable; Iw only
0x003900 - 0x004000 RAM for instruction executable; lw,sw only
0x004000 - 0x005000 GRAM for video readable, writable; access by vga(640*480)
0x005000 keyboard enable Ib only
0x005004 keyboard ascii b only
0x005008 audio enable wb only
- 0x006000 Reserve
0x006000 - 0x008000 | RAM:Data Section
0x008000 - 0x010000 RAM:Heap

5.5 T{TIIIFE AM

AM HBER AR R TR MR EALAR SRR PA MRl 2809, 3K
T PA P3G 0 F
FEPA H, FRATHSESE L T x86-nemu () AM, FF5E % 1 HEFIL_EFY HEFLIAIL x86-

navy ff] AMo FRATIRAR, 1815 R A MIPS32 1) AM B, FATRILAE PA
38



Chapter 5 AEA-HR%

)/ NMEFPIS 213 CPU _E (B 2SR L) o IX M EELEIRMBIA T . 24
17 R T35 SEBL R AR RN R, e 8 AT SE A i e T o

FRATZZIL T AM 1 Turing Machine {2 o

int video = 0x4001; // T Fat (L E
void _putc(char ch) {
asm volatile(
"move $24, %0\n\t"
"sb %1, 0x0($24)\n\t"

:"r"(video), "r"(ch)
);
video++;

b

void _trm_init() {
asm volatile("ori $sp,$0,0x9000"); //% &% IX
_halt(main());

¥
void _halt(int code) {
if (code) {

_putc('W'); _putc('A'); //HIT THE BAD TRAP
} else {

_putc('A'); _putc('C'); //HIT THE GOOD TRAP
}

while (1);
}

E loaderdd SCHFHR, AGARADTT, BRI E RIS BRI E, %
HEIAFF 52N _trm_init, [E2{ Makefile SC{H1 bash A {57 +F mips32 AM [
PE, i cputest [ Y dummy.c SCPFEL sum.c SCH, FTLUE R FERE EHIL T AC. X
A5 PA SLEGHY HIT THE GOOD TRAP. (i T L&A T _pute BREL, FATAT
LA AL PA H EH 5 R klib Hi stdio.h Hr ) printf Sfed 3 A TAREE A% A T o

e EURSEIL T RGP, AR 4] AEERAE R S Nanos-lite LS Fr i)
FEFATH CPU _Eo rITERYE, REMEIREATH T AT cache FI—LEILEJHIA, X
AT RE T AN PR B g AN A I e R T e K RE W S — K I
RIET o BRI AN, BATRJF BT T X AL

Qi —k, &8 AM BYEL, FAE AT LAEX P T TIRRR R N AT, AT

U R ERAR LT SRATL A AR 25 o
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5.6

5.7

BERE)R S fRIR TS =

 SLHL CPU I MIAE: JikZedzil, divigsd, RIefaSLllds, XLLin) ks

A EMEE, B ETOR AT LUA SR A CTS RO SE BT % 52 T ) AH
2IFATHT CPU o

» gdb HUSCHF: JEOBHYIT A XA GE X0 2, AR IXTCiR s . 15k

XS gdb FUSCHF, ST reg AU — A SCRFE G IS B, ASCRFRAE
RGBT

« IP ZHEOIA L, TR 328 CPU 32511 VGA Uiln): i T RAFASHU),

A LA IS PR A7 # A 1P 7 25 Al BARANE U375, (HA2 AT LA worke

« MMIO [yt : MMIO I L B3RS RYIMEE 2% . RONILIMT B RESRE
S

PERGREBIAR /N oSBT TR T AN F B DU A A SR L S CRB AR — 2215
ELHEEM LED KT gyt m] AR Bl it

SRET

« BUHATLMRTHHE M Z T RE S sl ksLts, MUge T HEW

Verilog fCHSRETT . IREXT CPU MITHEHUA R RYERAE . E58E T H CHIFIBA
EAEREST, TUH 4B RE ST . Makefile,loader SUFE 24 il ERIRE ST - AHILL
SR EFIFH LRGN, AT AN SE R 7 Hrp =1
NBMERI T N, K CPU MR A /K A8 5 7 AT T 90

« RTFM, STEW : 3 21| [r] @A, 5235 Bl SRR 8 2= ) PR3 7R REAS AR
o WRREAGRLC BB O ICS AR AM 5] N BB SRSk, e T

B FERT T BARBN I RALNAL BRI, BEAELMNEABAIR
R, AT AL SRR 2 22 .,

40



Chapter 6 #PFHRo>

6.1

Chapter 6 F{&4E7

BRIFERFRENX

HRERS: (JEiF: operating system, 45 {F OS) JRASHRIMIHIIELE 5907
KTV . IR R SO RGN AT Bl R G B
SRR P RV R SR S SRR
M RS AN, R RAIRB— L 5 R H R

6.2 BRIERZPHNATE
$0 EN 0 $8 Fib temp data $16 gdb temp data $24 illines
$1 RE Vg1 $9 Fib temp data $17 | gdb/testcase ret addr | $25 1hrE
$2 _E—~ ASCII #j A\ $10 Fib temp data $18 gdb temp data $26 Mu temp data
$3 sys temp data $11 Fib temp data $19 gdb temp data $27 | RACFRITIRE S Fe
$4 sys temp data $12 Fib temp data $20 gdb temp data $28 ENTER {55
$5 sys temp data $13 | Fib temp data(10) | $21 Testcase use $29 1N 4
$6 sys temp data $14 | gdb temp data(addr) | $22 Testcase use $30 ISRI=EaN
$7 | FEH PR HARAE $ra | $15 | gdb temp data(addr) | $23 ret data $31 ret addr($ra)

6.3 REETIE

I FEAE LEE SR AR, RIEHAE IR E N BT RAOTEmA

DA=FEE : LALLIFL . BATAR R B SR, AT . 2. 3

Ay NI PRA TR

o

PNy
u[j/?’\o

3. fHERAE S, WA ARG S e Ity 2l 2 L 1E

RBSINTT GXEAME A KRBT . EERRE, RIRSEH
A E SRR X, TR R E R XY, X2 At
ABATMERT A e R B AR AL BT T 35 A 1o

U A R N R BT AR, AN R . T H PR RO RO SR,

WN22F7R . BRECEARLI N b IXER B IIRE L5585 11 S50
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6.4 ERAIRLEL

TR, BN, i) ENTER {55 2 5 W BAFH 8 R
ZIRiEMIsSE, BIRHEIRER 10, REUIATT, 48RZH N IKERIEEEIN 0,
i MR RAGE Rt R g AT TR . 6w, BellcEdi, S
ENTER f@ N\, an&??22, 55 iR, ENTER F 5 LIl Bbie Tt . Ay
B D4, SENIA, W22, H=A80, 75— RIS AT EEER,
b o, s RE—Ea . MRIPEEIEERF ARG E N B AR
ZERED M HRJIFEA T ENTER (55, IXEWE AN TRAERGX— I RMIE S
HER, RARCTEATIREH e 5 N IETIH(E.

6.5 Hello World

Hello world F-#L 7L E 4 s an2?2??

6.6 HTE

SR P A DI RERUZ AT T 3R RE, ARl 2] backspace i \iB
H HFE

6.7 EFZIEN

FRATHY B S SZ 3 T 8 E R % B A FRRE I R

TIAEFRA TR SZINT, T 30E 58 i S B AL FR A SC (I A B 28 546 4, X fdif5
FATAGASH — P T BORSEIUA L. AESCHLHR, A testcase 7 IH1E
0x2f00 FUfr 8, RAGRFEIN??
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X ARRRHITR 2

.0rg 0x2efo
nop
jr $ra # jump to $ra
ori $17,%$ra,0x0

nop HYALE LR SRR E
gdb YT — S, — IR AW SRS, HARXMEIRASEE
. AR Pt AR T DL, ARSI TRITE SR, B T2
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6.8 BRINCTERBRAFR

MARS ASCRF @ Pk I, FrAFRAHERE T — D38 X ik THEE. 15
makefile SCH] AL ERIE, 8, ATH WS T2/ NTHHLUG %)
ISR AL N T mif, DL 2?20XE 5S35 1) mips 38 X ik T B A5
i 5 {d F—— FFUbuntul8.04)

A ZF A7 A AE LTI B AR A0 2 38 A 25 N AN SE R, X I it 2™ A
AT AT A A B R AE TG

MARS A FFE P iis i, gdb OB Rl X3 A TS B
i, ME— AR IR T 218, X ESRIATITSE S UF testease, M)
BIFG . XA URRFRAIRE 0, A R HEBRAE (]

6.9 LR

—EEZ A, AR, B E MR R T S EAE
A PRAMER, RS
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Chapter 7 {44514

AR HIH 7R N SRR SR T IP %, A H 3
JEH SO o #5880 SO R AT Verilog SCPEART mif 1AL SCHFE, cpu SCHFR T8 CPU
Figk, BRWEEF AR . os.s NHRAE R MM

NJU_MIPS
README . md
MACTO .V assssnnsnnnnssssssssssssssssssssssssssssssssnsnnnssnnnnnnnnnnnnnnnnnnnns BN
NIU_MIPS .V auunnnnnnnsnsnsssnsnsssssssssssssssssssssssssssssssssnsnnnnnnnnns Tl E R
SOPC u Vae s uuanssnnnssunnsssnnsssnnsssnnsssnnssssnsssnnsssnnsssnnes CPU i {7 o fsith
CPU i asnnnnnsssssssnsnnnnnnnssssssssssnnnnnnssssssssnns MIPS T 237Kk 2k CPU X i5
e RV CPU TiZ A5tk
AAtA_RAMu st s esersnnssrsnnssssnnssssnnssssnnssssnnssssnnsnssnnnnrnns 128K RAM hd
ANST_RAMuusuasnssassssassnsssssssssssssssssnssssassssnssnsnssnsnnses 84t e AhY
KEY DO s s eeeernnnnnnnnnnnnnnnnnnnnnnnsnssssssssssssssssssssnnnsssssssssses A
V0@t e s s nnnnnnnnssnnnnnnsssssssnnnssssssssnnnssssssssnnnnsssssssnnnnssnnssnns VGA hY
18T 5 S AL
1 L= o S {f B
L modelsim
T Yo S VT TP X5 sope.v B S
PIOG @M s assessssrsssnnnnnnnnnssssssssssssnnnnsssssrsssnnnns AR A A ik T A
L =T S S =l
05 4 S aaeuannean s e n s e n s e n e e e n BAE RGN
ANST _ FOMuMifuesssseerrrrrrrrrrrssssssnssnnnnnnnnnnnnnnnnnssnsnnnnnns a4 e
AM et teteeese e e reser e s e e e e e e e e e r e e enen BTN I (B2 H PA SL5G)
am
L arch
L MAPS32ttuureurernrenrennrenrennrenrennrenrennrennees MIPS32 151 THI BRI
L X o3 M -
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Chapter 8

(AELESEY

Algorithm 1 test

if i > maxval then
i<0
else
if i + kK < maxval then
i—i+k
end if
end if

| >> hello
| >> python
| shell code

1s -al

cd /usr/lib

\setvar{\myname}{\name}
\newcommand\myaddress{}

\newcommand{\address}[1] {\renewcommand{\myaddress}{#1}}

1 for (int k=0;k<n;++k){

2 for (int 1i=0;i<n;++1i){

3 for (int j=0;j<n;++j){
4 alil[j1[k] = o;

5 }

6 1

7}

8 // E/FZFloyed

#include <bits/stdc++.h>

using namespace std;

int main(){
cout << "Hello World!" << endl;
return 0;

mov %eax, $ebx
sub 3, %eax
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Algorithm 2 A ARAR

for (int k=0;k<n;++k){
for (int i=0;i<n;++1i){
for (int j=0;j<n;++j){
alil [j1[k] = o;
}
¥
}
// EAFZFloyed

import pandas as pd
pd.read_csv('"name.csv")

always @ (posedge clk) begin
if (rst == “RSTENABLE) begin
ce <= "CHIPDISABLE;
end else begin
ce <= "CHIPENABLE;
end
end
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Appendix A N ERIEX

The title of the English paper

Abstract: As one of the most widely used techniques in operations research, math-
ematical programming is defined as a means of maximizing a quantity known as bjective
function, subject to a set of constraints represented by equations and inequalities. Some
known subtopics of mathematical programming are linear programming, nonlinear pro-
gramming, multiobjective programming, goal programming, dynamic programming, and
multilevel programming!.

It is impossible to cover in a single chapter every concept of mathematical program-
ming. This chapter introduces only the basic concepts and techniques of mathematical

programming such that readers gain an understanding of them throughout the bookl?3].

A.1 Single-Objective Programming
The general form of single-objective programming (SOP) is written as follows,

max f(x)
subject to: (123)

g(x)<0, j=12,-,p

which maximizes a real-valued function f of x = (x;,x,,-+,X,) subject to a set of
constraints.
Definition A.1: In SOP, we call x a decision vector, and x;, X,, -+, x,, decision vari-

ables. The function f is called the objective function. The set
S={xeR"|g(x)<0,j=1,2-,p} (456)
is called the feasible set. An element x in S is called a feasible solution.

Definition A.2: A feasible solution x™ is called the optimal solution of SOP if and only
if

f&x*) = f(x) (A-1)
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for any feasible solution x.

One of the outstanding contributions to mathematical programming was known as
the Kuhn-Tucker conditionsA-2. In order to introduce them, let us give some definitions.
An inequality constraint g;j(x) < 0 is said to be active at a point x™ if g;(x*) = 0. A point
x* satisfying gj(x*) < 0 is said to be regular if the gradient vectors Vg;(x) of all active
constraints are linearly independent.

Let x* be a regular point of the constraints of SOP and assume that all the functions
f(x) and gj(x), j =1,2,--, p are differentiable. If x* is a local optimal solution, then
there exist Lagrange multipliers 4;, j = 1,2, ---, p such that the following Kuhn-Tucker

conditions hold,

‘ p
Vfi(x*)— '21 AVgi(x*) =0
j=

3 /‘l‘jgl(x*) — 0’ ] = 1, 2, see ,p (A-2)

4 >0, j=1,2,--,p.

If all the functions f(x) and g;(x), j = 1,2, -+, p are convex and differentiable, and the
point x* satisfies the Kuhn-Tucker conditions (A-2), then it has been proved that the point

x* is a global optimal solution of SOP.

A.1.1 Linear Programming

If the functions f(x), gj(x), j=1,2,---, p are all linear, then SOP is called a linear
programming.

The feasible set of linear is always convex. A point x is called an extreme point of
convex set S if x € S and x cannot be expressed as a convex combination of two points
in S. It has been shown that the optimal solution to linear programming corresponds to
an extreme point of its feasible set provided that the feasible set S is bounded. This fact
is the basis of the simplex algorithm which was developed by Dantzig as a very efficient
method for solving linear programming.

Roughly speaking, the simplex algorithm examines only the extreme points of the
feasible set, rather than all feasible points. At first, the simplex algorithm selects an ex-
treme point as the initial point. The successive extreme point is selected so as to improve
the objective function value. The procedure is repeated until no improvement in objective

function value can be made. The last extreme point is the optimal solution.
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Table 1 This is an example for manually numbered table, which would not appear in the list of
tables

Network Topology # of nodes # of clients Server
GT-ITM | Waxman Transit-Stub 600 o
2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni )
Xue ThuThesis
ABCDEF

A.1.2 Nonlinear Programming

If at least one of the functions f(x), gj(x),j = 1,2,--, p is nonlinear, then SOP is
called a nonlinear programming.

A large number of classical optimization methods have been developed to treat
special-structural nonlinear programming based on the mathematical theory concerned

with analyzing the structure of problems.

Figure 1 This is an example for manually numbered figure, which would not appear in the list
of figures
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Now we consider a nonlinear programming which is confronted solely with maxi-
mizing a real-valued function with domain R”. Whether derivatives are available or not,
the usual strategy is first to select a point in R” which is thought to be the most likely
place where the maximum exists. If there is no information available on which to base
such a selection, a point is chosen at random. From this first point an attempt is made
to construct a sequence of points, each of which yields an improved objective function
value over its predecessor. The next point to be added to the sequence is chosen by an-
alyzing the behavior of the function at the previous points. This construction continues
until some termination criterion is met. Methods based upon this strategy are called as-
cent methods, which can be classified as direct methods, gradient methods, and Hessian
methods according to the information about the behavior of objective function f. Direct
methods require only that the function can be evaluated at each point. Gradient methods
require the evaluation of first derivatives of f. Hessian methods require the evaluation of
second derivatives. In fact, there is no superior method for all problems. The efficiency

of a method is very much dependent upon the objective function.

A.1.3 Integer Programming

Integer programming is a special mathematical programming in which all of the vari-
ables are assumed to be only integer values. When there are not only integer variables but
also conventional continuous variables, we call it mixed integer programming. If all the
variables are assumed either O or 1, then the problem is termed a zero-one programming.
Although integer programming can be solved by an exhaustive enumeration theoretically,
it is impractical to solve realistically sized integer programming problems. The most suc-
cessful algorithm so far found to solve integer programming is called the branch-and-
bound enumeration developed by Balas (1965) and Dakin (1965). The other technique to
integer programming is the cutting plane method developed by Gomory (1959).

Uncertain Programming (BaoDing Liu, 2006.2)
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Appendix B AN EFRIBEIRRNEIR S H EENHF

TR S0

R AENINCRBEIENS . MRARHE UERS R, XA G
BRI RLE -

B.1 BB

EEAM, AN 2 K, AT Rt TS, KA. iz
T, AMHILTEM, &K, HEFELNZ 7. 258M, Wil ETRHSE. M
T, Kb,

p(x,y) _ p&ly)p(y)

P . p) (123)
T AE, T TCEE. LUGTERETCEE, A0 NS, JAmeR! b

BT, FRTCIETH, G, TTLMREE, TR, ATLATESE . AT LURAE,

p(y[x) =

B.1.1 ZZ4i%

Ja TNSCGERMA, T2l B AR, RZATHE, R A, SRARIIR,
ZIIEESR, HARE ., BTRNZE, JTihaEz .

# 1 XEFIHTEANNIER TR — A6 7

Network Topology # of nodes # of clients Server
GT-ITM ‘ Waxman Transit-Stub 600 .
2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni .
Xue ThuThesis
ABCDEF

SCEEHE: i, k! SRR TR A B2 EER, gt
PR B2 EZ, Bkt g R, RERefth: 7452
I, BT A L EAL, BRIET AT KB, AURAR, SR R
IRe BAHRZARZ:, MHINT! RIgSHET], #it; BRHET], frd; SR

IR, e R, M) DIkl BEARm I JE TR, L
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TENEH, WARTHT M IIA R . 2T IUFE I TR T B,
FETR, HWHEXMES, WG Mok, 178, shVI8E4, #REmM. it
Mo $RIIMAL, 2wl N B, H ML .

SCERH: SR HFERTZE. ARER. 7

B.1.2 JR&RIERILI

LFEMTERNE, W2 ARG BT A, BfTRN, 2%
e JCEM, A4S, BN . SR asR, NSRS, At fir
zaE, KESfE, MEAR, TREZ. {LFE0NEE: “KIANE, 2EE
WHT WA, BRELOL S . HACAREIRHE T, SAREEH S, MITTHiAc 15
BZHRR Sded, M2, BOVEEH, VKN E, IR, E5htA
o Tighfeditiiz.

M1 XRFIH S EAHRRS TR E R RG]

MITEE: SeEFENMAREBRERA T, WA LEDREEHE, H AR
L, AL B, Rz rae Hin A, DIRR . =
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GRAAR, B AR, A AR HLODIE, OIS, SEANLE . B4
Wl 7
fLFANr, BECNSL, Forah, AR

B.1.3 EEEHNXI

B ITRAEGERILZ A, IR AR fLF F2RImaT, WiEEH: “GA
fLE, EPREZ S L, WO RRE . 7 s AW, B2 s, HInWAE, &k bfs
i, B PR EZ NSRS IS REEEE, 200G i, d
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